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ABR: Auditory brainstem response
ANSD: Auditory neuropathy spectrum disorder
APD: Auditory procesing disorder
CHL: Conductive hearing loss
CI: Confidence interval
CIm: Cochlear implants
CRIDE: Consortium for Research In Deaf Education
dB HL: Decibels hearing level
ECMO: Extracorporeal membrane oxygenation
FMI: Fraction of missing information
HA: Hearing aids
HL: Hearing loss
HVDT: Health Visitor Distraction test
ICF: International Classification of Functioning, Disability, and Health
JCIH: Joint Committee for Infant Hearing
LLI: Limiting longstanding illness
MAR: Missing at random
MC: Monte Carlo
MCAR: Missing completely at random
MCS: Millennium Cohort Study
MICE: Multiple imputation with chained equations
MNAR: Missing not at random
NICU: Neonatal intensive care unit
NPV: Negative predictive value
NVQ: National vocational qualification
OAE: Otoacoustic emissions
OR: Odds ratio
PCHL: Permanent childhood hearing loss
PMM: Predictive mean matching
PPV: Positive predictive value
Q1: Quartile 1 cut-off
Q3: Quartile 3 cut-off
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SCBU: Special care baby unit
SD: Standard deviation
SDQ: Strengths and Difficulties Questionnaire
SES: School entry screen
SMFQ: Short Mood and Feelings Questionnaire
SNHL: Sensorineural hearing loss
TORCH: Toxoplasmosis, Other (syphilis, varicella-zoster virus), Rubella, Cytomegalovirus and
Herpes viruses
UNHS: Universal newborn hearing screening test
VHD: Very-highly developed
WCSS: Within-cluster sum of squares
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Childhood hearing loss (HL) varies in impact and can present, and resolve, at any age.
Universal newborn hearing screening (UNHS) was introduced in the UK to facilitate early HL
detection. This thesis addressed uncertainties over the frequency, patterns, and mental
health impact of childhood HL, and evaluated UNHS programme performance.
I examined the prevalence and patterns of HL between ages 9 months and 14 years using
longitudinal data from children and their parents in the UK-based Millennium Cohort Study.
I developed a lifecourse classification system for HL trajectories and fitted multivariable
regression models to study the associations between HL and demographic and individual
characteristics, as well as peer victimisation, depressive symptoms, and self-harm.
Alongside this, I completed a systematic literature review and meta-analysis to estimate the
UNHS-detected prevalence of permanent HL and evaluate screening programme
performance.
By age 14 years, HL was reported on at least one occasion for 21.1% (95% confidence
interval [CI]: 19.7-22.5%) of children. This was classified into five groups by timing of onset
and resolution, with most HL presenting and resolving in early childhood. Those of male
sex, white ethnic background, or with limiting longstanding illness, were at higher risk of HL.
HL was associated with depressive symptoms and self-harm at age 14 years, and more
strongly associated with peer victimisation in females than males.
In the meta-analysis, pooled prevalence of UNHS-detected HL was 1.2 (95% CI: 1.0-1.4) per
1000 screened infants. Prevalence was higher for children admitted to neonatal intensive
care. UNHS performance was generally good although the limited follow-up period of most
studies restricted my evaluation.
These findings indicate that over 20% of children experience HL during childhood and
emphasises the need for further research, and careful planning of screening, clinical care
and educational services to reduce the impact on adolescent mental health.
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Childhood hearing loss (HL) affects more than 1 in 5 children by age 14 years, with most HL
onset and resolution occurring in early childhood. At birth, HL is detected through Universal
Newborn Hearing Screening (UNHS) in approximately 1 in 1000 screened infants. Childhood
HL is more common in boys and is associated with peer victimisation, depressive
symptoms, and self-harm. These associations vary by age at HL onset and persistence.
Potential academic impact
I developed a HL classification system using a lifecourse approach, which reflects HL
trajectories (timing of onset and persistence) across childhood. This system can be applied
in academic and clinical settings to address research questions about HL trajectories. I
demonstrated the value of combining data-driven and clinical approaches to develop
classification systems, which could be applied in other research fields and is particularly
relevant in the era of ‘big data’.
My findings on characteristics and outcomes of children with HL provide a foundation for
further research on the mechanisms underlying these associations. Finally, my metaanalysis highlighted remaining knowledge gaps regarding UNHS performance and
characteristics associated with newborn HL, which necessitate further investigation.
Potential non-academic impact
In healthcare settings, my findings on prevalence, characteristics, and mental health
outcomes of children with HL could be used to inform parents, shared clinical decision
making, and planning and provision of services. This includes informing clinical guidelines
for practice, such as post-UNHS monitoring, and could result in improved mental health
services for children with HL.
Planning and provision of educational services could also be improved based on my results,
including those for monitoring and supporting mental health in those with HL. Furthermore,
my findings highlight the importance of preventing peer victimisation, including strategies
to improve peer attitudes towards HL.
My findings highlight the importance of supporting children with HL to achieve good mental
health. This could be achieved through efforts to inform and empower parents about HL
prevalence across childhood, including for different HL trajectories, and ways to promote
good mental health. Improving societal awareness and attitudes towards HL may also
address issues around peer victimisation and mental health.
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All of these impacts could be facilitated through policy changes. UNHS policies already exist
in the UK, however, my findings highlight remaining knowledge gaps that need to be
addressed to optimise UNHS policies, such as follow-up after UNHS, and to inform schoolentry screening policies. Additionally, my findings on peer victimisation and mental health
have implications for educational and healthcare policies relating to discrimination and
mental health in childhood.
Methods for achieving impact
To date, I have published abstracts and mansucripts in relevant academic journals, and
presented my work at conferences and in a university setting. This facilitates engagement
with researchers and policy-makers. Furthermore, I contributed to a National Screening
Committee consultation on school entry screening policy. To facilitate further impact, I
could engage in podcasts and blogs, which often reach a wider audience. I could also reach
out to relevant individuals and organisations, including childhood HL charities, to discuss
opportunities for research or achieving impact.

12 | P a g e

Declaration
Acknowledgements
Abbreviations
Abstract
Impact statement
Table of contents
Table of tables
Table of figures
Chapter 1. Background
1.1. Chapter structure
1.2. Thesis context
1.3. History and current education of children with hearing loss
1.4. An overview of childhood hearing loss
1.4.1. Anatomy and development of hearing
1.4.2. Mechanisms
1.4.3. Aetiology
1.4.4. Trajectories
1.4.5. Severity
1.4.6. Management
1.5. Classification of hearing loss
1.5.1. Anatomical
1.5.2. Aetiological
1.5.3. Severity
1.5.4. Expected natural history
1.5.5. Timing of onset
1.5.6. Management
1.5.7. Functional impact
1.5.8. Summary
1.6. Screening for childhood hearing loss
1.6.1. Past UK screening
1.6.2. Current UK screening
1.6.3. Risk factors
1.7. Prevalence of childhood hearing loss in the UK
1.7.1. Introduction
1.7.2. Prevalence estimates in the UK
1.7.3. Summary
1.8. Mental health and childhood hearing loss
1.8.1. Overview
1.8.2. Mental health of children with hearing loss
1.8.3. Research gaps

Chapter 2. Research questions and plan
2.1. Thesis rationale
2.2. Thesis aim
2.3. Research questions
2.3.1. Research question 1
2.3.2. Research question 2
2.3.3. Research question 3
2.3.4. Research question 4
2.4. Research plan for the thesis

Chapter 3. Introduction to the Millennium Cohort Study
3.1. Chapter structure
3.2. Obtaining the data
13 | P a g e

3
5
7
9
11
13
17
18
20
20
20
22
24
24
25
27
28
28
29
30
32
32
33
34
35
35
35
35
36
36
37
38
41
41
41
43
45
45
45
68

70
70
71
72
72
72
73
73
74

76
76
76

3.3. Target population
3.4. Sampling design
3.5. Data collection methods and ages
3.6. Sample recruitment and response
3.7. Missing data
3.7.1. How do missing data arise?
3.7.2. Sweep non-response and permanent attrition
3.7.3. Why are missing data a problem?
3.8. Accounting for sampling design and missing data
3.8.1. Sampling design
3.8.2. Missing data in the recruited sample
3.9. Strengths and limitations of the Millennium Cohort Study
3.9.1. Strengths
3.9.2. Limitations

Chapter 4. Classifying childhood hearing loss
4.1. Chapter structure
4.2. Rationale
4.2.1. Why classification?
4.2.2. Why classification of trajectories?
4.2.3. Why explore clinical- and data-driven classification?
4.2.4. Summary and aims
4.3. Research question and objective
4.4. Software
4.5. Study population for analyses
4.5.1. Study population
4.5.2. Adjustment for sample design and attrition
4.6. Hearing data
4.7. Missing data
4.7.1. Predictors of missing data
4.8. Clinical classification
4.8.1. Introduction
4.8.2. Methods
4.8.3. Results
4.9. Data-driven classification
4.9.1. Introduction
4.9.2. Methods
4.9.3. Results
4.10. Developing a final classification system
4.10.1. Introduction
4.10.2. Methods
4.10.3. Results
4.11. Discussion
4.11.1. Key findings
4.11.2. Strengths
4.11.3. Limitations
4.11.4. Interpretation and relation to previous literature
4.11.5. Implications

Chapter 5. Prevalence and characteristics of childhood hearing loss
5.1. Chapter structure
5.2. Rationale
5.2.1. Why explore prevalence of childhood HL?
5.2.2. Why explore characteristics of children with HL?
5.2.3. Summary and aims
5.3. Research question and objectives
5.4. Software
5.5. Study population for analyses
5.5.1. Study population
14 | P a g e

76
77
78
79
80
80
81
83
83
83
84
85
85
86

88
88
88
88
88
89
89
90
90
90
90
91
91
95
97
99
99
99
101
109
109
109
112
123
123
123
123
128
128
128
128
129
132

133
133
133
133
133
135
135
135
135
135

5.5.2. Adjustment for sample design and attrition
5.6. Available data
5.6.1. Hearing outcomes
5.6.2. Characteristics
5.7. Missing data
5.8. Statistical analysis methods
5.9. Results
5.10. Discussion
5.10.1. Key findings
5.10.2. Strengths
5.10.3. Limitations
5.10.4. Interpretation and relation to previous literature
5.10.5. Implications

Chapter 6. Peer victimisation and mental health
6.1. Chapter structure
6.2. Rationale
6.2.1. Why explore peer victimisation and mental health?
6.2.2. Why may hearing loss be associated with mental health?
6.2.3. Why is a new study required?
6.2.4. Summary and aims
6.3. Research question and objectives
6.4. Causal framework
6.5. Software
6.6. Study population for analyses
6.6.1. Study population
6.6.2. Adjustment for sample design and attrition
6.7. Available data
6.7.1. Outcomes
6.7.2. Exposure
6.7.3. Sources of confounding
6.7.4. Mediators
6.8. Missing data
6.8.1. Overview
6.8.2. Mediator variables
6.8.3. Predictors of missing data
6.9. Statistical analysis methods
6.10. Multiple imputation
6.10.1. Variables to be imputed
6.10.2. Imputation of hearing loss
6.10.3. Variables included in the imputation model
6.10.4. Additional considerations
6.10.5. Evaluation of the imputation
6.11. Results
6.11.1. Evaluation of multiple imputation
6.11.2. Prevalence of peer victimisation, mental health outcomes, and hearing loss
6.11.3. Distribution of sources of confounding by HL presence or trajectory
6.11.4. Distribution of potential mediators by HL presence
6.11.5. Correlation analyses
6.11.6. Depressive symptoms
6.11.7. Peer victimisation
6.11.8. Self-harm
6.12. Discussion
6.12.1. Key findings
6.12.2. Strengths
6.12.3. Limitations
6.12.4. Interpretation and relation to previous literature
6.12.5. Implications and further research
15 | P a g e

136
136
136
137
140
140
142
149
149
149
149
150
153

154
154
154
154
155
156
156
157
157
159
159
159
160
160
160
162
163
164
168
168
169
171
175
179
180
180
182
183
183
185
185
187
192
194
199
199
205
210
214
214
215
215
216
221

Chapter 7. Public engagement with young people
7.1. Chapter structure
7.2. Rationale
7.2.1. Why engage with the public?
7.2.2. Why engage with a young person’s advisory group?
7.2.3. What was the purpose of public engagement?
7.3. Aims
7.3.1. First meeting
7.3.2. Second meeting
7.4. Methods
7.4.1. Dates and timings
7.4.2. Approach
7.5. Outcomes
7.5.1. First meeting
7.5.2. Second meeting
7.6. Discussion
7.6.1. Key outcomes
7.6.2. Reflections on public engagement
7.6.3. Contribution of public engagement to my research

Chapter 8. Universal newborn hearing screening: prevalence and performance
8.1. Chapter structure
8.2. Rationale
8.3. Research question and objectives
8.4. Software
8.5. Methods
8.5.1. Search strategy
8.5.2. PCHL definition
8.5.3. Inclusion and exclusion criteria
8.5.4. Article selection and data extraction
8.5.5. Quality assessment
8.5.6. Statistical analysis methods
8.6. Results
8.6.1. Study selection
8.6.2. Study characteristics
8.6.3. UNHS protocols
8.6.4. Other reported pathways to PCHL diagnosis
8.6.5. PCHL definition and diagnoses
8.6.6. Study quality
8.6.7. Prevalence
8.6.8. Differences in prevalence by demographic and individual characteristics
8.6.9. UNHS programme performance
8.7. Discussion
8.7.1. Key findings
8.7.2. Strengths
8.7.3. Limitations
8.7.4. Interpretation and comparison to previous literature
8.7.5. Implications

Chapter 9. Summary and conclusions
9.1. Chapter structure
9.2. Key findings
9.3. Strengths and limitations
9.4. Implications for policy and practice
9.5. Recommendations for further research
9.6. Conclusion

References
Classification of hearing loss
16 | P a g e

223
223
223
223
224
228
229
229
229
230
230
230
232
232
234
238
238
238
240

242
242
242
243
244
244
244
244
245
245
246
247
251
251
252
257
258
258
259
262
265
268
272
272
272
272
273
274

275
275
275
278
281
282
284

285
301

ICD-10 code groups and treatment groups

Peer victimisation and mental health
Evaluation of multiple imputation
Responses to the Short Mood and Feelings Questionnaire
Responses to the peer victimisation questions
Multivariable logistic regression for HL presence by potential sources of confounding
Descriptive characteristics of potential sources of confounding by HL trajectory type
Multivariable multinomial logistic regression model examining HL trajectory and potential
sources of confounding
Logistic regression results for HL presence and peer victimisation, without inclusion of
interaction between HL and child sex

Public engagement with young people
Public engagement meeting 1 slides
Public engagement meeting 2 slides

301

304
304
314
315
316
317
319
321

322
322
325

Universal newborn hearing screening: prevalence and performance
332
PLOSOne paper on universal newborn hearing screening meta-analysis
UNHS meta-analysis search strategy
UNHS meta-analysis data extraction
UNHS meta-analysis protocols of included studies

332
353
355
376

Table 1-1. Common causes of childhood hearing loss..................................................................... 26
Table 1-2. Examples of existing classification systems for hearing loss ........................................... 31
Table 1-3. Davidson classification by aetiology .............................................................................. 33
Table 1-4. Hearing loss prevalence estimates in the UK ................................................................. 44
Table 1-5. Narrow further literature search strategy ...................................................................... 47
Table 1-6. Studies of mental health included in 2015 meta-analysis by Stevenson et al. ................ 52
Table 1-7. Studies of mental health not included in the 2015 meta-analysis by Stevenson et al. ... 61
Table 3-1. Data collected in the Millennium Cohort Study ............................................................. 79
Table 3-2. Number of sweeps present per singleton child in the Millennium Cohort Study ............ 81
Table 4-1. Available hearing data ................................................................................................... 93
Table 4-2. Distribution of responses to hearing questions.............................................................. 94
Table 4-3. Total number of sweeps with missing hearing data per child ........................................ 95
Table 4-4. Predictors of missing hearing data ................................................................................. 98
Table 5-1. Available characteristics data ...................................................................................... 139
Table 5-2. National Vocational Qualification levels ...................................................................... 140
Table 5-3. Characteristics by HL presence..................................................................................... 144
Table 5-4. Multinomial logistic regression results exploring characteristics by HL presence ......... 145
Table 5-5. Characteristics by HL trajectory group ......................................................................... 147
Table 6-1. Strengths & difficulties questionnaire scoring.............................................................. 165
Table 6-2. Missing data patterns for children with complete outcomes ....................................... 169
Table 6-3. Characteristics of children by outcome status.............................................................. 172
Table 6-4. Characteristics of children with complete outcomes, with or without missing data in
other variables ...................................................................................................................... 174
Table 6-5. Potential approaches for imputing HL trajectory ......................................................... 181
Table 6-6. Monte Carlo errors for multivariable logistic regression of self-harm .......................... 186
Table 6-7. Descriptive characteristics of potential sources of confounding by hearing loss presence
.............................................................................................................................................. 193
Table 6-8. Potential mediator distribution by HL presence........................................................... 196
Table 6-9. Potential mediator distribution by HL trajectory ......................................................... 197
Table 6-10. Spearman rank correlation coefficients for variables included in the mental health
analyses ................................................................................................................................ 200
17 | P a g e

Table 6-11. Logistic regression results for depressive symptoms and HL presence ....................... 201
Table 6-12. Logistic regression results for depressive symptoms and HL trajectories ................... 203
Table 6-13. Logistic regression results for peer victimisation and HL presence ............................. 206
Table 6-14. Logistic regression results for peer victimisation by HL trajectory .............................. 208
Table 6-15. Logistic regression results for self-harm and HL presence .......................................... 211
Table 6-16. Logistic regression results for self-harm and HL trajectories ...................................... 213
Table 8-1. Inclusion and exclusion criteria for the meta-analysis .................................................. 245
Table 8-2. Quality criteria scoring ................................................................................................. 247
Table 8-3. Definitions for the meta-analysis ................................................................................. 248
Table 8-4. Included study characteristics ...................................................................................... 255
Table 8-5. Quality scoring results ................................................................................................. 261
Table 8-6. Positive predictive values for UNHS studies ................................................................. 269
Table 8-7. Negative predictive value, sensitivity, and specificity for studies with follow-up of
children with screen negative results .................................................................................... 271

Figure 1-1. Timeline of childhood hearing loss advances in the UK................................................. 23
Figure 1-2. Anatomy of the auditory system .................................................................................. 24
Figure 1-3. Effect of hearing loss severity on sound detection ........................................................ 29
Figure 1-4. Hearing thresholds used by various severity-based classification systems.................... 34
Figure 1-5. English Universal Newborn Hearing Screening Pathways .............................................. 40
Figure 3-1. Response rates in the Millennium Cohort Study ........................................................... 80
Figure 3-2. Missing patterns for singleton children recruited to the Millennium Cohort Study....... 82
Figure 4-1. ICD-10 codes and treatment groups reported between sweeps 2 and 5 ....................... 95
Figure 4-2. Patterns of missing hearing data................................................................................... 96
Figure 4-3. Cross-sectional prevalences of childhood ear and hearing problems based on parent- or
self-report ............................................................................................................................. 103
Figure 4-4. Lasagne plot of ear and hearing problem trajectories based on parent- or self-report for
all children............................................................................................................................. 104
Figure 4-5. Lasagne plot of trajectories for children with HL at any sweep ................................... 105
Figure 4-6. Clinical classification group prevalences ..................................................................... 107
Figure 4-7. Lasagne plots of ear and hearing problem trajectories by clinical classification group 108
Figure 4-8. Agglomerative hierarchical clustering dendrogram..................................................... 113
Figure 4-9. Silhouette analysis plot............................................................................................... 114
Figure 4-10. Within-cluster sums of squares plot.......................................................................... 115
Figure 4-11. Individual silhouette widths by cluster solution ........................................................ 116
Figure 4-12. Lasagne plots showing hearing trajectories of children in the 3-cluster solution....... 118
Figure 4-13. Lasagne plots showing hearing trajectories of children in the 5-cluster solution....... 119
Figure 4-14. Lasagne plots showing hearing trajectories of children in the 9-cluster solution....... 121
Figure 4-15. Comparison of group assignment in data-driven versus clinical classification ........... 126
Figure 4-16. Trajectories of children in the final classification groups........................................... 127
Figure 5-1. Hearing loss prevalence .............................................................................................. 143
Figure 5-2. Relative risk ratios based on multivariable multinomial logistic regression model ..... 146
Figure 6-1. Proposed causal framework ....................................................................................... 158
Figure 6-2. Participant flow diagram for mental health analyses .................................................. 170
Figure 6-3. Histogram of total SMFQ scores.................................................................................. 187
Figure 6-4. Distribution of outcomes by hearing loss presence..................................................... 189
Figure 6-5. Distribution of outcomes by hearing loss trajectory ................................................... 190
Figure 6-6. Prevalence of HL trajectories ...................................................................................... 191
Figure 6-7. Descriptive characteristics of potential sources of confounding by hearing loss
trajectory .............................................................................................................................. 194
Figure 6-8. Standardised Pearson residuals against predicted probabilities for the depressive
symptoms and binary HL model ............................................................................................ 202
18 | P a g e

Figure 6-9. Adjusted odds ratio of high depressive symptoms by hearing trajectory compared to
odds for children without HL ................................................................................................. 204
Figure 6-10. Standardised Pearson residuals against predicted probabilities for the depressive
symptoms and HL trajectory model....................................................................................... 204
Figure 6-11. Standardised Pearson residuals against predicted probabilities for the peer
victimisation and binary HL model ........................................................................................ 207
Figure 6-12. Adjusted odds ratio of peer victimisation by hearing trajectory compared to odds for
children without HL ............................................................................................................... 209
Figure 6-13. Standardised Pearson residuals against predicted probabilities for the peer
victimisation and HL trajectory model ................................................................................... 209
Figure 6-14. Standardised Pearson residuals against predicted probabilities for the self-harm and
binary HL model .................................................................................................................... 211
Figure 6-15. Adjusted odds ratio of self-harm by hearing trajectory compared to odds for children
without HL ............................................................................................................................ 213
Figure 6-16. Standardised Pearson residuals against predicted probabilities for the self-harm and
HL trajectory model............................................................................................................... 214
Figure 7-1. Benefits of public engagement ................................................................................... 224
Figure 7-2. Hart's ladder of participation ...................................................................................... 226
Figure 7-3. Six key steps for public engagement ........................................................................... 227
Figure 7-4. Prioritisation of findings in session 2 .......................................................................... 235
Figure 7-5. Key audiences and desired consequences of results in session 2 ................................ 237
Figure 8-1. General UNHS screening pathway and outcomes ....................................................... 250
Figure 8-2. PRISMA flow diagram ................................................................................................. 254
Figure 8-3. Study quality indicators .............................................................................................. 260
Figure 8-4. UNHS-detected PCHL prevalence in the screened population ..................................... 263
Figure 8-5. Funnel plot ................................................................................................................. 264
Figure 8-6. UNHS-detected PCHL prevalence in the screened population by regional and setting
subgroups ............................................................................................................................. 266
Figure 8-7. UNHS-detected PCHL prevalence in NICU versus non-NICU populations .................... 267

19 | P a g e

1.1. Chapter structure
This chapter introduces the context and rationale for this thesis, beginning with an
overview of childhood hearing loss (HL) and the importance of examining its prevalence,
risk factors, and outcomes. I describe types of childhood HL, existing methods for
classification, the history of UK screening, and risk factors used in screening. I also outline
existing knowledge and research gaps relating to childhood HL prevalence and mental
health outcomes.

1.2. Thesis context
So much of the world today involves sound; speech to communicate, music for pleasure,
sirens to signal danger. HL involves any condition with a loss of sensitivity to sound. This can
also be referred to as ‘hearing impairment, being ‘hard of hearing’ or ‘deafness’, with the
latter term usually relating to severe or complete inability to hear. Effects of childhood HL
range from unnoticeable to severe, potentially impacting on speech, language, social
relationships, societal participation, academic achievement, and mental health 1-5. In the
words of Helen Keller6:
“Blindness cuts people off from things, deafness cuts people off from other people”
A medical view is of HL as a disability, with the extent of impact determined by both
internal factors (e.g. whether HL is permanent or temporary) and external factors (including
management)2. Members of the Deaf community (note Deaf with capital ‘D’ refers to the
community that use sign language as their preferred language and identify with Deafness as
part of their cultural-linguistic identity7), amongst others, oppose this view and contend
that HL does not in itself result in poorer outcomes8. Poorer outcomes are attributed solely
to external societal factors, such as prejudice against people with HL, and use of speech and
noise where sign language (a visual system of communicating using gestures, facial
expression, and body language) or other adaptations may suffice. This is illustrated by the
example of Martha’s Vineyard, a small island community off the North East coast of the
United States with an extremely high number of deaf people around the 19th Century.
During this time, most inhabitants (with and without HL) used a form of sign language and
opposed the idea that those with HL were handicapped9. From either point of view, the
impact of HL can be lessened by addressing modifiable factors.
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This difference in opinions highlights the importance of the biopsychosocial approach in HL
research. The biopsychosocial approach entails consideration of the biological,
psychological, and social factors that contribute, and may interact, to affect a person’s
life10. The lifecourse approach is also relevant in HL research. This involves consideration of
the timing of exposure to HL in relation to outcomes. Timing may be viewed in terms of
sensitive and critical periods, as well as in terms of cumulative exposure and overall
trajectory (Box 1-1).
Box 1-1. Lifecourse research definitions
Critical periods: a period in which an exposure can have adverse or protective effects
on development or disease outcomes, with no possibility to reverse the effects

Sensitive periods: as per the critical period, but with more scope to modify or reverse
the effects
Cumulative exposure: when the duration of exposure determines the extent of impact
on outcomes

Trajectory: a long term view of one dimension of an individual’s life
Information from references11,12

This thesis utilises the biopsychosocial and lifecourse approaches to explore childhood HL
prevalence, risk factors, and outcomes in the UK. This research is crucial to enable service
planning for children with HL and improve their outcomes. Studies of contemporary UK
populations are required given changes over time that may have influenced childhood HL.
Examples of these changes include changes in childhood HL screening, from school entry
screening (SES), to health visitor distraction testing (HVDT), to Universal Newborn Hearing
Screening (UNHS). Other changes have likely influenced HL aetiology, for example,
introduction of specialised hospital care for premature and ill babies (which has increased
survival of babies that tend to be at higher risk of HL), and introduction of extra corporeal
membrane oxygenation (ECMO) and phototherapy, as well as vaccinations. Outcomes may
have been influenced by the introduction of “mainstreaming” in UK education based on the
Warnock report, as well as availability of hearing aids (HA) and cochlear implants (CIm)
(Figure 1-1)13-21. Mental health outcomes of children with HL are of particular interest given
the association of HL with several risk factors for poor mental health, including
communication difficulties (given that the majority of the population currently use spoken
language) and societal acceptance or negative stereotypes of HL22.
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1.3. History and current education of children with hearing loss
This section contains a brief overview of education provided for children with HL, to give
further context on changes over time in societal views and understanding of HL. For
additional information, I refer to the excellent books by Harlan Lane8, Leah Cohen23, and
Oliver Sacks24, amongst many others.
In 1755, the first publically funded school for the deaf opened in France and challenged the
stereotype that people with HL were unintelligent8,24. This led to a global spread of schools
for the deaf, which used either oral or sign-based (focussing on sign or related visual
language) approaches. Emotional debates over the best approach culminated in 1880,
when sign language was banned for educational purposes. Only over a number of years
have views altered and the use of sign language in education been accepted8,23.
Current education of children with HL in the UK involves mainstream school placement
where possible, rather than schools for the deaf, based on the Warnock report25 (Figure
1-1)13-21. In 2017, CRIDE (Consortium for Research In Deaf Education) reported that of all
school-aged children with diagnosed HL in the UK26:
 78% attend mainstream schools with no specialist provision
 6% attend mainstream schools with resource provisions
 3% attend special schools for deaf children
 12% attend special schools not specifically for deaf children
Over half (67%) of severely or profoundly deaf children used spoken language as the sole
communication method in school or educational settings, whilst 28% used sign language,
either on its own (7%) or alongside spoken language (21%)26. Research of contemporary
populations with HL will increase understanding of their life experiences and outcomes in
relation to this mainstream setting.
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Yellow boxes: screening programmes, blue boxes: vaccine implementation, orange boxes: other measures that may affect incidence, aetiology or outcomes of HL.
ECMO: Extra Corporeal Membrane Oxygenation (for ventilation problems); Hib: Haemophilus influenza type B; HVDT: Health Visitor Distraction Test; Men:
Meningitis; MMR: measles, mumps, and rubella; NICU: neonatal intensive care unit; PCV: Pneumococcal; SCBU: special care baby unit; SES: school entry screening;
UNHS: universal newborn hearing screening

Figure 1-1. Timeline of childhood hearing loss advances in the UK

1.4. An overview of childhood hearing loss
1.4.1. Anatomy and development of hearing
The auditory system develops from around 30 days after conception27 and is almost
complete by birth (Figure 1-2)28. The fully-formed auditory system has three main sections.
First is the ‘external ear’, where external sound is captured and directed through the
external auditory canal. Next, the ‘middle ear’ begins with the tympanic membrane
(‘eardrum’), which vibrates with sound and causes movement of the ossicles (consisting of
three small bones named the malleus, incus and stapes). The third section, the ‘inner ear’,
consists of the cochlea. Fluid within the cochlea is displaced by ossicular movement,
resulting in stimulation of hair cell receptors along the cochlear membrane. These cells
send nervous signals via the cochlear nerve to the primary auditory cortex for processing 29.
Eustachian tube function is required for hearing, which allows changes in pressure and fluid
drainage around the middle ear1.
Figure 1-2. Anatomy of the auditory system

Adapted from photo by: Andrea Danti

In terms of auditory nerves, rapid proliferation, myelination, and connection formation
occur in the first 4 years of life, followed by ‘pruning’ of inactive neurons28,30. Auditory
deprivation during sensitive or critical periods (Box 1-1), as well as cumulative auditory
deprivation, negatively impacts on this process and can have long term detrimental effects
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for hearing ability11,31. Auditory deprivation also limits speech and language development.
Key critical and sensitive periods for auditory nervous system, speech, and language
development are within the first year of life. There are then several further sensitive
periods up to 4 years of life, with less frequent periods in later childhood. Early detection of
HL is vital to allow early intervention and management within these periods31-34, and may
explain why children with HL, especially if the HL is present during sensitive and critical
periods, often lag behind in speech and language development35,36.

1.4.2. Mechanisms
Childhood HL can be caused by dysfunction in any part of the auditory system (Table
1-1)29,37-39 and is often defined by the mechanism of loss, which can be ‘conductive’ (CHL),
‘sensorineural’ (SNHL) or ‘mixed’ (Box 1-2)37,40.
Box 1-2. Mechanisms of hearing loss
Conductive (CHL): when ‘conduction’ of sound vibrations to the inner ear is compromised

Sensorineural (SNHL): dysfunction in transducing sound to neural impulses or processing
neural signals
Mixed: when both conductive and sensorineural HL are present
Outer ear dysfunction leads to CHL by preventing sound transmission to the inner ear. This
commonly arises due to physical blockage by objects or cerumen (ear wax), or from acute
inflammation caused by infection, and rarely due to malformations29,37-39.
Similarly, middle ear dysfunction leads to CHL. This is frequently due to ‘otitis media’, which
involves middle ear inflammation41, particularly “otitis media with effusion” (“glue ear”)
where there is build-up of fluid in the middle ear and no obvious source of infection. More
rarely, tympanic membrane perforation, myringosclerosis, tympanosclerosis, and
cholesteatoma develop alongside otitis media. Malformations leading to middle ear
dysfunction are rare29,37-39.
Inner ear and nervous system dysfunction lead to SNHL through physical malformation, hair
cell destruction or functional abnormality. Alternatively, there may be problems in sound
discrimination, arising from neurological dysfunction in transducing sound to nervous
signals and transmitting these to the brain (‘auditory neuropathy spectrum disorder’
[ANSD]), or in processing neural signals within the brainstem or brain (‘auditory processing
disorder’ [APD])29,37-39.
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Permanent
Permanent
Persistent or permanent

Prevents normal function; caused by genetics, physical trauma or infection
Prevents normal function; usually due to genetic conditions or perinatal problems including hypoxia

Temporary or persistent

Persistent or permanent

Persistent or permanent
Temporary or persistent

Permanent

Temporary or persistent

Permanent
Permanent

Temporary or persistent
Temporary
Temporary or persistent
Temporary

Prevents sound detection; caused by genetic conditions, ototoxic drugs, infection and hyperbilirubinaemia

Inflammation of the middle ear often related to infection. Where there is fluid build-up in the middle ear with no obvious
infectious cause, this is called ‘otitis media with effusion’, ‘serous otitis media’ or ‘glue ear’
Fixation or reduced movement of the ossicles. Caused by physical trauma or congenital malformation due to genetics or
prenatal insults
Rare benign tumour in the middle ear that disrupts the ossicles
A hole in the tympanic membrane, caused by infection, physical trauma or loud noises. Reduces transmission of sound
vibrations to the ossicles
Calcification of the tympanic membrane, ossicles and/or other middle ear structures which disrupts function; caused by
infection or other inflammatory causes
Affects pressure equalisation in the middle ear, which inhibits effective sound transmission to the inner ear. Often arises
because of otitis media or linked to environmental conditions

Inflammation of the auditory canal leading to blockage, usually caused by infection
Physical blockage of sound through the auditory canal
Benign cartilaginous growth in the auditory canal that interrupts cerumen movement and blocks sound conduction
Blockage of the auditory canal by cerumen. Often seen with anatomical abnormalities or other blockages that prevent
extrusion of cerumen
Malformation of the pinna, which prevents transmission of sound. Caused by genetic or prenatal insults, including infection
Malformation causing narrowing of the auditory canal, which reduces transmission of sound vibrations. Caused by genetic
or prenatal insults, including infection

Expected natural
history

Prevents nervous signal transmission or processing. Caused by genetic conditions, perinatal problems, or physical trauma,
Persistent or permanent
as well as neurodegenerative disease, demyelinating disorders or tumours such as acoustic neuromas or vestibular
schwannoma
disorder; APD: auditory processing disorder. See section 1.4.4 Trajectories for definitions of temporary, persistent and permanent.
ANSD: auditory neuropathy spectrum

Cholesteatoma
Tympanic membrane
perforation
Myringosclerosis or
tympanosclerosis
Eustachian tube
dysfunction
Inner ear
Cochlear hair cell
destruction
Cochlear malformation
Functional problem in the
cochlea
Nervous system
ANSD or APD

Ossicular dysfunction

Outer ear
Otitis externa
Foreign body obstruction
Exostosis
Cerumen (ear wax)
impaction
Anotia/microtia
Atresia/stenosis of the
auditory canal
Middle ear
Otitis media

Description

Table 1-1. Common causes of childhood hearing loss

1.4.3. Aetiology
HL has a multitude of causes, both genetic and non-genetic. The exact proportions
attributed to these categories, or with no known cause, vary depending on the population
studied, location, and healthcare systems. The definition and measurement of HL or its
causes also effect estimates42-44.
Over 400 genetic syndromes have been described to date and there are a range of
identified genetic mutations that cause non-syndromic HL (i.e. HL not associated with a
syndrome)45. The prevalence of genetic mutations varies by ethnic background, for example
Bangladeshi and Pakistani populations have high rates of specific mutations that cause
deafness. This may be related to the practise of consanguineous marriage in these
populations46,47.
Non-genetic causes encompass prenatal factors, such as maternal exposure to ototoxic
substances or infections. There are also several postnatal factors, including ototoxic
substances, infection, hypoxia, hyperbilirubinaemia (resulting in jaundice), and physical or
noise-related trauma1,38.
Ototoxic substances damage cochlear hair cells, leading to cell death (e.g. aminoglycoside
antibiotics) or reduced function (e.g. loop diuretics)48. Infections cause CHL or SNHL, either
prenatally, in the case of maternal TORCH infections (Toxoplasmosis, Other [syphilis,
varicella-zoster virus], Rubella, Cytomegalovirus and Herpes viruses), or postnatally, for
example through meningitis1,38,44, or spread of chronic otitis media to the cochlea49.
Exposure to smoking is thought to impact risk of HL through risk of ear infections as well as
direct impact on the auditory system50-52. Prenatal smoking is proposed to be a risk factor
for hearing loss in childhood53,54, however the evidence is inconsistent. This may be due to
lack of consideration of confounders as well as study case definition.
Perinatal hypoxia and hyperbilirubinaemia lead to SNHL through damage of the cochlea
and auditory nerve pathway, although treatments, including phototherapy for
hyperbilirubinaemia, or extracorporeal membrane oxygenation (ECMO) for hypoxia, may
reduce or prevent auditory system damage48.
Physical or noise-related trauma (prenatal or postnatal) can damage the ossicles,
cochlea1,38, or tympanic membrane44, leading to CHL or SNHL. This has become a concern in
recent years due to the availability and use of personal music players55.
Finally, sometimes no cause can be found, for example, where prenatal infection is
suspected but cannot be proven, or where further aetiological factors remain to be
discovered44.
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1.4.4. Trajectories
The trajectory of HL reflects the natural history, timing of onset, and pattern of HL across
time11. Natural history is dependent on aetiology and, in part, can be defined by whether
the HL resolves. Likelihood of resolution may be modified by available treatment and
categorised as (Table 1-1):
 Temporary: HL will resolve spontaneously, or after intervention, in a short period of
time
 Persistent: HL is present for a longer period of time but will resolve eventually, with
or without treatment
 Permanent: HL is irreversible (referred to as ‘permanent childhood HL’ [PCHL])
The majority of CHL resolves spontaneously and is temporary; around half of all otitis media
episodes resolve within 3 months without treatment56. A small percentage are persistent.
In rare instances, CHL is permanent, such as in outer and middle ear malformations. SNHL is
much less likely to resolve and is usually permanent29,37-39. Categorisation may be clear at
the point of diagnosis, for example, cerumen impaction usually resolves quickly, either
spontaneously or after surgical removal29. In other cases it is less clear; SNHL due to hypoxia
may be temporary, persistent or permanent57. Furthermore, the degree of HL may be
stable, progressive, or fluctuating, which can lead to difficulties in confirmation.
Another aspect of HL trajectories is timing of onset, which reflects when HL is first present.
Often this is reported as congenital versus non-congenital. Non-congenital conditions may
have a postnatal cause (described as “acquired”) or may be “late-onset”, whereby the
cause is present at birth but HL does not manifest until later58.
The trajectory of HL also reflects patterns of HL over time in terms of when resolution
occurs and whether there is any recurrence of HL, either due to the same condition or a
separate condition. HL trajectory may be a key determinant of impact as it reflects HL
presence during sensitive or critical periods and cumulative exposure of HL (Box 1-1)11,34.

1.4.5. Severity
Severity of HL is commonly expressed by the minimum decibels hearing level (dB HL) or
‘hearing threshold’ of the child. This refers to the quietest sound a child can hear, in
relation to a reference hearing level of 0 dB HL, and is expressed on a logarithmic scale
(Figure 1-3).
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Figure 1-3. Effect of hearing loss severity on sound detection

41-60 dB HL

26-40 dB HL
Affects hearing of:
•Soft speech
•Speech from a
distance
•Speech in a loud
environment
Adapted from WHO59

Affects hearing of
regular speech,
even at close
distances

61-80 dB HL
Children can
usually only hear
very loud
speech/sounds

Over 81 dB HL
Very loud sounds
may be perceived
as vibrations

The hearing threshold is usually given as the average dB HL across the frequencies used in
everyday life (0.5 to 2 kHz), though this may be inadequate for HL that only affects certain
frequencies60. CHL tends to be less severe than SNHL, as loud sounds are still detected by
the cochlea through skull vibrations. Detecting sound through these vibrations is referred
to as ‘bone conduction’ and contrasts with the usual ‘air conduction’ pathway involving the
outer and middle ear. In SNHL, bone conduction is not possible29. HL may also be bilateral
or unilateral, with the latter usually considered less severe29.

1.4.6. Management
Where HL is not expected to resolve spontaneously there are several options for
management. These range from simple interventions for specific causes, such as removal of
cerumen or a course of antibiotics, to surgical interventions, including insertion of cochlear
implants (CIm) or hearing aids (HA).
Temporary HL often resolves without intervention61. Persistent HL may benefit from
intervention, depending on the aetiology, chronicity, and severity. National Institute for
Health and Care Excellence (NICE) Guidelines currently recommend an initial 3 month
period without intervention for all otitis media types as the condition commonly resolves
within this time. If there is significant HL after this and no evidence of treatable infection,
tympanometry tubes (“grommets”) are recommended. These are ventilation tubes inserted
into the tympanic membrane for a period of months to years. In certain cases, long term
management (whereby treatment is expected to be required over a long period, potentially
the whole lifecourse) is more appropriate for persistent HL based on the cause of disease,
severity of HL, and relevant co-morbidities, e.g. Down syndrome39,62.
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For permanent HL, prosthetic or reparative surgery may help if there are anatomical
abnormalities29,37,38, otherwise longer term management could be required. This includes
medical options, such as provision of HA and CIm. Alongside, or in preference, other
options include use of sign language, provision of speech and language therapy, and
environmental management (encompassing changes in the external environment to suit
the child, for instance providing adaptations in the classroom)61,63.
Choice of treatment depends on medical recommendations as well as child and parent
choice. Many people belonging to the Deaf community are strongly opposed to medical
intervention23,24. HAs are usually reserved for persistent or permanent bilateral HL ≥30 dB
HL and CIms are usually restricted to severe conditions (>90 dB HL)64,65.

1.5. Classification of hearing loss
As is evident from the previous section, childhood HL is not homogenous. There is variation
in the mechanism, aetiology, severity, trajectory, and management needs. Psychological
and social factors interact with these biological factors to determine functional impact and
expected outcomes5. This variability aligns with the idea of ‘classification’ - that there are
distinct subgroups within the overall population of children with HL. Classification systems
distinguish between these groups, such that group identity can be used to differentiate
between members of a population on some feature of interest. This enables exploration
and comparison of different groups, for example to understand the patterns and
determinants of outcomes. Classification is informative for both research and clinical
practice. Table 1-2 highlights examples of existing classification systems for HL, with further
discussion below on the advantages and disadvantages of classifying by specific features
with respect to the lifecourse and biopsychosocial approach used in this thesis.
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Table 1-2. Examples of existing classification systems for hearing loss
System
Anatomical
White & De Capua66,67
Vos68

ICD-1069, READ70 &
SNOMED71
Paludetti37
Aetiological
Parving72

Davidson44

Chadha40
Paludetti
Severity
Clark, WHO, UK UNHS,
Northern & Downs,
Sweitzer, Rintelmann &
Bess, David,
Goodman1,59,60,73-75
Vos
Expected natural history
Butcher76

Van Kerschaver77

Vos
Timing of onset
Watkin78
Management
OPCS 4.8
Functional impact
ICF core set for
hearing79

Categorises HL by

Categories used

Anatomy
Sensorineural, conductive, or mixed
Anatomy, expected
Unilateral or bilateral: perceptive (‘sensory’),
natural history & severity auditory neuropathy (‘neural’), conductive
(temporary), conductive (permanent),
conductive (unspecified), unspecified
Anatomy mainly, plus
Numerous codes and categories, e.g. ICD-10
severity & aetiology
code H90.0: Conductive HL, bilateral.
Anatomy & timing of
Congenital or acquired & sensorineural or
insult
conductive
Aetiology

Aetiology, timing of
cause & timing of HL
onset
Timing of aetiological
insult
See anatomical section

Inherited, fetal rubella infection,
perinatal/neonatal problems, various,
unknown
See Table 1-3

Congenital (genetic or non-genetic), acquired

Unilateral versus
See Figure 1-4 for examples
bilateral and/or hearing
threshold in dB HL

See anatomical section
Expected natural history,
based on retrospective
review & treatment use
Expected natural history
(prospective
classification) & severity
See anatomical section

PCHL, otitis media with effusion, other
temporary HL, no HL

Timing of HL onset

Congenital, acquired

Clinical management of
HL

Type of treatment or procedure

Normal, temporary HL, PCHL (unilateral), PCHL
(bilateral <40 dB HL), PCHL (bilateral ≥40 dB
HL)

Anatomy, impact on
Numerous categories under anatomy,
outcomes, related
participation/activities & environmental or
biological and
personal factors
psychosocial factors
dB HL: decibels hearing level. HL: hearing loss; ICD-10: International Statistical Classification of
Diseases and Related Health Problems; ICF: International Classification of Functioning, Disability and
Health; PCHL: permanent childhood hearing loss; UNHS: universal newborn hearing screening.
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1.5.1. Anatomical
Anatomical classification systems group HL types based on the mechanism of HL: SNHL, CHL
or mixed (Box 1-2). This will, to an extent, group HL types with similar expected natural
history. CHL tends to be temporary, whilst SNHL is more likely to be permanent. On the
other hand, conditions that share anatomical features are relatively heterogeneous in
terms of aetiology, timing of onset, and expected outcomes. There is also a high risk of
misclassification if trying to distinguish between expected natural history based only on
anatomy37. A further limitation of classifying by anatomy is that specific diagnostic tests are
required.
Anatomy is often combined with further criteria to derive classification systems that
provide reflect factors such as aetiology37 and natural history68. For example, the ICD-1069,
READ70 and SNOMED71 classification systems are used in healthcare systems to record and
report diagnoses of illness and treatment. These systems utilise anatomy alongside severity
and aetiology to categorise HL. They are rarely used in HL research as groups are not
defined using consistent criteria. Overall, using anatomy alone to classify HL is not useful for
a lifecourse or biopsychosocial approach as it does not provide a clear picture of expected
trajectory or outcomes.

1.5.2. Aetiological
Classification by aetiology is often used in research relating to primary prevention.
Aetiology can also inform management decisions and expected natural history. Multiple
approaches have been taken to classification by HL aetiology, with four examples outlined
in Table 1-2.
Davidson developed one of the most comprehensive aetiological classification systems for
HL (Table 1-3). This considers presumed cause (genetic, non-genetic, or idiopathic), timing
of cause (prenatal, perinatal, or postnatal), as well as timing of HL onset (early versus
late)44. Limitations of aetiological classification systems are the breadth of systems that are
usually not directly comparable44. Additionally, classification is difficult where there are
unknown or multiple potential causes, and systems become outdated as knowledge of
aetiology changes. Finally, aetiology alone will not confirm expected natural history or
outcomes and is thus insufficient for a lifecourse and biopsychosocial approach to research.
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Table 1-3. Davidson classification by aetiology

Causation
Genetic
Hereditary

Timing of cause
Perinatal
Late onset

Prenatal
Early onset
Pendred
syndrome
Turner
syndrome

Nonhereditary
Non-genetic
Metabolic Hypoxia
Infectious TORCH
Toxic
Ototoxic
substances
Traumatic

Postnatal
Early onset

Alport
syndrome
Down
syndrome

TORCH
Ototoxic
substances

Hypoxia
Meningitis
Ototoxic
substances
Birth injury

Hypoxia
Meningitis
Ototoxic
substances

Ototoxic
substances
Skull
fracture

Noise

Neoplastic
Tumour
Iatrogenic
Surgery
Idiopathic
TORCH infections: Toxoplasmosis, Other (syphilis, varicella-zoster virus), Rubella, Cytomegalovirus
and Herpes viruses. Information from Davidson44.

1.5.3. Severity
Several HL classification systems have been devised based on severity, separating HL
according to whether it is unilateral or bilateral as well as, or instead, by the minimum
threshold of hearing in dB HL. The aim is to group children with similar hearing ability based
on objective measures. Unilateral HL is usually considered less severe than bilateral HL as
there is residual hearing in one ear.
Figure 1-4 indicates the various thresholds used by different severity classification systems,
illustrating that different systems are usually not directly comparable due to the different
thresholds used to define ‘normal’ hearing (e.g. 26 dB HL by the WHO versus 15 dB HL by
Clark in 1981) and other categories (i.e. 26-40 dB HL for ‘slight’ or ‘mild’ by the WHO). The
WHO system is one of the most recently devised systems for severity which, based on
current evidence, suggests that 26 dB HL is the minimum level that should be defined as
HL59,60,73,80.
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Figure 1-4. Hearing thresholds used by various severity-based classification systems

Information from59,60,73

Classification by severity can provide a good indicator of functional impact at the time of
measurement. However, trajectory is not reflected in these systems, which therefore do
not reflect a lifecourse approach to research. A further limitation is that severity on the
basis of hearing thresholds may not be appropriate. In ANSD and APD, as well as high- or
low-frequency specific loss, a single average measure of the hearing threshold will likely not
reflect the experience of HL60. Additionally, recent qualitative work with children and
parents has suggested that the terms ‘mild’ and ‘moderate’ are not always appropriate to
reflect impact81.

1.5.4. Expected natural history
Categorising HL by expected natural history in terms of resolution (permanent, persistent
or temporary) is a crucial part of taking a lifecourse approach to studying HL. Temporary HL
encompasses conditions that resolve quickly, either spontaneously or after treatment.
Persistent and permanent HL relate to chronic conditions, which may never resolve
(permanent HL) or resolve only after a long time (persistent HL).
Permanent HL can have a severe and long term impact on speech and language 82. There is
less knowledge over the impact on other outcomes or the impact of temporary or
persistent HL83-86. The expected natural history of HL should be considered alongside timing
of onset and management, as these factors may moderate the association between
expected natural history and outcomes.
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1.5.5. Timing of onset
Timing of onset reflects when HL is first clinically detectable: at birth (congenital), or later
on (usually described as either early- and late-onset). This factor is important in the
lifecourse approach as timing of onset determines presence during sensitive or critical
periods (Box 1-1) and may affect outcomes32,34,87. One limitation of classifying by timing of
onset is the risk of misclassification due to delayed detection and the fact that information
on expected resolution and management are required to fully understand expected impact.

1.5.6. Management
Management of HL both indicates, and may alter, the expected impact of HL. CIms imply
that a relatively severe and permanent HL is expected. Other treatments, like HAs, can be
difficult to assess as they can be utilised in both persistent and permanent conditions.
However, HA presence usually indicates that the HL is expected to have an impact on
outcomes. As parent choice influences management, absence of such treatment does not
necessarily imply that the HL is not significant. Overall, management of HL can be a useful
secondary factor in classification to provide information on modifiers of the expected
natural history of disease and indicate whether HL is expected to impact on outcomes.

1.5.7. Functional impact
The ICF (International Classification of Functioning, Disability and Health) was developed to
move away from the biological focus in many of the other classification systems and
emphasise the biopsychosocial model to reflect the experience of HL. Brief and
comprehensive ‘core sets’ of relevant categories within the ICF system for HL have been
created for adults. These consider body structure (where dysfunction is, e.g. external ear),
body function (affected physiological functions, e.g. hearing), activities and participation
(how the condition affects tasks or actions, e.g. listening) and environmental or personal
factors (factors that moderate and interact with the condition, e.g. background noise) 79.
This frames HL in terms of experienced impact and can be useful when considering
outcomes, however, the ICF system does not consider factors relating to HL trajectory.
Additionally, a number of included criteria relate more to adults than children, for instance
focussing on employment.

1.5.8. Summary
None of the existing classification systems are perfectly suited to a lifecourse and
biopsychosocial approach to studying childhood HL. In particular, current systems do not
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satisfactorily distinguish between HL by trajectory type. As described earlier, HL trajectory
reflects the pattern of HL across time including expected resolution, timing of onset,
duration, and recurrence. HL trajectory is crucial to consider in the lifecourse approach, as
it reflects presence during sensitive and critical periods for development, as well as
cumulative exposure (i.e. total time) spent with HL and thus may determine functional
impact and outcomes. Further work is required to develop a classification system by HL
trajectory to allow exploration of prevalence, risk factors, and outcomes across different
trajectory groups.
Furthermore, all of the current HL classification systems involve a priori selection of groups
of interest, which is referred to as clinical classification. An alternative approach involves
‘data-driven methods’, where there is a priori selection of features of interest, then
application of techniques, such as cluster analysis, to identify subgroups in the data. Clinical
classification allows use of existing knowledge to identify groups that are of interest for the
research purpose. Data-driven classification allows exploration of “real-world” patterns and
subgroups that may not be identified based on clinical knowledge.

1.6. Screening for childhood hearing loss
In order to classify the type of HL present, it must first be detected. This section outlines
past and current UK screening programmes for childhood HL.

1.6.1. Past UK screening
Pure tone audiometry was the first test used for a childhood hearing screening programme
in the UK. This test was part of the “school entry screen” (SES) introduced in the 1930’s for
children when they began school at around age 5 years (Figure 1-1)13-21. To perform the
test, children are asked to perform an action, often pressing a button, when they detect
test tones of varying loudness and frequencies. Sounds are usually played through
headphones to mask other noises. Each ear can be tested separately to distinguish the
minimum hearing threshold in each ear and the test can distinguish between SNHL and
CHL88.
In 1981, the health visitor distraction test (HVDT) was added to the screening programme
for childhood HL and formed part of routine child health surveillance at age 7-9 months89.
This allowed earlier detection than SES, although the SES programme carried on alongside
HVDT. Distraction testing involves holding the infant’s attention with a toy, then (out of
sight of the infant) making a sound, and assessing whether the infant is able to detect and
turn towards the sound. Sounds of varying frequencies and loudness can be used to identify
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the infant’s minimum hearing threshold at different frequencies. Distraction tests are highly
influenced by external and child factors, such as other distractions, poor motor ability and
tiredness. The tests also do not distinguish between CHL and SNHL, or unilateral versus
bilateral HL. They are mostly used in conjunction with other tests due to poor performance
of the test alone89.

1.6.2. Current UK screening
Since the 1990’s, the Joint Committee on Infant Hearing (JCIH) and other organisations have
recommended implementation of UNHS – screening of all babies in the first few days after
birth using otoacoustic emissions (OAE) and/or auditory brainstem response (ABR)
testing90,91.
OAE (otoacoustic emissions) testing
OAE testing functions by applying auditory stimuli through earphones. The cochlea should
detect these stimuli and emit OAEs in response. The OAEs can be measured to evaluate
whether the cochlea is functioning correctly. Outer and middle ear function are required for
the auditory stimuli to reach the cochlea, so the test detects both CHL and SNHL, but
cannot distinguish between them. Specific types of OAE tests are transient evoked OAEs
(TEOAEs) or distortion product OAEs (DPOAEs)48,92,93.
ABR (auditory brainstem response) testing
ABR tests examine function of the auditory nerves by assessing whether there is
appropriate brain activity in response to auditory stimuli delivered through earphones.
SNHL is detected, whilst CHL is usually not detected as there usually no dysfunction in the
brainstem response in CHL. The test can be impacted by immaturity of the nervous system,
thus is not appropriate for premature infants until they reach an appropriate age. Testing is
either automated (AABR), testing response to a single tone, or diagnostic, whereby multiple
stimuli of different tones are applied sequentially to detect hearing thresholds at various
frequencies. ABR testing can distinguish conductive and sensorineural hearing loss 37,92-94.
Current UK screening
Current UK screening guidance aligns with JCIH advice95. UK UNHS programmes,
implemented after 2002, have replaced HVDT (Figure 1-1). The English screening protocol
(Figure 1-596) is similar to protocols in the rest of the UK, with a target case definition of
bilateral PCHL ≥40 dB HL. OAE testing, followed by ABR testing for those who fail, is used
for most children, however, children admitted to the neonatal intensive care unit (NICU) or
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special care baby unit (SCBU) receive both OAE and ABR regardless of the OAE result, as
there is high prevalence of PCHL in these children. Children who fail screening are referred
for further diagnostic tests. Those with risk factors defined by the JCIH (Box 1-3) are
targeted for follow-up and monitoring for the first 5 years of life (this is called ‘targetted
surveillance’)63.
Since UNHS implementation, HVDT is no longer mandatory, and SES does not have national
implementation97 across the UK, on the assumption that UNHS and targetted surveillance
are sufficient for detection of HL that requires support98. However, some children with HL
meeting the UNHS target case definition remain undiagnosed by the time they enter
school78. This has led to debate over the best methods for PCHL detection after UNHS99-101,
including the optimal age to screen for non-congenital PCHL102. In the UK, the National
Screening Committee released a recommendation in April 2019 to continue with screening
at school entry, though they stated that further research is required to evaluate the
benefits and risks103.

1.6.3. Risk factors
The JCIH list of risk factors is used to guide targeted surveillance after UNHS in the UK for
children deemed at risk of HL104. This list includes factors with strong evidence of
association with PCHL or a known cause of PCHL (Box 1-3)63. Around 50% of children with
PCHL present with none of these risk factors100,101.
Box 1-3. JCIH list of risk factors for hearing loss
1. Caregiver concern
2. Family history
3. Neonatal intensive care of more than 5 days or any of the following: Extracorporeal
membrane oxygenation, assisted ventilation, exposure to ototoxic medications or loop
diuretics and hyperbilirubinemia that requires exchange transfusion
4. In utero infections
5. Craniofacial anomalies
6. Physical findings that are associated with a syndrome known to include hearing loss
7. Syndromes associated with hearing loss
8. Neurodegenerative disorders or sensory motor neuropathies
9. Culture-positive postnatal infections associated with sensorineural hearing loss
10. Head trauma
11. Chemotherapy e.g. cisplatin and/or carboplatin

There are a number of further factors proposed to predict PCHL risk but with a lack of
robust evidence on their association with PCHL. These include non-white (particularly South
Asian) ethnic background43,105, maternal age106, low birthweight and prematurity107-110 ,
prenatal smoking53, male sex43, and lower socioeconomic status111. All of these have
suggested links to either genetic or environmental HL aetiologies, though a number are
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highly correlated to existing risk factors or to each other, making it difficult to disentangle
their independent associations with HL.
Maternal age, birthweight, and prematurity correlate with NICU admission and reflect
proxy markers for adverse pre- and peri-natal circumstances. Ethnic background is
suggested to be a proxy marker for cultural practices including consanguinity, which results
in a high prevalence of genetic mutations could cause HL46,47. Smoking is suggested to have
direct effects on ear infection and the auditory system 50. Male sex may be associated with
HL through environmental differences in how males and females are raised112,113, or sexlinked or genetic causes, particularly those that affect susceptibility to infectious causes of
HL114.
Finally, socioeconomic status provides a proxy marker for many health-related behaviours,
as well as access to income and resources that may help to improve a child’s health115.
Confirming whether these factors are associated with PCHL risk could improve targeted
follow-up strategies, and where the factors are causal and modifiable, inform primary
prevention strategies.
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Missed or incomplete tests should be followed with attempts to complete tests, or direct referral to audiological assessment if not possible.
ABR: auditory brainstem response; OAE: otoacoustic emissions

Figure 1-5. English Universal Newborn Hearing Screening Pathways

1.7. Prevalence of childhood hearing loss in the UK
1.7.1. Introduction
Given that the UK has had childhood HL screening in place since the 1930s, it stands to
reason that there must be estimates of childhood HL prevalence in the UK, to justify use of
screening or monitor detection rates via screening. HL prevalence figures are crucial to
understand how many children are impacted by HL and what services are required for
these children. This includes identifying when screening should take place, as discussed
above, and what types of HL should be targetted by screening. Alongside this, prevalence
estimates can help planning and provision of other healthcare and educational services
required by children with HL. This is particularly relevant given that UNHS takes place at a
young age, which results in a need for early provision of audiological and other services for
children with HL.
The prevalence of detected HL may vary by time. Factors that may contribute to increasing
detected prevalence over time in the UK include: screening programme changes 89,
increases in noise exposure (e.g. due to the availability of portable music players) 116, new
medicines with ototoxic effects17 and increased survival of preterm and ill babies (who tend
to be at high risk of HL) due to introduction of NICU and other healthcare interventions 117.
Factors that may have reduced prevalence of HL over time include: introduction of effective
treatments for causes of HL such as hyperbilirubinaemia (phototherapy) and hypoxia
(ECMO), alongside vaccination programmes against infectious causes of PCHL117-119. No
studies on UK secular trends in HL prevalence were identified in a brief search of the
literature. A meta-analysis of studies from across the globe found an increased prevalence
of HL between 1990 to 2010120.

1.7.2. Prevalence estimates in the UK
Although research investigating UK secular trends in HL prevalence could not be found,
numerous studies exist on HL prevalence in the UK at one point in time. Key data sources
for these estimates are:
 The British cohort studies: nationally representative studies starting in or after 1946
 Two large case ascertainment studies prior to UNHS implementation
 Two large newborn screening trials undertaken before UNHS implementation
 Two published reports on PCHL frequency based on UNHS detection
Findings from these studies are outlined in Table 1-4 and described below.
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British cohort studies
The first British cohort study was the National Survey of Health and Development, which
began in 1946. From birth to 15 years of age, based on parent and doctor interviews, there
was a cumulative incidence of 5.1 per 1000 children with ‘chronic HL’. This is likely to
exclude temporary HL but include persistent and permanent HL121.
The second British cohort study (the National Child Development Study) began in 1958. A
higher HL point prevalence was found at ages 7 and 16 years (56 and 44 per 1000 children,
respectively), compared to the 1946 study, when including temporary HL. Lower
prevalences were found when limiting HL definition to those requiring special educational
needs or hearing aids (around 1 per 1000 children required special educational needs and 5
per 1000 required hearing aids at age 16 years)80,122-126. In the third cohort study (the British
Cohort Study), initiated in 1970, prevalence at 10 years was higher than in the 1946 study,
but again likely included more temporary HL. Prevalence estimates ranged from 6 per 1000
children for unilateral HL to 33 per 1000 children for minimal bilateral HL127.
A further cohort study, the Avon Longitudinal Study of Parents and Children, started in
1991, and reported a prevalence of approximately 5 per 1000 children by age 11 years for
mild and high-frequency bilateral SNHL128. In the Millennium Cohort Study, initiated in
2000, cumulative incidence of PCHL was 2.1 per 1000 children (95% CI: 1.5-3.0 per 1000
children) by age 11 years, defined as children with a HA or CIm, no resolution of HL by end
of follow-up, and no evidence of otitis media with effusion76.
Case ascertainment studies
Two cross-sectional case-ascertainment studies investigated whether PCHL frequency in the
UK was sufficiently high to justify UNHS implementation. The first study encompassed the
UK population born 1980-1995 and found prevalence of bilateral PCHL >40 dB HL to be 1.07
(95% CI: 1.03-1.12) per 1000 children for those aged 3 years, versus 2.05 (95% CI: 2.02-2.08)
per 1000 for those aged 9-16 years, after adjustment for underascertainment58.
The second study found a prevalence of 1.12 (95% CI: 1.01-1.23) per 1000 children for
congenital HL, and 1.33 (95% CI: 1.22-1.45) per 1000 for congenital and acquired bilateral
PCHL >40 dB HL, for children aged 1-10 years in 1995 from the Trent region of England43.
These prevalences are lower than in the cohort studies, likely reflecting the narrow case
definitions and exclusion of temporary and unilateral HL. They highlight the rising
prevalence of HL across childhood.
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UNHS trials and reports
Two large-scale UNHS trials took place in the UK. The Wessex Trial in 1993-1996 identified a
bilateral PCHL ≥40 dB HL prevalence of approximately 1 per 1000 children (0.92 per 1000
children detected without UNHS and 0.90 per 1000 children with UNHS; rising to 1.05 per
1000 children when including conditions detected in later infancy)129.
A screening trial in Waltham Forest, London, estimated a slightly higher bilateral PCHL ≥40
dB HL prevalence of 1.3 per 1000 infants at UNHS, with a further 0.2 per 1000 children
detected in later infancy130. All children were followed up to age 6 years, by which time
prevalence had risen to 1.51 per 1000 children, with 3.65 per 1000 children having any
unilateral or bilateral loss ≥20 dB HL131. Finally, two studies of implemented UNHS
programmes in the UK have reported prevalence to be around 1 per 1000 children73,132.

1.7.3. Summary
In the UK, bilateral PCHL ≥40 dB HL prevalence at birth is around 1 in 1000 children. Due to
methodological differences in the case definition, sample, and measurement of HL,
inferences are limited regarding prevalence of other HL types, however, it is clear that
cumulative incidence increases across childhood (Table 1-4). Further research is required to
investigate prevalence of HL and particularly to explore trajectory type. This requires use of
new classification systems that distinguishes between HL based on trajectory. Findings
would increase understanding of how many children are affected by any type of HL across
childhood, which trajectories are most common, and when onset and resolution are most
likely to occur. With this information, healthcare services and research requirements can be
prioritised more efficiently.
Age is a key consideration when researching HL prevalence given the potential for acquired,
progressive, and late-onset HL to arise throughout childhood116. The age of the population
in studies of prevalence must be stated and, where possible, it is beneficial to use
longitudinal data to examine prevalence and patterns of HL across time, to understand
when children are most at risk and common HL trajectories.
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Table 1-4. Hearing loss prevalence estimates in the UK
Study

Detection method

Age,
HL definition
years

Type

Prevalence,
per 1000

Cohort studies
1946

121

Parent/doctor interview

1958

80

Objective hearing tests &
parent/doctor interview
Parent/doctor interview

Cumulative
0-16 Chronic HL*
Unilateral/bilateral Point
7
HL ≥35 dB HL
Point
11 HL with SEN

125

Parent/doctor interview

16

HL with SEN

Point

1.2

126

Parent/doctor interview

16

A degree of HL

Point

44

126

Parent/doctor interview

Hearing aid
prescribed
Minimal bilateral
HL
Moderate/marked
bilateral HL
Unilateral HL

Point

5

Point

33

Point

23

Point

6

123

1970

127

127

ALSPAC

Objective hearing tests
Objective hearing tests

127

Objective hearing tests

128

Objective hearing tests

16
10
10
10

Mild or high
Point
frequency†
bilateral SNHL
Unilateral/bilateral Cumulative
0-11
PCHL‡

5.1
56
1.3

5

11
MCS

76

Parent interview

2.1

Case ascertainment studies
Fortnum

58

58

Trent
Study

43

Ascertainment by healthcare/
education professionals
Ascertainment by healthcare/
education professionals
Ascertainment by healthcare
/education professionals

Bilateral PCHL ≥40 Point
dB HL
Bilateral PCHL ≥40 Point
9-16
dB HL
Congenital or
Point
1-10 acquired bilateral
PCHL ≥40 dB HL
3

1.07
2.05
1.33

UNHS trials
Wessex

129

Waltham
Forest

130

131

Objective hearing tests
Objective hearing tests

0-1
1-4

Objective hearing tests
6

Bilateral PCHL ≥40 Point
dB HL
Bilateral PCHL ≥40 Cumulative
dB HL
Unilateral or
Point
bilateral HL ≥20 dB
HL

1.05
1.5
3.65

UNHS reports
UNHS in
England

73

Bilateral PCHL ≥40 Point
1
dB HL
132
Objective hearing tests
Bilateral PCHL ≥40 Point
1
0-1
dB HL
*Defined as requiring a hearing aid or hearing being described as ‘poor’ on a four-point scale, and
lasting over 3 months in a year or requiring at least 1 month of hospitalisation; †mild (20-40 dB HL),
high frequency (>25 dB HL at multiple high frequencies); ‡defined as children with a hearing aid or
cochlear implant, no resolution of HL by end of follow-up and no evidence of glue ear. HL: hearing
loss; PCHL: permanent childhood hearing loss; SEN: special educational needs; SNHL: sensorineural
HL.
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Objective hearing tests

0-1

1.8. Mental health and childhood hearing loss
1.8.1. Overview
In 2017, one in eight (12.5%) of 5-19 year olds in England had at least one mental health
disorder. This has increased over time133. Experiencing poor mental health in childhood has
long-term effects on later mental health, plus other health, legal, and financial outcomes134.
Identifying whether children with HL are at risk of poor childhood mental health is thus key
to understanding whether intervention is required to improve their lifelong outcomes.
There are several proposed mechanisms by which childhood HL may affect mental health.
Firstly, communication and social difficulties, including peer victimisation, are known
determinants of mental health22. The majority of children with HL use oral language to
communicate26 and are born to hearing parents, who are unlikely to be fluent in non-oral
languages135. As speech and oral language skills in children with HL are often
underdeveloped35, this may result in communication and social difficulties. In particular,
children with HL may be at high risk of peer victimisation (repeated aggression from peers
that is intended to harm or humiliate the victim), especially if other children have negative
attitudes towards HL135,136. Presence of HL is also thought to be associated with autism,
which is associated with communication difficulties. There is disagreement over whether HL
is a cause of autism or whether there is a common cause of the two conditions137-139.
Alongside these factors, parents of children with HL may have poorer mental health and
suboptimal parenting practises. Studies in these areas are sparse and often have conflicting
findings. Parents that have HL themselves seem to experience fewer mental health
problems and have different parenting practices than those without HL140-142, which may
explain some of the variability. Both parental mental health and parenting factors are
known to affect child mental health22.

1.8.2. Mental health of children with hearing loss
This section describes existing knowledge on the mental health of children with versus
without HL. Results have been categorised by whether they relate to total mental health
symptoms, internalising symptoms (directed in towards the self, for example anxiety or
depression) or externalising symptoms (directed outwards, such as hyperactivity and
aggression)143. Wellbeing (people’s perceptions of their life quality) and self-esteem (a
person’s sense of self-worth) are also covered144. Social skills and peer victimisation were
considered separately as these are included in several measures of socioemotional
problems in children, such as the Strengths and Difficulties Questionnaire (SDQ).
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An initial search for evidence identified two relevant systematic reviews, published in
2014145 and 2015146. The first was a narrative review by Theunissen et al. (2014) of specific
mental health problems in children aged 6-18 years with versus without HL (defined as
permanent bilateral HL ≥40 dB HL), as well as predictive factors of poor mental health in
children with HL. The second was a meta-analysis by Stevenson et al. (2015) that estimated
the association of HL (no specific case definition given) with total mental health problems in
children aged up to 18 years. I used these reviews and the papers identified within as the
basis for this section given their high quality search strategies and systematic evidence
synthesis.
To identify further relevant literature (published since, or otherwise not included by, the
original reviews), I searched for papers that cited the original reviews or were in the
reference lists of relevant papers. I then developed a narrow literature search strategy for
Ovid(Medline) utilising the most relevant terms from the original 2014 Theunissen search
strategy (based on perceived significance) along with additional specific terms relating to
‘incidence’, ‘prevalence’ and ‘risk’ (Table 1-5). Studies specifically on quality of life were not
considered as this reflects a wider concept than “mental health”, including functional
abilities and ability to carry out daily activities147. After adapting the original search strategy
for Ovid(Medline), I carried out both the original and narrow searches in July 2018. I judged
that my adapted narrow search strategy was suitable for identifying relevant literature
given that it identified all eligible articles in the first 100 results of the original search
strategy.
Eligible studies were those that compared mental health in children with versus without HL
(no specific case definition used). Results could be in any language and published on any
date. Studies were excluded if children were selected on the basis of multiple disabilities or
health problems other than HL, or if there was no comparison to children without HL (or
normative scores) or other specific health problems. Articles reporting on duplicate or
overlapping study populations were included if they included unique results, such as followup at a later age or further mental health measurement).
Characteristics and findings of articles identified by the reviews or further searches are in
Table 1-6 and Table 1-7, separated by whether or not they were included in the Stevenson
meta-analysis. Samples described as “community-based” are those where children with HL
were not selected on the basis of profound or worse HL severity, use of CIm, or attendance
at deaf schools. “Restricted” HL samples were those selected on the basis of one or more of
these criteria (which imply presence of a severe problem).
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Table 1-5. Narrow further literature search strategy
# Searches

Results

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

14222
40034
2294
25486
5244
5365
4961
12600
33956
8079
4638
1253
94082
31243
11815
81587
81849
3638
61535
11341
1305
957
364142
4094
1017
18169
8085
7843
116254
13734
605220
3305254
3794791
3794791
2065
464219
759469
614362
115205
2188804
3013051
624

Hearing Loss/
hearing loss.ti,ab.
Persons With Hearing Impairments/
DEAFNESS/
hearing aids.ti,ab.
hearing aid.ti,ab.
cochlear implants.ti,ab.
cochlear implant*.ti,ab.
deaf*.ti,ab.
hearing impairment.ti,ab.
hearing impaired.ti,ab.
hard of hearing.ti,ab.
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12
Mental Health/
*PSYCHOLOGY/
psychosocial.ti,ab.
psychosocial*.ti,ab.
psycho-social*.ti,ab.
well-being.ti,ab.
wellbeing.ti,ab.
socioemotional.ti,ab.
socio-emotional*.ti,ab.
((emotion* or behavio* or social* or mental*) and (problem* or development or disturb*)).ti,ab.
bullying.ti,ab.
bullied.ti,ab.
self-esteem.ti,ab.
internali*ing.ti,ab.
externali*ing.ti,ab.
mental health.ti,ab.
*Child Behavior Disorders/
14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30
adolescent/ or child/ or child, preschool/ or infant/ or infant, newborn/
(adolescence or adolescent or child or children or infant or newborn or neonat*).mp.
32 or 33
13 and 31 and 34
incidence/ or prevalence/
incidence.mp.
prevalence.mp.
risk/
risk.mp.
36 or 37 or 38 or 39 or 40
35 and 41
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Total mental health problems
The 2015 Stevenson meta-analysis identified a significant association between HL and
higher parent- (n=10) and teacher-reported (n=9) total mental health problems based on
the SDQ. The pooled standardised mean effect sizes (Hedge’s g) were 0.23 (95% CI: 0.070.40) and 0.34 (95% CI: 0.19-0.49), respectively. Self-report SDQ scores did not differ
significantly by HL presence (pooled Hedge’s g: -0.01, 95% CI: -0.32-0.13), though there
were only four studies with self-report. In the 33 ‘non-SDQ’ studies, HL was associated with
total mental health problems (pooled Hedge’s g: 0.36, 95% CI: 0.26-0.46). Teacher-reports
(n=17) tended to be more negative (indicating more total or specific problems) than parentreport (n=31), with no estimate given for self-report146.
The 2014 narrative review by Theunissen et al.145 did not discuss total mental health
problems. All relevant findings from articles in this review were included in the Stevenson
meta-analysis, except for one article that identified higher parent- and teacher-rated total
problems in children with HL148. My further literature searches identified 11 additional
studies. Five of these found higher total mental health problems in children with HL, using a
mix of parent- (n=3)149-152, professional- (n=1)150 and self-report (n=1)153 measures. The sixth
article154 involved follow-up of a sample included in the meta-analysis155. This identified
significantly worse parent-reported, but not teacher- or self-reported, problems in children
with HL versus a control group, and no difference to normative scores. The final five studies
found no significant difference in parent- or teacher-reported total problems156-160.
Overall, there is strong evidence that children with HL experience more total mental health
problems than those without HL. Further research using self-report measures is required
given the limited number, and conflicting findings, of studies with children as informants.
This is pertinent given that use of self-report can be more accurate compared to other
informants when assessing mental health161-166.
Internalising mental health problems
The Stevenson meta-analysis identified a significant association between HL and
internalising mental health problems in ‘non-SDQ’ studies (pooled Hedges’ g: 0.35, 95% CI:
0.19-0.51)146. The Theunissen review did not discuss overall internalising problems and all
relevant articles were included in the meta-analysis. My further literature searches
identified three studies in which HL status was associated with internalising problems using
parent-167,168 or self-report153, as well as four studies that found no association utilising
parent-149,157,169,170 or teacher-report169.
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The Stevenson meta-analysis investigated the relationship between HL presence and the
SDQ ‘emotion’ sub-scale, which reflects internalising symptoms relating to anxiety and
depression171. As per total mental health problems, parent- and teacher-reported
emotional symptoms were higher in children with HL than those without, but self-reported
symptoms were similar146. Several relevant articles were identified in my further literature
search. These tended to conclude that children with HL have more parent-reported
emotional problems, though teacher- and self-report findings were less
consistent151,154,156,169.
Specific mental health disorders characterised by internalising symptoms were analysed in
the Theunissen review, but not the Stevenson meta-analysis. The Theunissen review
concluded that depression and HL are associated145 based on seven studies utilising parent148,172,173

or self-report174-177 (with one also carrying out clinical interviews148). My further

literature searches identified two studies that concurred using parent-151 or self-report153
measures. A further six studies found no association between HL and depression; again
using parent-158,178-181 or self-report180,182 measures. Finally, one study found conflicting
findings whether using written self-report (no association) versus signed self-report or
parent-report (higher depression risk in children with HL)183.
These findings highlights the importance of informant type as studies using self-report
(versus parent- or teacher-report) were more likely to find a significant association for
depression. Furthermore, studies using samples of older children or community-based
(rather than restricted) samples were more likely to find a significant association between
HL and depression. Previous research has shown that children are best placed to report on
internalising problems161-166, thus further research may benefit from using self-report
measures and examining whether there are particular subgroups of children with HL that
have higher risk of depression.
Findings for anxiety were also complex, with the Theunissen review concluding that anxiety
levels are higher in children with severe HL or attending special schools180,184-186. The further
literature did not confirm this. Across additional studies149,151,153,158,160,178,181,183,187, those
using restricted samples (corresponding to more severe HL, use of CIm, or attendance at a
school for the deaf) were more likely to find no association between HL and anxiety, as
were those using parent-reported measures.
In terms of somatisation (experiencing physical symptoms related to mental health
problems), the Theunissen review identified six studies that found evidence both
for172,174,188 and against173,180,189 increased somatic symptoms in children with HL.
Theunissen et al.145 concluded that age may be a key factor as studies of older children
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tended to find higher somatisation in children with HL. Four further studies agreed with this
conclusion; one found increased risk of self-reported somatic symptoms in teenagers with
HL153, whilst the other studies found no significant association by parent-report in younger
samples (though one study found higher self-reported symptoms)149,158,178,179,183.
Overall, there is relatively strong evidence that risk of internalising mental health problems
is higher in children with HL. Conflicting findings across studies may indicate the existence
of specific “at-risk” population subgroups. This should be explored further, preferably using
self-report measures, which are more appropriate for internalising symptoms than reports
from other informants161-166.
Externalising mental health problems
In terms of overall externalising problems, the 2015 Stevenson meta-analysis found no
significant effect of HL in non-SDQ studies (Hedges’ g: 0.12, 95% CI: −0.03-0.26)146. The
Theunissen review did not discuss overall externalising problems and all relevant findings
were included in the meta-analysis. Two studies identified in my further literature search
found an association with externalising problems using parent-report149,168, whilst five other
studies did not, using parent-157,169,170,190, teacher-169 or self-report153.
Evidence on mental health disorders with externalising symptoms can be gleaned from the
SDQ hyperactivity and conduct sub-scales171. In terms of hyperactivity, the Stevenson metaanalysis concluded that there is no strong evidence that children with HL have higher risk of
hyperactivity146. A similar conclusion was drawn by Theunissen et al. in their review145 when
considering all measures of ADHD, attention problems or hyperactivity in three studies 191193

. In further studies from the literature, 9 found evidence of an association between HL

and hyperactivity149,151,153,158,167,169,174,183,194 and 12 did not140,154,156,159,160,178-180,187,195-198. There
is some research suggesting that the high likelihood of communication difficulties and
increased reliance on visual attention in children with HL may give the impression of ADHD
in children with HL when the condition is not present154,199.
In terms of conduct disorders, the Stevenson meta-analysis concluded that there was no
difference between children with versus without HL based on the SDQ conduct sub-scale,
except in teacher-report146. Meanwhile, the Theunissen review concluded that aggression,
rule-breaking behaviour and specific conduct disorders are more prevalent amongst
children with HL145, though this conclusion was based on a small number of studies148,172174,180,192

. In further studies, three studies found higher aggression and rule-breaking

behaviour153,179 or conduct problems179,200 in those with HL. Seven studies found no
association between HL and aggression158,160,167,178,187, rule-breaking158,175,181 or
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conduct154,156,160 problems. Six studies had conflicting findings depending on the exact
outcome or informant examined140,149,151,169,183,201.
There appear to be key differences in the samples used to examine conduct disorders,
which may explain the conflicting findings. Studies with older community-based samples
were more likely to find an association. This contrasts with the Theunissen review, which
concluded that risk of delinquency may be specifically raised for children attending schools
for the deaf145. Measurement method (SDQ versus child behaviour checklist, youth selfreport or other), informant type (self, parent, or teacher) or symptoms investigated
(aggression and delinquency/rule-breaking versus conduct problems or disorders) did not
appear to be important. Overall, there is weak to no evidence that children with HL are at
higher risk of externalising problems.
Subjective wellbeing
Neither of the reviews addressed subjective wellbeing, and the further literature search
identified just one relevant study on this topic. Lu et al. (2015)202 found no significant
difference in self-reported life satisfaction (a component of subjective wellbeing) when
comparing 118 Chinese children attending schools for the deaf to 132 children without HL.
Self-esteem
Neither of the reviews addressed self-esteem. Of six further relevant studies identified, the
majority found no difference or better total self-esteem scores in children with versus
without HL203-206, except for one study comparing assessing children at schools for the
deaf202. Studies did suggest that specific self-esteem domains may be impacted by HL,
including popularity and parent relationships204-206. Finally, a further study suggested that
self-esteem pre-CIm surgery was lower than in children without HL, but that this difference
disappeared after surgery207.
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Table 1-6. Studies of mental health included in 2015 meta-analysis by Stevenson et al.
Study

HL sample

Controls,
n

Country

Measure(s) informant

Watt,
1991177

D, 50
children
with
profound
HL & onset
<2 yrs;
mean age=
13.9 yrs. No
AD.
C, 23
children
with HL
(mean=66
dB HL);
aged 4-10
yrs.
D, 238
children
with HL
(average 90
dB HL);
aged 4-18
yrs. No AD.

60

USA

Beck
Depression
Inventory self

23

UK

Bristol Social
Adjustment
Guide and
Rutter teacher

BSAG: 43.5% children
with vs. 30.4% w/o HL
were 'maladjusted'.
Rutter: No child was
maladjusted

N

Netherlands

CBCL - parent

Konuk,
2006*172

D, 72
children
with HL
(average
90dB HL);
aged 6-18
yrs.

Unclear

Turkey

CBCL - parent

Those with HL had sig.
higher risk of
borderline/clinical total
problems (41% in
children with HL vs.
16% w/o), internalising
and externalising
problems (and all subscales except somatic)
HL associated with sig.
worse internalising
scores. Mean
externalising scores
showed no differences

Davis,
1986209

C, 40
children
with HL
(SNHL, 1088 dB HL,
congenital);
aged 5-18
yrs. No AD.

N

USA

CBCL - parent

Edwards,
2006210

D, 20
children
with HL
(and CIm);
aged 2-5
yrs. No AD.

NS

UK

CBCL - parent

Arnold,
1991208

van Eldik,
2004173
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Key comparisons
between children with
and without HL
Children with HL had
with sig. worse
depressive scores
(mean=10.52, SD=5.59,
with HL, vs. 6.62,
SD=6.13, w/o HL)

HL associated with sig.
worse externalising
scores, but no
difference in
internalising (means:
53.2, SD=10.4 and
53.0, SD=10.1 for
children with HL, vs.
50.0, SD=10.0 and
50.0, SD=10.0 w/o HL,
respectively)
Mean internalising and
externalising scores for
children with HL were
50.5, SD=7.2 and 51.2,
SD=8.3. Meta-analysis
compared to British
norms (50.0, SD=10.0)

Study

HL sample

Controls,
n

Country

Measure(s) informant

Quittner,
2010142

D, 181
children
with HL
(and CIm,
severeprofound);
aged <5 yrs.
No AD.
C, 30
children
with HL
(inc. mild
and
unilateral
congenital);
aged 1-2
yrs.
D, 41
children
with HL
(average
100 dB HL);
aged 6-11
yrs.
Excluded
girls &
those
referred to
mental
health
services.
C, 18
children
with HL
(bilateral
>80 dB HL);
aged 8-14
yrs.

92

USA

CBCL - parent

91

USA

CBCL - parent

454

Netherlands

CBCL - parent

10

USA

CBCL - parent;
TRF - teacher

Topol,
2011178

van Eldik,
1994179

Tharpe,
2002195
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Key comparisons
between children with
and without HL
HL associated with
worse total problem
scores

HL associated with
higher total problem
scores (means: 45.9,
SD=5.2 with HL, vs.
43.5, SD=10.3 w/o HL).
Higher internalising
scores, but no
difference in many
sub-scales
HL associated with sig.
worse total problem
scores (means: 28.4 for
children with HL, vs.
23.2 without HL) and
worse aggressive,
delinquency,
internalising and
externalising sub-scale
scores. No difference
in other sub-scales

CBCL: Children with HL
had sig. worse T-scores
for total problems
(children with CIm:
46.67, SD=8.87,
children with
HA=47.44, SD=4.72,
children without HL:
37.20, SD=11.25)
TRF: Children with vs.
w/o HL did not sig.
differ in total problems
(mean scores: 46.48,
SD=7.56, vs. 46.00,
SD=11.25,
respectively), or
inattention/
hyperactivity subscales

Study

HL sample

Controls,
n

Country

Measure(s) informant

Vostanis,
1997211

D, 84
children
with HL
(prelingual,
bilateral &
severeprofound);
aged 2-18
yrs.
C, 39
children
with HL
(severeprofound,
prelingual
onset);
aged 6-14
yrs. No AD,
low IQ, or
only sign
language.

N

UK

CBCL and PCL parent

25

USA

CBCL- parent,
TRF - teacher

C, 83
children
with HL
(prelingual,
bilateral,
≥40 dB HL);
aged 9-15
yrs. No AD.
C, 78
children
with HL
(prelingual,
bilateral,
≥40 dB HL);
aged 8-16
yrs. No AD.

117

Netherlands

CDI - self

130

Netherlands

CDI and
questionnaires
on
delinquency,
bullying, and
self-esteem self

C, 57
children
with HL
(includes
mild and
unilateral
HL); aged 712 yrs.

N

Sweden

Child
behaviour
questionnaire
- parent and
teacher

Mitchell,
1996194

Theunissen,
2011176

Kouwenberg,
2011175

Andersson,
2000212
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Key comparisons
between children with
and without HL
CBCL: 40% children
with HL in clinical
range vs. 8% w/o HL.
PCL: Not compared to
controls

CBCL: 48% children
with HL had T scores
>60 (normative 85th
percentile) for total
problems; 44% on
externalising problems
and 56% on
hyperactive sub-scales
TCL: 35% children with
HL had T scores >60 for
total problems; 32% on
externalising problems
and 35% on inattentive
sub-scales
Children with vs. w/o
HL had sig. worse
depressive scores
(means: 1.38, SD=0.21
vs. 1.32, SD=0.19,
respectively)

CDI: Sig. worse mean
depressive scores in
children with vs. w/o
HL (1.39, SD=0.21 vs.
1.33, SD=0.20,
respectively).
Delinquency, bullying,
and self-esteem: No
sig. differences by HL
Children with vs. w/o
HL had no sig.
differences in
externalising or
internalising scores for
parent and teacher
ratings

Study

HL sample

Controls,
n

Country

Measure(s) informant

Kelly, 1993196

D, 238
children
with HL;
aged 4-21
yrs.
C, 39
children
with HL
(moderateprofound);
aged 3-8
yrs.

N

USA

Conners'
Parent Rating
Scale - parent

37

USA

Eyberg child
behaviour
inventory parent

D, 61
children
with HL;
aged 8-19
yrs. No
visual
impairment.
C, 83
children
with HL
(prelingual,
bilateral, &
≥40 dB HL);
aged 9-15
yrs. No AD.

64

China

127

Netherlands

FSSC-R and
Revised
Children’s
Manifest
Anxiety Scale parent, self,
and teacher
FSSC-R and
social anxiety
questionnaire
- self; CSI parent

Hindley,
1998197

C, 81
children
with HL;
aged 11-16
yrs.

N

UK

PCL - parent,
TCL - teacher,
Rutter parent and
teacher

Prior, 1988187

D, 26
children
with HL
(moderateprofound &
HA); aged 25 yrs. No
AD.

N

Australia

Preschool
behaviour
questionnaire
- parent and
teacher

Brubaker,
2000200

Li, 2010185

Theunissen,
2012184
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Key comparisons
between children with
and without HL
Children with vs. w/o
HL did not sig. differ in
hyperactivity ratings

HL associated with sig.
worse mean scores on
frequency (104.15,
SD=25.86, vs. 91.43,
SD=22.86,
respectively), but not
severity of conduct
problems (8.05,
SD=6.54, vs. 6.39,
SD=5.90, respectively)
Sig. worse selfreported mean total
fears and total
anxieties scores for
children with HL.
Parent and teacher
reports not examined
FSSC-R & social
anxiety: No sig.
difference in general or
social anxiety scores
between children with
vs. w/o HL
CSI: Sig. worse mean
generalised anxiety
disorder scores for
children with vs. w/o
HL
HL associated with
school-based
hyperactivity; no
difference in homebased or pervasive
hyperactivity
HL not associated with
total or sub-scale
parent-scores
(hostile/aggressive,
anxious/fearful and
hyperactive/distractibl
e). Teacher ratings
were sig. worse for
children with HL on
total score and anxiety
sub-scales only

Study

HL sample

Controls,
n

Country

Measure(s) informant

Sahli, 2009182

D, 30
children
with HL
(and CIm);
aged 12-19
yrs. No AD.
NS, 54
children
with HL;
aged 7-10
yrs.
NS, 13
children
with HL
(≥40 Db HL);
aged 5-14
yrs.
C, 86
children
with HL
(congenital
and HA);
aged 7-8
yrs. No AD.

60

Turkey

RSE - self

102

UK

Rutter teacher

44% children with HL
had mental health
problems vs. 18% w/o
HL

189

UK

Rutter - NS

15% children with HL
had mental health
problems vs. 7%
children w/o HL

N

Australia

Rutter parent and
teacher

NS. 183
children
with HL
(>20 dB HL);
aged 10-13
yrs.
NS, 294
children
with HL;
aged 6-16
yrs.
C, 132
children
with HL
(prelingual,
bilateral,
≥40 dB HL);
mean age
11 yrs
(SD=1.5).
No AD or
low IQ.

N

Germany

Rutter teacher

Children with vs. w/o
HL had sig. higher
prevalence of parentreported abnormal
total problems (44%
versus 12%,
respectively). No
differences for
teachers
54% children with HL
had mental health
problems vs. 16%
children w/o HL

234

Finland

Rutter teacher

21% children with HL
had mental health
problems vs. 16%
children w/o HL

129

Netherlands

Self Report
Instrument for
Reactive and
Proactive
Aggression,
plus
delinquency
questionnaire
- self;
psychopathy
screening
device and CSI
- parent

Self reports: Children
with HL had sig. worse
scores for proactive
aggression, but not
reactive aggression or
delinquency
Psychopathy and CSI:
Children with HL had
sig. worse scores for
psychopathy, ADHD,
oppositional defiant
disorder, & conduct
disorder

Fundudis,
1979*213

Rutter,
1970*214

Wake,
200436

Kammerer,
1988*215

Sinkonnen,
1994*216

Theunissen,
2013192
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Key comparisons
between children with
and without HL
HL not associated with
mean depressive
emotion score (3.02,
SD=1.68 vs. 2.30,
SD=0.53, respectively)

Study

HL sample

Controls,
n

Country

Measure(s) informant

van Gent,
2007217

D, 70
children
with HL
(bilateral &
≥70 dB HL);
aged 13-21
yrs. No AD.

N

Netherlands

Semistructured
Clinical
Interview for
Children and
Adolescents self and
professional;
CBCL - parent;
TRF - teacher

Furstenberg,
1994218

C, 63
children
with HL;
aged 11-21
yrs.
C, 202
children
with HL (25120 dB HL);
aged 11-18
yrs. No AD.

N

USA

TRF - teacher

N

Netherlands

YSR - self

D, 65
children
with HL
(≥40 dB HL);
aged 6-18
yrs.

N

Australia

YSR - self;
CBCL - parent

van Eldik,
2005174

Remine,
2010180
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Key comparisons
between children with
and without HL
Clinical Interview:
Children with vs. w/o
HL had sig. higher
prevalence of clinical
problems for self- but
not professionalreport. Internalising
and externalising
scores were similar
CBCL: Children with vs.
w/o HL had sig. higher
prevalence of clinical
problems and
internalising, but not
externalising.
TRF: Children with vs.
w/o HL had sig. higher
prevalence of clinical
problems and
internalising problems
but not externalising
problems
All children with HL
scored in normal
ranges for total,
internalising and
externalising scores
Sig. higher prevalence
of borderline/clinical
total problems in
children with (37%) vs.
w/o HL (17%) and
across internalising
and externalising
scores plus all subscales
CBCL: HL associated
with social and thought
sub-scale problems
(10.8% and 9.2% of
children with HL, vs.
4.8% and 3.1% for
children w/o HL,
respectively). Total
problems plus other
sub-scales were
similar.
YSR: No sig.
differences in total
problems or sub-scales

Study

HL sample

Controls,
n

Country

Measure(s) informant

Cornes,
2006183

C, 54
children
with HL
(severeprofound
and using
sign
language);
aged 11-18
yrs.

N

Australia

YSR - self;
CBCL - parent;
TRF - teacher

Dammeyer,
2012219

D, 26
children
with HL
(and Usher
syndrome);
aged 3-17
yrs. No
mental
health
diagnoses
C, 160
children
with HL
(due to glue
ear); aged
4-7 yrs.

N

Denmark

SDQ - parent

N

Netherlands

SDQ - parent

D, 213
children
with HL
(bilateral
≥40 dB HL);
aged 4-12
yrs.

N

Germany

SDQ - parent

Timmerman,
2007220

Hintermair,
2007221
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Key comparisons
between children with
and without HL
YSR: For written YSR,
no association with
total or sub-scale
scores for HL, except
for somatic complaints.
In signed YSR, HL
predicted sig. worse
mean scores for total
and all sub-scale scores
except attention and
rule-breaking
behaviour problems.
CBCL: HL associated
with sig. worse total
problems plus
withdrawn/depressed,
social, thought,
attention, and
aggressive sub-scales.
No sig. differences in
other sub-scales.
TRF: not compared to
normative scores
27% children with HL
scored >14 (90th
percentile score for
children w/o HL)

Children with HL had
sig. worse total
difficulties, emotional,
hyperactivity/inattenti
on and impact scores.
No difference in
conduct, peer
problem, or prosocial
scores.
Children with HL had
sig. higher borderline/
abnormal total
difficulties, emotional,
conduct, hyperactivity
and peer problems (2.5
times higher in
children with HL for
total problems, then
2.5, 1.9, 1.8 and 2.7
times higher for

Study

HL sample

Controls,
n

Country

Measure(s) informant

Key comparisons
between children with
and without HL
respective subscales).
No differences in
prosocial behaviour

Fellinger,
2008222

C, 99
children
with HL
(bilateral &
≥40 dB HL);
mean age
11.2 yrs
(SD=2.7).
No low IQ.
C, 120
children
with HL
(permanent
and ≥40 dB
HL); aged 512 yrs.

N

Austria

SDQ - parent
and teacher

Children with HL had
worse total and subscale scores for all
parent and teacher
measures, except
parent-reported
hyperactivity/inattenti
on

63

UK

SDQ - parent
and teacher

Hogan,
2014223

C; 189
children
with ear
infection,
26 with HL
aged 0-1
years at
baseline;
plus 323
with ear
infection
and 93 with
HL aged 4-5
years at
baseline.

7780

Australia

SDQ - parent
and teacher

Huber,
2011224

D: 32
children
with HL
(onset at <2
years and
CIm for >3
years); aged
12-17 yrs.
No AD.

212

Austria

SDQ - parent,
teacher and
self

Children with vs. w/o
HL had sig. worse
parent and teacher
total SDQ scores (mean
differences with vs.
w/o HL=2.88, 95% CI:
1.27-1.49, and 2.17,
95% CI: 0.27-4.06,
respectively)
Aged 0-1 years at
baseline: HL was
associated with
prosocial and
emotional problems at
age 6-7 years but not
any other sub-scale or
total scores. Ear
infection was not
associated with any
scores.
Aged 4-5 years at
baseline: ear infection
did not predict any
scores at age 9-10
years, whilst HL
predicted higher total,
peer problem, and
conduct problem later
scores
Children with vs. w/o
HL showing no sig.
differences on self,
parent or teacher
ratings for total and
sub-scale scores,
except for teacher
reported percentage
with peer problems
(42% children with HL
vs. 2% children w/o HL)

Stevenson,
2011155

59 | P a g e

Study

HL sample

Controls,
n

Country

Measure(s) informant

Anmyr,
2012225

D, 22
children
with HL
(bilateral
>40 dB HL
and CIm);
aged 9-15
yrs.
C, 111
children
with HL
(and HA);
aged 11-18
yrs. No low
IQ.

N

Sweden

SDQ - parent,
teacher and
self

N

Sweden

SDQ - parent,
teacher and
self

For girls, HL presence
was associated with
sig. better total SDQ
score vs. Norwegian
and Finish normative
scores. No sig.
differences for boys

D, 54
children
with HL
(unilateral
and
bilateral,
severe to
profound);
aged 11-18
yrs. Must
use sign
language
and no AD.
C, 57
children
with HL
(mild or
worse);
aged 6-12
yrs.

N

Australia

SDQ - parent,
teacher and
self (latter
involved
written and
signed
versions for
HL sample)

Using normative
scores, Stevenson
meta-analysis
identified sig. higher
scores in children with
vs. w/o HL for total
difficulties, but not
peer problems subscale

N

Germany

SDQ - teacher

Stevenson metaanalysis found sig.
higher total score by
HL presence when
comparing to
normative scores

Mejstad,
2009226

Cornes,
2012227

Vetter,
2010228

Dammeyer,
2010229

Key comparisons
between children with
and without HL
Children with HL had
similar scores to
children w/o HL

C, 334
N
Denmark
SDQ - teacher 37% children with HL
children
scored >14 versus 10%
with HL
in children w/o HL
(moderateprofound);
aged 6-19
yrs.
*Could not access, data based on Stevenson paper. Where overlapping/duplicate samples were
identified, duplicate results are not included. AD: additional disabilities; C: community sample
(defined as: not limited to children in deaf schools, with profound or worse HL, or with CIm); CBCL:
Child Behavior Checklist; CDI: Child depression inventory; CIm: cochlear implants; CSI: child symptom
inventory; D: sample restricted to children attending deaf schools, with CIm, or with profound or
worse HL; dB HL: decibels hearing level; FSSC-R: Fear Survey Schedule for Children-Revised; HA:
hearing aid; HL: hearing loss; PCL: parent checklist; N: normative scores; NS: not stated; sig.:
significantly; RSE: Rosenberg Self Esteem scale; SD: standard deviation; SE: standard error; SNHL:
sensorineural HL; TCL: teacher checklist; TRF: teacher report form; w/o: without; yrs: years; YSR:
Youth Self Report.
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Table 1-7. Studies of mental health not included in the 2015 meta-analysis by Stevenson
et al.
Study

HL sample

Measure(s) informant

Key comparisons between
children with and without
HL

Minter,
2001159

C, 85 children of
N
black ethnic
background
assessed by time
with HL (≥25 dB HL
at ages 0-2.5 years,
≥20 dB HL after
this) during followup; aged 0-6 yrs.
No AD.

USA

No sig. associations
between HL and any
outcome (reflecting
attention-related
problems and total
behavioural problems)

USA

Bayley Scales,
Parenting Stress
Index, Social
Skills Rating
System and
Conners’
Hyperactivity
Index – parent;
Social Skills
Rating System
and Connors'
Hyperactivity
Index - teacher
CBCL - parent

Barker,
2009167

D, 116 children
69
with HL (severeprofound and
referred for CIm);
aged 1-5 years. No
poor development
or language scores,
or AD.
D, 60 children with N
HL (and CIm, using
sign language);
aged 6-18 years.
No AD

Taiwan

CBCL - parent

C, 117 children
66
Greece
with HL (unilateral/ children
bilateral CHL due (hospitalis
to acute otitis
ed in
media at age 4-5 orthopae
yrs); aged 6-8 yrs. dics ward)
No SNHL,
middle/outer ear
disease (except
otitis media),
mental health
diagnoses in
child/parents, or
low socioeconomic
status.
Khan, 2005157 D, 38 children with 18
UK
Cim/HA (bilateral,

CBCL - parent

Children with HL sig.
more likely to be in the
'problem range' for
total scores (30% vs.
15.9%), withdrawn/
depressed (15.0% vs.
6.7%), social (30.0% vs.
6.7%), thought (16.7%
vs. 6.7%), attention
(18.3% vs. 6.7%) and
aggression (13.3% vs.
6.7%) sub-scales. No
difference in other subscales
Sig. worse mean
anxiety/depression and
attention scores for
children with HL. No
differences in
withdrawal/depression,
somatic, social, thought,
rule-breaking,
aggressive, other
problems sub-scales or
total problem scores.

Chao, 2015149

Gouma,
2011158
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Controls, n Country

CBCL - parent

Children with HL
children evidenced sig.
more attention and
internalising problems.
No sig. difference in
mean aggression scores

No sig. differences in Tscores for total

Study

HL sample

Controls, n Country

moderate or worse
severity); aged 2-6
yrs. No AD or both
parents deaf.

Theunissen, C, 123 children
129
2014204
with HL (pre- or
peri-lingual onset,
bilateral and ≥40
dB HL); mean age
11.8 (SD=1.7) yrs.
No low IQ or AD.
Porter,
C, 27 children with 26
2013198
HL (SNHL:
unilateral >45 dB
HL, bilateral 20-40
dB HL, or bilateral
high-frequency
>25 dB HL); 4-9 yrs.
Fiorillo,
C, 50 children with 39
2017140
HL (HA/CIm for ≥6
months); aged 2-5
yrs.

Netten,
2018181

D, 74 children with 190
HL (bilateral,
severe-profound
and CIm); aged 1-5
yrs. No AD.

King, 1989186 C, 138 children
134
with HL (onset <2
years of age); aged
8-16 yrs.

Kent, 2003188 C, 52 children with 470
HL (moderateprofound); aged
11-15 yrs. No
children in schools
for deaf.
Davis,
C, 100 children
NS
1999152
with HL
(permanent, mildsevere); aged 4-12
yrs. English must
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Measure(s) informant

Key comparisons between
children with and without
HL

problems, internalising
or externalising
problems when
comparing children with
CIm, children with HL
but no CIm and children
with NH
Netherla Child selfChildren with HL had
nds
confidence and sig. worse self-esteem
acceptance scale regarding peers and
- self
parents, but physical
appearance and global
self-esteem were
similar
USA
Conners' Teacher No sig. differences in
Rating Scale initial or follow-up
teachers
mean scores on any of
the hyperactivity subscales.

USA

Disruptive
Behaviors from
Diagnostic
Interview
Schedule for
Children (IV) parent
Netherla Early Childhood
nds or
Inventory-4 Dutch- parent
speaking
part of
Belgium
Australia FSSC-R - self

New
Zealand

UK

Children with HA or CIm
had higher prevalence
of oppositional defiance
disorder (ODD) than
those w/o HL No sig.
difference in conduct
disorder
HL not associated with
anxiety, depression or
disruptive behaviour
symptoms at baseline
or in follow-up

Children with HL did not
sig. differ in number of
fears or total fear score.
Children with HL had
greater 'fear of
unknown' and 'fear of
injury/small animals',
but less fear of
failure/criticism
Health Behaviour Children with HL had
in School-Aged sig. more somatic
Children - self
complaints

IHR Behaviour
Assessment
Inventory parent

Sig. worse generalised
behaviour score for
both children with HL
and those with otitis
media with effusion vs.

Study

HL sample

Controls, n Country

be first language.
Stika, 2015170 C, 28 children with 42
HL (permanent,
bilateral, ≥20 dB
HL); aged 1 yr. No
AD & English must
be spoken by
caregivers.
JiménezD, 104 children
104
Romero,
with CIm
2015168
(prelingual,
bilateral and
profound SNHL);
aged 2-16 yrs. No
AD.
Fellinger,
C, 95 children with N
2009148
HL (≥40 dB HL and
HA/CIm); aged 616 yrs

Henggeler,
1990201
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C, 35 children with 35
HL (moderate/
worse); aged 13-19
yrs

Measure(s) informant

Key comparisons between
children with and without
HL

children w/o HL
No sig. difference in
mean internalising and
externalising T-scores
(adjusted for age)
between children with
vs. w/o HL.

USA

Infant–Toddler
Social and
Emotional
Assessment parent

Spain

Inventory for
Client and
Agency Planning
- parent

Sig. worse internalising
and externalising scores
for children with No
difference in asocial
scores

Austria

Kinder-DIPS
interview and
SDQ - parent &
teacher

USA

Missouri Peer
Relations
Inventory parent and self;
Revised
behaviour
problem
checklist (social
aggression subscale) - parent

Point and lifetime
prevalence for any
psychiatric disorder
(32.6%; 45.3%) and
depression (7.4%;
26.3%) were higher
than norms. Scores on
SDQ were higher for HL
on all sub-scales except
hyperactivity
Both mothers and
fathers rated sig. worse
aggression scores in
children with vs. w/o HL
for the Missouri
inventory and revised
problem behaviour
checklist, whilst selfreported aggression
was sig. lower in
children with HL based
on the Missouri
inventory

Study

HL sample

Measure(s) informant

Key comparisons between
children with and without
HL

Cates,
1991205

D, 68 children with 68
HL (in Dsch with
profound,
prelingual HL);
aged 8-19 yrs.
Excluded if had
hearing parents or
low IQ.

USA

Piers-Harris
Children's SelfConcept Scale self; Behavioral
Academic SelfEsteem - teacher

No sig. difference by HL
status for self-rated
behaviour, intellect,
anxiety, happiness and
global self-esteem. Sig.
worse self-rated
popularity self-esteem
and sig. better
appearance self-esteem
in children with HL. No
differences in teacherreported total selfesteem or any of the
sub-scales

Gallaudet,
2008193

C, 31784 children n/a
with HL (≥27 dB
HL) ; aged 0-11 yrs
C, 30 children with 66
HL (SNHL:
unilateral >20 dB
HL, bilateral 20-40
dB HL, or bilateral
high-frequency
>25 dB HL): aged 8,
12, or 15 yrs.
D, 118 children
132
with HL (onset <2
yrs); aged 11-19
yrs.

USA

Professional
diagnosis

USA

Revised
Behaviour
Problem
Checklist teacher

5.6% ADHD, no
comparison to children
without HL
No sig. differences by
HL in teacher-rated
total or sub-scale scores

China

RSE, Piers-Harris
Children's SelfConcept Scale
(Physical
appearance
subscale), and
Multidimensional
Students' Life
Satisfaction Scale
- self

Sahli, 2006207 D, 30 children with 60
HL (SNHL and CIm);
aged 12-19 yrs. No
AD.

Turkey

RSE - self

Warner-Czyz, C, 50 children with N
2015203
HL (≥40 dB HL and
HA/CIm); aged 818 years. No visual
problems, or
cognitive or

USA

RSE - self

Bess, 1998160

Lu, 2015202
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Controls, n Country

Piers-Harris: Children
with HL had sig. better
perceived physical
appearance.
RSE: Children with HL
had sig. worse selfesteem than those w/o
HL.
Life Satisfaction: No sig.
differences in global life
satisfaction were
observed
Sig. worse scores for
retrospectively reported
self-esteem "before
CIm" vs. children w/o
HL for both genders. No
difference in current
self-esteem
Children with HL had
sig. better self-esteem
scores

Study

HL sample

Controls, n Country

Hindley,
1994150

developmental
delay.
C, 81 children with N
HL (moderateprofound); aged
11-16 yrs.

UK

Measure(s) informant

Key comparisons between
children with and without
HL

Rutter - parent
and teacher; PCL
- parent; TCL teacher; Child
Assessment
Schedule professional
SDQ - parent

Approximately 1.5
times prevalence of
psychiatric disorder
children w/o HL

De Giacomo, D, 20 children with 20
2013156
HL (bilateral, prelingual onset,
profound SNHL
and unilateral
CIm); aged 5-15
yrs. No AD or
amplification
before CIm.

Italy

Netten,
2015190

C, 85 children with N
HL (bilateral,
permanent and
≥40 dB HL); aged 25 yrs.

Netherla SDQ - parent
nds

Niclasen,
2016169

C, 311 children
with HL (mildsevere); aged 1012 yrs

Stevenson,
2017154

C, 76 children with 38
HL (congenital,
bilateral,
permanent and
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7288

Children with HL had
sig. worse emotional
symptoms and peer
problems, but similar
total problems, plus
hyperactivity, behaviour
and prosocial scores

Children with HL scored
worse on social
functioning (peer
problems and prosocial
sub-scale scores) and
behavioural problems
(behavioural and
hyperactivity sub-scale
scores)
Denmark SDQ - parent and Children with HL had
teacher
significantly worse
parent and teacherreported externalising
scores but no sig.
difference in
internalising scores. For
the sub-scales, parentreported hyperactivity,
emotional and peer
problem scores were
sig. worse in children
with HL (conduct
problems were not sig.);
teacher-reported
hyperactivity and
conduct scores were
worse for children with
HL (no sig. difference
for emotional or peer
problems)
UK
SDQ - parent,
Children with HL had
teacher and self sig. worse parentreported total scores;
teacher- and self-

Study

HL sample

Controls, n Country

≥40 dB HL); mean
age 16.84
(SD=1.42) yrs. No
AD.

Hancock
2017151

C, 147 children
6163
with HL (based on
parent report of
chronic conditions
in the last year);
aged 4-17 yrs

van Gent,
2012206

D, 68 children with N
HL (≥73 dB HL
and/or CIm); aged
13-21 yrs.

Kouwenberg, C, 73 children with 113
2012189
HL (pre-or perilingual onset,
bilateral, and ≥40
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Measure(s) informant

Key comparisons between
children with and without
HL

reported total scores
did not sig. differ.
Parent- and teacherreported total scores
for those with HL did
not differ from
normative scores.
Parent- and teacher
sub-scale scores did not
differ. Self-reported
sub-scale scores were
sig. worse for peer
problems in children
with HL with no further
differences
Australia SDQ and
Diagnostic Interview:
Diagnostic
For children aged 4-11,
Interview
HL was associated with
Schedule for
separation anxiety,
Children IV generalised anxiety, and
parent
ADHD. Social phobia,
OCD, depression,
conduct problems and
ODD did not sig. differ.
For 12-17 year olds, HL
predicted all disorders;
SDQ: For children aged
4-11, HL was sig.
associated with peer
problems, emotional
problems, hyperactivity
and total problems.
Conduct problems did
not differ. For 12-17
year olds, all SDQ subscales were sig. higher
with presence of HL
Netherla Self-Perception Sig. worse social
nds
Profile for
acceptance and close
Adolescents - self friendship self-esteem,
but sig. better physical
appearance selfesteem, in children with
HL. Global self-esteem
and remaining subscales (scholastic
competence, athletic
competence, and
behavioural conduct)
were not different
Netherla Somatic
Children with HL
nds
complaints - self showed no difference in
somatic complaints

Study

HL sample

Controls, n Country

Margaret
Brown,
2014153

dB HL); aged 8-16
yrs. No AD.
C, 89 children with N
HL (mild-severe);
aged 11-18 yrs. No
low IQ or language
skills.

Measure(s) informant

39% children with HL
were in the
clinical/borderline
range for total
problems, vs. 14%
children w/o HL. In
terms of sub-scales
40.4% children with HL
were in the
clinical/borderline
range for internalising
problems and 37% for
externalising, vs. 12%
for both in children w/o
HL. Borderline/clinical
sub-scale problems
were higher for children
with HL
AD: children with additional disabilities; C: community sample (defined as: not limited to children in
deaf schools, with profound or worse HL, or with CIm); CBCL: Child Behavior Checklist; CDI: Child
depression inventory; CIm: cochlear implants; CSI: child symptom inventory; D: sample restricted to
children attending deaf schools, with CIm, or with profound or worse HL; dB HL: decibels hearing
level; FSSC-R: Fear Survey Schedule for Children-Revised; HA: hearing aid; HL: hearing loss; PCL:
parent checklist; N: normative scores; NS: not stated; sig.: significantly; RSE: Rosenberg Self Esteem
scale; SD: standard deviation; SE: standard error; SMD: standardised mean difference; SNHL:
sensorineural HL; TCL: teacher checklist; w/o: without; yrs: years; YSR: Youth Self Report.
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Australia YSR - self

Key comparisons between
children with and without
HL

Social skills and peer victimisation
The Stevenson meta-analysis identified a significant relationship between HL and peer
problems for all informants (parent, teacher, and self), but no difference in prosocial scores
except in teacher ratings146. These scales reflects negative and positive aspects of social
skills, respectively, including isolation and ability to make friends 171. Other evidence
confirms that children with HL appear to have more peer and social problems regardless of
informant, which may impact on mental health outcomes149,151,153,154,156,169,173,183,190,230.
Conflicting findings from other studies suggest that it is important to consider the validity of
the measurement or informant used, as well as the generalisability of the findings based on
the sample158,168,169,175,179,180.
Peer victimisation involves repeated aggression towards the victim with the intent to harm
or humiliate231. This is similar to bullying, which additionally involves a power dynamic136.
Little research has examined the risk of peer victimisation in children with HL. Authors of a
recent systematic review suggested that children with HL may be at increased risk of
bullying, due to communication difficulties and negative societal attitudes towards HL.
However, they highlight the lack of robust research in this area136. Children with HL who
experience peer victimisation may experience worse mental health outcomes148,175,231-233.

1.8.3. Research gaps
Overall, there is a wealth of research into mental health outcomes of children with HL,
however, gaps and conflicting findings mean that there are unanswered questions.
Inferences from existing studies are limited by the restricted samples, settings, and
methods used.
Whilst associations with total mental health problems have been reported in a large
number of studies, there is less evidence or conflicting findings for specific mental health
disorders (including depression), or for experiences known to be important determinants of
mental health problems in children without HL, such as peer victimisation.
There was no identified research into self-harm in children with HL. Self-harm is a non-fatal
outcome involving a deliberate act by an individual with the intention of causing harm to
themselves. It is a strong predictor of suicide and is predicted by depressive and anxious
symptoms234.
Previous studies into the mental health of children with HL often used narrow HL case
definitions, for example limited by severity, treatment type, or school type. Children with
additional disabilities are often excluded. The majority of studies either limited HL case
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definition to PCHL or assessed HL cross-sectionally and did not consider timing of HL in
terms of trajectory (timing of HL onset and resolution, plus consideration of duration and
recurrence). This precludes generalisability of findings as well as consideration of how
trajectory factors, such as timing of onset or resolution, affect outcomes. These trajectory
factors determine presence during sensitive and critical periods for development, as well
whether HL remains at later ages, reflecting cumulative exposure to HL. These are critical
considerations for the effect on an exposure on an outcome11. Given that the impact of HL
on mental health may be mediated by speech and language development in the early years
(if HL is present during sensitive and critical periods)142,151,235, as well as risk of peer
victimisation when HL is present (affected by cumulative HL exposure)151,154, research is
needed to investigate whether HL trajectory influences impact on mental health.
There is also a lack of UK-based studies, which is problematic as other settings may not be
comparable in terms of how HL is managed, as well as general social and psychological
differences between populations226.
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2.1. Thesis rationale
As outlined in chapter 1, childhood hearing loss (HL) varies in a number of ways including
aetiology, trajectory, and impact on outcomes. These aspects have been affected by the
introduction of screening and vaccination programmes, discovery of effective interventions,
and changes in schooling and attitudes. No longer viewed as “deaf and dumb”, there is now
understanding that children with HL are not less able. Through swift and appropriate
detection, intervention, and support, HL does not need to result in negative effects on a
child’s life.
On the other hand, educational and other outcomes of children with HL are still variable.
The literature suggests that HL may be associated with poor mental health, but there is a
lack of research into specific types of mental health that may be affected. There are also a
number of unanswered questions on the current prevalence and characteristics of children
with HL, which could be key to explaining variation in outcomes and improving service
planning and aetiological understanding. This thesis address some of these questions in the
context of the UK.
I used a biopsychosocial and lifecourse approach to research the prevalence,
characteristics, and outcomes of HL across childhood. The biopsychosocial approach
involved taking a broad view of the biological, psychological, and social impact of HL and
how these factors may influence mental health outcomes. The lifecourse approach entailed
considering the prevalence of HL across childhood, as well as the different trajectories of HL
and how these relate to characteristics and outcomes.
An issue that cuts across research into HL prevalence, characteristics, and outcomes, is the
lack of an available classification system that considers HL trajectories. HL trajectories relate
to the timing of onset and resolution or patterns in HL exposure. Without such a
classification system, we cannot examine the prevalence of HL across childhood or compare
prevalence of different HL patterns across childhood. Additionally, specific HL trajectories
may be associated with certain characteristics, and identifying these characteristics may
inform aetiological understanding or identification of risk factors for screening. The impact
of HL on outcomes, such as mental health, may also depend on HL trajectory. This could be
due to differences in cumulative exposure (i.e. an additive effect of exposure across time)
or presence during sensitive or critical periods (during which an exposure has a particularly
strong impact on an outcome). Identifying whether particular HL trajectories are associated
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with poor mental health will facilitate identification of those most at risk and improve
understanding of causal mechanisms.
Alongside limitations in previous classification systems, previous estimates of childhood HL
prevalence are imperfect as they often rely on cross-sectional data (which limits estimation
of prevalence to one age). There are thus few reliable estimates on the total number of
children affected by HL across childhood and when HL tends to occur and resolve.
Contemporary estimates of HL prevalence, which could be evidenced by synthesising data
from universal newborn hearing screening (UNHS) programmes, are also lacking.
Several demographic and individual factors are proposed to be associated with childhood
HL. These include child’s sex, ethnic background, and limiting longstanding illness. Previous
investigations into these characteristics are mostly cross-sectional and do not consider
whether associations vary by HL trajectory. Confirmation of the characteristics associated
with childhood HL, and whether these vary by trajectory, would improve understanding of
HL aetiology and identification of risk factors. For example, should male sex be associated
with HL, or with a certain HL trajectory, this may facilitate identification of underlying
biological, psychological, or social aetiological mechanisms, and improve prevention efforts
and clinical management.
Finally, there is evidence that children with HL are at risk of poor mental health outcomes.
Limited or conflicting evidence is available on the specific types of mental health problems
that children with HL experience. Furthermore, research is often based on cross-sectional
studies that examine the association of HL experienced at one point in time with mental
health outcomes. Exploring specific mental health problems and their associations with HL,
as well as their variation by HL trajectory, is key to identifying the risk of different mental
health problems in children with HL, and whether this varies by HL trajectory. Finally,
improving support for good mental health in children with HL requires further examination
of mediating factors, which explain the mechanism by which an exposure and outcome are
linked.

2.2. Thesis aim
The overall aim for this thesis was to identify and critically examine the prevalence and
characteristics of HL, including variation by different HL trajectories, in children aged 0-14
years, and to investigate whether HL is associated with poorer mental health outcomes,
using meta-analysis of the literature on UNHS and analysis of UK cohort data.
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2.3. Research questions
2.3.1. Research question 1
Question
Which trajectories of childhood HL are identified using a variety of methods in UK children
aged 0-14 years?
Objective
Develop clinical classification and data-driven classification systems for HL trajectories and
compare the two methods to define an optimal classification of HL trajectories.
Hypothesis
I hypothesised that I would identify clearly differentiated HL trajectories that would vary in
terms of timing, onset, and persistence of HL across childhood.

2.3.2. Research question 2
Question
What are the prevalence and characteristics of children who experience HL by age 14 years,
including variation by HL trajectory?
Objectives
 Estimate the prevalence of HL by age 14 years (defined as presence of any HL, with
or without resolution) and of different HL trajectory groups in childhood.
 Investigate which child and family-level characteristics are associated with HL by
age 14 years, and how characteristics differ by HL trajectory.
Hypotheses
 Risk of any reported HL between birth and age 14 years would be associated with
NICU admission, household smoking, male sex, non-white ethnic background, lower
parental education, limiting longstanding illness, and lower maternal age;
 These associations would vary by HL trajectory.
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2.3.3. Research question 3
Question
Is there a relationship between childhood HL and risk of poor mental health (depressive
symptoms or self-harm) or peer victimisation at age 14 years?
Objectives
 Describe the relationship of HL with potential mediators or sources that might
confound the hypothesised relationship between HL and mental health.
 Examine whether presence of any HL (regardless of timing of onset or resolution)
by age 14 years is associated with higher risk of peer victimisation, depressive
symptoms, or self-harm at age 14 years, after adjusting for confounding.
 Examine whether different HL trajectories predict peer victimisation, depressive
symptoms, or self-harm at age 14 years, after adjusting for confounding.
Hypotheses
 Presence of any childhood HL is associated with a higher risk of peer victimisation,
depression, and self-harm at age 14 years.
 Peer victimisation, depression, and self-harm at age 14 years varies by HL
trajectory.

2.3.4. Research question 4
Questions
Primary research question:
What is the prevalence of permanent childhood HL detected at UNHS and which perinatal
factors are associated with higher prevalence?
Secondary research question:
How well do UNHS programmes perform, in terms of screening accuracy and related
measures, and is there variability across UNHS programmes?
Objectives
Using a meta-analysis of published and unpublished literature:
 Describe the population-based prevalence of confirmed bilateral permanent
childhood HL ≥26 dB HL detected through UNHS in very highly developed countries
 Examine how risk of permanent childhood HL varies by demographic and individual
characteristics, including pre- and peri-natal risk factors for HL
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 Investigate the performance of UNHS in very highly developed countries
Hypothesis
 Prevalence of HL detected through UNHS would be heterogenuous across different
studies and this could partly be explained by differences in demographic and
perinatal characteristics, such as NICU admission.
 Performance of UNHS would be variable and studies with follow-up after UNHS and
diagnostic stages would identify some false negatives.

2.4. Research plan for the thesis
The research presented in this thesis was undertaken in three parts. Firstly, a novel
classification system based on longitudinal trajectories of childhood HL was developed.
Both clinical and data-driven approaches were used to define the final system. This
classification system was used to estimate the overall prevalence of HL in childhood, and
prevalence of HL trajectory types, using data from the Millennium Cohort Study (MCS), a
contemporary UK cohort study that has prospectively followed a representative sample of
the population from age 9 months to 14 years. The characteristics of childhood HL, as well
as variation by trajectory, were then examined.
Secondly, peer victimisation and mental health outcomes in children with HL were explored
and compared to children without HL using the MCS. This entailed first investigating the
association between these outcomes and any HL, then exploring variation by HL trajectory.
For this research, public engagement was undertaken with the London Young Person’s
Advisory Group, to guide the research question and methods, as well as interpretation of
the results.
Finally, a systematic review and meta-analysis was carried out on the published and
unpublished literature reporting the prevalence of childhood PCHL detected through UNHS
in very highly developed countries, to determine overall prevalence of childhood PCHL and
variation by demographic and individual characteristics in the era of newborn screening. I
also examined the screening performance of UNHS programes and variation across
programmes.
At the end of the thesis, there is a summary of findings and a discussion of how this
research has contributed to knowledge on the prevalence, characteristics, and outcomes of
children with HL. I synthesise the findings from the MCS analyses and meta-analysis to
explore how data from these different sources can be combined and contrasted to explain
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the prevalence of HL detected through UNHS and how this relates to the MCS findings on
HL prevalence across childhood.
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3.1. Chapter structure
Data from the Millennium Cohort Study (MCS) were used for secondary data analyses in
this thesis. The MCS is a prospective cohort study following the lives of children in the UK
born between 2000 and 2002. In this chapter, I summarise the procedure for obtaining and
using the MCS data, as well as describing the sampling design, data collection methods,
sample response, and missing data. I outline methods used in this thesis to account for the
study’s non-random sampling design and missing data. Finally, I discuss strengths and
limitations of the MCS in relation to the analyses undertaken for this thesis.

3.2. Obtaining the data
I obtained data from the MCS from the UK Data Archive, University of Essex. Permanent
identifiers for the datasets used in this thesis are:
 9 months236: http://dx.doi.org/10.5255/UKDA-SN-4683-3
 3 years237: http://dx.doi.org/10.5255/UKDA-SN-5350-3
 5 years238: http://dx.doi.org/10.5255/UKDA-SN-5795-3
 7 years239: http://dx.doi.org/10.5255/UKDA-SN-6411-5
 11 years240: http://dx.doi.org/10.5255/UKDA-SN-7464-2
 14 years241: http://doi.org/10.5255/UKDA-SN-8156-4
Appropriate ethics approval was sought by the study organisers for all data collection,
including individual informed consent to participate242. Additional ethics approval was not
required for this thesis as the data provided were pseudonymised and could not be traced
to the original study participants.

3.3. Target population
Families included in the MCS were sampled from the UK Child Benefit register with a target
population of families with children that were243:
 born between 1 September 2000 and 31 August 2001 (for England and Wales), or
between 24 November 2000 and 11 January 2002 (for Scotland and Northern Ireland)
 alive and living in the UK at age 9 months
 eligible to receive Child Benefit at age 9 months (payable to families residing in the
UK with children).
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The birth dates for Scotland and Northern Ireland are 3 months later than for England and
Wales to avoid overlap with a separate survey. The target population includes children
living out of households (e.g. in women’s refuges, hostels, hospitals, prisons, etc.), or not
born in the UK but resident in the UK at age 9 months. Those excluded are243:
 children who were not resident in the UK at age 9 months
 children who died or emigrated from the UK before age 9 months
 children not eligible for Child Benefit (for example those with temporary or
uncertain residency status, including members of foreign armed forces and asylum
seekers).
Additionally, ‘sensitive cases’ were ineligible. This included families where there had been a
recent child death in the family or the child had been taken into care243.
Secondary data analyses for this thesis included only singleton MCS children (excluding 538
children that were multiple births). This addressed problems that could arise in analysis
because observations of children in the same family are not independent of one another.

3.4. Sampling design
The MCS adopted a two-stage stratified cluster sampling design. This was to ensure overrepresentation of areas with a relatively high prevalence of ethnic minority (in England
only) and socioeconomically ‘disadvantaged’ children in the recruited sample. Non-random
sampling such as this can be used to increase precision of statistical analyses for groups
that are too small for accurate exploration using simple random sampling. Cluster sampling
restricted sample selection to certain geographical areas to increase the efficiency of
fieldwork required for data collection243.
To select the sample, each electoral ward in the UK was designated as a ‘cluster’ (some
electoral wards with small populations were combined to create ‘superwards’ so that
clusters were similar in population size). These clusters were assigned to one of nine strata
based on the four UK countries and the following categories243,244:
 Ethnic minority (England only) strata: wards in which, in the 1991 Census, the
ethnic minority indicator (indicating proportion of total population identifying as
‘Black’ or ‘Asian’) was above 30%
 Disadvantaged strata, identified separately for each country:
o

In England: if not classified as an ethnic minority ward, wards which fell
into the upper quartile of the Child Poverty Index for England and
Wales – with an upper quartile cut-off of 38.4% on the Child Poverty
Index. This identifies more deprived ward areas
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o

In Scotland, Wales, and Northern Ireland: wards existing in 1998 (1984
in Northern Ireland) that fell above 38.4% on the Child Poverty Index

 Advantaged strata (relative to above), identified separately for each country: wards
that did not fall into the disadvantaged stratum (or ethnic minority stratum in
England)
The assigned strata were used to select clusters at the first stage of sampling (along with
information on birth rates) such that half of the achieved sample in each country should be
composed of children living in ‘advantaged’ clusters and half should be living in
‘disadvantaged’ clusters. In England, the proportions were 50% children in ‘advantaged’
clusters, 25% in ‘disadvantaged’ clusters, and 25% in ‘ethnic minority’ clusters 243.
The second stage of sampling involved selection of families within each cluster. The
sampling frame for this was the UK Child Benefit register, with supplementation by health
visitors to detect further eligible families that moved into the selected areas 243,245.

3.5. Data collection methods and ages
Six ‘sweeps’ of data collection from the MCS were available for analysis when data were
obtained and analysed (between 2016 and 2019). These sweeps took place when the
children were aged around 9 months, then 3, 5, 7, 11 and 14 years (named sweeps 1 to 6,
respectively). At each sweep, detailed information was collected on demographic, social,
and health factors relating to the children, plus their siblings and parents245,246 (Table 3-1).
This involved interviews with a ‘main respondent’ (the main carer of the child, usually the
natural mother) and their partner, where available. The main respondent and partner are
henceforth referred to as ‘parents’.
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Table 3-1. Data collected in the Millennium Cohort Study
Sweep
1
2
3
4
5
6
Target age, years
9 months 3
5
7
11
14
Parent interview – CAPI
X
X
X
X
X
X
Parent interview - self-completion
X
X
X
X
X
X
Parent consent to maternal hospital record linkage X
Parent cognitive assessments & DNA collection
X
Child interview - self-completion
X
X
X
Child cognitive assessments
X
X
X
X
X
Child physical measurements
X
X
X
X
X
Child DNA collection
X
X
Child objective physical activity measurements
X
X
Older sibling interview – self-completion (England
X
X
only)
Teacher interview* – self-completion
X
X
X
Parent refers to main respondent (child’s main carer) and partner. *At sweep 3, English teacher data
came from administrative educational data (the Foundation Stage Profile). CAPI: Computer Assisted
Personal Interviewing.

3.6. Sample recruitment and response
Figure 3-1 illustrates the response rate and number of productive interviews for each MCS
sweep. Productive interviews involve successful collection of any data for eligible families at
the relevant sweep. Non-productive interviews occur if the family was eligible to participate
but could not be traced or contacted, refused to take part at a sweep, or had another
reason for not taking part. Non-eligible families were those where the child had died or
where the family had emigrated or permanently refused to take part at a previous sweep.
At age 9 months, the response rate refers to the proportion of children recruited of those
invited. For all other ages, the response rate refers to the proportion with productive
interviews of those still eligible. Sweep 2 involved recruitment of an additional 700 children
that were eligible for the survey but not originally included as they were not identified in
time243,245-247.
A total of 19518 children took part at any sweep. This comprised 18980 singleton children
(18296 recruited at 9 months and 684 recruited at 3 years).
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Figure 3-1. Response rates in the Millennium Cohort Study

9 mo
18818

3*
15808

Age, years
5
7
15460
14043

11
14
Children with
13469
11884
productive interviews, n
Response rate, %
68
78
79
72
69
61
Singleton children with
18296
15286
15042
13681
13112
11576
productive interviews, n
9mo: 9 months. *At age 3 years an additional 700 children (684 singleton children) were recruited to
the study. At age 9 months, response rate refers to the proportion recruited of those invited; after
this age, it refers to the proportion with productive interviews out of those still eligible.

3.7. Missing data
3.7.1. How do missing data arise?
For a recruited sample, data can be missing due to non-response or non-valid response.
Non-valid response is when information is provided that is not valid for use in analyses; for
example “don’t know” responses. Non-response is when no information is given at all for a
given question or measurement. There are three types of non-response, which can be
described as permanent attrition, sweep non-response, and unit/item non-response246,247:
 Permanent attrition reflects ‘monotone’ loss to follow-up, where there are no
productive interviews for a child after a particular sweep
 Sweep non-response indicates ‘non-monotone’ loss to follow-up, where there is a
non-productive interview at one or more sweeps, but with a later productive
interview
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 Unit/item non-response indicates that there is a productive interview at a
particular sweep, but one or more specific questions of interest at the sweep are not
answered. This may refer to a single question (‘item’), or to a whole section (‘unit’)

3.7.2. Sweep non-response and permanent attrition
This section describes patterns and frequency of permanent attrition and sweep nonresponse in the MCS. Information on unit/item non-response, as well as non-valid
responses, is specified in later chapters for variables of interest. The median number of
productive interview sweeps per recruited singleton child in the MCS was 5 (lower quartileupper quartile: 3-6, Table 3-2). Just under 50% of children were present for all 6 sweeps
(Table 3-2), with the remainder of children displaying permanent attrition or other sweep
non-response patterns (Figure 3-2). Response rates decreased over time, meaning that
sweep non-response and permanent attrition increased across sweeps (Figure 3-2).
Table 3-2. Number of sweeps present per singleton child in the Millennium Cohort Study
Total number of sweeps with
productive interviews
1

Frequency, n

Percentage, %

1901

10.0

2

1372

7.2

3

1530

8.1

4

2001

10.5

5

3208

16.9

6

8968

47.2
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9mo: 9 months. Missing children at 9 months refers to children that were only recruited at age 3 years (684/18980 singleton children)

Figure 3-2. Missing patterns for singleton children recruited to the Millennium Cohort Study

3.7.3. Why are missing data a problem?
If complete-case analysis (deletion of missing observations) is undertaken, missing data
reduce efficiency of statistical analyses by reducing availability of data for analyses.
Complete-case analysis estimates can also be biased if observed data are not
representative of the population. To identify risk of bias, the mechanism of missingness
should be examined248:
 Missing completely at random (MCAR): probability of data being missing does not
depend on observed or missing data values – i.e. there are no systematic differences
between missing and observed values.
 Missing at random (MAR): probability of data being missing depends on observed
data, but is not associated with missing data values after these relationships are
accounted for.
 Missing not at random (MNAR): probability of data being missing depends on
missing data values even after relationships with observed data are accounted for.
With MCAR data, the main problem is reduced efficiency of analyses, as complete-case
analysis will not be biased. With MAR and MNAR data, there is potential for biased analysis
estimates if using complete-case analysis, as observed data are systematically different
than missing data248.
Distinguishing between mechanisms can be difficult, but one clue is whether the probability
of data being missing is predicted by observed variables. If not, data may be MCAR or
MNAR. If so, data may be MAR or MNAR. If data are MAR, it may be possible to account for
bias if predictors (of missingness and missing values) are included in analyses
appropriately249. It is not possible to confirm from observed data whether data are MNAR
as this would require knowledge of missing data values.

3.8. Accounting for sampling design and missing data
3.8.1. Sampling design
Analyses using MCS data should adjust for the stratified clustered sampling design of the
study. The results presented in this thesis, unless otherwise specified, are adjusted
appropriately. This includes use of UK-wide sampling weights, provided with the dataset,
that reflect the inverse probability of selection into the sample. Sampling weights
“upweight” children in the sample with characteristics most similar to non-selected
children, so that these children contribute more to analysis estimates than those who are
least similar to non-selected children. In this way, the weighted estimates should be valid
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for inference to the UK population born between 2000 and 2002. The sampling weights
were calculated by the MCS study team based on characteristics of the Child Benefit
claimant (usually the mother), which could be obtained for all records: income (whether
the claimant was paid by order book or directly into a bank or building society account), age
of the claimant, number of children in the household, single parent status, and electoral
ward250.
Estimates of variance are also adjusted to account for the clustered and stratified nature of
the sampling design, as well as the finite population correction factor (reflecting the extra
precision gained from having a sample size that is a large fraction of the population, as well
as the fact that sampling was completed without replacement). In STATA, the default
method for variance estimation with complex survey design is based on first-order Taylor
series linear approximation. Variance adjustment is required as cluster sampling can lead to
underestimation of variance, as those within a cluster will be more similar than in a random
sample, and stratified sampling can lead to overestimation of variance in comparison to a
random sample243.

3.8.2. Missing data in the recruited sample
The likelihood of having missing data due to permanent attrition or sweep non-response in
the MCS is known to be associated with a number of observed variables and therefore
proposed to be MAR245-247. Complete-case analysis alone may therefore lead to biased
estimates248.
To address this potential bias, I used attrition weights alongside complete case analysis in
most of my analyses. These attrition weights account for missingness in a similar manner to
the sampling design weights – upweighting children with productive interviews that were
most similar to children without productive interviews. This addresses the problem of bias
due to missing data, but does not address the loss of power resulting from excluding
children with missing data.
The attrition weights are provided with the data, for each sweep separately, and reflect
inverse probability of having a productive interview at a given sweep based on observed
variables. These attrition weights are combined with the sampling weights so that
probability of selection into the sample is also accounted for. I used the attrition weights at
age 14, given that all my analyses involve variables at this sweep. These weights were
calculated by the Centre for Longitudinal Studies using the following observed variables 245:
 Child gender
 Maternal age at first live birth
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 Child ethnic background
 Housing tenure at sweep 5
 Accommodation at sweep 5
 Main respondent’s highest educational qualification across all sweeps
 Whether child was breastfed
 Number of parents living in household at sweep 5
 Main respondent’s highest social and economic status across all sweeps
 Ratio of number of times not answering the income question divided by the
number of sweeps productive
 Ratio of number of times reporting having a job divided by the number of times
productive
 Whether the household is a ‘new’ family (joining at sweep 2)
In the mental health analyses, I used multiple imputation with chained equations to
address missing data. The procedure for this is described in Chapter 7 and entails
estimating or “imputing” missing values multiple times based on observed data. If carried
out correctly, multiple imputation has the potential to address both the risk of bias and
reduced efficiency that can arise due to missing data248.

3.9. Strengths and limitations of the Millennium Cohort Study
This section covers the strengths and limitations of the MCS in relation to the analyses
described in this thesis.

3.9.1. Strengths
The strengths of the MCS are that it is a large population-based cohort study, covering
almost 20,000 children across the UK. It is the most recent national UK cohort with
recruitment in childhood. Data have been prospectively collected on social, demographic,
and other characteristics from early childhood onwards.
Prospective longitudinal data collection enables evaluation of development trajectories and
exploration of the influence of early life events on later outcomes. There is also reduced
risk of recall bias (relating to bias when asking participants to recall information from the
past).
Appropriate adjustments can be made for the study design and missing data to enable
generalisation of findings to the entire UK population, whilst the study design itself allows
exploration of small population subgroups, due to the over-sampling of ethnic minorities
and disadvantaged children.
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3.9.2. Limitations
Limitations of the study include the sample selection. As recruitment took place at age 9
months, children who died before this age or who were no longer resident in the UK by this
age are not included. Additionally, children were excluded if they were not on the Child
Benefit register or represented a ‘sensitive case’. The proportion of children excluded for
any of these reasons is small, thus findings should be generalisable to the UK population
born 2000-2002243.
A further limitation is that I excluded 538 (2.8%) children who were twins or triplets,
therefore findings are not generalisable to multiple births. With regard to the method of
exclusion, I utilised a dataset developed at the Great Ormond Street Institute of Child
Health, UCL, that deleted the data of all children who were multiple births. Dropping
children that were multiple births from the dataset completely (referred to as the
“deletion” method) could lead to errors in standard error estimation given the complex
sampling design251. Proper calculation of variance when analysing a subpopulation of a
study with a complex sampling design should include the survey design factors of the entire
sample in analyses (the “subpopulation” method). This can be done using the STATA
subpop() option, which estimates standard errors using a resampling method where zeros
are drawn for any observations not in the subpopulation. Point estimates are unaffected by
the deletion method, as these are always calculated using information from the
subpopulation only251.
Given that dropping the multiple births in my dataset may have led to incorrect standard
errors, I carried out a sensitivity analysis comparing standard errors and inferences when
using:
 The deletion method - dropping multiple births.
 The subpopulation method - including multiple births in the dataset but limiting
analyses to singleton births using appropriate subpop() commands.
Standard errors, design-based F test values, and p-values were equivalent for the methods
when analysing the prevalence and chi-squared test results of self-reported self-harm and
close friendships at age 14 years (variable derivation is described in chapter 6). This lack of
difference was attributed to the high proportion of singletons in the dataset, meaning that
multiple birth exclusion did not greatly affect the sample and all clusters and strata were
still represented.
I concluded that exclusion of multiple births from my dataset would not substantially effect
standard error estimation. This has been verified in a separate analysis confirming that
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correct subpopulation analysis often does not lead to substantially different variance
estimations and inferences compare to dropping all observations not in the
subpopulation252. Within the sample of singleton births, I used the subpopulation method
to limit analyses to the relevant sample of interest, for example those with complete data
for all analyses.
Finally, although data missingness is dealt with to some extent by the attrition weights,
these are general weights for prediction of non-productive interviews per sweep and are
limited to observed variables, thus may not completely account for all differences between
children with and without missing data. Use of weights also assumes that responses are
MAR. In the case of MNAR data, which is not easily identified, estimates may still be
biased248.
Finally, the MCS was recruited between 2000-2002, before the implementation of universal
newborn hearing screening in the UK. This means that findings may not be generalisable to
children born after 2002, given that several factors relating to HL, including age at diagnosis
and treatment, may have changed since UNHS implementation.
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4.1. Chapter structure
In this chapter, I outline the rationale for classifying hearing loss (HL). I describe the data
used for classification analyses, followed by the methods and results of the clinical and
data-driven classification approaches. I describe how results from both of these approaches
were used to develop a final classification system. Lastly, there is a discussion of the work
completed, including its strengths, limitations, and implications.

4.2. Rationale
4.2.1. Why classification?
Classification systems divide a population into meaningful groups (for features of interest)
to enable exploration of, and comparison between, groups. For health conditions, this
provides an effective way to identify and examine heterogeneity relating to symptoms, risk
factors, and outcomes. In statistical terms, the aim of classification is to devise a method
that defines groups within data, whereby within-group variability is minimised and
between-group variability is maximised.
Classification systems enable exploration of frequency for different groups in a population.
They also permit identification of groups with particular risk factors or risk of poor
outcomes, which may benefit from specialised screening, prevention, or intervention
strategies.

4.2.2. Why classification of trajectories?
Existing classification systems for childhood HL, as outlined in Chapter 1, Section 1.5, are
not appropriate for taking a lifecourse approach to research. In particular, they do not
reflect differences in HL trajectories (reflecting hearing status across time in terms of onset,
resolution, duration, and recurrence of HL).
Previous UK studies have used these existing systems to examine prevalence of HL. HL
trajectories are either not considered or assessed broadly (for example, looking
retrospectively at age at onset for permanent HL or assessing likelihood of resolution based
on cross-sectional information, see43,58,128). This leaves many unanswered questions relating
to HL trajectory and prevalences, including:
 How many children experience HL with or without resolution over childhood (i.e.
cumulative incidence of HL)?
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 What are the patterns in timing of HL onset?
 What proportion of childhood HL resolves?
To address these questions, I set out to develop a classification system based on HL
trajectories. The purpose was to enable explorations of patterns and prevalence of HL by
trajectory type, which will facilitate service planning and research prioritisation relating to
childhood HL.
An additional rationale for exploration of HL trajectories is that trajectory type determines
presence during sensitive and critical periods for outcomes. As described in Box 1-1, these
are periods when an exposure has a more pronounced impact. The trajectory also identifies
whether HL remains at later ages, reflecting cumulative exposure to HL. These are key
considerations that may determine the impact of an exposure on an outcome11. To date,
research on whether HL trajectory is a predictor of outcomes is lacking.

4.2.3. Why explore clinical- and data-driven classification?
Existing HL classification systems rely on clinical classification methods, involving a priori
selection of clinically meaningful groups determined by clinicians and researchers based on
existing theory and knowledge. An alternative approach involves data-driven methods,
where features of interest for classification are identified a priori, then statistical methods
are used to identify clusters (equivalent to groups) of observations in the data based on
these features.
The first approach (clinical classification) allows identification of clinically relevant groups
based on current knowledge and theory. The second approach (data-driven methods)
allows identification of natural groups that are not directly observed in the captured data.
The latter technique may uncover patterns and groups that are not identified using clinical
classification methods. A limitation of data-driven classification is that findings are
dependent on the data and sample used, so may not represent the wider population and
may not have clinical meaning or relevance.
Data-driven methods have not been widely used for childhood HL to date, therefore there
has been little direct comparison of the similarities and differences of this approach relative
to clinical classification.

4.2.4. Summary and aims
The aim of this work was to identify and explore child HL trajectory groups using both
clinical and data-driven classification approaches, then use the results to determine an
optimal method of classifying HL trajectories. The intention was then to use the final
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classification system to examine HL prevalence for different HL trajectory groups, as well as
to characterise mental health outcomes associated with the different trajectory groups.
Classification systems can define mutually exclusive groups or overlapping groups. In the
former, individuals are assigned to one group only, whereas in overlapping groups, they
may be assigned to several. In this work, I aimed to develop a mutually exclusive system, to
prevent double counting.

4.3. Research question and objective
My primary research question was:
Which trajectories of childhood HL are identified using a variety of methods in UK children
aged 0-14 years?
The objective was to develop clinical classification and data-driven classification systems for
HL trajectories and compare the two methods to define an optimal classification of HL
trajectories.
I hypothesised that I would identify clearly differentiated HL trajectories that would vary in
terms of timing, onset, and persistence of HL across childhood.

4.4. Software
Analyses were carried out using StataSE 15 (StataCorp, College Station, TX) and R version
3.4.1 (Vienna, Austria)253. R packages used included tidyverse254, scales255,
MASS256, gridExtra257, reshape2258, lasagnar259, RColorBrewer260,
haven261, summarytools262, binom263, irr264, DiagrammeR265,
cluster266, factoextra267, mclust268, mice249, and VIM269.

4.5. Study population for analyses
4.5.1. Study population
The study population came from the MCS243, described in detail in Chapter 3. Briefly, the
MCS is a prospective cohort study consisting of 19518 children born between 2000-2002
and resident in the UK at age 9 months243. Six sweeps of data collection have taken place to
date, at ages 9 months, and 3, 5, 7, 11, and 14 years (sweeps 1-6, respectively).
Only the 18980 singleton children that took part in one or more MCS sweeps were
considered eligible for the thesis analyses. After examination of available hearing data, my
analyses in this chapter included only the 7470 singleton children with no missing data on
hearing across all sweeps, as described in Section 0.
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4.5.2. Adjustment for sample design and attrition
Results presented using the study population of 7470 children are adjusted for the sampling
design and probability of not having a productive interview at age 14 years (referred to as
attrition). As described in Chapter 3, this adjustment utilised sampling weights (reflecting
the unequal probability of selection into the sample243), age 14 attrition weights (reflecting
the unequal probability of having a productive interview at age 14 years245) and adjustment
of variance for the stratified cluster sampling design.

4.6. Hearing data
Hearing data used for these analyses and operationalisation are defined in Table 4-1. The
distribution of responses for the study population are described in Table 4-2. Self-reported
data were available at age 14 years, when children reported current perceived hearing
difficulties. All other sweeps involved parent reports of child hearing ability. Between ages 3
and 11 years, parents were asked whether the child had ever experienced ear or hearing
problems. At age 3 years, only hearing problems were referred to, however, responses
indicated that non-hearing ear-related problems were also reported so the data were
treated the same as later sweeps. If parents reported that the child had experienced
problems, they were asked for a description (coded using diagnostic ICD-10 codes by
trained coders), plus whether the child had received, or was expecting, treatment. Multiple
ICD-10 codes and treatments could be reported at each sweep per child. I used
categorisation systems to assign each child to a single ICD-10 code group and a single
treatment group per sweep, based on their most significant problem.
The ICD-10 code system was developed by firstly identifying all codes that confirmed
presence of HL and designating these as a ‘HL’ ICD-10 code group (deemed the most
significant problem). Remaining responses were categorised to the following groups, in
order of significance (see Appendix A.1 for full details):
 Glue ear (otitis media with effusion) without accompanying HL ICD-10 codes
 ‘Other or unclear’ problems without accompanying HL or glue ear ICD-10 codes
 No problems
Glue ear ICD-10 codes not accompanied by HL-related ICD-10 codes were categorised
separately to reflect the fact that glue ear often presents with HL but may not, by itself,
confirm presence of HL270-272. The ‘other or unclear’ group included all other ICD-10 codes
that did not directly relate to HL or glue ear (including when the parent was unsure of the
problem).

91 | P a g e

In terms of treatment categorisation, hearing aids and cochlear implants were designated
as the ‘HL treatment’ group (deemed the most significant treatment). Grommets were
categorised separately, though should only be provided in the presence of noticeable HL272.
Further treatments categories were ‘ear problems’ (e.g. adenoidectomy, decongestants,
etc.), ‘other or unclear treatments’ (e.g. vague answers, unspecified operations, etc.), or ‘no
treatment’ (listed in order of significance; Appendix A.1).
At age 9 months, parents reported whether or not their child had received a hearing test
(usually this would refer to the Health Visitor Distraction test [HVDT], the mandatory
hearing screening carried out between ages 6-9 months for all children in the UK at the
time). If they responded yes, they were asked whether the test had detected any problems.
Children with no, or unknown, hearing test results were classed as missing for this sweep as
their hearing status could not be confirmed.
It was not possible to validate the reported data on hearing using additional sources of
information, however, I checked that ICD-10 codes and treatments were only reported
when children were reported to have ear or hearing problems at the sweep. I then
examined the distribution of ICD-10 codes and treatments reported at each sweep for the
entire study population (Figure 4-1). Children with grommets or HL-related treatments did
not always have HL-related ICD-10 codes and vice-versa. This affirms the value in using both
ICD-10 codes and reported treatments to identify children with HL. I also examined ICD-10
codes and treatments reported for children with cochlear implants, as these should only be
supplied for permanent HL. Children with cochlear implants had consistent reports of HL for
all sweeps once they were reported as having cochlear implants.
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Table 4-1. Available hearing data
Topic

Informant

Question

Operationalised valid
responses

Missing or non-valid
responses

Child

Do you have any
difficulty hearing or
use a hearing aid,
including if you
cannot hear at all?

1. Yes
2. No

1. Child not
interviewed,
2. Marked not
applicable*,
3. “Don’t know”
response,
4. “Don’t want to
answer” response

Initial question: Has ^
ever had a problem
with his/her hearing
or ears?

1. Yes
2. No

Multiple responses
allowed, categorised by
most significant (in below
order)†:
1. HL
2. Glue ear without HL
3. Other/unclear
4. No problem at initial
question
Multiple responses
allowed, categorised by
most significant (in below
order)†:
1. HL (hearing aid or
cochlear implant)
2. Grommets
3. Ear problem treatment
4. Other/unclear
5. No treatment
6. No problem at initial
question

1. Family not
interviewed,
2. Marked not
applicable*,
3. “Don’t know”
response,
4. Refusal
1. Missing initial
response on HL
presence

Age 14 years
Any current
HL

Ages 3-11 years
Ever any
Parent
ear/hearing
problems

Type of
problem

Parent

(If yes to initial
question): Probed for
detail on type of
problem (coded using
ICD-10 codes by
trained coders)

Treatment

Parent

(If yes to initial
question): Has ^ had,
or is ^ due to have,
any treatment for this
problem? If so, what?

Age 9 months
Any HL

Parent

Has ^ ever had a
hearing test, (if yes) and were there any
problems with ^
hearing?

1. Yes
2. No

1. Missing initial
response on HL
presence

1. Family not
interviewed,
2. Missing/unknown
hearing test results,
3. “Don’t know”
response

*Question not asked because the interview was stopped before this point, there was a technical
glitch, or other reasons. †Responses in each category are listed in Appendix A.1. HL: hearing loss.
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Table 4-2. Distribution of responses to hearing questions
Topic
Age 14 years
Any current HL
Age 11 years
Ever any ear/hearing
problems
Type of problem

Treatment

Age 7 years
Ever any ear/hearing
problems
Type of problem

Treatment

Age 5 years
Ever any ear/hearing
problems
Type of problem

Treatment

Age 3 years
Ever any ear/hearing
problems
Type of problem

Treatment

Age 9 months
Any HL

Response

Frequency, n=7470

%, 95% CI*

Yes

276

3.9, 3.4-4.6

Yes

609

8.8, 8.0-9.7

222
148
239
6861
42
194
122
84
167
6861

3.4, 2.9-3.9
2.0, 1.6-2.5
3.4, 2.9-4.0
91.2, 90.4-92.1
0.6, 0.4-0.9
2.8, 2.4-3.4
1.7, 1.4-2.1
1.1, 0.9-1.5
2.5, 2.1-3.0
91.2, 90.4-92.1

900

13.2, 12.2-14.3

213
296
391
6570
28
252
208
108
304
6570

3.4, 2.9-4.0
4.1, 3.5-4.7
5.7, 5.1-6.5
86.8, 85.7-87.8
0.4, 0.3-0.6
3.7, 3.1-4.3
3.1, 2.7-3.7
1.6, 1.3-2.0
4.5, 3.9-5.1
86.8, 85.7-87.8

952

13.2, 12.0-14.4

205
255
492
6518
15
212
242
168
315
6518

2.8, 2.3-3.2
3.5, 2.9-4.2
6.9, 6.1-7.8
86.9, 85.6-88.0
0.2, 0.1-0.4
2.9, 2.5-3.4
3.4, 2.9-4.1
2.4, 2.0-2.8
4.2, 3.6-4.9
86.9, 85.6-88.0

358

5.4, 4.7-6.2

76
160
122
7112
9
67
42
43
197
7112

1.2, 0.9-1.5
2.3, 1.9-2.9
1.9, 1.6-2.4
94.6, 93.8-95.3
0.1, 0.0-0.3
0.8, 0.6-1.1
0.7, 0.5-1.0
0.7, 0.5-0.9
3.1, 2.6-3.8
94.6, 93.8-95.3

808

12.2, 11.0-13.5

HL
Glue ear without HL
Other/unclear
No problem
HL
Grommets
Ear problem treatment
Other/unclear
No treatment
No problem
Yes
HL
Glue ear without HL
Other/unclear
No problem
HL
Grommets
Ear problem treatment
Other/unclear
No treatment
No problem
Yes
HL
Glue ear without HL
Other/unclear
No problem
HL
Grommets
Ear problem treatment
Other/unclear
No treatment
No problem
Yes
HL
Glue ear without HL
Other/unclear
No problem
HL
Grommets
Ear problem treatment
Other/unclear
No treatment
No problem
Yes

*Estimates adjusted for sampling design and attrition. HL: hearing loss
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Figure 4-1. ICD-10 codes and treatment groups reported between sweeps 2 and 5

Percentages are adjusted for sampling design and attrition and reflect percentage of treatment types
within each ICD-10 code group for each sweep for all 7470 children in the study population (sweep
indicated by the y-axis number). Responses in each category are listed in Appendix A.1. HL: hearing
loss.

4.7. Missing data
In total, 11510 (60.6%) children were excluded from these analyses as they were missing
data on their hearing at one or more sweeps. The median number of sweeps with missing
hearing data per child in the total sample was 1 (lower quartile cut-off - upper quartile cutoff: 0-3, Table 4-3). The number of children with missing hearing data increased at each
sweep, from 3561 children at age 9 months (18.8%) to 7781 children at 14 years (41.0%;
Figure 4-2). At age 9 months, missing data were primarily attributable to children having no,
or unknown, hearing test results (n=2857). At later sweeps, the majority of missing data
arose as families were not present at the sweep (due to sweep non-response or permanent
attrition). The patterns of missingness for hearing data across sweeps included both
monotone (permanent) and non-monotone (fluctuating) patterns (Figure 4-2).
Table 4-3. Total number of sweeps with missing hearing data per child
Number of sweeps with missing hearing data

Frequency, n

Percentage, %

0
1
2
3
4
5
6

7470
4007
2157
1749
1382
1825
390

39.4
21.1
11.4
9.2
7.3
9.6
2.1
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Figure 4-2. Patterns of missing hearing data

4.7.1. Predictors of missing data
I examined whether observed characteristics of interest were associated with missing
hearing data using chi-squared tests for categorical variables and t-tests for continuous
variables. Operationalisation of variables for the observed characteristics is described in the
section 5.6.2.
Table 4-4 illustrates that those with any missing hearing data, compared to those with
complete hearing data, are more likely to be males, of non-white ethnic background,
exposed to household smoking, with lower or “other” parent education, younger maternal
age, and higher risk of limiting longstanding illness additional to HL (LLI). Neonatal intensive
care unit (NICU) admission was not significantly associated with missing hearing data.
Overall, these findings suggest that hearing data may be missing at random (MAR) as it is
predicted by observed variables. The possibility of missing not at random (MNAR), whereby
missingness is dependent on missing values after associations with observed variables are
accounted for, cannot be ruled out. To account for the potential risk of bias due to the
missing data, I utilised age 14 attrition weights as described in section 3.8.
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Table 4-4. Predictors of missing hearing data
Topic

Complete hearing data,
n=7470

Missing hearing data,
n=11510

p-value

Child sex, n (%)
Male
3688 (49.4)
6086 (52.9)
<0.001
Female
3782 (50.6)
5424 (47.1)
Missing values:
0
0
Child ethnic background, n (%)
White
6369 (85.3)
8868 (77.2)
<0.001
Non-white
1101 (14.7)
2618 (22.8)
Missing values:
0
24
NICU admission, n (%)
No
6818 (91.3)
10381 (91.2)
0.73
Yes
649 (8.7)
1008 (8.9)
Missing values:
3
121
Any household smoking by age 7
years, n (%)
No
5627 (75.4)
2623 (66.5) <0.001
Yes
1835 (24.6)
1322 (33.5)
Missing values:
8
7565
Parent’s highest education, n (%)
NVQ1 (lowest)
374 (5.0)
978 (8.5)
NVQ2
1662 (22.2)
3148 (27.5)
NVQ3
1119 (15.0)
1597 (13.9)
<0.001
NVQ4
2754 (36.9)
2635 (23.0)
NVQ5 (highest)
929 (12.4)
631 (5.5)
Other
632 (8.5)
2478 (21.6)
Missing values:
0
43
Maternal age, mean (sd)
29.5 (5.6)
27.4 (6.1)
<0.001
Missing values:
3
84
LLI, n (%)
No LLI
6124 (82.5)
1285 (77.5)
<0.001
LLI at one or more sweeps
1302 (17.5)
374 (22.5)
Missing values:
44
9851
p-values calculated using chi-squared test for categorical variables or t-test for continuous variables
(given that distribution was approximately normal), not adjusting for sampling design. HL: hearing
loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ:
national vocational qualification; sd: standard deviation.
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4.8. Clinical classification
4.8.1. Introduction
Clinical classification distinguishes between groups in a population using existing theories
and knowledge. The purpose of my clinical classification system was to enable identification
of HL trajectory types and their influence on mental health outcomes. As per the rationale
for this chapter, I propose that HL trajectory influences the impact of HL on mental health
outcomes due to differences in cumulative HL exposure (when and if resolution of HL
occurs) and whether HL is present during sensitive or critical periods (timing of HL onset).
The first three sweeps of MCS data collection (from ages 9 months to 5 years) could reflect
a sensitive or critical period for mental health outcomes given the importance of this time
for speech and language development, which may predict later mental health31-34. In terms
of cumulative exposure, HL resolution versus presence at age 14 years was deemed to be
an appropriate measure. This age reflects the latest MCS data available and a time when
both current HL and mental health outcomes were reported by the child.
For these reasons, I developed a clinical classification system based on overall problem type
(separating children with versus without HL) and HL trajectory in terms of onset timing and
resolution (separating children based on onset before or after age 5 years, and HL
resolution by age 14 years).

4.8.2. Methods
Throughout these analyses, I explored and visualised the distribution and patterns of
hearing data using lasagne plots. These are cluster heat maps where a child’s hearing status
across the six sweeps is represented by one row. Each ‘column’ represents hearing status at
a particular interview sweep. Individual rows are clustered by categorical assignment from
early to later sweeps, so that the lasagne plot represents a visualisation of each child’s
hearing data across time, clustered by categorical assignment from early to later
sweeps273,274. After initial exploration of the data, I undertook a two-step system to classify
children into trajectory groups.
Step 1. Assignment of problem group at each sweep
I assigned each child to a single “problem type” group per sweep, based on their most
significant problem at the relevant sweep:
 No problem – assigned if the parent or child confirmed absence of ear or hearing
problems
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 HL (with or without glue ear or other problems) –
o

Age 9 months: assigned if parents reported HL (based on hearing test
results)

o

Ages 3-11 years: assigned if ear or hearing problems were reported
with at least one of the following:


ICD-10 code in HL group (reflecting presence of HL),



Treatment in HL group (reflecting presence of HL treated with
hearing aid or cochlear implants),



Treatment in glue ear group (reflecting presence of glue ear
and concurrent HL treated with grommets)

o

Age 14 years: assigned if HL was self-reported

 Glue ear without HL (for ages 3-11 years only due to data availability) – assigned if
there was an ear or hearing problem reported with a glue ear ICD-10 code and no
evidence of HL or grommets. Other or unclear ICD-10 codes or treatments may be
reported alongside
 Other or unclear problem without HL or glue ear (for ages 3-11 years only due to
data availability) – assigned if there was a problem reported, with no indication of HL
or glue ear, and an ICD-10 code in the other or unclear group, including where there
was no clear ICD-10 code
HL definition was thus based on parent-reported hearing test results (at age 9 months),
self-reported HL (at age 14 years), or parent-reported ear or hearing problems indicated to
be HL (at other ages). Grommets were assumed to indicate HL presence as NICE guidance
states that these should only be given in the presence of HL272.
Presence of a glue ear ICD-10 code without grommets or other signs of HL at a sweep was
not taken to indicate HL as not all children with glue ear experience noticeable HL270,271. The
‘glue ear without HL’ and ‘other or unclear problems’ groups thus encompassed children
with an ear problem that was not confirmed to be HL.
Step 2. Assignment of an overall clinical classification group
Step two involved hierarchical assignment of the overall clinical classification groups. Firstly,
children were categorised by their most significant problem type across all sweeps (listed in
order of significance):
 Any HL – i.e. HL reported at one or more sweeps
 No problems – i.e. no ear or hearing problems across all sweeps
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 Other problems without HL (referred to as ‘other problems’) – i.e. children with
reported ear problems at one or more sweeps that were not confirmed to be related
to HL at any sweep (i.e. only glue ear or other problems without HL)
Children in the first group (with HL at one or more sweeps) were then separated to
mutually exclusive HL trajectory groups, defined by:
Onset: whether the first reported ear or hearing problem was early (up to age 5 years) or
late (after age 5 years) and resolution: whether the child reported HL at age 14 (no
resolution) or not (resolution). The final clinical classification system encompassed the
following mutually exclusive groups:
 No problems – children with no ear or hearing problems across all sweeps
 Other problems only – children with ear problems reported at one or more sweeps
that did not relate to HL at any time
 Early HL with resolution – HL reported with first problem by or at age 5 years and no
HL at age 14 years
 Late HL with resolution – HL reported with first problem after age 5 years and no HL
at age 14 years
 Early HL without resolution – HL reported with first problem by or at age 5 years and
HL reported at age 14 years
 Late HL without resolution – HL reported with first problem after age 5 years and HL
reported at age 14 years
As report of any problem was used to define timing of HL onset, there may have been some
misclassification if a child’s first problem was not hearing-related.

4.8.3. Results
Step 1. Assignment of problem group per sweep
Figure 4-3 illustrates the cross-sectional prevalences of ear and hearing problems for each
sweep. Longitudinal data relating to the 280 unique trajectory types are shown as a lasagne
plot in Figure 4-4. These figures highlight that the majority of children had no problems
across all sweeps. Approximately 12% of children had HL reported at 9 months, with a
lower proportion reporting HL at other sweeps. Figure 4-5 illustrates the 234 trajectory
patterns for the 1458 children with HL reported at one more sweeps. The corresponding
data table reports the proportion of these children with no problems versus any problems
(with the latter encompassing HL, glue ear without HL, or other or unclear problems) at

101 | P a g e

each sweep. This highlights the substantial proportion of children with HL reported at 9
months but no other sweep.
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Age in years, n (%, 95% CI)
Problem
9 months
3
5
No problem
6662 (87.8, 86.5-89.0) 7112 (94.6, 93.8-95.3) 6518 (86.9, 85.6-88.0)
HL
808 (12.2, 11.0-13.5)
143 (2.0, 1.6-2.4)
385 (5.3, 4.7-5.9)
Glue ear
n/a
102 (1.7, 1.3-2.2)
133 (1.9, 1.5-2.5)
Other/unclear n/a
113 (1.8, 1.4-2.2)
434 (6.0, 5.3-6.8)
N=7470 children. Estimates adjusted for sampling design and attrition. HL: hearing loss

7
6570 (86.8, 85.7-87.8)
428 (6.3, 5.7-7.1)
145 (2.1, 1.7-2.6)
327 (4.8, 4.2-5.4)

11
6861 (91.2, 90.4-92.1)
322 (4.7, 4.2-5.3)
88 (1.2, 1.0-1.6)
199 (2.8, 2.4-3.4)

Figure 4-3. Cross-sectional prevalences of childhood ear and hearing problems based on parent- or self-report

14
7194 (96.1, 95.4-96.7)
276 (3.9, 3.4-4.6)
n/a
n/a
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9mo: 9 months. HL: hearing loss. Numbers not adjusted for survey design or attrition

Figure 4-4. Lasagne plot of ear and hearing problem trajectories based on parent- or self-report for all children

HL
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HL

Any problems versus no problem per sweep in children with HL at any sweep, n=1458, n (%, 95% CI)
Age, years:
9mo
3
5
7
11
14
No problems
650 (42.0, 38.3-45.8)
1184 (80.4, 77.5-83.0)
880 (61.6, 58.5-64.6)
859 (58.7, 55.7-61.6)
1017 (69.3, 65.9-72.5)
1182 (81.3, 78.4-84.0)
Any problems 808 (58.0, 54.2-61.7)
274 (19.6, 17.0-22.5)
578 (38.4, 35.4-41.5)
599 (41.3, 38.4-44.3)
441 (30.7, 27.5-34.1)
276 (18.7, 16.0-21.6)
9mo: 9 months. ‘Problems’ include: HL, glue ear without HL or other/unclear problems. Percentages adjusted for sampling design and attrition. HL: hearing loss

Figure 4-5. Lasagne plot of trajectories for children with HL at any sweep

Step 2. Assignment of clinical classification group
By age 14 years, 1458 children (21.1%, 95% CI: 19.7-22.5%) had parent- or self-reported HL
in at least one sweep, irrespective of timing of onset or resolution by age 14 years. No ear
or hearing problems were reported for 5352 (69.6%, 95% CI: 68.1-71.1%) children across all
sweeps. The remaining 660 (9.4%, 95% CI: 8.5-10.3%) children experienced only nonhearing problem types across all sweeps (Figure 4-6).
In children with HL, the majority had HL resolution by age 14 years (n=1182, 81.3%, 95% CI:
78.4-84.0%) and early-onset (n=1207, 83.2%, 95% CI: 80.4-85.7%) problems (i.e. first
reported problem at or by age 5 years). Correspondingly, the most common HL trajectory in
the study population was early-onset HL with resolution by age 14 years (n=1071, 15.5%,
95% CI: 14.3-16.8%). Prevalence of the other trajectories was lower, with approximately 2%
of children reported to have each of the following: late-onset HL with resolution by age 14
years (n=111, 1.6%, 95% CI 1.3-2.0%), early-onset HL without resolution by age 14 years
(n=136, 2.0%, 95% CI: 1.6-2.5%), or late-onset HL without resolution by age 14 years
(n=140, 1.9%, 95% CI: 1.6-2.4%) (Figure 4-6).
The individual trajectories for children in each classification group are illustrated in Figure
4-7, highlighting that HL with early onset and resolution by age 14 is mostly characterised
by children with HL at age 9 months only. Late HL with resolution mostly has onset at 7
years, with around a third of these children having HL reported at both sweeps. The early
HL without resolution group has a number of unique trajectories, though most have
consistent HL report after first onset (i.e. with no fluctuations or breaks). Late HL without
resolution consists mainly of children where onset is at age 14 only. The other problems
group mainly consists of children with a problem reported only at one sweep.
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Orange shaded groups indicate mutually exclusive clinical classification groups. Estimates adjusted for sampling design and attrition

Figure 4-6. Clinical classification group prevalences
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9mo: 9 months. HL: hearing loss. Numbers not adjusted for survey design and attrition.

Figure 4-7. Lasagne plots of ear and hearing problem trajectories by clinical classification group

4.9. Data-driven classification
4.9.1. Introduction
The purpose of data-driven classification in this context was to evaluate patterns of HL
trajectories in the data and identify clusters that could be compared to the clinical
classification approach. I used agglomerative hierarchical cluster analysis for my data-driven
classification approach. The aim of hierarchical cluster analysis is to identify groups of
similar data elements. The technique works by initially considering each observation (here
reflecting a child) as an individual cluster, then repeatedly merging the two most similar
clusters based on a dissimilarity matrix (reflecting a measure of dissimilarity between each
pair of children in the study population) and a specified linkage method (algorithm to
identify the most similar clusters) until a single cluster remains. Various methods can then
be applied to determine the preferred number of clusters and analyse the characteristics of
identified clusters. This method was chosen because it is appropriate, as in this case, when
the number of expected clusters is unknown275-277.
Hierarchical clustering has some known limitations277:
 It aims to find the best step at each stage of clustering (using a ‘greedy’ algorithm),
which may lead to a suboptimal overall solution
 It seeks to find clusters in the data whether or not these truly exist, thus solutions
must be examined to ensure that they can be characterised
Agglomerative hierarchical clustering was chosen over divisive methods (starting with the
population as one cluster and dividing to separate clusters), though the two should derive
comparable results277. I also considered use of Markov chain modelling, however given that
the likelihood of HL and transitions between sweeps were not homogenous across time,
this method was not considered appropriate.

4.9.2. Methods
Study population
The study population for data-driven classification was limited to children with complete
hearing data and HL at one or more sweeps (n=1458). I excluded children without any HL
due to the large number of children with no problems, which would otherwise drive the
analysis towards a two-cluster solution of ‘no problems’ versus ‘any problems’ and not
identify different HL trajectories. I excluded children with missing data to match the initial
approach used for clinical classification.
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Data
Data-driven classification results depend on the variables used for classification. As I was
interested in clustering HL trajectories, I used six binary variables for classification,
reflecting absence versus presence of any ear or hearing problems for each child across the
six sweeps. I considered using the specific ‘problem’ variables for each sweep, which
distinguish between no problems, HL, glue ear, or other problems. However, these
variables were not deemed sufficiently accurate and did not match the approach for clinical
classification (whereby first presence of any problem was used to determine timing of
onset). Each sweep was assigned the same weight in clustering as each sweep contributes
equally to the overall trajectory of HL. Hierarchical cluster analysis does not require
adjustment for sampling design or attrition.
Dissimilarity matrix
To carry out agglomerative hierarchical cluster analysis, the data must be represented in
terms of a dissimilarity matrix, which reflects dissimilarity in the observed values of
clustering variables for each pair of children in the study population. A high dissimilarity for
a pair of children indicates that they do not have similar responses for the variables being
considered. In this dataset, the clustering variables were of asymmetrical binary nature (‘0’
code responses reflected report of ‘no problems’ at a sweep and were less informative than
‘1’ codes, reflecting report of any problem at a sweep). The dissimilarity matrix was thus
calculated using the Jaccard Index278, which treats ‘0’ codes as non-informative and does
not include ‘00’ pairs when calculating dissimilarity:
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ′11′ 𝑝𝑎𝑖𝑟𝑠
𝐽𝑎𝑐𝑐𝑎𝑟𝑑 𝐼𝑛𝑑𝑒𝑥 =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑖𝑟𝑠 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ′00′ 𝑝𝑎𝑖𝑟𝑠
As I only included children with HL at one or more sweeps, all children had at least one
reported problem and there were no cases where a pair of children were ‘00’ pairs for all
variables276. As all variables were binary, I did not need to standardise responses.
I also considered sequence analysis, a hierarchical clustering technique whereby the
dissimilarity matrix is calculated to represent dissimilarity between trajectories in terms of
the deletions, insertions, or substitutions required to convert one trajectory to another.
This was not used as agglomerative hierarchical clustering was deemed to be sufficient in
identifying clusters based on HL trajectories and could utilise methods appropriate for the
asymmetrical binary nature of the data.
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Linkage method
The linkage method used to join clusters at each step of hierarchical clustering was the
‘average’ method, which joins the two clusters with the lowest average dissimilarity (based
on the dissimilarity matrix) between all observations in one cluster versus the other cluster.
This should ensure good cluster homogeneity, so all children in the same cluster are as
similar as possible. This was deemed more appropriate for this dataset than other linkage
types, including275:
 Ward or centroid methods, which are based on Euclidean distances (not
appropriate for binary data)
 Single linkage methods, which join clusters with the lowest minimum dissimilarity
between observations in different clusters. This assumes ‘chain-like’ clustering and
often leads to clusters with high dissimilarity within clusters
 Complete linkage methods, which join clusters with the lowest maximum
dissimilarity between observations in different clusters. This tends towards clusters
with a similar numbers of observations, which was not required or expected
Defining the optimal data-driven solution
To identify the optimal number of clusters in the hierarchical clustering approach, I
assessed measures of internal and external validity. Internal validity measures assess
cluster homogeneity (aiming for high ‘homogeneity’ or low dissimilarity between children in
the same cluster) and cluster separation (aiming for high ‘separation’ or high dissimilarity
between children in different clusters). I undertook silhouette analysis as an internal
validity measure. This involves calculating, for each child, the average dissimilarity to all
other children in the same cluster (a), and average dissimilarity to children in other clusters
(b), then using these to calculate a silhouette width for each child:
𝑏−𝑎

Silhouette width for each child = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚(𝑎,𝑏)
The calculation is limited to between -1 and 1, whereby a negative value indicates that a
child is more similar to children in other clusters than to those in the same cluster,
suggesting poor clustering quality. Positive values indicate better clustering. Average
silhouette width for all children can be plotted for various cluster solutions to identify the
“peak” (solution with the highest average silhouette width), which indicates ‘optimal’
clustering.
Another internal validity measure is the elbow method. This involves plotting the total
within-cluster sum of squares (WCSS) for a number of cluster solutions. The WCSS reflects
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variation within clusters (i.e. within-cluster homogeneity) and should be as low as possible.
The optimal cluster number is identified at the ‘elbow’ of the plot; the point at which
increasing cluster number is not advantageous in terms of decreasing dissimilarity between
children in the same cluster. External validity utilises external information to interpret
whether clusters have clearly interpretable characteristics275.

4.9.3. Results
I generated a dendogram based on the results of agglomerative hierarchical clustering for
all 1458 children with complete hearing data across all sweeps and HL reported at one or
more sweeps (Figure 4-8). At y=0, each cluster represents a single child. As height increases
on the y-axis, the dendrogram indicates which clusters merge at each clustering step,
towards the single cluster solution at the top. The y-axis reflects dissimilarity between the
clusters; the larger the height on the y-axis at which two clusters merge, the more
dissimilar they are to each other.
Internal validation
Average silhouette widths were plotted for cluster solutions with 1 to 30 clusters (Figure
4-9). The plot shows small peaks (highlighting preferential clustering solutions) at three, five
and nine cluster solutions, but keeps rising overall (suggesting that an overall optimal
solution was not reached).
I then used the elbow method, comparing total WCSS for cluster solutions from 1 to 30
(Figure 4-10). This also suggested optimal clustering at three, five and nine cluster solutions
(based on the ‘elbows’, or identified points on the graph where addition of further clusters
does not noticeably decrease the total WCSS).
The total number of children with negative silhouette widths (indicating poor clustering)
was similar in all solutions but best for the 5-cluster solution, consisting of 70 children in
the 3-cluster solution, 54 in the 5-cluster solution and 94 in the 9-cluster solution (Figure
4-11).
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Figure 4-8. Agglomerative hierarchical clustering dendrogram
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Figure 4-9. Silhouette analysis plot
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Figure 4-10. Within-cluster sums of squares plot
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Each cluster is represented by a different colour, with the width representing the number of children in the cluster and the height
representing the average silhouette width for the cluster

Figure 4-11. Individual silhouette widths by cluster solution

External validation
Based on the internal validation assessment, the 3-, 5-, and 9-cluster solutions appeared to
be suitable candidates for the preferred clustering solution. Further investigation involved
external validation for each of these solutions, exploring characteristics of the clusters in
each solution.
In the 3-cluster solution, the first cluster represented a heterogeneous cluster that was not
easily characterised. The second cluster was mainly composed of children with HL that was
only present at age 14. The third cluster was characterised by children with HL onset at 9
months that mainly resolved by age 3 years (Figure 4-12).
For the 5-cluster solution, clusters were more easily characterised than in the 3-cluster
solution. Most clusters had interpretable trajectory characteristics that were similar within
clusters and different between different clusters (Figure 4-13).
 Cluster 1: Children with HL that lasted for more than one sweep, either consistently
reported or with fluctuation across sweeps
 Cluster 2: Children with HL that was usually only present at age 14 years
 Cluster 3: Children with HL onset by age 9 months that mainly resolved by age 3
years
 Cluster 4: Children with HL at age 5 years, usually without persistence (i.e. present
for one sweep only), without presence in infancy, and with resolution by age 14
 Cluster 5: Children with HL at age 7 years, with higher chance of persistence than in
cluster 4. Usually resolved by age 14.
In the 9-cluster solution, the fact that some groups had extremely small numbers, without
clear characteristics (e.g. cluster 9), suggested that this cluster solution did not create
meaningful clusters and was not an optimal cluster solution (Figure 4-14).
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Cluster
1

9 months
3 years
5 years
7 years
11 years
192
195
515
595
400
30.2 (26.0-34.9) 29.1 (25.0-33.5) 71.7 (67.8-75.4) 86.8 (83.6-89.5) 57.8 (52.6-62.9)
2
1
3
10
0
15
0.3 (0.0-2.2)
2.6 (0.5-12.9) 6.8 (3.3-13.4)
0
11.5 (5.7-21.8)
3
615
76
53
4
26
98.1 (96.4-98.9) 12.8 (9.8-16.6) 9.0 (6.3-12.7)
1.0 (0.3-2.8)
5.6 (3.5-9.0)
Total
808
274
578
599
441
58.0 (54.2-61.7) 19.6 (17.0-22.5) 38.4 (35.4-41.5) 41.3 (38.4-44.3) 30.7 (27.5-34.1)
9mo: 9 months; CI: confidence interval. Percentages adjusted for sampling design and attrition

Number in each cluster with any ear/hearing problem per sweep, % (95% CI) of cluster
14 years
139
20.1 (16.7-23.9)
128
100
9
2.0 (0.7-5.6)
276
18.7 (16.0-21.6)

Figure 4-12. Lasagne plots showing hearing trajectories of children in the 3-cluster solution

702
47.1 (43.9-50.3)
128
8.3 (6.7-10.2)
628
44.6 (41.0-48.3)
1458

Total number in cluster,
% (95% CI)

.
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Continued overleaf

Figure 4-13. Lasagne plots showing hearing trajectories of children in the 5-cluster solution
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9 months
148
30.3 (25.3-35.7)
1
0.3 (0.0-2.1)
615
98.1 (96.4-98.9)
0
0
44
49.3 (37.4-61.3)
808
58.0 (54.2-61.7)

3 years
175
35.6 (30.4-41.2)
3
2.6 (0.5-12.9)
76
12.8 (9.8-16.6)
15
17.3 (10.0-27.9)
5
5.2 (2.0-13.1)
274
19.6 (17.0-22.5)

5 years
431
82.9 (79.0-86.2)
10
6.8 (3.3-13.4)
53
9.0 (6.3-12.7)
84
100
0
0
578
38.4 (35.4-41.5)

9mo: 9 months. Percentages adjusted for sampling design and attrition

5
Total

4

3

2

1

Cluster

7 years
496
95.7 (93.1-97.3)
0
0
4
1.0 (0.3-2.8)
0
0
99
100.0
599
41.3 (38.4-44.3)

11 years
366
71.0 (65.6-75.9)
15
11.5 (5.7-21.8)
26
5.6 (3.5-9.0)
16
17.1 (9.5-28.7)
18
20.7 (13.0-31.5)
441
30.7 (27.5-34.1)

Number in each cluster with any ear/hearing problem per sweep, % (95% CI) of cluster
14 years
131
25.1 (20.8-29.9)
128
100
9
2.0 (0.7-5.6)
0
0
8
9.0 (4.0-19.0)
276
18.7 (16.0-21.6)

519
35.1 (32.2-38.2)
128
8.3 (6.7-10.2)
628
44.6 (41.0-48.3)
84
4.7 (3.5-6.2)
99
7.3 (5.9-9.1)
1458

Total number in cluster,
% (95% CI)
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Continued overleaf

Figure 4-14. Lasagne plots showing hearing trajectories of children in the 9-cluster solution
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3 years
169
39.9 (34.0-46.0)
3
2.6 (0.5-12.9)
17
4.1 (2.1-8.0)
59
100
15
17.3 (10.0-27.9)
0
0
6
4.9 (1.8-12.7)
3
6.1 (1.6-20.9)
2
100
274
19.6 (17.0-22.5)

5 years
7 years
11 years
431
452
302
94.4 (91.2-96.5) 99.4 (98.0-99.8) 67.0 (61.2-72.3)
10
0
15
6.8 (3.3-13.4) 0
11.5 (5.7-21.8)
53
0
18
9.9 (7.0-14.0) 0
4.5 (2.4-8.2)
0
4
8
0
10.5 (3.6-27.0) 17.4 (8.2-33.2)
84
0
16
100
0
17.1 (9.5-28.7)
0
53
0
0
100
0
0
44
64
0
68.3 (53.1-80.4) 100.0
0
44
18
0
100
42.1 (26.5-59.3)
0
2
0
0
100
0
578
599
441
38.4 (35.4-41.5) 41.3 (38.4-44.3) 30.7 (27.5-34.1)

9mo: 9 months. Percentages adjusted for sampling design and attrition.

Cluster9 months
148
1
34.5 (29.1-40.3)
1
2
0.3 (0.0-2.1)
569
3
100
46
4
78.5 (64.5-88.0)
0
5
0
0
6
0
0
7
0
44
8
100
0
9
0
Total 808
58.0 (54.2-61.7)
455
30.8 (28.3-33.6)
128
8.3 (6.7-10.2)
569
40.5 (37.1-44.1)
59
4.1 (3.1-5.2)
84
4.7 (3.5-6.2)
53
3.6 (2.6-4.9)
64
4.3 (3.2-5.8)
44
3.6 (2.6-5.1)
2
0.2 (0.0-0.6)
1458

Total number in cluster,
% (95% CI)

14 years
131
28.5 (23.7-33.9)
128
100
9
2.2 (0.8-6.1)
0
0
0
0
0
0
0
0
7
16.3 (7.0-33.6)
1
44.2 (4.9-92.5)
276
18.7 (16.0-21.6)

Number in each cluster with any ear/hearing problem per sweep, % (95% CI) of cluster

Summary
Overall, the hierarchical clustering algorithm identified potential optimal solutions for
three, five, and nine clusters. On closer examination, the 5-cluster solution was deemed
preferable on the basis that this solution contained clusters that were easily characterised,
with homogenuous trajectory types within clusters and good separation between clusters.
The 3-cluster solution was not ideal as the first cluster was not easily characterised (i.e.
showed low within-cluster homogeneity) and the 9-cluster solution did not show good
separation between clusters. The 5-cluster solution was therefore used in further analyses
involving comparison with the clinical classification system.

4.10. Developing a final classification system
4.10.1. Introduction
The final step of classification comprised comparison of the clinical and data-driven
approaches to identify an optimal method for classifying HL trajectories.

4.10.2. Methods
I visualised assignment of each child in both the clinical and data-driven classification
systems to assess whether children in one group of the data-driven system tended to be
classified in a particular group for the clinical system. I used the adjusted Rand index to
statistically assess agreement between the two systems. This examines the number of pairs
of children classified in either both the same groups or both different groups in the two
systems. This number is divided by the total number of pairs of children to generate the
Rand index. A higher Rand index score suggests that there is common assignment between
the two systems. The score is then ‘adjusted’ for the expected distribution of clusters by
chance. For the adjusted Rand index, negative values indicate less agreement between
systems than expected by chance, a value of zero indicates the same level of agreement as
expected by chance, and values close to one indicate higher agreement than expected by
chance279.

4.10.3. Results
Comparison of the two systems
The first cluster of the data-driven classification did not correspond to a particular clinical
group (Figure 4-15). This cluster was defined by presence of ‘persistent’ or ‘recurrent’ HL,
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which does not correspond to the clinical approach of grouping children by resolution and
early versus late onset.
The second, third and fourth data-driven clusters corresponded well to subgroups from the
clinical classification groups. The second cluster was composed almost entirely of children
from the “late HL without resolution” group and contains most children in this group. This
reflects the fact that this cluster was chiefly formed of children with HL at age 14 years only.
The third and fourth clusters seemed to reflect subgroups of the “early HL without
resolution” clinical group. The third cluster is composed almost entirely of children with HL
reported only at age 9 months and the fourth cluster mainly of children with HL onset at 5
years that resolves quickly (Figure 4-15).
The fifth cluster did not correspond to a clinical group, reflecting its characteristics as a
cluster defined by HL presence in middle childhood (around age 7 years), without reflection
of early versus late onset or resolution by age 14 years. Again, this reflects a different
approach to classification than in the clinical classification system (Figure 4-15).
The adjusted Rand Index score was 0.25, suggesting a weak but positive agreement in
similarity of assignment between the clinical and data-driven systems.
The final system
I used the clinical classification system as a basis for my final classification system as this
system reflects the specific features I am interested in and shows some agreement with the
data-driven system. Based on the identified data-driven clusters, I separated the “early
onset with resolution” clinical group into two groups for the final system. These were:
 HL with onset and resolution in infancy – HL present at age 9 months only
 HL with other early onset and resolution – HL presence with onset by age 5 years
that was not present at age 14 years, and does not fit into the “onset and resolution
in infancy” group
The “onset and resolution in infancy” group was identified in the data-driven approach and
represents a group of children with HL only briefly in infancy, who may experience different
outcomes than the rest of the “early onset and resolution” group. Whilst the data-driven
classification system indicated that duration of HL may also be a valid method of clustering
by HL trajectory, I did not consider this in my final system due to limitations in available
data (as parents were asked if their child had “ever had” ear or hearing problems between
the ages of 3 and 11 years, which made it difficult to accurately assess duration). My final
classification system consisted of the following seven mutually exclusive groups (Figure
4-16):
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 No problems – children with no ear or hearing problems across all sweeps
 Other problems – children with ear problems reported at one or more sweeps that
did not relate to HL at any sweep
 HL with onset and resolution in infancy – HL present at age 9 months only
 Other early onset HL with resolution – HL reported with onset by age 5 years, not
present at age 14 years, but does not fit into the “onset and resolution in infancy”
group
 Late onset HL with resolution – HL reported with first problem after age 5 years
and no HL at age 14 years
 Early onset HL without resolution – HL reported with first problem by or at age 5
years and HL reported at age 14 years
 Late onset HL without resolution – HL reported with first problem after age 5 years
and HL reported at age 14 years
The prevalence, characteristics, and mental health outcomes of children in each of these
groups will be explored in the rest of this thesis.
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Figure 4-15. Comparison of group assignment in data-driven versus clinical classification

Clinical group
Early HL, resolution
Late HL, resolution
Early HL, no resolution
Late HL, no resolution

Estimates adjusted for sampling design and attrition. HL: hearing loss.

Data-driven cluster
Clinical group, n (%, 95% CI)
Data-driven Early HL with
cluster
resolution

Late HL with
resolution

Early HL without Late HL without
resolution
resolution

Total number
(%, 95% CI)

1

330
(63.4, 58.2-68.3)

58
(11.6, 8.7-15.3)

108
23
(20.6, 16.7-25.2) (4.4, 2.7-7.1)

519
(35.1, 32.2-38.2)

2

0
0

0
0

11
(7.8, 3.6-16.1)

117
(92.2, 83.9-96.4)

128
(8.3, 6.7-10.2)

3

619
(98.0, 94.4-99.3)

0
0

9
(2.0, 0.7-5.6)

0
0

628
(44.6, 41.0-48.3)

4

84
100

0
0

0
0

0
0

84
(4.7, 3.5-6.2)

5

38
(42.5, 31.5-54.2)

53
8
(48.5, 36.7-60.2) (9.0, 4.0-19.0)

0
0

99
(7.3, 5.9-9.1)

Total
number
(%, 95% CI)

1071
(73.7, 70.5-76.8)

111
(7.6, 6.1-9.5)

140
(9.2, 7.4-11.4)

1458

126 | P a g e

136
(9.5, 7.6-11.7)

Figure 4-16. Trajectories of children in the final classification groups

HL

9mo: 9 months. HL: hearing loss.
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4.11. Discussion
4.11.1. Key findings
Clinical and data-driven approaches were used to develop a classification system for HL
trajectories. This led to a final system defined by overall problem, timing of HL onset
(infancy, early, or late), and HL resolution by age 14 years. There were seven mutually
exclusive final classification groups: no problems, other problems only (with no confirmed
HL), HL with onset and resolution in infancy, early-onset HL with resolution, late-onset HL
with resolution, early-onset HL without resolution, and late-onset HL without resolution.
This system will be used to explore prevalence and characteristics of any HL and different
HL trajectories by age 14 years, as well as whether HL trajectory type is associated with
mental health outcomes.

4.11.2. Strengths
These analyses had a number of strengths including use of both clinical and data-driven
classification approaches, which allowed comparability between two different classification
methods to improve robustness of the final classification.
The use of a large prospective longitudinal study decreased the risk of recall bias and
provided a large sample of repeated reports of HL for analysis. In terms of hearing reports,
HL resolution was defined by self-reported problems at age 14. This should reflect an
accurate measure of overall HL persistence as it relates to current subjective hearing status
at age 14 years. Use of both ICD-10 codes and reported treatments maximised the
possibility to detect HL in all children as some children with hearing aids, cochlear implants,
or grommets reported between ages 3-11 years did not have HL-related ICD-10 codes at
the same sweeps, and vice-versa.

4.11.3. Limitations
The main limitations relate to the data and sample available for analyses. Whilst 18980
singleton children were included in MCS, only 7470 children had complete data on hearing
across all sweeps. Missing hearing data were not missing completely at random as missing
data were predicted by several observed variables. Derivation of the clinical classification
system should be unaffected by missingness, as this is based on proposed theories rather
than observed data. On the other hand, derivation of the data-driven classification system
and estimates of the prevalences may be affected if missing hearing data are systematically
different from the observed hearing data. To account for this, I used age 14 attrition
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weights to estimate prevalences, which should adjust for the differences in children with
and without hearing data. In terms of hierarchical cluster analysis, there is currently little
guidance on how to account for missing data when using this method.
With respect to the data, there were no objective measures of HL aetiology, severity or
specific details on the type of HL and timing of onset and diagnosis. Additionally, all
information came from parents or the child and there was no available data to validate
presence of HL, for instance school or healthcare records. At age 9 months, the question
was about hearing problems detected via hearing tests but there was no verification of the
hearing test results. It was therefore not possible to tell whether any of the reported
problems at age 9 months related to false positives on hearing tests. At ages 3-11 years,
questions on hearing asked whether the child had “ever had” a problem (rather than asking
about current problems or problems between sweeps) and included both ear or hearing
problems. Because of this, timing of onset for children with HL was based on first report of
any ear or hearing problem. More data on the type, severity, as well as specific timings of
onset and resolution, may have improved accuracy of HL trajectory determination and
enabled further in depth exploration of HL trajectory types, including consideration of
duration. Given the paucity of research into accuracy of parental and self-report of HL
versus objective measures, the impact of measuring HL subjectively cannot be quantified.
Two studies investigating sensitivity of parental report versus objective measures of HL in a
preschool aged population came to conflicting conclusions on whether parental methods
can be considered accurate. This may be explained by the different questions used in the
studies, but clearly further studies are required to understand the utility of parental report
of HL280,281. A potential benefit in using parental or self-report, not investigated in either of
the previous studies, is that these methods may be more sensitive to detecting auditory
processing disorders, which are often not detected using objective hearing tests282,283.
Other limitations relate to the methods for classification. Clinical classification is a
subjective method, determined by knowledge available to the researcher at the time of
analysis. Data-driven classification was selected as a more “objective” method for
comparison, however, this is still affected by the choice of variables for clustering, specific
method for clustering, dissimilarity matrix, and linkage method, thus is not entirely free of
the researcher’s preconceived ideas.

4.11.4. Interpretation and relation to previous literature
My aim was to explore clusters of HL trajectories and develop a classification system based
on my research questions and the findings from clinical and data-driven approaches. This
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contrasts with existing HL classification systems, which are mainly based on cross-sectional
data or permanent HL.
In my clinical classification system, as well as the final classification system, there is a focus
on grouping HL by resolution and timing of HL onset. Early onset was distinguished by
whether the first reported problem was by or after age 5 years. This should reflect a
sensitive or critical period for speech and language development, which may affect mental
health31-34. Resolution by age 14 years was considered to reflect cumulative exposure to HL,
which may also determine mental health outcomes. These features were selected as one
purpose of the classification system was to allow examination of mental health outcomes
and variation by HL trajectory.
The data-driven classification approach also identified clusters that were characterised by
age 14 HL resolution and early versus late HL onset, highlighting that these features have
identifiable patterns in the data. Data-driven classification also highlighted a group of
children with HL reported only at age 9 months. These formed a separate group in the final
classification system (HL with onset and resolution in infancy) as they may have different
mental health outcomes to other trajectory types given the fast resolution of HL. A major
difference between the clinical and data-driven systems was that data-driven classification
identified clusters characterised by duration of HL. This feature was not utilised in the final
classification system due to problems in accurately determing duration from the available
data. The groups in the final classification system are:
No problems – encompasses children with no ear or hearing problems reported across all
sweeps.
Other problems – encompasses children with a problem reported at one or more sweeps
that was not confirmed to be HL at any time. Usually these problems were reported at only
one sweep.
HL with onset and resolution in infancy – encompasses children with HL report only at age
9 months. Data collected at this age were based on results of hearing screening tests (at the
time, this would usually relate to the HVDT). Objective testing such as this may pick up HL
that parents would not notice and, given that risk of temporary HL is high at younger
ages284, may explain why there was an identifiable group of children with HL report only at
age 9 months.
Early HL with resolution – encompasses children with HL that had a problem first reported
by or at age 5 years, did not self-report HL at age 14 years, and did not fit the criteria for the
“HL with onset and resolution in infancy” group. About half of this group had HL first
reported at age 9 months, again likely reflecting detection of temporary HL by the HVDT284.
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Other children had a first report of problems at ages 3 or 5 years. This may reflect presence
of HL that had onset after 9 months or delayed detection of HL – it is not possible to
distinguish between the two from the data. Detection of HL at ages 3 or 5 years may arise
from school entry hearing screening97, or concerns from parents or others131. This group
contains a number of unique trajectory types; some children have a problem reported at a
single sweep whilst others have problems reported at multiple sweeps, either persistently
(consistently reported without breaks) or fluctuating (problems reported with breaks
between “episodes”). At most sweeps, HL is the most significant problem, though reports
of glue ear or other problems are also present, highlighting the difficulty in distinguishing
between ear- and hearing-related problems.
As there was little detail on the aetiology and timing of ear and hearing-related problems, it
is not possible to report which problems were truly persistent and which reflect repeated
episodes (or reported reports) of HL across time. Additionally, children in this group are
assumed to have resolved HL by age 14 years, but it is unclear in some cases whether the
child had persistent HL that did resolve, HL that was reported by the parents but not the
child, or temporary HL that the parent reported at later sweeps because the question was
on whether the child ‘ever had’ problems.
Late HL with resolution – encompasses children with HL that had a problem first reported
after age 5 years and no HL at age 14 years. Most children in this category had their first
problem reported at age 7, with less than half having continued report of HL at age 11. Age
7 years reflects a time when hearing problems may have been identified by a school
hearing test, or in the early years of school by parents or teachers (i.e. if children have
problems concentrating or hearing in the classroom). It also reflects the end of a ‘high-risk’
period for glue ear, potentially explaining why onset was more likely at age 7 than 11
years28,44. Without parent-reported data at age 14 years, or child-reported data before this
age, it is not possible to assess whether this categorisation partially reflects the changes in
informant from parent to child at age 14 years.
Early HL without resolution – encompasses children with HL report by or at age 5 years
that was present at age 14 years. As per the “early HL with resolution” group, there was
high variation in trajectories. The majority of children had persistent rather than fluctuating
report, though again this may reflect the fact that between ages 3-11 years parents were
asked if the child “ever had” problems. Overall, this groups reflects children with HL
beginning early in childhood and reported at age 14 years; it is not possible to examine
whether these problems were truly persistent, or reflect multiple separated episodes or
multiple reports of one episode .
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Late HL without resolution – encompasses children with HL report after age 5 years that
was present at age 14 years. A large proportion of this group had HL reported only at age
14 years. This may reflect the difference in perception of HL between parents and children
as the age 14 sweep involved self-report whereas previous ages were based on parent
report.
Findings highlight that childhood HL trajectories may be influenced by the detection
methods in place for HL, as well as common causes of HL throughout childhood.

4.11.5. Implications
The final classification system can be used to explore prevalence, risk factors, and outcomes
of different HL trajectories in childhood populations. This allows identification of common
HL trajectory types and their characteristics, which may benefit research into HL aetiology
and improve planning of services required by children with HL. Additionally, quantifying risk
of poor outcomes for the different trajectory groups will highlight key groups to target in
interventions. This is likely to be more effective than considering HL as a single condition, or
not considering trajectory, as we expect trajectory to be influenced by different risk factors
and to effect outcomes.
These findings highlight possible differences in parent- versus self-reported HL presence,
given that a distinct group was identified with self-report HL at age 14 years and no
previous parent report of HL. This could not be explored further given that there was no
sweep with both parent- and self-report of HL. Agreement between parent- and self-report
of HL should be investigated using other data sources to identify the most accurate
informant of HL presence when objective methods are unavailable. Further research may
benefit from examining how duration and persistence of HL could be used to refine the
current classification system.
My research entailed separate development of the clinical and data-driven classification
systems before development of the final classification system. It could be beneficial to
explore use of a joint analytic framework in future, to combine clinical and data-driven
methods using formal statistical methods to derive the final hearing loss classification. The
field of integrating data-driven approaches and clinical “knowledge-based” approaches is
recent, but there are some examples in cardiology of using knowledge-based and datadriven approaches in tandem285, and there are techniques available for “informed machine
learning” in which additional information can be integrated into data-driven approaches, to
facilitate use of existing knowledge in the model 286. A potential drawback of these
techniques is that they can be difficult to interpet and explain.
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5.1. Chapter structure
In this chapter, I present the rationale for exploring prevalence and characteristics of
children with hearing loss (HL) in relation to the classification system defined in the
previous chapter. Following this, I outline the study population and data used for my
analyses. Finally, I present methods and results of the relevant analyses, and discuss my
findings, including their strengths, limitations, and implications.

5.2. Rationale
5.2.1. Why explore prevalence of childhood HL?
Accurate estimates of HL prevalence in children provide essential information for
individuals and organisations involved in planning or providing services for childhood HL.
For instance, both healthcare and educational services need to know how many children
require interventions such as hearing aids or support from teachers of the Deaf.
Past explorations of childhood HL prevalence in the UK (as described in chapter 1, section
1.7) have not considered HL trajectories and have often limited HL prevalence estimates to
one time point in a child’s life. Although these cross-sectional estimates are valuable, they
do not indicate the total number of children impacted by HL across childhood, when onset
commonly occurs, or in how many children HL persists. Exploring prevalence across
childhood, including for different HL trajectories, enables delineation of longitudinal HL
types and their relation to risk factors and outcomes. Improved understanding of the
patterns of HL across childhood also has the potential to inform policy, for instance in
relation to the utility of school entry hearing screening in populations already undergoing
newborn hearing screening103.

5.2.2. Why explore characteristics of children with HL?
The demographic and individual factors associated with childhood HL are not well
understood, particularly in relation to HL trajectory types. This restricts understanding of
who is affected by childhood HL and whether trajectories vary by characteristics such as
neonatal intensive care unit (NICU) admission, smoking, sex, ethnic background,
socioeconomic status, maternal age, and presence of additional health problems.
Identifying whether associations exist between these factors and any HL, or specific HL
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trajectories, may highlight key risk factors to use in HL detection efforts, as well as
informing research into HL aetiology. Current understanding of the association between HL
and these characteristics is summarised below.
Evidence from cross-sectional studies indicates that NICU admission63 and smoking52,287 are
associated with increased childhood HL risk. There is a lack of research using longitudinal
data to examine how these factors contribute to HL risk across childhood and whether they
are associated with specific HL trajectories. These factors may directly impact on HL risk50-52
or may reflect proxies of HL causes.
There are surprisingly few studies into the distribution of childhood HL by sex and ethnic
background, especially with regard to HL trajectory or risk of HL across childhood. Based on
this limited evidence, boys appear likely to experience HL43,106,288. Sex differences could
arise due to differences in environmental exposures to causes of HL112,113 or the presence of
sex-linked genetic causes of HL, including those relating to infection susceptibility 114. In
terms of ethnic background, previous studies have identified an association between South
Asian ethnic background and permanent HL, which may be genetically mediated and
related to cultural practises, including consanguinity43,105,289. The association of sex and
ethnic background with different HL trajectories has not been examined.
Parental socioeconomic status appears to be positively correlated with risk of permanent
childhood HL. This may reflect socially patterned exposure to causes of HL43,106,290. The
relationship of HL with parental education specifically, or with non-permanent HL, has not
been clarified. Parental education is a marker of socioeconomic status reflecting parental
ability to acquire and process information, which may influence behaviours, as well as
access to financial and material resources115. These factors may influence risk of HL.
In terms of maternal age, there are conflicting findings on whether HL is more prevalent
among children born to older106 or younger mothers291. Further research could help to
clarify whether there is an association between childhood HL and maternal age, and if so,
the direction of this relationship.
Finally, children with HL often have associated health problems. A previous UK study
estimated that 38.7% of children with permanent HL of moderate or worse severity had at
least one clinical or developmental problem43. Further research to validate this finding and
explore the distribution of health problems by HL trajectory will indicate how many children
have additional needs and how this compares to children without HL.
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5.2.3. Summary and aims
Research to date on the prevalence and characteristics of children with HL, particularly for
different HL trajectories is lacking. My aim was to estimate and explore prevalence of any
childhood HL (between birth and age 14 years) and of different HL trajectory types, as well
as to identify characteristics associated with HL and with different HL trajectories. This
builds upon work in the previous chapter to identify HL trajectory types and develop a
suitable classification system for grouping HL trajectories in childhood.

5.3. Research question and objectives
My primary research question was:
What are the prevalence and characteristics of children who experience HL by age 14 years,
including variation by HL trajectory?
Specific objectives were to:
 Estimate the prevalence of HL by age 14 years (defined as presence of any HL, with
or without resolution) and of different HL trajectory groups in childhood
 Investigate which child and family-level characteristics are associated with HL by
age 14 years, and how characteristics differ by HL trajectory
The key hypotheses were that:
 Risk of any reported HL between birth and age 14 years would be associated with
NICU admission, household smoking, male sex, non-white ethnic background, lower
parental education, limiting longstanding illness, and lower maternal age;
 These associations would vary by HL trajectory.

5.4. Software
Analyses were carried out using StataSE 15 (StataCorp, College Station, TX), including the
coefplot292 user-written program.

5.5. Study population for analyses
5.5.1. Study population
The study population consisted of 7470 singleton children from the Millennium Cohort
Study (MCS)243 for whom there was complete data on hearing across all sweeps of data
collection (ages 9 months, and 3, 5, 7, 11 and 14 years, or sweeps 1-6, respectively), as per
chapter 4. Further information on the study and missing hearing data are provided in
chapters 3 and 4, respectively. The prevalence analyses included all 7470 children with

135 | Page

complete hearing data, whilst analyses of characteristics excluded children who lacked data
on the relevant characteristics, as described in section 5.7.

5.5.2. Adjustment for sample design and attrition
Unless indicated otherwise, results are adjusted for the sampling design and probability of
attrition (not having a productive interview) at age 14 years. As described in chapter 3, this
adjustment utilises sampling and attrition weights (reflecting the unequal probability of
selection into the sample and of having a productive interview at age 14 years), as well as
adjustment of variance estimates for the stratified cluster sampling design.

5.6. Available data
5.6.1. Hearing outcomes
For the analyses in this chapter, each child was assigned to a single HL trajectory group in
the final classification system described in chapter 4. These groups were:
 No problems – no ear problems or HL across all sweeps
 Other problems – ear problems reported at one or more sweeps that were not
confirmed to be hearing-related at any sweep
 HL with onset and resolution in infancy – HL reported at age 9 months only
 Other early onset HL with resolution – HL reported with onset (first ear or hearing
problem report) by age 5 years, that was not present at age 14 years, and does not fit
into the “onset and resolution in infancy” group
 Late onset HL with resolution – HL reported with onset after age 5 years and no HL
at age 14 years
 Early onset HL without resolution – HL reported with onset by or at age 5 years
and HL reported at age 14 years
 Late onset HL without resolution – HL reported with onset after age 5 years and HL
reported at age 14 years
Based on these trajectories, children were also assigned to a broader ‘HL presence
category’:
 HL - HL reported at one or more sweeps
 No problems - no ear or hearing problems reported across all sweeps
 Other problems - ear problems reported at one or more sweeps but no confirmed
HL
Missing data and management are described in chapter 4, section 4.6.

136 | Page

5.6.2. Characteristics
Table 5-1 describes the demographic and individual characteristics used in these analyses
for the 7470 children in the study population. This included child sex, which was reported
by parents at their first interview sweep. The variable was updated (if required) based on
whether questions were asked about menstruation (indicating female sex) or voice changes
(indicating male sex) at age 14 years, where available.
Child ethnic background was self-reported at age 14. If data were missing at this sweep
then last parent report was utilised as there was good agreement (Kohen’s kappa for interrater agreement = 0.82) between self-report and the most recent parent report. Ethnic
background was initially categorised as white, mixed, Indian, Pakistani or Bangladeshi, Black
or Black British, or ‘other’ based on Census categories. Given the small numbers in some of
these categories, ethnic backgrounds were pooled to white or non-white in the final
analyses.
NICU admission was reported by parents at their first interview. At age 9 months, parents
were asked about NICU admission only if they had reported problems at birth or in the first
week of life. Children without reported problems at birth or in the first week of life were
assumed not to have been admitted to NICU. At age 3 years, all newly recruited families
were asked about NICU admission irrespective of problems at birth or in first week of life.
Household smoking was defined as an affirmative response by parents on whether any
person smoked in the same room as the child at each sweep up to 7 years. I dichotomised
the variable to yes (if there was ever any report of household smoking) or no (no report of
household smoking at any sweep).
Parental highest educational level was defined as parent-reported education levels at the
age 14 interview, using information on all reported academic and vocational qualifications.
These were provided in the data in relation to national vocational qualification (NVQ) levels
(Table 5-2). Where information was not provided in the data, latest available data from
interviews held at ages 11 years, 3 years, or 9 months were used as agreement between
each of these and age 14 years was good (Kohen’s kappa >0.67 for each age and the age 14
data). Data from interviews held at ages 5 and 7 years were not used as these were
collected and categorised differently.
Maternal age at birth of the study child was provided with the dataset as completed years
between parent-reported child and natural mother dates of birth. As maternal date of birth
was only asked at the first parental interview, this variable was classed as missing if the
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parent at this sweep was not the natural mother. No outliers were detected in the provided
data.
Limiting longstanding illness additional to HL (LLI) was a binary variable based on parent
report from age 3 years onwards (no data were collected on this at age 9 months). I derived
this variable using parent report of whether the child had longstanding illness, whether this
illness limited their everyday activities, and what the illness was due to. The time-frame
defined for whether an illness was ‘longstanding’ varied across sweeps from ‘at least 3
months’ (at age 3 years), ‘a period of time’ (at ages 5 and 7 years), or ‘at least 12 months’
(at ages 11 and 14 years). The questions on whether illness was ‘limiting’ also varied across
sweeps, but consistently related to whether everyday activities were affected. Parents
could report multiple reasons per sweep for longstanding illnesses. These were captured by
parental description of each problem (coded by trained coders using the ICD-10 coding
system) at ages 3, 5, and 7 years, or by asking parents to define the problem using prespecified categories (e.g. hearing, vision) at ages 11 and 14 years. LLI was classed as absent
at a sweep if the child did not have a longstanding illness, if they had a longstanding illness
that was not limiting, or if HL was the sole reason reported for the limiting longstanding
illness. LLI was classed as present at a sweep if the child had a longstanding illness that was
limiting and not attributed solely to HL. The derived LLI variable indicated whether the child
had no LLI additional to HL across all sweeps, or LLI additional to HL at one or more sweeps.
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9 months – 7 years
(including all ages in
between)

14 years, or ages 11 or 3
No valid responses across all relevant ages (i.e.
years, or 9 months (in order “refusal”, “don’t know” or “not applicable”)
of preference)

9 months

3 years – 14 years
(including all ages in
between)

Parent

Parent (highest level of either
parent)

Parent

Parent report of longstanding
illness, whether limiting, and
reason

Any household
smoking by age 7
years

Parental education

Maternal age
(completed years)

Child LLI across all
sweeps

No LLI: 6124 (81.0, 79.7-82.2)
LLI at ≥1 sweep: 1302 (19.0, 17.8-20.3)
Missing: 44

No valid responses to the questions at ≥1 sweep (i.e.
not present, “refusal”, “don’t know” or “not
applicable”)

Estimates adjusted for sampling design and attrition. HL: hearing loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational
qualification

Mean: 28.7 years (95% CI: 28.5-29.0 years)
Missing: 3

Parent not natural mother (including unknown
parent) or unknown age. If day unknown, assumed
15, if month, assumed 6

NVQ1 (lowest): 374 (6.7, 5.9-7.7)
NVQ2: 1662 (25.5, 24.1-26.9)
NVQ3: 1119 (15.0, 13.9-16.1)
NVQ4: 2754 (32.3, 30.6-34.0)
NVQ5 (highest): 929 (9.8, 8.9-10.7)
Other: 632 (10.9, 9.5-12.5)
Missing: 0

No valid response on household smoking at ≥1 sweep No: 5627 (71.0, 69.1-72.9)
up to age 7 years (i.e. not present, “refusal”, “don’t
Yes: 1835 (29.0, 27.1-30.9)
know” or “not applicable”)
Missing: 8

No: 6818 (91.2, 90.3-91.9)
Yes: 649 (8.8, 8.1-9.7)
Missing: 3

No valid response (i.e. “refusal”, “don’t know”, or
“not applicable”)

9 months or 3 years (first
interview)

Parent

NICU admission

White: 6369 (84.9, 82.2-87.2)
Non-white: 1101 (15.1, 12.8-17.8)
Missing: 0

No valid response across all sweeps (i.e. “refusal”,
“don’t know”, or “not applicable”)

Latest available age up to
age 14 years

Child (or last parent report)

Child ethnic
background

Male: 3688 (50.9, 49.6-52.3)
Female: 3782 (49.1, 47.7-50.4)
Missing: 0

Derived responses:
n (%, 95% CI). N=7470

No valid response (i.e. “refusal”, “don’t know”, or
“not applicable”)

9 months or 3 years (first
interview), validated at age
14

Parent

Child sex

Age of child when reported Missing data

Reported by

Topic

Table 5-1. Available characteristics data

Table 5-2. National Vocational Qualification levels
NVQ
level
5

4

3

Academic qualifications

Vocational qualifications

Higher Degree & Postgraduate
qualifications, including Post-graduate
Diplomas and Certificates
First Degree (including B.Ed.), Diplomas in
higher education and other higher
education qualifications, Teaching
qualifications for schools or further
education (below degree level)
A/AS/S Levels/SCE Higher, Scottish
Certificate Sixth Year Studies, Leaving
Certificate or equivalent

Professional qualifications at degree level

2

O Level or GCSE grade A-C, SCE Standard,
Ordinary grades 1-3 or Junior Certificate
grade A-C

1

CSE below grade 1/GCSE or O Level below
grade C, SCE Standard, Ordinary grades
below grade 3 or Junior Certificate below
grade C

Other

Other academic qualifications (incl. some
overseas) and none of the above

Nursing or other medical qualifications
(below degree level), NVQ or SVQ level 4
or 5, HND, HNC, Higher Level BTEC/RSA
Higher Diploma
NVQ or SVQ Level 3/GNVQ Advanced or
GSVQ Level 3, OND, ONCM BTEC
National, SCOTVEC National Certificate,
City & Guilds advanced craft, Part III/RSA
Advanced Diploma
NVQ or SVQ Level 2/GNVQ Intermediate
or GSVQ Level 2, BTEC, SCOTVEC first or
general diploma, City & Guilds Craft or
Part II/RSA Diploma
NVQ or SVQ Level 1/GNVQ Foundation
Level or GSVQ Level 1, BTEC, SCOTVEC
first or general certificate/ SCOTVEC
modules, City & Guilds part 1/RSA Stage
I,II,III/Junior certificate
Other vocational qualifications (incl.
some overseas) and none of the above

5.7. Missing data
A total of 7470 singleton children with complete hearing data were included in the analyses
presented in this chapter. This excluded 11510 singleton children with missing hearing data
at one or more sweeps. The patterns and frequency of missing hearing data are described
in chapter 4, section 4.7.
Characteristics variables were complete for almost all children (n=7415; Table 5-1) with
some exceptions: NICU admission (number missing: 3), any household smoking by age 7
years (8 missing), maternal age (3 missing) and LLI (44 missing). Children with missing
characteristics data were included in prevalence analyses, but excluded from analyses of
characteristics involving the relevant variable(s).
Analyses were adjusted for attrition at age 14 years (also encompassing sampling weights),
and for the two-stage stratified clustering sampling, as described previously.

5.8. Statistical analysis methods
I estimated prevalence of each HL presence category and each HL trajectory group.
Following this, I explored the distribution of characteristics by HL presence category and HL
trajectory type. To compare characteristics between groups, I used chi-squared tests (for
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categorical variables) or linear regression and Wald tests (for maternal age, the only
continuous variable included in analyses), as appropriate for weighted data.
To further examine associations between the specified characteristics and HL presence
category, I built univariable multinomial logistic regression models for each characteristic
with HL presence category as the outcome. Following this, I built a multivariable model
including all characteristic variables as predictors. Multinomial models are appropriate
when modelling categorical outcomes with no particular ordering or scale (as per here
when ‘no problems’, ‘HL’, and ‘other problems’ are not clearly ordered)293. This technique
models the log odds of the outcome categories as a linear combination of the predictors,
thus providing an estimate of the association between each predictor and the outcome,
independent of other predictors in the model. I designated “no problems” as the reference
outcome category for all models, with results presented as the relative risk ratio (exponent
of the linear predictor coefficient) of being in either the HL group versus the “no problems
group” or “other problems” group versus the “no problems” group given a one-unit
increase in the level of a characteristic variable whilst holding all other characteristics
constant.
Building a multinomial model involves estimating simultaneous equations following the
form:
𝑝𝑗
ln ( ) = 𝛽𝑗0 + 𝛽𝑗1 𝑥1 + ⋯ + 𝛽𝑗𝑚 𝑥𝑚
𝑝1
Where pj is the probability of the jth category of the outcome variable (j=1 is the selected
reference category) and ‘m’ is the set of predictor variables in the equation. For each
individual, the sum of probabilities across all outcome categories must equal one.
The assumptions of multinomial logistic regression are:
 The outcome is categorical: this was met as the outcome was HL presence
category, which has three non-ordered categories
 Observations are independent: I adjusted for the clustered and stratified nature of
the data to address this assumption
 Addition or deletion of other outcome categories does not affect odds in the
remaining categories (independence of irrelevant alternatives): I considered this
assumption to be satisfied but did not undertake formal statistical tests as these
cannot be applied alongside weighting and survey adjustment procedures and are
often considered unsatisfactory294
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 No high or perfect multicollinearity: I examined standard errors of the coefficients
to assess whether any appeared inflated in the multivariable model versus the
univariable model (an indicator of high multicollinearity)
Interactions between predictors were not examined given that there was little theoretical
reasoning to expect these. I examined quadratic and cubic terms for maternal age to
determine whether a non-linear association may be present. Multinomial logistic regression
modelling was not undertaken for HL trajectory type given the small sample size in some of
the trajectory groups, which would have limited statistical power to detect differences
between the groups.

5.9. Results
The majority of children in the study population did not have any reported ear or hearing
problems across childhood (n=5352, 69.6%, 95% CI: 68.1-71.1%). Under 10% (n=660) had
other problems that were not reported as HL at any sweep. HL before or at age 14 years
was reported in 1458 children (21.1%, 95% CI: 19.7-22.5%; Figure 5-1).
Most children did not report HL at the age of 14 years (only 276 children, 3.9% of the study
population, reported HL at age 14 years), suggesting that most episodes of HL did not
persist into adolescence. Reported onset of HL was usually early (first problem reported by
or at age 5 years). A total of 500 children in the study population (7.4%, 95% CI: 6.5-8.3%)
were only reported to have HL in infancy (at age 9 months), 571 children (8.1%, 95% CI: 7.39.1%) had early onset and resolution of HL, and 136 children (2.0%, 95% CI: 1.6-2.5%) had
early onset HL without resolution. Late onset HL, with or without resolution, was less
common, in total affecting under 4% of children in the study population (Figure 5-1).
Table 5-3 and Table 5-4 illustrate the distribution of characteristics by HL presence
category. Results of the multivariable multinomial logistic regression were similar to the
univariable analyses. Children with HL were more likely to be male than those without (with
no significant difference between those with no problems versus other problems) as
illustrated in Figure 5-2. Compared to children with no problems, children with HL or other
problems were more likely to be of white ethnic background and to have limiting
longstanding illnesses. There were no significant differences between groups in terms of
maternal age (chi-squared p=0.97) and in the multinomial logistic regression model,
quadratic and cubic terms for maternal age were non-significant, suggesting that there was
no non-linear relationship between HL presence category and maternal age.
NICU admission (chi-squared p=0.08) and household smoking by age 7 years (chi-squared
p=0.08) did not differ across HL presence categories based on the chi-squared test or
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multivariable regression model. Parental education was similar for children with HL and
those with no problems, while the parents of children with other problems tended to have
lower levels of education compared with children with no problems.
The distribution of characteristics varied across the HL trajectory groups (Table 5-5). In the
trajectory groups with resolution by age 14 years (either early or late onset), males were
over-represented compared to the groups without HL resolution (chi-squared p=0.01).
Child ethnic background, NICU admission, household smoking, parental education, and
maternal age did not differ significantly between trajectory groups. LLI at one or more
sweeps was least common in the group of children with HL only in infancy (reported in
16.8% of children in this group) and most common in children with early HL without
resolution (reported in 40.0% of children in this group). The rest of the trajectory groups
were similar to each other, with close to 30.0% of children reported to have any LLI in these
groups.
Figure 5-1. Hearing loss prevalence
Complete cases (n=7470)

No problem (n=5352),
69.6%, 68.1-71.1%

Hearing loss (n=1458),
21.1%, 19.7-22.5%

Resolution by age 14
years (n=1182),
17.1%, 15.9-18.5%

Infancy onset &
resolution (n=500),
7.4%, 6.5-8.3%

Other early
onset (n=571),
8.1%, 7.3-9.1%

Other problem (n=660),
9.4%, 8.5-10.3%

No resolution by age 14
years (n=276),
3.9%, 3.4-4.6%

Late onset
(n=111),
1.6%, 1.3-2.0%

Early onset
(n=136),
2.0%, 1.6-2.5%

Late onset
(n=140),
1.9%, 1.6-2.4%

Estimates adjusted for sampling design and attrition. Estimates in each box indicate the number of
children, proportion of the study population, and 95% confidence intervals for the proportion.
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Table 5-3. Characteristics by HL presence
No problems,
n (%, 95% CI) n=5352
Sex
Male
Female
Missing

Any HL,
n (%, 95% CI) n=1458

Other problems,
n (%, 95% CI) n=660

<0.001
2592 (49.7, 48.2-51.1)
2760 (50.4, 48.9-51.8)
0

796 (57.5, 54.0-60.8) 300 (45.6, 40.5-50.8)
662 (42.6, 39.2-46.0) 360 (54.4, 49.2-59.5)
0
0

Ethnic background
White
4505 (83.5, 80.6-86.1) 1283 (87.6, 84.4-90.2) 581 (88.8, 84.7-91.8)
Non-white
847 (16.5, 13.9-19.4)
175 (12.4, 9.8-15.7)
79 (11.2, 8.2-15.3)
Missing
0
0
0
NICU admission
No
Yes
Missing

<0.01

0.08
4905 (91.7, 90.7-92.6) 1298 (89.1, 86.9-91.0) 615 (91.8, 88.3-94.3)
444 (8.3, 7.4-9.3)
160 (10.9, 9.0-13.1)
45 (8.2, 5.7-11.7)
3
0
0

Household
smoking
No
Yes
Missing

4059 (72.0, 69.9-74.0) 1079 (69.7, 66.3-72.9) 489 (67.0, 61.8-71.8)
1287 (28.0, 26.0-30.1) 379 (30.3, 27.1-33.7) 169 (33.0, 28.3-38.2)
6
0
2

Parent education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Missing

250 (6.1, 5.3-7.0)
1166 (25.3, 23.7-26.9)
833 (15.4, 14.2-16.7)
1983 (32.4, 30.7-34.2)
646 (9.6, 8.6-10.6)
474 (11.3, 9.7-13.2)
0

LLI
No LLI
LLI at ≥1 sweep
Missing

4525 (83.8, 82.5-85.1) 1084 (73.4, 70.4-76.2) 515 (76.9, 72.7-80.7)
799 (16.2, 14.9-17.5) 362 (26.6, 23.8-29.6) 141 (23.1, 19.3-27.3)
28
12
4

Maternal age,
mean (95% CI)
Missing

pvalue

0.08

0.01
76 (6.6, 5.1-8.6)
48 (11.7, 8.3-16.1)
344 (26.4, 23.4-29.6) 152 (24.7, 21.0-28.8)
201 (14.9, 12.7-17.3)
85 (12.1, 9.3-15.5)
514 (31.0, 28.3-33.9) 257 (33.7, 29.6-38.1)
205 (10.9, 9.1-12.9)
78 (8.7, 6.7-11.1)
118 (10.2, 8.1-12.7)
40 (9.2, 6.1-13.8)
0
0
<0.001

28.7 (28.5-29.0)

28.7 (28.3-29.1)

28.8 (28.2-29.4)

3

0

0

0.97

Estimates adjusted for sampling design and attrition. p-values derived from chi-squared tests for
categorical variables or generalised linear models and Wald test approximation for continuous
variables. HL: hearing loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal intensive
care unit; NVQ: national vocational qualification.
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Table 5-4. Multinomial logistic regression results exploring characteristics by HL presence
Odds ratio (95% CI)
Univariable
analysis*
Base outcome

Multivariable analysis
(n=7415)*
Base outcome

No hearing or ear problems
Hearing loss versus no problems
Sex, female
0.73 (0.63-0.85)
0.74 (0.63-0.86)
Ethnic background, non-white 0.72 (0.57-0.91)
0.71 (0.56-0.91)
NICU admission
1.34 (1.04-1.74)
1.23 (0.94-1.60)
Any household smoking
1.12 (0.94-1.32)
1.07 (0.89-1.29)
Parental education
NVQ1 Reference
Reference
NVQ2 0.96 (0.69-1.34)
0.97 (0.70-1.36)
NVQ3 0.89 (0.63-1.25)
0.92 (0.65-1.31)
NVQ4 0.88 (0.65-1.19)
0.92 (0.67-1.27)
NVQ5 (highest) 1.05 (0.71-1.53)
1.15 (0.77-1.71)
Other 0.83 (0.56-1.23)
0.94 (0.63-1.40)
LLI at one or more sweeps
1.88 (1.59-2.23)
1.84 (1.55-2.19)
Maternal age, per year
1.00 (0.99-1.01)
1.00 (0.99-1.02)
Constant
Varied by model 0.31 (0.19-0.50)
Other problems versus no problems
Sex, female
1.18 (0.94-1.47)
1.17 (0.93-1.48)
Ethnic background, non-white 0.64 (0.46-0.90)
0.66 (0.46-0.95)
NICU admission
0.99 (0.65-1.50)
0.96 (0.63-1.46)
Any household smoking
1.27 (1.02-1.58)
1.22 (0.97-1.53)
Parental education
NVQ1 Reference
Reference
NVQ2 0.51 (0.34-0.77)
0.51 (0.34-0.77)
NVQ3 0.41 (0.27-0.61)
0.41 (0.28-0.61)
NVQ4 0.54 (0.37-0.79)
0.56 (0.39-0.82)
NVQ5 (highest) 0.47 (0.31-0.72)
0.51 (0.34-0.78)
Other 0.42 (0.24-0.75)
0.44 (0.24-0.81)
LLI at one or more sweeps
1.55 (1.23-1.97)
1.53 (1.20-1.96)
Maternal age, per year
1.00 (0.98-1.02)
1.01 (0.99-1.03)
Constant
Varied by model 0.16 (0.09-0.30)
*Sample size for univariable analyses was 7470 children, except for NICU admission (7467),
household smoking (7462), maternal age (7467) and LLI (7426), sample size for multivariable
analyses excluded children with missing data on any included variable (leaving 7415 children).
Constant reflects baseline relative risk in reference to baseline outcome. Estimates adjusted for
sampling design and attrition. HL: hearing loss; LLI: limiting longstanding illness additional to HL;
NICU: neonatal intensive care unit, NVQ: national vocational qualification.
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Figure 5-2. Relative risk ratios based on multivariable multinomial logistic regression
model

Sample excluded children with missing data on any included variable (leaving 7415 children).
Estimates adjusted for sampling design and attrition. HL: hearing loss; LLI: limiting longstanding
illness additional to HL; NICU: neonatal intensive care unit, NVQ: national vocational qualification.
Horizontal bars reflect 95% confidence intervals.
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421 (85.0, 79.8-89.0)
79 (15.0, 11.0-20.2)
0

445 (88.1, 83.9-91.3)
55 (11.9, 8.7-16.1)
0

371 (67.1, 61.2-72.5)
129 (32.9, 27.5-38.8)
0

Ethnic background
White
Non-white
Missing

NICU admission
No
Yes
Missing

Household smoking by age 7
years
No
Yes
Missing

Continued overleaf

270 (58.4, 52.4-64.2)
230 (41.6, 35.8-47.6)
0

Sex
Male
Female
Missing

436 (72.8, 67.7-77.4)
135 (27.2, 22.6-32.3)
0

507 (89.5, 86.0-92.1)
64 (10.6, 7.9-14.0)
0

509 (88.3, 83.6-91.8)
62 (11.7, 8.2-16.4)
0

347 (61.7, 56.2-67.0)
224 (38.3, 33.0-43.9)
0

HL with onset and
Other early HL and
resolution in infancy, resolution,
n (%, 95% CI) n=500 n (%, 95% CI) n=571

Table 5-5. Characteristics by HL trajectory group

80 (70.9, 60.7-79.4)
31 (29.1, 20.6-39.3)
0

100 (89.3, 79.7-94.7)
11 (10.7, 5.3-20.3)
0

101 (92.2, 84.6-96.2)
10 (7.8, 3.8-15.4)
0

62 (63.4, 52.0-73.5)
49 (36.6, 26.5-48.0)
0

Late HL with
resolution, n (%, 95%
CI), n=111

94 (63.5, 51.5-74.0)
42 (36.5, 26.0-48.5)
0

118 (87.2, 79.6-92.2)
18 (12.8, 7.8-20.4)
0

121 (85.8, 75.5-92.2)
15 (14.2, 7.78-24.6)
0

58 (42.6, 30.4-55.7)
78 (57.4, 44.3-69.6)
0

Early HL without
resolution,
n (%, 95% CI) n=136

98 (72.2, 61.1-81.0)
42 (27.8, 19.0-38.9)
0

128 (93.7, 88.5-96.6)
12 (6.4, 3.4-11.5)

131 (92.6, 84.5-96.6)
9 (7.4, 3.4-15.4)
0

59 (46.2, 34.5-58.4)
81 (53.8, 41.6-65.6)
0

Late HL without
resolution,
n (%, 95% CI) n=140

0.36

0.54

0.21

0.01

p-value
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413 (83.2, 79.0-86.8)
82 (16.8, 13.3-21.0)
5

29.1 (28.4-29.8)
0

LLI
No LLI
LLI at one or more sweeps
Missing

Maternal age, mean (95% CI)
Missing
28.8 (28.2-29.4)
0

395 (68.4, 63.6-72.8)
174 (31.7, 27.2-36.4)
2

23 (5.2, 3.2-8.2)
130 (25.6, 21.5-30.2)
76 (14.7, 11.5-18.6)
206 (32.8, 28.2-37.8)
92 (12.5, 9.7-15.9)
44 (9.2, 6.3-13.3)
0

27.5 (26.0-29.0)
0

81 (70.0, 59.7-78.7)
28 (30.0, 21.4-40.3)
2

8 (9.2, 4.1-19.2)
26 (26.1, 17.5-37.0)
15 (16.9, 10.0-26.9)
33 (26.7, 18.5-36.9)
13 (6.0, 2.9-11.9)
16 (15.2, 8.4-25.9)
0

Late HL with
resolution, n (%, 95%
CI), n=111

28.6 (27.5-29.7)
0

84 (60.0, 49.4-69.8)
49 (40.0, 30.2-50.6)
3

5 (3.3, 1.3-8.0)
39 (26.6, 18.2-37.2)
20 (15.4, 9.7-23.5)
42 (26.4, 18.5-36.3)
17 (12.0, 5.9-22.7)
13 (16.4, 8.7-28.6)
0

Early HL without
resolution,
n (%, 95% CI) n=136

28.2 (26.9-29.4)
0

111 (73.1, 61.2-82.5)
29 (26.9, 17.5-38.8)
0

6 (6.2, 2.4-15.2)
32 (28.5, 19.5-39.5)
21 (16.0, 10.0-24.5)
56 (32.8, 25.1-41.6)
16 (7.0, 3.5-13.2)
9 (9.6, 4.3-20.2)
0

Late HL without
resolution,
n (%, 95% CI) n=140

0.38

<0.001

0.62

p-value

Estimates adjusted for sampling design and attrition. p-values derived from chi-squared tests for categorical variables or linear regression and Wald test approximation
for maternal age. HL: hearing loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal intensive care unit NVQ: national vocational qualification

34 (8.7, 5.7-13.0)
117 (26.7, 22.1-32.0)
69 (14.2, 10.5-18.9)
177 (30.8, 26.4-35.6)
67 (10.9, 8.4-14.1)
36 (8.7, 5.8-12.8)
0

Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Missing

HL with onset and
Other early HL and
resolution in infancy, resolution,
n (%, 95% CI) n=500 n (%, 95% CI) n=571

5.10. Discussion
5.10.1. Key findings
In this study population, 21.1% (95% CI: 19.7-22.5%) of children were reported to have at
least one episode of HL by or at age 14 years. First onset of HL was usually reported in early
childhood (before or at 5 years of age) and the majority of HL conditions did not persist to
age 14 years (less than 4% of the study population reported HL at age 14). Correspondingly,
the most common HL trajectories were those involving early onset and resolution of HL
(reported for approximately 16% of the study population). Late onset HL (with or without
resolution) and early onset HL without resolution together affected less than 6% of children
in the study population. Notably, approximately one third of children with HL were
reported to have HL in infancy only.
Male sex, white ethnic background, and LLI were associated with HL. Male sex was
specifically associated with HL trajectories involving resolution by age 14 years, whilst HL
trajectory did not vary significantly by ethnic background. LLI was most frequent amongst
children with early onset HL without resolution and least frequent in children with HL onset
and resolution in infancy. There were no differences in NICU admission, household
smoking, or parental education by HL presence or across the HL trajectories.

5.10.2. Strengths
The strengths of these analyses include the large sample size and use of sampling and
attrition weights, which make findings representative of the UK population born around the
year 2000. Additionally, the prospective collection of repeated measures of HL and
demographic, as well as individual child characteristics, allowed in-depth exploration of
characteristics and presence of HL throughout childhood, with a low risk of recall bias. Few
previous studies have been able to describe trajectories of HL throughout childhood and
demonstrate that patterns of early and late onset, and of resolution during childhood, are
common.

5.10.3. Limitations
Limitations relate to the data and study population available for analyses. Over 11000
children were excluded from the analyses due to missing data. I used attrition weights and
predictors of missingness in analyses, to address risk of bias from excluding children with
missing data. As per chapter 4, children with missing hearing data (versus complete hearing
data) are more likely to be boys, of non-white ethnic background, with LLI, and exposure to
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household smoking. They are also likely to have younger mothers and parents with lower or
“other” education levels. All but two of these factors (smoking and LLI) were included in
calculation of the age 14 attrition weights, suggesting that use of attrition weights should
decrease risk of bias from excluding children with missing data. Multiple imputation to
address missing data was considered, however, the majority of missing data for these
analyses was in the outcome and there is little consensus that imputing outcome variables
is beneficial. I thus felt that inclusion of attrition weights was adequate to address the
missing data.
There were no objective hearing measures or verification of parent- or child-report of HL
against other records or measurements. Thus, detailed information or verification of HL
status was not available. This was particularly detrimental between ages 3-11 years, as the
reported details did not always enable clear distinction between hearing and ear problems.
Finally, due to the small numbers in some of the ethnic minority categories, I was limited to
a binary classification of ethnic background. This did not allow finer examination of the risk
of HL, or prevalence of different trajectories, by ethnic minority type. Given that ethnic
minorities are heterogeneous in terms of culture, social background, and other
characteristics, the broad grouping of ethnic background may not give a true reflection of
the risk of HL by ethnic background.

5.10.4. Interpretation and relation to previous literature
Overall, my analyses suggest that at least one in five children in the UK experiences HL at
some point across childhood. This prevalence is comparable to that identified in a recent
meta-analysis, which estimated that HL prevalence between 0-18 years was 17.9% (95% CI:
15.9-20.0%) using a definition of mild or worse HL severity in one or both ears averaged
across 0.5 to 8 kHz120. The fact that my prevalence estimate is slightly higher may reflect the
fact that most studies included in the meta-analysis were cross-sectional and assessed HL at
one age in childhood, whereas my estimate includes any HL by age 14 years, regardless of
timing of onset or resolution. The difference may also reflect methodological differences in
the measurement of HL, for instance using subjective parent- or self-reported HL (in my
analyses) versus objective measures of HL in the meta-analysis.
My estimated prevalence is higher than commonly cited UK prevalence estimates (ranging
from 0.1-5.5%73,80,132 as discussed in chapter 1, section 1.7). Previous studies of HL
prevalence in the UK were often limited to narrow HL case definitions (for instance, only
permanent or severe HL) and based on cross-sectional studies in early childhood. My
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prevalence estimate is broader in scope than previous estimates as it accurately reflects the
total number of children affected by HL, of any type, including those whose HL resolved.
My trajectory findings highlight that HL across childhood has varying patterns of onset and
resolution, thus a cross-sectional view does not provide the full picture of how many
children experience HL and when this occurs, including timing and duration.
Looking in detail at reported HL timing and trajectories, I found that early onset was more
common than late onset (early onset HL was reported for approximately 18% of children in
the total study population versus less than 4% having onset of HL after age 5 years). Most
HL was not reported at age 14 years (HL at age 14 years was reported in 3.9%, 95% CI: 3.44.6%, of the study population), suggesting that most HL in childhood is temporary and
resolves by adolescence. The most prevalent HL trajectories involved early onset and
resolution of HL, with approximately one third of children with HL only having HL in infancy.
Given that this is the first use of a classification system based on HL trajectories, it is
difficult to compare these figures to previous studies.
Given that timing of onset was based on parental report and may reflect timing of diagnosis
rather than actual timing of onset, further research is required to validate these findings. In
particular, the higher likelihood of early, versus late, onset HL may partially reflect the
screening systems in place at the time of the study. These encompassed health visitor
distraction testing (HVDT) at age 6-9 months and school-entry screening (an optional
screening programme) at around age 5 years.
It was not possible to assess whether reports of late onset HL related to HL that began after
age 5 years or to delayed diagnosis of HL. Further research into delayed diagnosis and
patterns of onset and diagnosis would inform debate on the value of school-entry screening
to capture HL missed at newborn screening, or HL that was not present at earlier ages. A
previous study by Archbold et al.81 found that children with mild-moderate HL often
experience delays in diagnosis, partly because early hearing screening tests are often
unable to detect these forms of HL.
Given that some children with late onset HL still reported hearing problems at age 14 years,
continued vigilance for both late onset HL and missed diagnoses is vital to ensure that
children with HL are identified and supported as soon as possible. At least some children
with late onset HL, whether due to late onset or missed diagnosis, experience continued HL
in adolescence.
With respect to characteristics, I found a significant association between male sex and HL
presence. This is consistent with previous research, which was often limited to permanent
or sensorineural HL in cross-sectional samples43,106,288. Further research is required to assess
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causal mechanisms underlying this association. In terms of differences by trajectory, male
sex appears to be specifically associated with HL that resolves before age 14 years, though
it is not possible to tell whether this relates to a difference in likelihood of self-reported HL
at age 14 years by sex, or to a true difference in HL prevalence by sex at this age. It could
also be that there is inequality by sex in terms of HL diagnosis and reporting, for example, if
parents or health services are more likely to identify HL in males than females.
Children of white ethnic background were found to have a higher prevalence of HL than
those of non-white ethnic background, in contrast with previous studies investigating
permanent HL43,105,289. The distribution of ethnic background was similar across the
different HL trajectories. It may be that the dichotomisation used in my analyses was too
broad to enable detailed exploration of ethnic differences. Further research should explore
differences in HL prevalence and trajectory using more fine-grained ethnic background
groups, in line with previous research suggesting that those of South Asian origin,
particularly those with Bangladeshi ethnic background, may have a higher risk of HL43,105,289.
My analyses did not identify an association by HL and NICU admission or exposure to
household smoke. This contrasts with previous studies52,63,287,295,296, but may be explained
by the inclusion of temporary HL and HL with onset after the newborn period in my
analyses. Adding weight to this, there was some indication that NICU admission and
smoking varied by HL trajectory, though this was not statistically significant. Further
research may identify whether there are specific patterns of HL onset and resolution where
smoking or NICU admission are risk factors.
I found no significant association between parental education and HL presence or
trajectory. Previous studies using markers of socioeconomic status other than parental
education have found an association with permanent HL43,106,290. It is not possible to tell
whether the lack of an association in this study reflects the choice of marker or that
socioeconomic status is perhaps more strongly associated with certain types of HL that
were not characterised in my analyses.
The identified lack of association of HL presence or trajectory with maternal age in my
findings is not consistent with previous research. However, previous studies have mainly
focussed on permanent HL291 or SNHL106, thus it may be that this association is not as strong
when considering HL trajectories that include temporary HL.
In this study, 26.6% (95% CI: 23.8-29.6%) of children with HL had limiting longstanding
illness. This is slightly lower than a previous estimate by Fortnum et al. of 38.7% of children
with permanent HL having one or more clinical or developmental problems43. This again
may point to a difference in characteristics between children with permanent HL versus
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other types of HL, especially given that children with early HL without resolution had the
highest prevalence of LLI (40.0%, 95% CI: 30.2-50.6% had LLI, which is more in line with
Fortnum’s estimates).

5.10.5. Implications
These findings highlight that approximately one in five children may experience HL at some
point during childhood. Health and education services will be required by some of these
children early in childhood, particularly in infancy, however the majority of children will not
require continued services into adolescence as their HL does not persist.
Further research should use objective measures to investigate timing of HL onset and
diagnosis, as well as its persistence, across childhood. The inclusion of populations born
after 2002 would indicate current patterns in onset and diagnosis, which may have altered
since the replacement of HVDT with universal newborn hearing screening (UNHS) in the UK
from 2002.
These findings may highlight the need for continued vigilance to identify children who have
HL that is missed or not present in early childhood. Further investigation in a screened
population is needed to verify this. Based on my findings, most HL resolves by age 14 years,
but it is important to consider how temporary HL may impact on mental health and other
outcomes given that the majority of HL arises in early childhood, which is a key time for
development.
Male sex, white ethnic background, and LLI are key risk factors for HL. Male sex and LLI are
particularly important for certain HL trajectories. These differences can be used to identify
children at risk and to inform further research into aetiology and prevention.
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6.1. Chapter structure
In this chapter, I describe the relationship between childhood hearing loss (HL), peer
victimisation, and mental health. Data for the analyses came from the Millennium Cohort
Study (MCS), described in chapter 3.
Firstly, I outline the rationale for these analyses, justifying the lifecourse approach which
was followed through consideration of HL trajectories, as defined in the earlier chapters.
Following this, I describe the methods and results of my analyses, concluding with a
discussion of their strengths, limitations, interpretation, and implications.
The methods and interpretation of results were informed by two public engagement
sessions with the London Young Person’s Advisory Group. The first session took place preanalysis and informed my analysis methods, whilst the second session took place postanalysis and concerned interpretation and implications of the results. Further details on the
outcomes of this process are described in the next chapter.
Preliminary findings of this research were presented at the 2019 Joint Annual Scientific
Meeting of the Society for Social Medicine & Population Health and the International
Epidemiology Association European Congress.

6.2. Rationale
6.2.1. Why explore peer victimisation and mental health?
Mental health problems in childhood are common and have long-term effects on later
mental health, as well as other outcomes134. Two high-quality systematic reviews have
concluded that childhood HL is associated with poor mental health145,146, yet findings on risk
of depression are conflicting148,158,172-182. Additionally, no studies examining risk of self-harm
in children with HL were identified in a literature search. This reduces clarity over the
association of HL with severe mental health problems, given that self-harm is a severe
consequence of poor mental health, particularly depression234,297.
Identifying whether children with HL are at risk of poor mental health is the first step to
understanding whether further effort is required to support good mental health in children
with HL. My pre-analysis engagement with a Young Person’s Advisory Group highlighted
that young people are aware of the importance of mental health in childhood. The young
people I consulted identified a number of factors that may put children with HL at higher
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risk of both peer victimisation and mental health. This indicates that the research topics are
both relevant and important to the population being studied, thus affirming the value of
the research.

6.2.2. Why may hearing loss be associated with mental health?
There are a number of potential mediators (variables that represent proposed causal
mechanisms or pathways linking an exposure and outcome) that could explain associations
between HL and poor mental health. These include peer victimisation, language and social
skills, parental factors, and autism, as discussed in chapter 1. Ascertaining which potential
mediators are particularly prevalent amongst children with HL provides initial evidence that
the potential mediator may be involved in the causal pathway between HL and mental
health and justifies more thorough analyses.
Peer victimisation (repeated aggression by a peer with intent to harm or humiliate the
victim) is known to negatively impact mental health148,175,231. This may take the form of
name-calling, exclusion and physical violence, as well as “cyberbullying”, in which digital
technologies are used136,231. There is a lack of robust research to substantiate claims that
children with HL are at heightened risk of peer victimisation136. This is especially true in the
UK, which is problematic as peer victimisation and bullying are highly context specific and
findings from other countries may not be generalisable to other settings298. Peer
victimisation risk in children with HL may be elevated due to societal stigma and low
acceptance or adaptations for HL, including whether HL is viewed as a disability299,300.
Language35,36 and social skills146,151,173,175,180 are often not optimally developed in children
with HL, which can lead to difficulties in forming close relationships and conveying
emotional or other needs. This can have negative consequences on mental
health145,148,173,192,235,301. Young people in the Young Person’s Advisory Group that I attended
felt that factors relating to communication and social interactions could be key for
determining the mental health of children with HL. Previous research on these factors has
often focussed on permanent HL or HL at one point in time.
Other proposed mediators include autism (though there is disagreement over the direction
and presence of causality137-139), and parental factors including parental mental health, and
parenting (for instance in terms of overprotectiveness and independence of the
child)141,142,302,303. High-quality studies on the association between HL and these factors are
relatively sparse.
Many of the proposed mechanisms linking HL and poor mental health are modifiable,
suggesting that if HL is associated with poor mental health, there is opportunity for
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intervention. This provides motivation to examine the relationship between HL and poor
mental health, given that the mental health has a substantial influence on a person.

6.2.3. Why is a new study required?
As outlined above, there are gaps in the understanding of the relationship between HL and
mental health. As well as this, research into potential mediators is lacking such that, even
though childhood HL and poor mental health appear to be associated, we cannot draw
conclusions about why. Peer victimisation is particularly important to explore given the
wealth of evidence on the impact this has on mental health in children without HL.
Commonly, previous studies have limited their HL case definition to permanent HL or HL
assessed at a single timepoint without consideration of HL trajectory. This restricts the
generalisability of findings as well as consideration of whether HL trajectory type affects
impact on outcomes. Given that the HL may affect mental health due to poor
communication skills (which are determined during sensitive and critical periods in the
early years)142,151,235, as well as risk of victimisation when HL is present (affected by
cumulative HL exposure)151,154, research is needed to investigate whether variations in the
timing of HL influences impact on mental health.
Additionally, investigations are lacking on whether the impact of HL varies by child sex. This
is a significant omission given the sex differences in mental health that are seen in both
children with and without HL174,211,229. There is also a lack of UK-based studies, which is
problematic as findings from other settings may not be applicable to the UK due to
differences in HL management and other general population differences226.
Finally, in previous studies there has been a lack of consideration of confounding. This
refers to the effect on estimates of a “confounding” variable that is not an exposure,
mediator, or outcome, but that is associated with both the exposure and outcome. For
example, if children with HL are more likely to have limiting longstanding illnesses (LLI) and
children with LLI are more likely to have depression, then examining the association
between HL and depression without considering LLI status may lead to biased estimates of
the true relationship. Adjusting, or otherwise accounting, for LLI status in statistical
analyses is required to remove its confounding influence and achieve an unbiased estimate
of the true association between HL and depression304.

6.2.4. Summary and aims
There are limitations in, or a lack of research on, the association of HL and HL trajectories
with peer victimisation, depression, and self-harm. Further research is also needed to
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explore potential mediators of the relationship between HL and mental health other than
peer victimisation, including language, social skills, autism, parental distress, and young
person’s independence (a marker of parenting style).
The aim of this chapter was to use the HL classification system, and definition of HL, from
the previous chapters to explore whether there are meaningful differences in peer
victimisation and mental health outcomes by HL presence and HL trajectory.

6.3. Research question and objectives
My primary research question for this chapter was:
Is there a relationship between childhood HL and risk of poor mental health (depressive
symptoms or self-harm) or peer victimisation at age 14 years?
Specific objectives were to:
 Describe the relationship of HL with potential mediators or sources that might
confound the hypothesised relationship between HL and mental health.
 Examine whether presence of any HL (regardless of timing of onset or resolution)
by age 14 years is associated with higher risk of peer victimisation, depressive
symptoms, or self-harm at age 14 years, after adjusting for confounding.
 Examine whether different HL trajectories predict peer victimisation, depressive
symptoms, or self-harm at age 14 years, after adjusting for confounding.
The key hypotheses for this chapter were that:
 Presence of any childhood HL is associated with a higher risk of peer victimisation,
depression, and self-harm at age 14 years.
 Peer victimisation, depression, and self-harm at age 14 years varies by HL
trajectory.

6.4. Causal framework
My research question and objectives focus on the relationship between HL and peer
victimisation, depression, and self-harm. My proposed causal framework represents the
hypothesised causal relationships and directions of effect between these variables,
including proposed sources of confounding (Figure 6-1). This framework does not include
proposed mediators of the outcomes apart from peer victimisation (i.e. excluding social
skills, language, autism, parental distress and young person’s independence) as these were
considered only in exploratory analyses, without considering confounding, to inform
further research recommendations.
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Figure 6-1. Proposed causal framework

HL: hearing loss; LLI: non-hearing limiting longstanding illness; NICU: neonatal intensive care unit.

My aims were to identify the total effect of HL on self-harm, depression, and peer
victimisation. Thus for depression, I was interested in the total effect of HL related to the
sum of any direct effect between the exposure and outcome, as well as indirect effects
through mediators. To estimate this, adjustment for sources of confounding is required.
Sources of confounding are factors proposed to cause, or be proxies of causes, for HL and
one or more of the outcomes. Appropriate adjustment for confounding can help to identify
true associations between an exposure and outcome. The rationale for the proposed
sources of confounding included in the causal framework is as follows:
 Child sex: Based on analyses in chapter 5 and previous studies112,113, boys are at
higher risk of HL, particularly for HL trajectories involving resolution by age 14 years.
Sex is also thought to influence risk and type of peer victimisation305 as well as
depression and self-harm, with the latter two usually higher in girls297,306
 Child ethnic background: Ethnic background is associated with risk of HL. In my
sample, HL appears to be more common in those of white ethnic background. Other
studies have indicated that being of specific non-white ethnic backgrounds is
associated with higher risk of HL46,47. Ethnic background may affect risk of peer
victimisation (studies vary as to whether children of non-white ethnic background are
at higher or lower risk)305,307, depression308, or self-harm297
 Parental education: Although no association was found between parental
education and childhood HL in my earlier analyses, previous studies have indicated
that children with lower parental socioeconomic status (as indicated by parental
education) may be at higher risk of HL111. Socioeconomic status also appears to
influence risk of peer victimisation309, depression, or self-harm310
 Maternal age: Although no association was found between maternal age and
childhood HL in my earlier analyses, other studies have found that children with
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younger mothers may be at higher risk of HL106. Children with younger mothers may
also be at higher risk of depression311 therefore I hypothesised that maternal age may
also affect risk of peer victimisation and self-harm
 NICU admission: NICU admission is a known risk factor for permanent HL63. It may
also increase risk of peer victimisation and depression or self-harm, due to the effects
of pre- or peri-natal adverse circumstances (for which NICU admission is a proxy, as
are preterm and low birthweight birth) on early brain development and, hence,
vulnerability to peer victimisation and poor mental health312-314
 Limiting longstanding illness additional to HL (LLI): as discussed in chapter 5,
children with HL are more likely to have LLI315. LLI also increases risk of peer
victimisation316 and mental health146,235,317

6.5. Software
Analyses were carried out using StataSE 15 (StataCorp, College Station, TX) and R version
3.4.1 (R Foundation for Statistical Computing, Vienna, Austria)253. R packages used were
tidyverse254, haven261, plotly318, readxl319, mice249, miceadds320,
and VIM269. In STATA, the coefplot292 user-written program was used.

6.6. Study population for analyses
6.6.1. Study population
The study population were selected from the MCS243, described in detail in chapter 3.
Briefly, MCS is a prospective cohort study consisting of 19518 children born between 20002002 and resident in the UK at age 9 months243. Six sweeps of data collection have taken
place to date, at ages 9 months, and 3, 5, 7, 11, and 14 years (sweeps 1-6, respectively).
Only the 18980 singleton children that took part in one or more MCS sweeps were eligible
for these analyses. After examination of available data, initial complete-case analyses
included 7241 singleton children with no missing data on all variables required for the main
analyses. This refers to the outcomes, exposure, and sources of confounding included in the
causal framework (Figure 6-1). Children missing data only on mediator variables were not
excluded.
Following the complete-case analyses, I used multiple imputation to account for missing
data in all covariates for children with observed outcomes (N=10858 children with
information on peer victimisation, depression, and self-harm). Analyses were repeated
using the imputed data. Unless otherwise specified, all results in the analyses relate to the
imputed data. The process for imputation is described in section 6.10.
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6.6.2. Adjustment for sample design and attrition
Unless indicated otherwise, all results are adjusted for the sampling design and probability
of not having a productive interview at age 14 years (referred to as attrition). As described
in chapter 3, this adjustment utilises sampling and attrition weights (reflecting the unequal
probability of selection into the sample243 and of having a productive interview at age 14
years by demographic and individual characteristics245), as well as adjustment of variance
estimates for the stratified cluster sampling design. These adjustments were required in the
imputed data analyses, as well as the complete-case analyses, as imputation did not
address either the non-random sampling design or attrition by age 14 years (as only
children with observed outcomes at age 14 years had missing data imputed).

6.7. Available data
6.7.1. Outcomes
All outcomes were measured at the age 14 sweep of the MCS. At this age, the recruited
children (as opposed to their parents) were asked to complete a questionnaire that
contained questions about the outcomes, as detailed below.
Depressive symptoms
Measure
The “Short Mood and Feelings Questionnaire” (SMFQ) was used to assess depressive
symptoms. This is a clinically validated questionnaire for screening depressive symptoms in
6-17 year olds. The questionnaire consists of 13 statements about experiences of
depressive symptoms over the past two weeks321:
1. I felt miserable or unhappy
2. I didn’t enjoy anything at all
3. I felt so tired I just sat around and did nothing
4. I was very restless
5. I felt I was no good any more
6. I cried a lot
7. I found it hard to think properly or concentrate
8. I hated myself
9. I was a bad person
10. I felt lonely
11. I thought nobody really loved me
12. I thought I could never be as good as other kids
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13. I did everything wrong
Responses
Responses were on a 3-point Likert-type scale for each question: “not true”, “sometimes
true”, or “true”. “Don’t know” or “don’t want to answer” responses were also available
(these are not standard response options) and responses were marked as “not applicable”
if missing for any reason.
Operationalisation
As per standardised usage of the SMFQ321, valid answers to each question were scored as
“not true” = 0, “sometimes true” = 1, or “true” = 2. Other responses were classed as
missing. I calculated a total score for each child as a sum of scores to all 13 questions
(ranging from 0-26)322 and dichotomised total scores into “low” levels of depressive
symptoms (total score less than 8) versus “high” (total score 8 or more). There is no agreed
cut-point to use for the SMFQ; users are recommended to base this decision on what will
be most useful for them. I selected a cut-point of 8, as this has good sensitivity and
specificity for depression diagnoses based on DSM-III-R criteria in community samples of
children and adolescents321,323. Cronbach’s alpha324 for the SMFQ questions in this study
population was 0.93. This suggests that an individual’s responses to the separate
statements are highly correlated. Children with one or more missing responses did not have
a score or category assigned and were classed as missing for this outcome.
Self-harm
Measure
Children were asked, “In the past year have you hurt yourself on purpose in any way?”
Responses
 Yes
 No
 Don’t know
 Don’t want to answer
Operationalisation
Children were categorised as “yes” to having self-harmed in the last year or “no”. Other
responses were classed as missing.
Peer victimisation
Measure
Children were asked:
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 How often do other children hurt you or pick on you on purpose?
 How often have other children sent you unwanted or nasty emails, texts or
messages or posted something nasty about you on a website?
Responses
 Most days
 About once a week
 About once a month
 Every few months
 Less often
 Never
 Don’t know
 Don’t want to answer
Operationalisation
Answers from the two questions were combined to create a single binary variable
indicating whether a child “never or rarely” experienced peer victimisation or was
“regularly victimised by peers”. The first question was deemed to reflect “in-person”
victimisation, and the second to “cyber-victimisation”.
I categorised children as “regularly victimised” if they responded to either question about
peer victimisation with “most days” or “about once a week”. Children in the “never or
rarely” category were those reporting that both types of peer victimisation occurred “about
once a month” or less frequently. This is in line with previous research where bullying was
defined as present if it was experienced at least twice a month325-327. I classed children as
missing for this variable if they responded “don’t know” or “don’t want to answer”, or if
there was non-response for any reason, to one or both of the questions.

6.7.2. Exposure
Hearing data used in these analyses is described fully in the preceding two chapters. Briefly,
data from across all six interview sweeps (age 9 months to 14 years) were used to identify
whether children ever experienced HL. Data on hearing were reported by parents at all
ages except 14 years, where there was self-report. HL presence was defined in two ways,
firstly as a binary outcome and secondly as a trajectory reflecting timing of onset and
persistence.
The binary outcome was defined as follows:
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 Any HL – parent- or self-report of HL at any sweep, regardless of how many times
HL was reported across the sweeps and presence of any non-hearing related ear
problems. Where there were ear problems that were not confirmed to be hearingrelated, these were denoted as “other problems”
 No HL - no HL reported at any sweep. This combines the “no problems” and “other
problems” (ear problems that were not confirmed to be hearing related) categories
described in the previous two chapters
Children were assigned to a HL trajectory group based on the classification system derived
in chapter 4, combining the “no problems” and “other problems” groups to describe
children that had no HL across all sweeps. Final groups were:
 No HL – no HL across all sweeps, combining the “no problems” and “other
problems” (ear problems that were not confirmed to be hearing related) categories
described in the previous two chapters
 HL with onset and resolution in infancy – HL reported at age 9 months only with
no ear problems or HL reported after this point
 Other early onset HL with resolution – HL reported with onset (first reported ear
or hearing problem) by, or at, age 5 years. No HL reported at age 14 years and does
not fit into the above “onset and resolution in infancy” group
 Early HL without resolution – HL reported with onset by, or at, age 5 years and HL
reported at age 14 years
 Late onset HL with resolution – HL reported with onset after age 5 years and no HL
at age 14 years
 Late HL without resolution – HL reported with onset after age 5 years and HL
reported at age 14 years
Missing data and management are described in chapter 4.

6.7.3. Sources of confounding
Identified sources of confounding were:
 Child sex: male or female, based on parent report at their first interview sweep and
updated based on questions about puberty at age 14 years
 Child ethnic background: white or non-white, based on self-report at age 14 years
or last parent report where self-report was missing
 Child NICU admission: yes or no, based on parent report at their first interview
sweep
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 Parental education: NVQ level 1-5, or other, based on parent report at age 14 years,
or ages 11 years, 3 years, or 9 months if missing. Marked as “other” if equivalent
NVQ level unclear. For some exploratory analyses, this was dichotomised to “degree
level or higher” (equivalent to NVQ levels 4 or 5), versus “lower or other” (equivalent
to NVQ levels 1-3 or “other”)
 Maternal age at birth of the child: completed years, based on natural mother and
child dates of birth reported by parent at age 9 months
 Child limiting longstanding illness additional to HL (LLI): not present at any sweep or
present at one or more sweeps, based on parent report across all sweeps
Full details of operationalisation and missing data are defined in chapter 5.

6.7.4. Mediators
These variables were not included in the causal framework, but were considered in
exploratory analyses as they are hypothesised to be mediators of the relationship between
HL and mental health.
Language skills
Measure
At age 14, young people completed the “Word activity” test to measure their vocabulary.
This was a shortened version of the Applied Psychology Unit Vocabulary Test. The test
measures respondents’ understanding of the meaning of words by asking them to select
the closest synonym (of five choices) for each of 20 target words. The target words become
more challenging as the test progresses245. The test shows internal consistency, retest
reliability, and concurrent validity with the Mill Hill Vocabulary test328.
Operationalisation
A derived continuous score is provided in the dataset based on the number of correct
answers, from 0-20, for each person328. Incomplete answers were classed as incorrect. This
was classed as missing if the young person was not present at age 14 or did not consent (or
their parents did not consent) to the task.
Social skills
Measures and responses
Parents completed the Strengths and Difficulties Questionnaire (SDQ) when the young
person was aged 14 years. This is a questionnaire on emotional and behavioural difficulties
with good reliability, both internally and compared to other measures of the same
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constructs329,330. There are two subscales in the SDQ relating to social skills – the peer
problems and prosocial scales. Each scale consists of five statements on social behaviours,
with a Likert-type answer scale of “not true”, “somewhat true”, or “certainly true” (Table
6-1).
As well as the SDQ, I chose to explicitly explore friendships based on engagement with a
Young Person’s Advisory Group. I utilised self-reported close friendships at age 14 based on
the following question: “By close friends we mean other young people you feel at ease with
or who you can talk to about things that are private. Do you have any close friends?”
Children could respond: yes, no, don’t know, or don’t want to answer.
Operationalisation
Total scores for the SDQ peer problems and prosocial scales were provided with the
dataset, calculated as per standardised usage (http://www.sdqinfo.org/; Table 6-1).
Table 6-1. Strengths & difficulties questionnaire scoring
Peer problems scale
Rather solitary, tends to play alone
Has at least one good friend
Generally liked by other children
Picked on or bullied by other children
Gets on better with adults than with other children
Prosocial scale
Considerate of other people's feelings
Shares readily with other children (treats, toys, pencils etc.)
Helpful if someone is hurt, upset or feeling ill
Kind to younger children
Often volunteers to help others (parents, teachers, other
children)

Not
true

Somewhat
true

Certainly
true

0
2
2
0
0

1
1
1
1
1

2
0
0
2
2

0
0
0
0
0

1
1
1
1
1

2
2
2
2
2

For each scale, a child’s total score could range between 0 to 10. In the provided data, if
children were missing one or two responses in a scale, the mean score for completed
answers was used to estimate the total score. Children missing more than two answers on a
scale were classed as having missing data for the relevant scale. I categorised total scores as
per standard usage. For the peer problems scale, categories were: 0-2 “close to average”, 3
“slightly raised”, 4 “high”, or 5-10 “very high”. For the prosocial scale, categories were: 8-10
“close to average”, 7 “slightly lowered”, 6 “low”, or 0-5 “very low” (http://www.sdqinfo.org/).
For the friendship question, children were categorised as “yes” to having close friends or
“no” based on original responses. “Don’t know”, “don’t want to answer” or any other nonresponse were classed as missing.
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Autism
Measure
At each sweep from ages 5-14 years, parents were asked: Has a doctor or health
professional ever told you that [child] had any of the following problems: Autism or

Asperger's Syndrome?
Responses
 Yes
 No
 Don’t know
At ages 11 and 14 years, parents were only asked this question if they had not previously
reported autism in the child. If parents were not asked the question for any reason,
responses were marked as “not applicable”.
Operationalisation
Using the latest available information for each child, I derived a binary indicator of autism
or Asperger’s syndrome (yes or no). “Don’t know” and “not applicable” responses were
marked as missing for the relevant sweep.
Parental distress
Measure
Parental distress (for the main carer of the child) was measured when the child was aged 14
years using Kessler’s 6-item measure of psychological distress. This is a standardised
measure with good reliability in terms of internal consistency and concurrent validity with
other scales331. The scale measures depressive and anxiety symptoms by asking how often,
in the last 30 days, the respondent felt:
 So depressed that nothing could cheer them up
 Hopeless
 Restless or fidgety
 That everything was an effort
 Worthless
 Nervous
Answers for each are on a Likert-type scale:
 All of the time
 Most of the time
 Some of the time
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 A little of the time
 None of the time
Parents could also respond “don’t know” or “don’t wish to answer” or be marked as not
applicable if there was no response to a question.
Operationalisation
As per standardised usage, I reverse-coded the answer to each statement and scored
answers from 4 (“all the time”) to 0 (“none of the time”). These scores were summed to
create a scale from 0-24, with higher scores indicating worse parental mental health. This
was dichotomised to scores at or above 13 (high distress) or below 13 (low distress) as per
recommended use for diagnosing serious mental illness332. “Don’t know” or “don’t wish to
answer” responses, along with any non-responses, were classed as missing. If there were
one or more missing responses, a total score was not derived and the variable was classed
as missing.
Young person’s independence
Measure
As a measure of parenting and resultant young person’s independence, children were
asked at age 14:
 At the weekend how often do you spend time with your friends, but without adults
or older children, doing things like playing in the park, going to the shops or just
‘hanging out’?
 In the afternoon after school, how often do you spend time with your friends, but
without adults or older children, doing things like playing in the park, going to the
shops or just ‘hanging out’?
Responses
 Most days/weekends
 At least once a week (for weekdays question only)
 At least once a month
 Less often than once a month
 Never
 Don’t want to answer
 Don’t know
Responses were marked as not applicable if young people consented to the questionnaire
but did not complete the question.
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Operationalisation
I combined responses from the two questions to create a single variable with two
categories: independent or not independent. I classed young people as “independent” if
they responded with a frequency equal to or greater than “at least once a month” for
either or both questions. I classed children as “not independent” if they responded “less
than once a month” or “never” to both questions. “Don’t want to answer”, “don’t know”
and “not applicable” responses to either or both questions were classed as missing in the
final derived variable.

6.8. Missing data
6.8.1. Overview
In total, 7241 singleton children had complete data on variables in the causal framework,
whilst 11739 singleton children were missing data on one or more variables (Figure 6-2).
There were 10858 singleton children with available data on all outcomes (peer
victimisation, depression, and self-harm). As described later, I used multiple imputation to
estimate missing values for any child with observed outcomes and missing data on one or
more other variables.
The most common reason for missing data was non-productive interview at age 14 years
(n=7404). In a further 332 children there was no consent for the child self-completion
questionnaire, when the outcomes were measured. Of those without consent, 305 children
were marked as “not applicable” to consent questions (i.e. child may not have been
present, there were technical problems, or other reasons for not asking about consent) and
27 did not consent (consisting of 8 parent refusals and 19 child refusals).
A further 152 children had child questionnaires administered by interviewers rather than
completing questionnaires themselves. These children were excluded as sensitive
questions, including the outcomes, were not asked (except for two children). Reasons for
interviewer-administered questionnaires included language/reading problems (n=78),
health problems (n=24), learning difficulties/special needs (n=20) or other reasons (n=30).
Of the 11092 children who consented to self-complete the child questionnaire, 234 children
had missing data on one or more of the outcomes thus 10858 children had complete data
on outcomes:
 Depressive symptoms: 180 children were missing responses to one or more of
SFMQ questions. The frequency of missing data per question was relatively
consistent with a range of 79-112 missing responses per question.
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 Peer victimisation: 68 children were missing answers on one or both of the peer
victimisation questions (52 children were missing responses to the first question on
in-person victimisation and 51 children for the question on cyber-victimisation).
 Self-harm: 80 children were missing answers to this question.
Of the 10858 children with observed outcomes, 3617 were missing data on HL or sources of
confounding in the causal framework, leaving 7241 children with complete data on all
variables in the causal framework (Table 6-2). The most common missing variable was HL
trajectory (n=3571 children). There were no missing values on child sex or ethnic
background. There were 32 missing values for maternal age at birth of the child, 44 missing
values on NICU admission, 2217 missing values for LLI, and 2 missing values on highest
parental education.
Table 6-2. Missing data patterns for children with complete outcomes
Frequency (n)
Parental education Maternal age
NICU
LLI
HL trajectory
7241
X
X
X
X
X
2148
X
X
X
1378
X
X
X
X
42
X
X
X
X
15
X
X
12
X
X
11
X
<5
X
X
X
<5
X
X
<5
X
X
X
<5
X
<5
X
X
<5
X
X
X
<5
X
X
X
X
<5
X
X
X
X
Total missing, n 2
32
44
2217
3571
In the missing data patterns, X indicates available data; ‘-‘ indicates missing data. There were no
missing data for child sex or ethnic background. Numbers are not adjusted for survey design or
attrition. HL: hearing loss; NICU: neonatal intensive care unit admission; LLI: limiting longstanding
illness.

6.8.2. Mediator variables
Of the 10858 children with complete outcomes data, 579 children had missing data for the
Word activity score, 307 children for the SDQ peer problems scale, 309 for the SDQ
prosocial scale, and 7 for the friendships question. Only four children had missing data for
the autism variable, reflecting the fact that this relates to the “last available information”
and most parents responded to this question in at least one sweep. For parental distress,
794 children were missing Kessler scores due to missing responses on one or more of the
questions. In terms of young person’s independence, there were four missing values.
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Figure 6-2. Participant flow diagram for mental health analyses
18980 singleton children

7736 children excluded as no child questionnaire at age 14 –
7404 no productive family interview, 305 marked not
applicable for child questionnaire, 8 parents did not consent,
& 19 children did not consent

11244 children had parent and child consent for age 14 child
questionnaire

152 children excluded as they had interviewer-administered
child questionnaires

11092 children self-completed the child questionnaire

234 children excluded because of missing data on outcomes
(depressive symptoms, self-harm, or peer victimisation)

10858 children had complete outcomes data

3617 children excluded due to missing data on hearing, sex,
ethnic background, NICU, maternal age, LLI, or parental
education*

7241 children included in the complete case sample
*Children with missing data on mediator variables only were not excluded. LLI: limiting longstanding
illness; NICU: neonatal intensive care unit.
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6.8.3. Predictors of missing data
Predictors of missing outcomes
I used chi-squared tests and Mann-Whitney tests (the latter for maternal age, given that
this was not normally distributed in both groups) to identify predictors of missing outcomes
for any reason (i.e. combining missingness due to interviewer-administered questionnaires
or other reasons). Predictors explored were all variables in the causal framework (Figure
6-1). I also examined variables used to compute age 14 attrition weights and not in the
causal framework: housing tenure, breastfeeding, number of parents or carers in the
household, and sweep recruited. I did not consider accommodation type, parental
socioeconomic status, income, or job status (which were also used to calculate age 14
attrition weights) as these were deemed similar to other included predictors. If variables
were measured at several sweeps, the sweep with most available data was used. I
investigated the distribution of mediator variables, however, analyses are not presented
here due to the high amount of missingness in children with missing outcomes. With the
exception of three variables (age at recruitment, NICU admission, and HL at age 9 months),
all predictors were significantly associated with missing outcomes (Table 6-3).
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Table 6-3. Characteristics of children by outcome status
Complete
outcomes,
N=10858

Missing intervieweradministered child
questionnaire,
n=152
5393 (49.7)
112 (73.7)
0
0

Missing other
reasons*,
n=7970

p-value

Child sex, n (%) male
4269 (53.6) <0.001
Missing, n
0
Child ethnic background, n (%)
8640 (79.6)
132 (86.8)
6465 (81.4)
0.001
white
Missing, n
0
0
24
Maternal age at child birth in
29 (8)
27 (9)
28 (10) <0.001
years, median (IQR)
Missing, n
32
2
53
NICU admission, n (%) admitted
924 (8.5)
23 (15.3)
710 (9.0)
0.2
Missing, n
44
2
78
Highest parental education, n (%)
with at least undergraduate
4922 (45.3)
38 (25.0)
1989 (25.1) <0.001
degree or equivalent
Missing, n
2
0
41
Age 9 months hearing problem, n
956 (10.6)
28 (23.3)
621 (9.9)
0.4
(%) yes
Missing, n
1841
32
1688
Age 3 years LLI, n (%) true
259 (2.6)
21 (15.3)
190 (3.7) <0.001
Missing, n
894
15
2839
Age 9 months housing tenure, n
(%) owned or rented
9855 (94.3)
131 (92.3)
7076 (92.6) <0.001
accommodation
Missing, n
404
10
330
Age 9 months ever tried to
7563 (72.3)
85 (60.3)
4589 (60.1) <0.001
breastfed, n (%) yes
Missing, n
396
11
331
Age 9 months number
parents/carers in household, n (%) 9060 (86.5)
115 (81.0)
5957 (77.6) <0.001
two
Missing, n
383
10
291
Sweep recruited, n (%) age 3 years
383 (3.5)
10 (6.6)
291 (3.7)
0.5
Missing, n
0
0
0
p-values calculated using chi-squared test for categorical variables or Mann-Whitney test for
maternal age, comparing those with complete outcomes versus any missing outcomes. Percentages
exclude missing values for the relevant variables and are not adjusted for sampling design. HL:
hearing loss; IQR: inter-quartile range; LLI: limiting longstanding illness additional to HL. *Other
reasons include: parents or child not present at age 14 years, did not consent to child questionnaire,
or item non-response for one or more outcomes measured in the child questionnaire

As discussed in chapter 3, there are three potential mechanisms for missingness that could
apply to the missing data248:
 Missing Completely At Random (MCAR): missingness is not associated with any of
the predictors or the missing values themselves. This was excluded given that
missingness was associated with most of the predictors.
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 Missing at Random (MAR): missingness is associated with the predictors but not
with missing values after accounting for these associations. This was deemed
plausible given the identified associations between missingness and the predictors.
 Missing Not At Random (MNAR): missingness is associated with missing values even
after accounting for associations with observed values. MNAR cannot be excluded or
identified as we do not have knowledge of the missing values248, however, in this
case MAR was deemed a more plausible mechanism than MNAR
As children with missing outcomes were mainly those absent at age 14 years, the age 14
attrition weights should account for some of the differences between those with and
without observed outcomes. Adding strength to this rationale, many of the variables used
to derive the attrition weights were associated with missingness of the outcomes thus the
attrition weights should closely reflect prediction of missing outcomes. If outcomes are
MNAR (which cannot be confirmed using observed data) or there are further unidentified
predictors of missingness, analyses may be biased due to the differences in characteristics,
and outcomes, of children with missing versus observed outcomes. Additionally, as a small
proportion of children with missing outcomes (e.g. those with interviewer-administered
child questionnaires), were present at age 14 years, the age 14 attrition weights may not
completely remove bias due to exclusion of these children.
Predictors of missing HL or sources of confounding
In children with observed outcomes, I explored predictors of missing data for variables in
the causal framework other than outcomes (i.e. HL or sources of confounding). Predictors
explored were the same as above analyses. The proportion of missing data in mediator
variables (or proxy variables at earlier sweeps) was reasonably small, so analyses are
presented here.
I used chi-squared tests, t-tests (for Word activity scores), and Mann-Whitney test (for
maternal age, given that it was not normally distributed on visual inspection) to identify
differences between children with and without missing data (Table 6-4). Compared to
children with complete data, children with complete outcomes but other missing data
(n=3617) were more likely to be of non-white ethnic background, with younger mothers,
lower parental education, high parental distress, lower Word activity scores, and higher
likelihood of recruitment at age 3 years (versus 9 months). They were less likely to be living
in accommodation owned or rented by their carers (versus living with parents, rent free,
squatting, or other tenure), to have two parents/carers in the household at age 9 months,
to have been breastfed by age 9 months, to be in the “average” peer problems category
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(versus any other category), or to have any close friends. There were no significant
differences in terms of child sex, NICU admission, age 14 LLI, autism, independence, child
prosociality, or any of the outcomes. Hearing status did not predict missingness, except at
age 5 years. As per the earlier rationale, missing data may be MAR as several variables
predicted missingness248.
Unlike children with missing outcomes, who were mostly absent at age 14 years, all
children with complete outcomes but other missing data were present at age 14 years.
Thus, the age 14 attrition weights may not be sufficient to account for the differences in
those with missing covariate data. Additionally, some of the mediator variables predict
missingness and these are not considered in the attrition weights. Simply including the age
14 attrition weights in analysis may therefore not eliminate the bias in estimates from
restricting to the complete-case sample
I used imputation of missing data to account for differences between children with and
without missing data248. This assumes that the data are MAR (not MNAR) and that the
predictors included in the imputation are sufficient to account for the differences between
those with and without complete data.
Table 6-4. Characteristics of children with complete outcomes, with or without missing
data in other variables

Child sex, n (%) male
Missing, n
Child ethnic background, n (%) white
Missing, n
Maternal age at child birth in years, median
(IQR)
Missing, n
NICU admission, n (%) admitted
Missing, n
Highest parental education, n (%) with at
least undergraduate degree or equivalent
Missing, n
Age 14 years LLI, n (%) true
Missing, n
Age 9 months hearing problem, n (%) yes
Missing, n
Age 3 years any ear/hearing problem, n (%)
yes
Missing, n
Age 5 years any ear/hearing problem, n (%)
yes
Missing, n
Age 7 years any ear/hearing problem, n (%)
yes
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Complete data
available,
n=7241
3571 (49.3)
0
6181 (85.4)
0
30 (7)

Complete outcomes,
missing other
variables, n=3617
1822 (50.4)
0
2459 (68.0)
0
28 (9)

p-value

0
627 (8.7)
0
3607 (49.8)

32
297 (8.3)
44
1315 (36.4)

0
592 (8.2)
0
775 (10.7)
0
333 (4.6)

2
323 (9.2)
95
181 (10.2)
1841
104 (3.9)

0
911 (12.6)

942
327 (11.0)

0.03

0
859 (11.9)

645
300 (10.9)

0.2

0.3
<0.001
<0.001

0.6
<0.001

0.09
0.6
0.1

Complete data
available,
n=7241
0
583 (8.1)

Complete outcomes,
missing other
variables, n=3617
875
216 (7.1)

p-value

Missing, n
Age 11 years any ear/hearing problem, n
0.1
(%) yes
Missing, n
0
594
Age 14 years hearing problem, n (%) yes
259 (3.6)
114 (3.2)
0.3
Missing, n
0
6
Age 14 child-reported peer victimisation, n
762 (10.5)
404 (11.2)
0.3
(%) victimised
Missing, n
0
0
Age 14 child-reported depression, n (%)
2006 (27.7)
997 (27.6)
0.9
high depressive symptoms
Missing, n
0
0
Age 14 child-reported self-harm, n (%) yes
1068 (14.7)
514 (14.2)
0.5
Missing, n
0
0
Age 9 months housing tenure, n (%) owned 6872 (95.0)
2983 (92.6)
<0.001
or rented accommodation
Missing, n
7
397
Age 9 months ever tried to breastfed, n (%) 5409 (74.7)
2154 (66.9)
<0.001
yes
Missing, n
0
396
Age 9 months number parents/carers in
6507 (89.9)
2553 (78.9)
<0.001
household, n (%) two
Missing, n
0
383
Sweep recruited, n (%) age 3 years
0
383 (10.6)
<0.001
Missing, n
0
0
Age 14 word activity score/20, mean (SD)
7.3 (2.6)
6.8 (2.5)
<0.001
Missing, n
368
211
Autism by age 14, n (%) yes
225 (3.1)
105 (2.9)
0.5
Missing, n
0
4
Age 14 parental distress, n (%) yes
318 (4.5)
238 (7.5)
<0.001
Missing, n
244
441
Age 14 parenting, n (%) young person
6252 (86.4)
3127 (86.5)
0.8
independent
Missing, n
2
2
Age 14 SDQ peer problems, n (%) average
5307 (75.1)
2453 (70.4)
<0.001
category
Missing, n
172
135
Age 14 SDQ prosocial, n (%) average
5265 (74.5)
2529 (72.6)
0.08
category
Missing, n
175
134
Age 14 years any close friends, n (%) true
7058 (97.5)
3488 (96.6)
<0.01
Missing, n
3
4
p-values calculated using chi-squared test for categorical variables, Mann-Whitney test for maternal
age, and t-test for Word activity score. Percentages exclude missing values and are not adjusted for
sampling design. HL: hearing loss; IQR: inter-quartile range; LLI: limiting longstanding illness
additional to HL; NICU: neonatal intensive care unit SD: standard deviation; SDQ: strengths &
difficulties questionnaire.

6.9. Statistical analysis methods
Unless stated otherwise, all analyses were adjusted for the survey design and attrition at or
by age 14 years, as discussed in section 3.8. All analyses were completed in the complete175 | P a g e

case sample first, before multiple imputation was utilised and analyses repeated with the
imputed data. Unless stated otherwise, results reflect pooled estimates across imputed
datasets using Rubin’s rules248.
The distribution of each variable was examined, firstly in the entire study population, then
by HL presence and HL trajectory type. To address the first objective (examining the
relationships between HL and potential mediators or sources of confounding), I fitted
univariable logistic regression models to explore associations between HL presence and
each of the relevant variables. Following this, I built a multivariable logistic regression
model including all potential sources of confounding as predictors, with HL presence as the
outcome, to assess the independent association of each variable with HL presence. The
assumptions of logistic regression are described later. Multivariable logistic regression was
not performed for the mediator variables as it was deemed uninformative to consider the
independent association of HL with each mediator, given that several of the mediators
were conceptually related (e.g. variables relating to social skills).
These analyses were repeated to explore associations between HL trajectory type and
potential mediators and sources of confounding. I used multinomial logistic regression at
this step to estimate the relative risk ratio for each HL trajectory, versus the reference HL
trajectory, given a one unit increase in a predictor variable. The reference category was “no
HL”. A multivariable model with all variables included as predictors was examined for the
potential sources of confounding but not the mediators, as justified above. The
assumptions of multinomial logistic regression are:
 The outcome follows a categorical distribution: this was met as the outcome was
HL trajectory, which has six non-ordered categories
 Observations are independent: I adjusted for the clustered and stratified nature of
the data to address this assumption
 Addition or deletion of other outcome categories does not affect odds in the
remaining categories (independence of irrelevant alternatives): I considered this
assumption to be satisfied but did not undertake formal statistical tests as these
cannot be applied alongside weighting and survey adjustment procedures and are
often considered unsatisfactory294.
I then calculated Spearman’s rank-order correlation coefficients for each pair of variables in
analyses. This coefficient reflects the strength and direction of relationships between two
variables that are not normally distributed.
The purpose of the correlation analyses was to provide an additional measure of the
strength of association between variables, in relation to the first objective. Additionally, I
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evaluated whether there was any indication of high collinearity between HL and the
sources of confounding, which could affect the later regression analyses.
Correlation coefficients from each imputed dataset were pooled using Rubin’s rules after
Fisher’s transformation to ensure asymptotic normality248. Unweighted correlation
coefficients were calculated as there was no available method to include weights. For this
reason, the significance and 95% confidence intervals (95% CI) of the correlation
coefficients are not presented.
Following these analyses, I addressed the second and third objectives, relating to the
association between HL (presence or trajectory) and each of the outcomes. I fitted
univariable logistic regression models to examine the association of HL presence, then HL
trajectory, with each of the outcomes. I also fitted univariable models for each potential
source of confounding and each outcome. Following this, I included all potential sources of
confounding, and HL presence or trajectory, to form a final multivariable model for each
outcome. The results presented include both the univariable and multivariable results, as
well as results of the complete-case analyses and analyses including imputed data.
Assumptions of logistic regression include333:
 Specification: the model should be correctly specified, covering inclusion of all
relevant variables (including interaction and polynomial terms) without any
extraneous variables.
I tested whether maternal age (the only continuous variable in the model) should have a
quadratic or cubic term (i.e. whether there was evidence of a non-linear relationship).
Quadratic and cubic terms were not found to be significant in any of the complete-case
models and were not considered further. I also examined interaction between sex and HL
presence for each outcome. Interactions with other variables were not explored as there
was little theoretical reason to believe that interactions may be present. Interaction
between HL and child sex was only examined in the HL presence models due to the small
number of children in some HL trajectory types, which would limit statistical power.
 Measurement: the outcome should be measured in a binary scale
All the outcomes were binary.
 Absence of high or perfect multicollinearity: the independent variables should not
be highly correlated with one another
Correlation analyses were carried out, as described above, to explore collinearity. This may
not identify multicollinearity, as variables may only be correlated after conditioning on one
or more further variables, however, correlation analyses are usually deemed sufficient to
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identify any major problems. Additionally, perfect multicollinearity will be detected during
modelling by Stata
 Independence of observations: observed data for an individual should not be
dependent on data observed in another individual
I adjusted variance estimates to account for the clustered and stratified nature of the
sample design, which should address this assumption.
To evaluate the adequacy of the multivariable logistic regression models, I examined each
model’s residuals. Residuals reflect the difference between an individual’s observed
outcome and the outcome predicted by a model. Numerous methods are available to
estimate different residual types and assess leverage (the influence of an observation on
regression parameters) in logistic regression333. These methods are not easily applied
alongside adjustment for non-random sampling. Additionally, best practice for imputed
data recommends that residuals are computed in each imputed dataset separately to
identify issues in particular imputed datasets, which makes estimation of numerous
residual types impractical334.
In each imputed dataset, and for each final multivariable model, I plotted the standardised
Pearson residual and predicted probability of the outcome for each individual in the study
population. Pearson residuals reflect differences in the observed outcome frequency,
versus the expected frequency based on the model, for each observed predictor pattern.
This is standardised by the leverage value293. I visually inspected these plots to identify any
differences in patterns across the imputed datasets for each model. I also examined the
covariate patterns of any particularly large residuals (most standardised Pearson residuals
should fall between -2 and +2 in a large sample) to confirm that there were no data entry
errors causing problems and no need to change the models to improve model fit. Residual
estimation could only be completed without adjusting model estimates for survey design
and attrition.
I used the F-adjusted mean residual test to check goodness of fit test of each multivariable
model in each imputed dataset. This test is an extension of the Hosmer-Lemeshow test
(which evaluates the null hypothesis that the expected number of outcomes based on the
model is similar to the number observed) that accounts for the non-random survey
design335. Other measures of model fit that can be used in logistic regression, for example
pseudo-R2 and ROC curves are difficult to apply and interpret alongside imputed data and
adjustment of variances for survey design factors, thus these were not used. An extension
of the Wald test was used to evaluate the overall effect of categorical variables with more
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than two categories, after pooling coefficients from each imputed dataset. This is
appropriate when accounting for survey design and using imputed data.
Sensitivity analyses
Three sensitivity analyses were carried out for all models, using the complete-case study
population only as the analyses required variables that were not imputed (i.e. HL presence
at specific sweeps and presence of specific ICD-10 codes). These analyses involved
excluding certain subgroups from the models:
 Children with HL only at age 14 years (not completed in the HL trajectory model)
 Children with “other ear” problems only (ear problems that were not confirmed to
be HL at any sweep)
 Children with any glue ear, regardless of HL presence
Further sensitivity analyses for specific models were as follows. For the depressive
symptoms analyses, I considered two alternative operationalisations of the SMFQ score.
Firstly, I used a 12 point cut-off for the SMFQ (a common alternative to the cut-point of 8
used in the main analyses336). Secondly, I modelled the SMFQ score as a continuous
outcome. Logistic regression was used for the first analysis and negative binomial
regression for the second, given that the SMFQ score was non-negative with an excess of
zeros (n=2055, 18.3%, 95% CI: 17.3-19.2%), skewed distribution, and overdispersion (Figure
6-3). Zero-inflated models are not supported alongside imputation in STATA so this method
could not be used to account for the excess of zeros. The negative binomial model
estimated the incidence rate ratio for the total SMFQ score based on an increase of one
unit in a predictor variable. I assessed whether a negative binomial model was required,
over a Poisson model, based on the dispersion parameter. When this parameter is
significantly greater than 0, it suggests that data are overdispersed and that the negative
binomial model is more appropriate than the Poisson model.
When examining peer victimisation, I examined logistic regression models using only inperson victimisation, then only cyber-victimisation, as the outcome.

6.10. Multiple imputation
Imputation can account for potential bias resulting from missing data. It involves estimating
(imputing) values that are missing based on a regression derived from the distribution of
observed variables thought to predict the missing values. In multiple imputation,
imputation is repeated m times to generate m complete datasets. Different regression
parameters are used to impute missing values in each dataset, thus accounting for the

179 | P a g e

uncertainty in estimating missing values. These regression parameters are selected from a
distribution derived from a regression of the observed predictors of missingness337.
After imputation, analyses can be carried out separately in each imputed dataset. Estimates
from each dataset are then pooled using Rubin’s rules. The pooled estimate is the average
across all imputed datasets and the pooled variance is derived from a combination of the
within-imputation variance and the between-imputation variance338. Appropriate usage of
Rubin’s rules requires that the parameters to be pooled have an asymptotic normal
distribution248.
I used multiple imputation with chained equations (MICE, also known as fully conditional
specification) over multivariate normal modelling, given that I had multiple variables of
different types (i.e. continuous, binary, ordered logistic)337. In MICE, all missing values are
initially replaced with random values. Missing values for one variable (the variable with the
least missing observations) are imputed using the process described above. A second
variable then has its missing values imputed, using the imputed values of the first variable
as well as the observed data. This process is continued until all missing values have been
imputed once for each variable (for one ‘cycle’ of imputation). The entire cycle is repeated x
times until imputed values are unaffected by the starting values of the cycle, then the final
imputed values are stored as one imputed dataset. This entire process is repeated to give m
imputed datasets, which can be analysed separately and pooled using Rubin’s rules 337,338.

6.10.1. Variables to be imputed
I imputed missing data for variables in the causal framework (other than outcomes), as well
as the mediating variables, in children with complete outcomes (N=10858). I chose not to
impute missing data for the outcomes as imputation of outcomes and predictor variables,
versus predictor variables only, leads to similar results, as long as the outcome is used as a
predictor in multiple imputation339.

6.10.2. Imputation of hearing loss
Imputation of HL was complicated by the fact that the HL trajectory variable used in
analyses was derived from six “original” hearing variables (reflecting whether a child had no
problem, HL, glue ear without HL, or other problems at a particular sweep). This is
comparable to imputation scenarios where the analysis includes a variable derived from a
non-linear combination of other variables (e.g. ratios340, and interactions or squares341). The
imputation model (the model used to impute missing values) should be congenial with the
analysis model (the model used to address the research question). This requires that a joint
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model exists for the analysis and imputation model. All features of the analysis model,
including interactions, should thus be included in imputation340.
Alongside this requirement, good practice for imputation requires all variables that predict
missing values to be included in the imputation model (even if they are not in the analysis
model)248. This implies that all original hearing variables should be included in imputation as
these contain valuable information for predicting the HL trajectory. From the literature, I
identified and appraised four potential approaches for imputation of the HL trajectory
variables (Table 6-5)340,341.
Table 6-5. Potential approaches for imputing HL trajectory

1

Approach
Imputation of HL
trajectory only

Congenial
imputation &
analysis models?
Yes

2

Imputation of HL Yes
trajectory and
some of the
original variables

3

Imputation of HL Yes
trajectory and all
of the original
variables

4

Imputation of the No
original variables
then derivation of
HL trajectory

Makes use of all
predictive
information?
Comments
No – original
This approach may be most
hearing
appropriate if the original variables are
variables not always missing simultaneously, which
included
does not apply for my data
Partly – includes This may be most appropriate if a subsome original selection of the “original” variables
hearing
contain more information than the
variables
others. The imputed HL trajectory may
not match the data from the imputed
original variables but this should not
lead to bias in the analysis estimates341
Yes – includes This may be most appropriate if either
all original
of the situations above do not apply.
hearing
The imputed HL trajectory may not
variables
match the data from the imputed
original variables but this should not
lead to bias in the analysis estimates341
Yes
In this model, the imputation and
analysis model are not congenial, as
the HL trajectory is not included in the
imputation

I also considered using an extension to MICE called multiple imputation substantive-model
compatible fully conditional specification. This method uses rejection sampling to ensure
that the analysis and imputation model are congenial342. However, it was not possible to
specify the relationship between the original hearing variables and derived HL trajectory
within the imputation, which is required for this method. This approach was therefore not
possible.
Previous research identified similar results for all approaches in Table 6-5 when imputing a
ratio, although approach four led to higher risk of bias in certain scenarios340. Von Hippel
suggests that the third approach is most appropriate341. In contrast, Seaman et al.343
highlighted that all of these approaches can lead to biased estimates. I decided that

181 | P a g e

approach four was inappropriate given that the aim of imputation is to generate valid
inferences from the imputed models, not to recreate the missing values, thus the fact that
there are variables in the analysis model that are not included in the imputation model
makes this approach problematic as the imputation model is not congenial 340.
Lack of convergence of the imputation prevented use of approaches two or three. This was
likely due to high collinearity between the original hearing variables and the derived HL
trajectory. I was therefore only able to use approach one (only imputing the HL trajectory
without consideration of the original hearing variables). The binary HL variable (any HL
versus no HL across all sweeps) could not be imputed alongside HL trajectory due to perfect
prediction (children in the “no HL” category for the binary HL variable were always in the
equivalent category for HL trajectory), so I derived the binary HL variable after imputation.

6.10.3. Variables included in the imputation model
All variables expected to predict missing values should be included in the imputation
model. Additionally, the analysis and imputation models must be congenial such that the
imputation model contains all variables in the analysis model337. I therefore included the
following variables in the imputation model:
 All variables to be imputed
 All variables in the analysis models – meaning that the outcomes (depressive
symptoms, self-harm, and peer victimisation) were included as predictors in the
imputation though not imputed themselves (shown to be appropriate for imputation
in a previous study)344; similarly sex and ethnic background were included as
predictors, though not imputed as these were complete for children with complete
outcomes
 All variables relating to survey design and attrition: strata, cluster, age 14 attrition
weights, and finite population correction factor
I applied the age 14 attrition weights to the imputation model and included survey
structure factors (strata, cluster unit, and finite population correction factor) in the
imputation model as predictors, as per recent research in this area345,346. This should
account for the clustered and stratified nature of the data. Additionally, the attrition
weights were derived from several variables that were identified as predictors of
missingness so including them in imputation should improve the process.
Variables were imputed using appropriate model types for predicting missing values:
 Logistic: NICU, LLI, autism, close friendships, parental distress and young person’s
independence
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 Multinomial logistic: HL trajectory and parental education (as “other” category is
not ordered)
 Ordered logistic: SDQ peer problems & SDQ prosocial category
 Predictive mean matching (PMM): maternal age & Word activity score
o

PMM involves imputing values based on a random selection from one
of k closest observed values to the predicted value based on linear
regression. This ensures that impossible values (for example, below 0
for both variables) are not selected and is robust to model
misspecification337. I selected the imputed value randomly from the
closest 10 observed neighbours as per recommendations in the
literature347

6.10.4. Additional considerations
I stratified the dataset by sex when imputing. This allows for the fact that in complete case
analyses, an interaction was detected between sex and HL when examining peer
victimisation248,341. I used the “augment” option in STATA for categorical variables; this adds
some extra observations with small weights to the data when imputing to avoid statistical
problems due to perfect prediction.
I generated 35 imputed datasets, with 10 iteration cycles per imputed dataset (this is the
number of cycles for imputing values within a single imputed dataset). This number of
imputed datasets was deemed reasonable as, in the children with complete outcomes
there were approximately 33% children with missing data in one or more variables in the
causal framework and current recommendations are to have at least as many imputed
datasets as the percentage of incomplete cases337.

6.10.5. Evaluation of the imputation
I checked for lack of fit for the regression model used to impute each variable (which would
imply that variables could not be imputed well)348,349, based on chi-squared tests (for
models with categorical outcomes) or F-tests (for models with continuous outcomes) in
models with the observed data. All models had adequate fit, except for:
 The logistic regression model predicting NICU in males (chi-squared p=0.38)
 Could not be estimated in the weighted multinomial regression model for HL
trajectory in males. The unweighted model indicated that the model with all
predictors fit significantly better than an empty model (chi-squared p<0.001)
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I chose to continue with the imputation, leaving the regression models as they were, given
that there was indication of poor fit in only one model and that, on further examination of
the unweighted regression model for NICU in males, the Hosmer-Lemeshow test indicated
adequate goodness-of-fit (p=0.24). This test could not be carried out alongside the
weighting procedures.
I completed 100 cycles of the imputation procedure, separately by sex, and visualised the
mean and standard deviation of maternal age and Word activity score (the two continuous
variables being imputed) across the iterations. There were no obvious trends by iteration
cycle and estimates were stable after around 10 cycles, suggesting that 10 cycles were
sufficient.
Once imputation was complete, I assessed whether the imputed values were acceptable by
examining the distribution of imputed and observed values in each imputed dataset
separately, as well as when combining all imputed datasets (Appendix B.1). The aim was to
check for plausibility of imputed values as well as whether the distribution of imputed
values was comparable to that of the observed values. If distributions differed, I considered
whether this may be due to problems with the imputation model or due to differences in
characteristics of those with observed versus missing values348,349.
I also examined the fraction of missing information (FMI) when exploring the distribution of
each variable after imputation. This reflects the proportion of total variance for a
parameter (here the mean of a variable or frequency of values in a category) that is
attributable to between-imputation variance (as oppose to within-imputation variance).
FMI ranges between 0 and 1; higher values indicate that there is a high level of variation in
imputed values across datasets, which could reflect poor reproducibility and statistical
power for analyses350.
A measure related to FMI is Monte Carlo (MC) error. MC error reflects the standard
deviation of an estimate across the imputed datasets351 and there are suggested guidelines
for their interpretation by White et al. (2011)334 (Box 6-1). I calculated MC error for each
regression parameter in the final multivariable logistic regression models for each outcome.
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In STATA, MC error based on multiply imputed data is calculated using a jackknife
procedure (excluding one imputation at a time).
Box 6-1. Guidelines for Monte Carlo error in multiple imputation with chained equations
White et al. suggest that with a sufficient number of imputations for adequate
reproducibility:
 MC error estimates of coefficients should be less than or equal to 10% of their
standard error
 MC error estimates of test statistics should be approximately 0.1
 MC error estimates of p-values should be approximately 0.01 when the true
p-value is 0.05 or 0.02 when the true p-value is 0.1

6.11. Results
6.11.1. Evaluation of multiple imputation
The imputed values were judged to be plausible and appropriate in comparison to the
observed values for all variables (Appendix B.1). Most FMI estimates were below 0.1 when
examining distributions of the variables after imputation. The highest FMI estimate was
0.62, which was identified when examining prevalence of the HL trajectory groups. This
suggests that variance of estimated prevalences for the HL trajectories was relatively high
between imputations versus within imputations. Correspondingly, MC errors were higher
than White et al’s guidelines (Box 6-1)334 for estimates involving the HL variables. An
example is shown in Table 6-6, detailing the results of the multivariable logistic regression
model for self-harm, with MC errors provided underneath each estimate. I considered
whether more imputations were required given these findings. However, with an FMI
around 0.50 there should only be a 1-3% decrease in power with 35 imputations in
comparison to 100, which is a relatively low power fall-off. Additionally, even with few
imputations, bias due to missingness should be addressed352.
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Table 6-6. Monte Carlo errors for multivariable logistic regression of self-harm
Log(odds)
coefficient

Standard
error

t-statistic

p-value

Reference
0.25
0.02
0.26
0.02
-0.65
0.06
0.41
0.04
1.17
0.03
1.19
0.00
-0.42
0.00
-0.01
0.00

0.18
0.01
0.19
0.01
0.49
0.03
0.32
0.02
0.25
0.01
0.08
0.00
0.12
0.00
0.12
0.00

1.41
0.13
1.39
0.14
-1.33
0.13
1.29
0.12
4.66
0.20
15.43
0.04
-3.44
0.02
-0.04
0.02

0.16
0.04
0.17
0.04
0.19
0.04
0.20
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.97
0.01

Reference
0.03
0.00
-0.18
0.00
-0.15
0.00
-0.24
0.00
-0.12
0.00
-0.01
0.00
0.45
0.01
-2.18
0.01

0.15
0.00
0.17
0.00
0.15
0.00
0.17
0.00
0.19
0.00
0.01
0.00
0.10
0.00
0.24
0.00

0.19
0.02
-1.04
0.02
-0.98
0.01
-1.45
0.02
-0.64
0.02
-1.28
0.02
4.37
0.17
-9.05
0.04

0.85
0.01
0.30
0.01
0.33
0.01
0.15
0.00
0.52
0.01
0.20
0.01
0.00
0.00
0.00
0.00

HL trajectory
No HL at any sweep
HL with onset and resolution in infancy
Early onset HL with resolution
Late onset HL with resolution
Early onset HL without resolution
Late onset HL without resolution
Child sex, female
Ethnic background, non-white
NICU admission
Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Other
Maternal age, per year increase
LLI present at one or more sweeps
Baseline log(odds)

Values displayed beneath estimates are Monte Carlo error estimates. Estimates are adjusted for
sampling design and attrition and include imputed data for children with missing values (0 for sex
and ethnic background, 2 for parental education, 32 for maternal age, 44 for NICU, 2217 for LLI, and
3571 for HL). CI: confidence interval; HL: hearing loss; LLI: limiting longstanding illness additional to
HL; NICU: neonatal intensive care unit; NVQ: national vocational qualification.
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6.11.2. Prevalence of peer victimisation, mental health outcomes,
and hearing loss
Unless otherwise specified, the results below relate to data after imputation (N=10858
children included in final analyses) and are adjusted for the survey design and attrition.
Total depressive symptoms score on the SMFQ ranged from 0-26 in the study population
with a positive skew and the highest frequency seen for a score of zero (n=2055, 18.3%,
95% CI: 17.3-19.3%; Figure 6-3).
Figure 6-3. Histogram of total SMFQ scores

Estimates adjusted for sampling design and attrition. HL: hearing loss. SMFQ: Short Mood and
Feelings Questionnaire.

A total of 3003 (28.6%, 95% CI: 27.4-29.9%) children were classed as having high levels of
depressive symptoms, 1166 (11.5%, 95% CI: 10.7-12.3%) as victimised by peers, and 1582
(15.4%, 95% CI: 14.4-16.4%) as self-harming in the last year. Peer victimisation was more
frequently due to in-person than cyber-victimisation, with 10.9% (95% CI: 10.1-11.7%)
children reporting in-person victimisation, versus 2.4% (95% CI: 2.0-2.8%) for cybervictimisation. Responses to the individual SMFQ and peer victimisation questions are
shown as appendices (Appendix B.2 and Appendix B.3).
Prevalence of each outcome was higher in children with HL compared to those without
(Figure 6-4). In terms of distribution by HL trajectory, the highest prevalences for all
outcomes were in children with HL that did not resolve by age 14 years (Figure 6-5). Over 1
in 5 children (21.9%, 95% CI: 20.5-23.3%) experienced any HL before or at 14 years. As per
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chapter 5, the majority of HL occurred early in life (often in infancy only) with resolution by
age 14 years (Figure 6-6).

188 | P a g e

189 | P a g e

14.5, 12.0-17.0

10.6, 9.7-11.6
11.5, 10.7-12.3

32.6, 29.3-35.9

27.5, 26.0-29.0

28.6, 27.4-29.9

Any HL

No HL

Total

15.4, 14.4-16.4

14.5, 13.3-15.7

18.6, 15.9-21.4

Self-harm

Estimates adjusted for sampling design and attrition with missing values imputed for HL presence (n=3571). Vertical lines indicates 95% confidence interval. HL: hearing loss

Peer victimisation

High depressive symptoms

Hearing loss, %,
95% CI (N=10858)

Figure 6-4. Distribution of outcomes by hearing loss presence

.
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27.5, 26.0-29.0

28.3, 23.3-33.4

29.6, 24.3-35.0

28.4, 15.8-41.0

38.0, 26.1-49.9

55.2, 42.8-67.6

No HL at any sweep

HL onset and resolution in infancy

Other early onset HL with resolution

Late onset HL with resolution

Early onset HL without resolution

Late onset HL without resolution
38.7, 27.9-49.5

19.7, 10.3-29.0

10.6, 2.3-18.9

10.6, 6.8-14.4

10.8, 7.2-14.4

10.6, 9.7-11.6

Peer victimisation

36.2, 25.1-47.3

22.8, 12.3-33.2

8.4, 1.3-15.4

17.2, 12.4-22.0

16.4, 11.8-20.9

14.5, 13.3-15.7

Self-harm

Estimates adjusted for sampling design and attrition with missing values imputed for HL presence (n=3571). Vertical lines indicates 95% confidence
interval. HL: hearing loss

High depressive
symptoms

HL trajectory, %, 95% CI (N=10858)

Figure 6-5. Distribution of outcomes by hearing loss trajectory

191 | P a g e

Estimates adjusted for sampling design and attrition with missing values imputed for HL presence (n=3571). HL: hearing loss

Figure 6-6. Prevalence of HL trajectories

6.11.3. Distribution of sources of confounding by HL presence or
trajectory
Overall, 52% of the study population were male. Children with HL were more likely to be
male, of white ethnic background, and to have LLI (Table 6-7). No differences were
identified by HL presence for the other potential sources of confounding. Approximately 9%
of children were admitted to NICU after birth. Most parents were educated to between
NVQ levels 2 and 4 (educated to the equivalent of current UK GCSE grades A-C up to
undergraduate degree level). Maternal age distribution was approximately normal with a
mean of 27.9 years (95% CI: 27.6-28.2 years). The identified relationships were consistent
with a multivariable logistic regression model including all potential sources of confounding
with HL presence as the outcome (Appendix B.4).
Children without HL were similar to children in all HL trajectory groups in terms of ethnic
background, maternal age, NICU admission, or parental education (Figure 6-7 & Appendix
B.5). There were significant differences in sex and LLI. Compared to children with no HL,
children with ‘early onset HL with resolution’ or ‘HL with onset and resolution in infancy’
were more likely to be male, with no differences in the other HL trajectory groups. With the
exception of the ‘HL with onset and resolution in infancy’ trajectory, all HL trajectories were
associated with higher odds of LLI than children without HL. A multivariable multinomial
logistic regression model, including all sources of confounding, identified similar
associations in terms of effect size and significance to the univariable models (Appendix
B.6).
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50.0, 48.5-51.4
50.0, 48.6-51.5
80.0, 76.8-83.1
20.0, 16.9-23.2
82.8, 81.5-84.2
17.2, 15.8-18.5
91.9, 91.1-92.7
8.1, 7.3-8.9
7.0, 6.1-7.9
26.1, 24.4-27.8
14.1, 13.0-15.1
29.0, 27.4-30.7
8.6, 7.8-9.5
15.1, 13.3-16.9
27.9, 27.6-28.2

84.1, 80.3-87.9
15.9, 12.1-19.7
73.5, 70.0-77.0
26.5, 23.0-30.0
90.0, 88.0-92.0
10.0, 8.0-12.0
6.6, 4.7-8.5
26.8, 23.3-30.3
13.7, 11.5-16.0
27.5, 24.8-30.3
10.0, 8.3-11.6
15.4, 12.0-18.8
27.7, 27.3-28.2

No HL

57.4, 53.9-60.8
42.6, 39.2-46.1

Any HL

6.9, 6.1-7.7
26.3, 24.9-27.6
14.0, 13.1-14.9
28.7, 27.2-30.2
8.9, 8.1-9.7
15.2, 13.6-16.7
27.9, 27.6-28.2

91.5, 90.8-92.2
8.5, 7.8-9.2

80.8, 79.5-82.0
19.2, 18.0-20.5

80.9, 78.0-83.8
19.1, 16.2-22.0

51.6, 50.5-52.7
48.4, 47.3-49.5

Total

Reference
1.10, 0.73-1.66
1.04, 0.71-1.53
1.01, 0.72-1.42
1.23, 0.82-1.85
1.09, 0.69-1.71
0.99, 0.98-1.01, per year increase

Reference
1.26, 0.95-1.66

Reference
1.74, 1.41-2.14

Reference
0.75, 0.57-0.99

Reference
0.74, 0.63-0.88

Odds ratio for any HL vs. no HL, 95% CI

0.42

0.79a

0.10

<0.001

0.04

<0.01

p-value

Estimates are adjusted for sampling design and attrition and include imputed data for children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). CI: confidence interval; HL: hearing loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal intensive care unit;
NVQ: national vocational qualification. Odds ratios and p-values are from univariable logistic regression with any HL as the outcome. ap-value reflects combined hypothesis test that
none of the odds ratios are significantly different to 1.

Child sex, %, 95% CI
Male
Female
Child ethnic background, %, 95% CI
White
Non-white
Child LLI, %, 95% CI
No LLI
LLI at one or more sweeps
NICU admission, %, 95% CI
No
Yes
Highest parental education, %, 95% CI
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Maternal age, mean, 95% CI

N=10858 children

Table 6-7. Descriptive characteristics of potential sources of confounding by hearing loss presence

Figure 6-7. Descriptive characteristics of potential sources of confounding by hearing loss
trajectory

Estimates are adjusted for sampling design and attrition and include imputed data for children with
missing values (0 for sex and ethnic background, 2 for parental education, 32 for maternal age, 44 for
NICU, 2217 for LLI, and 3571 for HL). Vertical lines indicate 95% confidence intervals for each
estimate. HL: hearing loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal intensive
care unit.

6.11.4. Distribution of potential mediators by HL presence
Univariable logistic regression models identified that children with HL had slightly lower
Word activity scores (mean: 6.8, 95% CI: 6.6-7.0) than those without HL (mean: 7.0, 95% CI:
6.9-7.1). Presence of HL was also associated with higher odds of being in a category other
than ‘average’ for the SDQ peer problems scale (p=0.02) and higher odds of autism (odds
ratio [OR] for HL: 1.85, 95% CI: 1.25-2.73). The distribution of the SDQ prosocial scale, close
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friends, young person’s independence, and parental distress variables were similar in
children with and without HL (Table 6-8).
There were no significant differences when comparing Word activity scores of children in
each HL trajectory group to children without HL (Table 6-9). There was, however, a
difference in the SDQ peer problems scale. Compared to children without HL, children with
HL that did not resolve (regardless of onset) were more likely to be in the “very high”
categories, versus the average category. There were no further differences in other SDQ
peer problems categories or for other HL trajectories.
Children in the late onset HL trajectory groups (with or without resolution) were more likely
to have no close friends than children with no HL, with no difference seen for children in
the early onset groups. Compared to children without HL, those with late onset HL that did
not resolve were at higher risk of autism and those with HL in infancy only were less likely
to have parents with high parental distress. There were no further differences detected for
other trajectory groups or in the other potential mediators.
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71.4, 70.1-72.6
11.8, 11.0-12.7
7.6, 6.9-8.3
9.2, 8.4-10.0
71.8, 70.6-73.0
10.8, 10.0-11.6
7.7, 6.8-8.0
9.9, 9.1-10.8
3.5, 2.9-4.0
3.7, 3.2-4.2
6.9, 6.1-7.7
12.9, 12.0-13.8

72.3, 70.9-73.8
11.9, 10.9-12.9
7.3, 6.5-8.1
8.5, 7.5-9.5
72.8, 71.3-74.2
10.6, 9.7-11.6
7.3, 6.5-8.1
9.3, 8.3-10.3
3.2, 2.6-3.8
3.1, 2.6-3.7
6.8, 5.9-7.8
12.9, 11.9-14.0

68.0, 64.8-71.1
11.5, 9.2-13.8
8.9, 6.9-10.8
11.7, 9.3-14.1
68.4, 64.9-72.0
11.4, 9.0-13.7
7.9, 5.9-9.8
12.3, 9.8-14.8
4.5, 2.8-6.1
5.6, 4.0-7.2
7.3, 5.1-9.5
12.7, 10.5-14.9

Reference
1.14, 0.85-1.52
1.14, 0.83-1.58
1.41, 1.06-1.88
1.42, 0.87-2.31
1.85, 1.25-2.73
1.07, 0.73-1.57
0.98, 0.78-1.23

Reference
1.03, 0.80-1.32
1.30, 0.97-1.74
1.46, 1.09-1.96

0.97, 0.94-1.00

Odds ratio for any HL versus no HL, 95% CI

0.15
<0.01
0.73
0.84

0.10a

0.04
0.02a

p-value

Estimates are adjusted for sampling design and attrition and include imputed data for children with missing values (4 for autism and young person’s independence, 7 for close friends,
307 for SDQ peer problems scale, 309 for SDQ prosocial scale, 571 for Word activity scores, 794 for parental distress, and 3571 for HL). CI: confidence intervals; HL: hearing loss; SDQ:
strengths and difficulties questionnaire. Odds ratios and p-values are from univariable logistic regression with HL presence as the outcome. ap-value reflects combined hypothesis test
that none of the odds ratios were significantly different to 1

7.0, 6.9-7.1

7.0, 6.9-7.1

6.8, 6.6-7.0

Total

Age 14 Word activity score/20, mean, 95% CI
Age 14 SDQ peer problems scale, %, 95% CI
Average
Slightly raised
High
Very high
Age 14 SDQ prosocial scale, %, 95% CI
Average
Slightly lowered
Low
Very low
Age 14 no close friends, %, 95% CI
Autism by age 14, %, 95% CI
Age 14 high parental distress, %, 95% CI
Age 14 young person not independent, %, 95% CI

No HL

Any HL

N=10858 children

Table 6-8. Potential mediator distribution by HL presence
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Continued overleaf

Age 14 Word activity score/20, mean
Relative risk ratio per 1 unit increase in Word score
Age 14 SDQ peer problems scale, %
Average
Slightly raised
High
Very High
Relative risk ratio for very high (versus average)
Age 14 SDQ prosocial scale, %
Average
Slightly lowered
Low
Very Low
Relative risk ratio for very low (versus average)
Age 14 any close friends, %
No
Yes
Relative risk ratio for no close friends
Autism by age 14, %
No
Yes
Relative risk ratio for those with autism
Age 14 high parental distress, %
No
Yes
Relative risk ratio for those with high parental distress
Age 14 young person independent, %
No
Yes
Relative risk ratio for children that are independent
73.8
12.9
8.1
9.5
74.2
11.6
8.1
10.3
3.8
97.4
97.4
3.7
94.1
7.8

14.0
88.1

70.9
10.9
6.5
7.5
71.3
9.7
6.5
8.3
2.6
96.2
96.3
2.6
92.2
5.9

11.9
86.0

95% CI
6.5
0.9
66.2
5.8
5.9
5.0
0.6
61.5
7.7
4.6
8.1
0.9
1.1
93.7
0.6
92.7
2.1
0.8
95.2
0.1
0.1
6.9
86.0
0.9
7.1
1.0
77.8
13.6
13.1
12.6
1.7
74.8
14.9
12.4
16.0
2.1
6.3
98.9
2.4
97.9
7.3
2.8
99.9
4.8
0.9
14.0
93.1
1.9

Estimate
6.8
1.0
72.0
9.7
9.5
8.8
1.0
68.1
11.3
8.5
12.1
1.4
3.7
96.3
1.1
95.3
4.7
1.5
97.5
2.5
0.3
10.5
89.5
1.3

Estimate
7.0
Reference
72.3
11.9
7.3
8.5
Reference
72.8
10.6
7.3
9.3
Reference
3.2
96.8
Reference
96.9
3.1
Reference
93.2
6.8
Reference
12.9
87.1
Reference

95% CI
6.9
7.1

HL with onset and resolution in
infancy

No HL at any sweep

Table 6-9. Potential mediator distribution by HL trajectory

Estimate
6.7
1.0
70.3
12.8
8.1
8.9
1.1
70.7
9.5
7.0
12.8
1.4
2.7
97.3
0.8
94.5
5.5
1.8
91.3
8.7
1.3
12.9
87.1
1.0

95% CI
6.4
0.9
65.2
8.9
4.7
5.6
0.7
65.4
6.2
4.2
8.2
0.9
0.7
95.4
0.4
91.8
2.9
1.0
87.0
4.5
0.7
9.1
83.4
0.7

Early onset HL with
resolution
7.0
1.0
75.3
16.6
11.5
12.1
1.7
75.9
12.7
9.9
17.5
2.2
4.6
99.3
1.8
97.1
8.2
3.2
95.5
13.0
2.3
16.6
90.9
1.4
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7.0
1.0
64.7
10.1
12.1
13.0
1.7
61.9
18.3
7.0
12.7
1.6
10.6
89.4
3.5
92.6
7.4
2.3
89.3
10.7
1.6
15.2
84.8
0.8

6.3
0.9
52.4
3.3
3.4
3.4
0.7
48.7
7.0
-0.7
4.8
0.8
0.7
79.5
1.1
84.1
-1.2
0.6
80.1
1.4
0.6
6.4
76.0
0.4

7.7
1.1
77.1
17.0
20.8
22.6
4.2
75.1
29.6
14.8
20.7
3.4
20.5
99.3
10.6
101.2
15.9
8.9
98.6
19.9
4.3
24.0
93.6
1.7

6.5
0.9
63.3
16.2
2.4
18.2
2.4
68.5
9.3
9.5
12.7
1.4
2.1
97.9
0.6
95.6
4.4
1.3
91.3
8.7
1.2
11.7
88.3
1.1

6.0
0.8
51.3
7.1
-1.4
8.7
1.2
57.0
1.7
3.5
4.0
0.6
-1.0
94.8
0.1
89.7
-1.5
0.3
83.4
0.8
0.5
5.1
81.6
0.6

7.1
1.0
75.3
25.2
6.1
27.7
4.8
80.0
16.9
15.5
21.4
3.2
5.2
101.0
2.7
101.5
10.3
4.9
99.2
16.6
3.3
18.4
94.9
2.2

7.1
1.0
54.1
9.4
13.2
23.4
3.7
67.5
14.3
8.0
10.3
1.2
10.5
89.5
3.5
91.4
8.6
2.9
86.7
13.3
2.1
18.1
81.9
0.7

Estimate
6.5
0.9
42.4
2.4
4.4
13.6
2.0
55.9
5.2
1.7
3.0
0.5
2.4
81.5
1.4
85.0
2.3
1.3
77.9
4.5
0.9
8.6
72.5
0.3

95% CI
7.8
1.1
65.7
16.4
22.0
33.1
6.7
79.1
23.4
14.3
17.5
2.7
18.5
97.6
8.7
97.7
15.0
6.6
95.5
22.1
4.6
27.5
91.4
1.3

Late onset HL without resolution

Estimates are adjusted for sampling design and attrition and include imputed data for children with missing values (4 for autism and young person’s independence, 7 for close friends, 307
for SDQ peer problems scale, 309 for SDQ prosocial scale, 571 for Word activity scores, 794 for parental distress, and 3571 for HL). CI: confidence intervals; HL: hearing loss; SDQ:
strengths and difficulties questionnaire. Odds ratios and p-values are from univariable multinomial logistic regression with no HL as reference category. Pooled 95% CI are not restricted
to 0-100%.

Age 14 Word activity score/20, mean
Relative risk ratio per 1 unit increase in Word score
Age 14 SDQ peer problems scale, %
Average
Slightly raised
High
Very High
Relative risk ratio for very high (versus average)
Age 14 SDQ prosocial scale, %
Average
Slightly lowered
Low
Very Low
Relative risk ratio for very low (versus average)
Age 14 any close friends
No
Yes
Relative risk ratio for no close friends
Autism by age 14, %
No
Yes
Relative risk ratio for those with autism
Age 14 high parental distress, %
No
Yes
Relative risk ratio for those with high parental distress
Age 14 young person independent, %
No
Yes
Relative risk ratio for children that are independent

95% CI

Estimate

Estimate

95% CI

Early onset HL without
resolution

Late onset HL with
resolution

6.11.5. Correlation analyses
The weighted analyses above, as well as the further analyses below, suggest that HL is
associated with several of the sources of confounding, potential mediators, and the
outcomes. Correlation analysis results suggest that the strength of association between HL
and these variables, as well as between the variables themselves, are relatively poor when
examining the entire study population. Few correlation coefficients were above an absolute
value of 0.20 (Table 6-10). The strongest correlations were between child sex and
depressive symptoms, LLI and autism, the outcomes themselves, autism and SDQ peer
problems, Word activity score and parental education, and SDQ peer problems and
prosociality score. These correlation coefficients were between 0.20-0.47, which is not
particularly strong. This suggested that high collinearity was not an issue for the later
logistic regression analyses. Standard errors and p-values are not shown as these analyses
were unweighted and did not adjust for the survey design or attrition.

6.11.6. Depressive symptoms
Hearing loss presence
In logistic regression analyses with inclusion of imputed data, children with HL had 1.32
(95% CI: 1.09-1.60) times higher odds of high depressive symptoms than children without
HL, adjusting for potential sources of confounding. These were consistent with the odds
ratios identified in analyses without imputed data, as well as in univariable analyses (Table
6-11).
The F-adjusted mean residual test suggested no significant lack of fit (p>0.05) in the
weighted multivariable regression models for 32 out of 35 of the imputed datasets. In the
unweighted models, similar patterns were seen across all imputed datasets on visual
inspection of the standardised Pearson residuals against the predicted probabilities for the
respective model. The range of residuals varied slightly across imputed datasets, however
the range was deemed reasonable. The scatter plot of standardised Pearson residuals
against predicted probabilities based on the model in the final imputed dataset is shown in
Figure 6-8. Residuals are mostly between -2 and +2 and were similar by sex, whilst
predicted probability of high depressive symptoms was higher for females.
No significant interaction was identified between sex and HL (interaction term=0.95, 95%
CI: 0.68-1.33) and neither squared nor cubic terms for maternal age were significant
(p>0.05) thus these were not included in the final model.
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1
1.00
-0.05
-0.04
0.03
0.09
0.04
0.05
0.04
0.02
0.05
0.00
0.01
-0.03
0.04
0.04
0.01
0.00

1.00
-0.01
-0.04
-0.04
0.22
-0.01
0.19
-0.05
-0.09
0.01
0.03
0.01
-0.03
-0.11
-0.02
0.00

2

1.00
-0.01
0.00
-0.04
-0.05
-0.05
0.04
-0.03
0.04
-0.13
-0.07
0.05
0.02
-0.16
-0.07

3

1.00
0.07
0.02
0.00
0.00
0.01
0.02
0.05
-0.01
0.00
0.04
-0.01
0.00
0.01

4

1.00
0.06
0.06
0.06
0.04
0.26
0.10
-0.06
-0.04
0.16
0.06
-0.04
-0.06

5

1.00
0.26
0.47
0.06
0.03
0.05
-0.01
0.01
0.13
0.05
-0.01
-0.03

6

1.00
0.22
0.08
0.10
0.04
-0.08
0.02
0.18
0.05
0.01
-0.03

7

1.00
0.02
0.03
0.05
0.02
0.02
0.09
0.03
-0.01
-0.02

8

1.00
0.08
0.03
-0.17
-0.04
0.14
0.04
-0.03
-0.03

9

1.00
0.05
-0.11
-0.02
0.23
0.14
0.00
-0.03

10

1.00
-0.02
-0.07
0.14
0.06
-0.15
-0.09

11

1.00
-0.07
-0.17
-0.03
0.01
0.00

12

1.00
-0.05
-0.03
0.23
0.15

13

1.00
0.22
-0.14
-0.10

14

1.00
-0.06
-0.08

15

1.00
0.19

16

1.00

17

1. Hearing loss, 2. Child sex, 3. Child ethnic background, 4. NICU, 5. LLI, 6. Depressive symptoms, 7. Peer victimisation, 8. Self-harm, 9. Close friendships, 10. Autism, 11. Parental distress,
12. Young person's independence, 13. Word activity score (treated as ordinal), 14. SDQ peer problems category (treated as ordinal), 15. SDQ prosocial category (treated as ordinal), 16.
Parental education (treated as an ordinal variable with “Other” as the lowest category, then NVQ1-NVQ5 in this order), 17. Maternal age. Note that correlation coefficients are
transformed (using Fisher's Z transformation) for pooling. There were 10858 children in these analyses, including imputed data for missing values (0 for sex and ethnic background, 2 for
parental education, 4 for autism and young person’s independence, 7 for close friends, 32 for maternal age, 44 for NICU, 307 for SDQ peer problems scale, 309 for SDQ prosocial scale,
571 for Word activity scores, 794 for parental distress, and 2217 for LLI, and 3571 for HL). No shading indicates weak to no correlation with darker colours indicating stronger
correlations. Analyses are not adjusted for sampling design or attrition.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Table 6-10. Spearman rank correlation coefficients for variables included in the mental health analyses

Table 6-11. Logistic regression results for depressive symptoms and HL presence
High versus low depressive symptoms, OR (95% CI)
Univariable
analysis
Univariable
without
analysis with
imputation
imputation
(n=7241)
(N=10858)
Any HL, present
Sex, female
Ethnic background,
non-white
NICU admission
Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
LLI at one or more
sweeps
Maternal age, per year
increase
Baseline odds

Multivariable
analysis
without
imputation
(n=7241)

Multivariable
analysis with
imputation
(N=10858)

1.21 (1.03-1.42)
2.77 (2.42-3.17)

1.27 (1.06-1.53)
2.76 (2.46-3.09)

1.28 (1.09-1.50)
2.87 (2.51-3.28)

1.32 (1.09-1.60)
2.88 (2.56-3.24)

0.80 (0.67-0.96)

0.73 (0.62-0.86)

0.80 (0.66-0.98)

0.76 (0.64-0.91)

1.05 (0.83-1.33)
Wald test p=0.30
Reference
1.16 (0.82-1.63)
1.04 (0.74-1.47)
0.95 (0.69-1.32)
1.00 (0.71-1.42)
1.18 (0.79-1.77)

1.25 (1.05-1.49)
p=0.13a
Reference
1.25 (0.97-1.61)
1.14 (0.87-1.50)
1.03 (0.80-1.33)
1.05 (0.80-1.38)
1.15 (0.86-1.54)

1.10 (0.88-1.38)
Wald test p=0.51
Reference
1.17 (0.83-1.64)
1.05 (0.73-1.47)
0.98 (0.71-1.36)
1.05 (0.74-1.49)
1.17 (0.78-1.76)

1.29 (1.08-1.55)
p=0.33a
Reference
1.26 (0.98-1.62)
1.18 (0.89-1.55)
1.08 (0.83-1.39)
1.11 (0.84-1.45)
1.17 (0.88-1.55)

1.49 (1.26-1.76)

1.53 (1.30-1.80)

1.53 (1.28-1.82)

1.54 (1.30-1.82)

0.99 (0.97-1.00)

0.99 (0.98-1.00)

0.99 (0.98-1.00)

0.99 (0.98-1.00)

Variable

Variable

0.26 (0.16-0.43)

0.23 (0.16-0.34)

Estimates are adjusted for sampling design and attrition and, where indicated, include imputed data
for children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of high depressive
symptoms if all variables are at baseline values. CI: confidence interval; HL: hearing loss; LLI: limiting
longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational
qualification; OR: odds ratio. ap-value reflects combined hypothesis test that none of the odds ratios
are significantly different to 1.

Using a cut-off of 12 or above on the total SMFQ score to indicate “high depressive
symptoms” did not attenuate the association between any HL and high depressive
symptoms (OR: 1.40, 95% CI: 1.14-1.71). I also modelled the total SMFQ score as a
continuous outcome using negative binomial regression. In this model, presence of HL was
independently associated with a 1.14 (95% CI: 1.05-1.23) times higher average score on the
SMFQ, adjusting for confounding. The dispersion parameter was greater than 0 (1.01, 95%
CI: 0.97-1.06) suggesting that the negative binomial model was more appropriate than a
Poisson model.
In the complete-case sample (n=7241 children), sensitivity analyses identified that:
 Excluding children with HL only reported at age 14 years (n=98), reduced the
association between HL and depressive symptoms (OR: 1.18, 95% CI: 0.99-1.40).
 Excluding children with “other problems” (ear problems not confirmed to be HL,
n=638), did not alter the association between HL and depressive symptoms (OR:
1.29, 95% CI: 1.10-1.52).
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 Excluding children with any reported glue ear, regardless of HL presence (n=575),
did not affect estimates of the association between HL and depressive symptoms
(OR: 1.31, 95% CI: 1.08-1.59).
Figure 6-8. Standardised Pearson residuals against predicted probabilities for the
depressive symptoms and binary HL model

Not adjusted for sample design or attrition by age 14 years. Based on values for the 35 th imputed
dataset. Points are jittered to avoid extensive overlay.

HL trajectories
Odds of high depressive symptoms varied by HL trajectory (p=0.001). Examination of the
adjusted ORs by HL trajectory type indicated that the association was mainly driven by
children with late onset HL that did not resolve, who had 3.21 (95% CI: 1.91-5.40) times
higher odds of high depressive symptoms than children with no HL, adjusting for potential
sources of confounding (Table 6-12; Figure 6-9).
The F-adjusted mean residual test suggested no significant lack of fit in the multivariable
weighted model (p>0.05) for all 35 imputed datasets. In the unweighted models, visual
inspection of the standardised Pearson residuals against the predicted probabilities for the
model were similar across all imputed datasets. The graph for the final imputed dataset is
shown in Figure 6-10, highlighting that the majority of residuals are between -2 and +2 and
that predicted probabilities showed a wide spread from under 20% to over 60%. Neither
quadratic nor cubic terms for maternal age (the only continuous variable) were significant,
suggesting that non-linear terms were not required in the model.
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HL trajectory remained significantly associated with depressive symptoms when using a
cut-off of 12 for the SMFQ or a negative binomial model to model the SMFQ score as a
continuous outcome. The late onset HL without resolution trajectory was associated with a
1.71 (95% CI: 1.44-2.03) times higher average SMFQ score in the latter model, with no
other HL trajectories showing significant associations with the outcome.
In the complete-case sample (n=7241 children), the association between HL trajectory and
depressive symptoms was not removed when excluding children in the “other problems”
group (i.e. with ear problems that were not confirmed to be HL) or with glue ear.
Table 6-12. Logistic regression results for depressive symptoms and HL trajectories
High versus low depressive symptoms, OR (95% CI)
Univariable
Multivariable Multivariable
without
Univariable
without
with
imputation
with imputation imputation
imputation
(n=7241)
(N=10858)
(n=7241)
(N=10858)
HL trajectory
No HL at any sweep
HL onset & resolution in infancy
Other early onset HL with
resolution
Late onset HL with resolution
Early onset HL no resolution
Late onset HL no resolution
Sex, female
Ethnic background, non-white
NICU admission
Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
LLI at one or more sweeps
Maternal age, per year increase
Baseline odds

Wald p<0.001
Reference
1.04 (0.81-1.33)
1.05 (0.83-1.33)

p<0.001a
Reference
1.04 (0.80-1.36)
1.11 (0.84-1.46)

Wald p<0.001
Reference
1.14 (0.88-1.48)
1.13 (0.89-1.43)

p=0.001a
Reference
1.15 (0.87-1.52)
1.16 (0.87-1.54)

1.02 (0.62-1.67)
1.44 (0.84-2.45)
3.31 (2.18-5.04)
2.77 (2.42-3.17)
0.80 (0.67-0.96)
1.05 (0.83-1.33)
Wald p=0.30
Reference
1.16 (0.82-1.63)
1.04 (0.74-1.47)
0.95 (0.69-1.32)
1.00 (0.71-1.42)
1.18 (0.79-1.77)
1.49 (1.26-1.76)
0.99 (0.97-1.00)
Variable

1.03 (0.55-1.95)
1.61 (0.95-2.72)
3.25 (1.94-5.45)
2.76 (2.46-3.09)
0.73 (0.62-0.86)
1.25 (1.05-1.49)
p=0.13a
Reference
1.25 (0.97-1.61)
1.14 (0.87-1.50)
1.03 (0.80-1.33)
1.05 (0.80-1.38)
1.15 (0.86-1.54)
1.53 (1.30-1.80)
0.99 (0.98-1.00)
Variable

1.10 (0.66-1.84)
1.26 (0.70-2.28)
3.36 (2.20-5.11)
2.86 (2.50-3.27)
0.81 (0.66-0.99)
1.12 (0.89-1.40)
Wald p=0.50
Reference
1.17 (0.83-1.65)
1.05 (0.74-1.49)
0.98 (0.70-1.37)
1.06 (0.74-1.51)
1.18 (0.78-1.78)
1.52 (1.28-1.82)
0.99 (0.98-1.00)
0.26 (0.16-0.43)

1.07 (0.54-2.11)
1.40 (0.81-2.44)
3.21 (1.91-5.40)
2.87 (2.55-3.22)
0.77 (0.64-0.91)
1.30 (1.09-1.56)
p=0.33a
Reference
1.25 (0.97-1.62)
1.17 (0.89-1.55)
1.07 (0.82-1.39)
1.11 (0.84-1.47)
1.16 (0.87-1.55)
1.53 (1.30-1.81)
0.99 (0.98-1.00)
0.23 (0.16-0.34)

Estimates are adjusted for sampling design and attrition and, where indicated, include imputed data
for children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of high depressive
symptoms if all variables are at baseline values. CI: confidence interval; HL: hearing loss; LLI: limiting
longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational
qualification; OR: odds ratio. ap-value reflects combined hypothesis test that none of the odds ratios
are significantly different to 1.
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Figure 6-9. Adjusted odds ratio of high depressive symptoms by hearing trajectory
compared to odds for children without HL

Estimates adjusted for sampling design and attrition, as well as ethnic background, neonatal
intensive care unit admission, limiting longstanding illness additional to HL, parental education, and
maternal age. Horizontal lines indicate 95% confidence intervals. HL: hearing loss. Includes imputed
data for children with missing values (0 for sex and ethnic background, 2 for parental education, 32
for maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL).

Figure 6-10. Standardised Pearson residuals against predicted probabilities for the
depressive symptoms and HL trajectory model

Not adjusted for sample design or attrition by age 14 years. Based on values for the 35th imputed
dataset. Points are jittered to avoid extensive overlay.
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6.11.7. Peer victimisation
Hearing loss presence
A significant interaction between HL presence and sex was detected, thus the reported
analyses include this interaction. Results without the interaction are included in Appendix
B.7. The final model, including the interaction, indicated that odds of peer victimisation
were similar in males regardless of HL presence, and in those without HL regardless of sex.
The ratio of odds ratios for the association of HL and peer victimisation in females versus
males was 1.81 (95% CI: 1.10-2.99). This suggests that HL is more strongly associated with
peer victimisation in females compared to males (Table 6-13). In stratified analyses, the
adjusted odds of peer victimisation were 1.81 (1.29-2.55) times higher in those with HL for
females, whilst in males, HL presence had no appreciable association with odds of peer
victimisation (OR: 1.05, 95: CI: 0.73-1.51). To quantify this, the predicted probabilities and
95% CI for a child with baseline values (white ethnic background, no NICU admission, NVQ
level 1 parental education, and no LLI) for all variables except sex, HL presence, and
maternal age (latter set to 28 years, the average of the population) based on the final
multivariable model are:
 9.1% (95% CI: 6.5-12.6%) for males without HL
 8.2% (95% CI: 5.8-11.5%) for females without HL
 9.3% (95% CI: 6.2-13.6%) for males with HL
 14.2% (95% CI: 9.6-20.4%) for females with HL
The F-adjusted mean residual test suggested no significant lack of fit in the multivariable
model (p>0.05) for 32 out of 35 imputed datasets. In the unweighted models, similar
patterns were seen across all imputed datasets on visual inspection of the standardised
Pearson residuals against the predicted probabilities for the respective model. The graph of
residuals for the final imputed dataset is shown in Figure 6-11. This indicates that most
residuals were between -2 and +2 and that the distribution of residuals by sex was similar.
Predicted probabilities were less than 25% for all children. This reflects the low prevalence
of the outcome but also indicates that the model could not accurately estimate probability
of those at high risk.
Quadratic and cubic terms for maternal age were not significant (p>0.05), thus the final
model only included the linear term. In the complete-case sample (n=7241 children),
sensitivity analyses excluding certain groups of children did not significantly change the
conclusions regarding the relationship between HL, child sex, and peer victimisation.
Excluded groups were:
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 Children with ‘other’ ear problems that were not reported as related to hearing
 Children with glue ear, regardless of HL presence
 Children with HL reported only at sweep 6
Further sensitivity analyses involved investigating odds of in-person and cyber-victimisation
separately. The first analysis identified the same associations and interactions as the main
model; HL was associated with victimisation more strongly in females (ratio of ORs by child
sex and HL: 1.78; 95% CI: 1.06-3.00) and was not associated with victimisation in males (OR:
1.04; 95% CI: 0.72-1.50). The second model, with cyber-victimisation as the outcome, did
not show a significant interaction between HL presence and child sex. HL presence was
associated with higher odds of cyber-victimisation regardless of gender (OR: 1.80, 95% CI:
1.17-2.76).
Table 6-13. Logistic regression results for peer victimisation and HL presence
Peer victimisation, OR (95% CI)
Univariable
without
Univariable
imputation
with imputation
(n=7241)
(N=10858)
Males, HL absent
Reference
Males, HL present vs absent
1.03 (0.76-1.39)
Females vs males, HL absent 0.74 (0.60-0.92)
HL presence in females vs HL 1.73 (1.05-2.83)
presence in malesa
Ethnic background, non-white 0.63 (0.48-0.82)
NICU admission
1.02 (0.72-1.43)
Parental education
Wald test p=0.64
NVQ1 Reference
NVQ2 1.27 (0.77-2.10)
NVQ3 1.29 (0.76-2.18)
NVQ4 1.25 (0.75-2.11)
NVQ5 (highest) 1.14 (0.68-1.92)
Other 0.94 (0.53-1.67)
LLI at one or more sweeps
1.51 (1.22-1.87)
Maternal age, per year
0.99 (0.98-1.01)
increase
Baseline odds
Varies by model

Multivariable
without
imputation
(n=7241)

Multivariable
with imputation
(N=10858)

Reference
1.08 (0.76-1.54)
0.89 (0.73-1.09)
1.80 (1.09-3.00)

Reference
0.97 (0.72-1.32)
0.74 (0.60-0.91)
1.75 (1.06-2.90)

Reference
1.02 (0.71-1.46)
0.89 (0.73-1.09)
1.81 (1.10-2.99)

0.63 (0.49-0.80)
1.10 (0.84-1.44)
p=0.26b
Reference
1.23 (0.85-1.78)
1.18 (0.79-1.76)
1.25 (0.87-1.81)
0.96 (0.65-1.42)
1.02 (0.72-1.46)
1.57 (1.27-1.95)
0.98 (0.97-1.00)

0.64 (0.48-0.84)
0.93 (0.65-1.32)
Wald test p=0.82
Reference
1.31 (0.78-2.19)
1.34 (0.79-2.29)
1.34 (0.79-2.28)
1.25 (0.74-2.13)
1.09 (0.61-1.96)
1.48 (1.19-1.84)
0.99 (0.97-1.01)

0.65 (0.50-0.85)
1.01 (0.78-1.32)
p=0.43b
Reference
1.26 (0.86-1.83)
1.24 (0.82-1.86)
1.37 (0.94-2.00)
1.08 (0.73-1.60)
1.15 (0.79-1.68)
1.50 (1.21-1.87)
0.98 (0.97-1.00)

Varied by model

0.14 (0.07-0.27)

0.15 (0.09-0.26)

Estimates adjusted for sampling design and attrition and, where indicated, include imputed data for
children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of peer
victimisation if all variables are at baseline values. CI: confidence interval; HL: hearing loss; LLI:
limiting longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ: national
vocational qualification; OR: odds ratio. aInteraction term: ratio of OR for peer victimisation in
females with versus without HL, versus OR for peer victimisation in males with versus without HL. bpvalue reflects combined hypothesis test that none of the odds ratios are significantly differ to 1.
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Figure 6-11. Standardised Pearson residuals against predicted probabilities for the peer
victimisation and binary HL model

Not adjusted for sample design or attrition by age 14 years. Based on values for the 35th imputed
dataset. Points are jittered to avoid extensive overlay.

HL trajectories
As discussed in the “Statistical analysis” section, interaction between HL trajectory and sex
was not examined due to the small numbers in some HL trajectory groups. Adjusted odds of
peer victimisation were significantly higher in children with HL that did not resolve
(regardless of onset timing) compared to children without HL (Figure 6-12). No other HL
trajectory types were significantly associated with peer victimisation (Table 6-14).
The F-adjusted mean residual test suggested no significant lack of fit in the multivariable
model (p>0.05) for 34 of the 35 imputed datasets. In the unweighted models, similar
patterns were seen across imputed datasets on visual inspection of the standardised
Pearson residuals against the predicted probabilities for the respective model. The graph of
residuals for the final imputed dataset is shown in Figure 6-13, highlighting that the
majority of residuals are between -2 and +2, with no distinct patterning by sex.
Quadratic and cubic terms for maternal age were not significant (p>0.05), thus the final
model only included the linear term. In the complete-case sample (n=7241 children):
 Excluding children with ‘other’ ear problems that were not reported as related to
hearing (n=638) did not significantly change the conclusions.
 Excluding children with glue ear, regardless of HL presence (n=575) did not
significantly change the conclusions.
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Investigating odds of in-person and cyber-victimisation separately, similar trends were
found as per the main analyses, though for cyber victimisation, no children in the late onset
HL with resolution group were victimised, thus the coefficient for this group was not
computed.
Table 6-14. Logistic regression results for peer victimisation by HL trajectory
Univariable
without
imputation
(n=7241)

Peer victimisation, OR (95% CI)
Univariable Multivariable Multivariable
with
without
with
imputations
imputation
imputations
(N=10858)
(n=7241)
(N=10858)

HL trajectory
Wald p<0.001
p<0.001a
Wald p<0.001
p<0.001a
No HL at any sweep
Reference
Reference
Reference
Reference
HL onset and resolution in infancy 1.04 (0.73-1.49) 1.02 (0.68-1.52) 1.02 (0.72-1.46) 1.03 (0.69-1.52)
Other early onset HL with resolution 0.94 (0.67-1.33) 0.99 (0.65-1.51) 0.86 (0.61-1.21) 0.92 (0.60-1.40)
Late onset HL with resolution
0.88 (0.45-1.70) 0.96 (0.39-2.32) 0.79 (0.40-1.56) 0.87 (0.35-2.13)
Early onset HL without resolution
1.88 (1.08-3.27) 2.04 (1.11-3.74) 1.74 (0.99-3.04) 1.86 (1.01-3.40)
Late onset HL without resolution
4.95 (3.03-8.08) 5.31 (3.28-8.59) 4.62 (2.79-7.67) 4.88 (2.99-7.97)
Sex, female
0.83 (0.69-1.01) 1.02 (0.87-1.20) 0.82 (0.68-1.00) 1.01 (0.86-1.19)
Ethnic background, non-white
0.63 (0.48-0.82) 0.63 (0.49-0.80) 0.65 (0.49-0.86) 0.66 (0.51-0.86)
NICU admission
1.02 (0.72-1.43) 1.10 (0.84-1.44) 0.96 (0.68-1.36) 1.05 (0.80-1.37)
Parental education
Wald p=0.64
p=0.26a
Wald p=0.80
p=0.50a
NVQ1 Reference
Reference
Reference
Reference
NVQ2 1.27 (0.77-2.10) 1.23 (0.85-1.78) 1.31 (0.78-2.22) 1.25 (0.85-1.84)
NVQ3 1.29 (0.76-2.18) 1.18 (0.79-1.76) 1.35 (0.78-2.32) 1.23 (0.81-1.86)
NVQ4 1.25 (0.75-2.11) 1.25 (0.87-1.81) 1.34 (0.77-2.34) 1.36 (0.92-2.01)
NVQ5 (highest) 1.14 (0.68-1.92) 0.96 (0.65-1.42) 1.27 (0.74-2.21) 1.09 (0.73-1.63)
Other 0.94 (0.53-1.67) 1.02 (0.72-1.46) 1.08 (0.59-1.96) 1.13 (0.76-1.67)
LLI at one or more sweeps
1.51 (1.22-1.87) 1.57 (1.27-1.95) 1.47 (1.17-1.84) 1.49 (1.19-1.87)
Maternal age, per year increase
0.99 (0.98-1.01) 0.98 (0.97-1.00) 0.99 (0.97-1.01) 0.98 (0.97-1.00)
Baseline odds
Varies by model Varied by model 0.13 (0.06-0.25) 0.15 (0.08-0.26)
Estimates adjusted for sampling design and attrition and, where indicated, include imputed data for children
with missing values (0 for sex and ethnic background, 2 for parental education, 32 for maternal age, 44 for
NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of peer victimisation if all variables are at baseline
values. CI: confidence interval; HL: hearing loss; LLI: limiting longstanding illness additional to HL; NICU: neonatal
intensive care unit; NVQ: national vocational qualification; OR: odds ratio. ap-value reflects combined
hypothesis test that none of the odds ratios are significantly different to 1.

208 | P a g e

Figure 6-12. Adjusted odds ratio of peer victimisation by hearing trajectory compared to
odds for children without HL

Estimates adjusted for sampling design and attrition, as well as ethnic background, neonatal
intensive care unit admission, limiting longstanding illness additional to HL, parental education, and
maternal age. Horizontal lines indicate 95% confidence intervals. HL: hearing loss. Includes imputed
data for children with missing values (0 for sex and ethnic background, 2 for parental education, 32
for maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL).

Figure 6-13. Standardised Pearson residuals against predicted probabilities for the peer
victimisation and HL trajectory model

Not adjusted for sample design or attrition by age 14 years. Based on values for the 35th imputed
dataset. Points are jittered to avoid extensive overlay.
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6.11.8. Self-harm
Hearing loss presence
Odds of self-harm were higher in young people with HL versus without HL, after adjusting
for potential sources of confounding (Table 6-15). The F-adjusted mean residual test
suggested no significant lack of fit in the multivariable model (p>0.05) for 23 of 35 imputed
datasets. Visual inspection of the unweighted standardised Pearson residuals against the
fitted predicted probabilities in each imputed dataset identified a wide spread of residuals,
however, the majority fell between -2 and +2, which was deemed appropriate (Figure 6-14).
Patterns for the residuals and predicted probabilities were similar across all imputed
datasets.
No significant interaction was identified between sex and HL (interaction term, 1.40, 95%
CI: 0.88-2.24, including imputed data). Neither squared nor cubic terms for maternal age
were significant thus these were not included in the final model. Further sensitivity analyses
in the complete-case sample (n=7241 children) identified that:
 Excluding children with “other” ear problems that were not reported to be hearingrelated (n=638) did not change the conclusions (OR for self-harm with vs without HL:
1.35, 95% CI: 1.09-1.67)
 Excluding children with glue ear, regardless of HL presence (n=575) did not change
the conclusions (OR for self-harm with vs without HL: 1.32, 95% CI: 1.05-1.66)
 Excluding children with HL reported only at age 14 (n=98) reduced the OR of selfharm in those with versus without HL to 1.25 (95% CI: 1.00-1.56)
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Table 6-15. Logistic regression results for self-harm and HL presence
Univariable
without
imputation
(n=7241)

Self-harm, OR (95% CI)
Univariable
Multivariable
with
without
imputations
imputation
(N=10858)
(n=7241)

Multivariable
with
imputations
(N=10858)

Any HL, present

1.27 (1.03-1.58)

1.35 (1.08-1.69)

1.35 (1.10-1.67)

1.41 (1.12-1.78)

Sex, female

3.13 (2.62-3.75)

3.18 (2.74-3.70)

3.26 (2.73-3.90)

3.31 (2.85-3.85)

Ethnic background, non-white

0.66 (0.52-0.85)

0.61 (0.49-0.77)

0.69 (0.53-0.90)

0.65 (0.51-0.83)

NICU admission

0.95 (0.71-1.26)

0.99 (0.78-1.25)

0.98 (0.74-1.29)

0.99 (0.78-1.26)

Parental education

Wald p=0.05
NVQ1 Reference
NVQ2 1.13 (0.79-1.62)
NVQ3 0.80 (0.52-1.23)
NVQ4 0.81 (0.56-1.17)
NVQ5 (highest) 0.88 (0.60-1.30)
Other 0.87 (0.54-1.40)
LLI at one or more sweeps
1.51 (1.23-1.86)

p=0.08a
Reference
1.05 (0.78-1.42)
0.84 (0.61-1.17)
0.85 (0.64-1.14)
0.77 (0.56-1.05)
0.88 (0.61-1.25)
1.55 (1.28-1.88)

Wald p=0.07
Reference
1.13 (0.78-1.64)
0.79 (0.52-1.22)
0.83 (0.57-1.20)
0.91 (0.62-1.36)
0.87 (0.53-1.42)
1.56 (1.27-1.92)

p=0.24a
Reference
1.04 (0.77-1.41)
0.85 (0.61-1.18)
0.87 (0.65-1.18)
0.79 (0.57-1.09)
0.89 (0.61-1.29)
1.57 (1.28-1.92)

Maternal age, per year increase 0.99 (0.97-1.00)

0.99 (0.98-1.00)

0.99 (0.97-1.00)

0.99 (0.98-1.00)

Baseline odds

Varied by model 0.12 (0.07-0.22)

0.11 (0.07-0.18)

Varied by model

Estimates adjusted for sampling design and attrition and, where indicated, include imputed data for
children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of self-harm if all
variables are at baseline values. CI: confidence interval; HL: hearing loss; LLI: limiting longstanding
illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational qualification;
OR: odds ratio. ap-value reflects combined hypothesis test that none of the odds ratios are
significantly differ to 1.

Figure 6-14. Standardised Pearson residuals against predicted probabilities for the selfharm and binary HL model

Not adjusted for sample design or attrition by age 14 years. Based on values for the 35th imputed
dataset. Points are jittered to avoid extensive overlay.
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HL trajectories
The adjusted odds of self-harm differed across the HL trajectories. As per the other
outcomes, those with HL that did not resolve had significantly higher odds of the outcome
compared to those without HL (adjusted OR: 3.22, 95% CI: 1.96-5.29; Figure 6-15). Odds of
self-harm in the other HL trajectory groups were not significantly different to the odds in
young people without HL. Findings were consistent across the univariable and multivariable
models, and when using complete-case or imputed data (Table 6-16).
The F-adjusted mean residual test suggested no significant lack of fit in the multivariable
model (p>0.05) for 30 of 35 imputed datasets. Visual inspection of the unweighted
standardised Pearson residuals against the fitted predicted probabilities in each imputed
dataset identified a wide spread of residuals, however, the majority fell between -2 and +2,
which was deemed appropriate (Figure 6-16). Patterns for the residuals and predicted
probabilities were similar across all imputed datasets.
Neither quadratic nor cubic terms for maternal age were significant, thus these were not
included in the final model. Exclusion of children in the “other problems” (ear problem
reported but not confirmed to be HL) group or with any glue ear reported did not remove
the association between the final HL trajectory and self-harm.
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Table 6-16. Logistic regression results for self-harm and HL trajectories
Self-harm, OR (95% CI)
Univariable
Univariable
without
with
imputation
imputations
(n=7241)
(N=10858)
HL trajectory
No HL at any sweep
HL onset and resolution in infancy
Other early onset HL with
resolution
Late onset HL with resolution
Early onset HL without resolution
Late onset HL without resolution
Sex, female
Ethnic background, non-white
NICU admission
Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
LLI at one or more sweeps
Maternal age, per year increase
Baseline odds

Multivariable
without
imputation
(n=7241)

Multivariable
with
imputations
(N=10858)

Wald test p<0.001
Reference
1.12 (0.83-1.51)
1.19 (0.86-1.64)

p<0.001a
Reference
1.15 (0.81-1.63)
1.22 (0.84-1.76)

Wald test p<0.001
Reference
1.24 (0.92-1.67)
1.30 (0.95-1.77)

p<0.001a
Reference
1.29 (0.90-1.84)
1.29 (0.90-1.87)

0.44 (0.20-0.99)
1.59 (0.89-2.84)
3.13 (1.84-5.30)
3.13 (2.62-3.75)
0.66 (0.52-0.85)
0.95 (0.71-1.26)
Wald test p=0.05
Reference
1.13 (0.79-1.62)
0.80 (0.52-1.23)
0.81 (0.56-1.17)
0.88 (0.60-1.30)
0.87 (0.54-1.40)
1.51 (1.23-1.86)
0.99 (0.97-1.00)
Variable

0.52 (0.20-1.33)
1.72 (0.93-3.17)
3.34 (2.03-5.50)
3.18 (2.74-3.70)
0.61 (0.49-0.77)
0.99 (0.78-1.25)
p=0.08a
Reference
1.05 (0.78-1.42)
0.84 (0.61-1.17)
0.85 (0.64-1.14)
0.77 (0.56-1.05)
0.88 (0.61-1.25)
1.55 (1.28-1.88)
0.99 (0.98-1.00)
Variable

0.47 (0.21-1.06)
1.40 (0.79-2.46)
3.06 (1.86-5.05)
3.24 (2.71-3.87)
0.69 (0.53-0.90)
0.99 (0.75-1.30)
Wald test p=0.07
Reference
1.13 (0.78-1.64)
0.79 (0.51-1.21)
0.83 (0.57-1.20)
0.91 (0.61-1.36)
0.87 (0.53-1.43)
1.55 (1.27-1.91)
0.99 (0.97-1.00)
0.12 (0.07-0.22)

0.52 (0.20-1.38)
1.50 (0.80-2.81)
3.22 (1.96-5.29)
3.28 (2.82-3.82)
0.66 (0.52-0.83)
0.99 (0.78-1.27)
p=0.24a
Reference
1.03 (0.76-1.40)
0.84 (0.60-1.17)
0.86 (0.64-1.16)
0.78 (0.56-1.09)
0.88 (0.60-1.29)
1.57 (1.28-1.92)
0.99 (0.98-1.00)
0.11 (0.07-0.18)

Estimates adjusted for sampling design and attrition, where indicated, and include imputed data for
children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of self-harm if all
variables are at baseline values. CI: confidence interval; HL: hearing loss; LLI: limiting longstanding
illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational qualification;
OR: odds ratio. ap-value reflects combined hypothesis test that none of the odds ratios are
significantly differ to 1.

Figure 6-15. Adjusted odds ratio of self-harm by hearing trajectory compared to odds for
children without HL

Estimates adjusted for sampling design and attrition, as well as ethnic background, neonatal
intensive care unit admission, limiting longstanding illness additional to HL, parental education, and
maternal age. Horizontal lines indicate 95% confidence intervals. HL: hearing loss. Includes imputed
data for children with missing values (0 for sex and ethnic background, 2 for parental education, 32
for maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL).
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Figure 6-16. Standardised Pearson residuals against predicted probabilities for the selfharm and HL trajectory model

Not adjusted for sample design or attrition by age 14 years. Based on values for the 35 th imputed
dataset. Points are jittered to avoid extensive overlay.

6.12. Discussion
6.12.1. Key findings
In these analyses, I examined the association between childhood HL and self-reported peer
victimisation, depression, and self-harm at age 14 years. Childhood HL was associated with
higher odds of all the outcomes, with the exception of peer victimisation where odds were
only higher in females. Late onset HL without resolution, which affected 2.2% (95% CI: 1.72.8%) of the study population, had the strongest association with all outcomes. This
indicates that if HL resolves by age 14 years, it may not impact on adolescent peer
victimisation or mental health. In terms of potential mediators, analyses suggest that HL
presence at any time in childhood is associated with poorer language skills, peer problems,
and autism. Few differences were found in potential mediators by HL trajectory type.
Findings build upon previous studies by providing evidence on the association between HL
and specific types of mental health and potential mediators (including peer victimisation),
as well as illustrating how associations vary by HL trajectory type.
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6.12.2. Strengths
The major strengths of these analyses were the available data and robust analysis methods.
The use of data from a large prospective UK-wide cohort study decreased the risk of recall
bias. Definition of HL was based on data collected by parent- and self-report across
childhood, permitting examination of how HL trajectory is associated with the outcomes.
Survey design and attrition weights were used in analyses such that results should be
representative of the UK population born around 2000-2002. Multiple imputation was used
to address attrition bias. The use of self-reported outcomes is another strength as selfreport is more accurate for capturing internalising mental health symptoms, such as
depression, compared to parent- or teacher-report161-166. Depressive symptoms were
captured using the SMFQ, which has been internally and externally validated in a number of
populations and against various criteria for depression diagnoses321-323,336. For self-harm,
self-report captures more types of self-harm than would be identified using hospital
admissions297 or parent-reports353.
Finally, the fact that questions were asked confidentially of young people without risk of
disclosure to parents and others known to the participants is likely to have increased
willingness to respond accurately, as identified during post-analysis public engagement with
a Young Person’s Advisory Group.

6.12.3. Limitations
Limitations including the amount of missing data. Whilst multiple imputation was used to
address missing data in certain variables, 8122 singleton children were excluded as they
had missing data on one or more outcomes. Attrition weights were used to address this
issue, however, it is possible that bias remains. Additionally, multiple imputation requires
that data are MAR and that relevant predictors of missingness have been identified. I
carried out analyses to identify predictors of missing data, however, it is impossible to
verify that data are MAR, rather than MNAR, without knowledge of missing values.
The use of more imputations may have increased reproducibility and power in my analyses.
I deemed my results to be adequately accurate and precise based on diagnostic checks of
the imputed data and given that, with my estimated FMI, carrying out 35 imputations
would lead to, at most, a 3% loss of power (and likely much closer to 1%) in comparison to
completing 100 imputations352.
As discussed previously, there were no objective measurements of HL, which may have led
to misclassification of the exposure. The sensitivity analyses excluding children with glue
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ear or “other ear problems” indicate that findings are robust to misclassification based on
these factors. The use of subjective measures was required here given the size of the
sample. An additional consideration is whether use of parental or self-report may have
represented a source of bias in the analyses. This could arise in the case of reverse
causation - if those with one or more of the outcomes (peer victimisation, high depressive
symptoms, or self-harm) were more likely to self-report HL or be reported by parents to
have HL.
There were identified limitations in measurement of each of the outcomes. The SMFQ does
not confirm clinical depression presence and can only be used to indicate children that have
high levels of depressive symptoms321. For self-harm and peer victimisation, only one or
two questions were asked, which limits interpretation of the types of peer victimisation
(further than in-person versus cyber-victimisation) or self-harm that were reported.
Additionally, these questions have not been validated to assess their reliability.
I adjusted for potential sources of confounding in my analyses, however, it is possible that
residual confounding is present. This could be due to sources of confounding that were not
identified at the time of the analyses or where the variables used do not accurately reflect
the confounding. Additional sources of confounding that could be important to consider
include causes of temporary HL that may also impact on mental health, such as
overcrowding. Further analyses should consider potential further sources of confounding to
facilitate understanding of whether there is a causal effect of HL on peer victimisation and
mental health.

6.12.4. Interpretation and relation to previous literature
The prevalence of outcomes in this study was in line with previous literature. In the Avon
Longitudinal Study of Parents and Children (ALSPAC) cohort study, 21.6% of the sample
scored 11 or above on the SMFQ at age 17 years, which is consistent with my findings,
given that I used a lower cut-point to define high depressive symptoms354. Prevalence of
peer victimisation was similar to that reported in the UK 1997/1998 Health Behaviour in
School-aged Children study of 11 to 15 year olds355. In terms of self-harm, 6.9% of English
15-16 year olds in one study reported self-harm in the last year297. This is a lower
prevalence than the 15% prevalence in my study population, though in the previous study
13.2% of the children had ever self-harmed and suicidal ideation (without self-harm) was
reported by 15.0% of the sample. Globally, 12-month prevalence estimates of adolescent
deliberate self-harm range between 4 and 21%356.
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In relation to HL and depression, I found that HL presence was associated with 1.32 (95% CI:
1.09-1.60) times higher adjusted odds of high depressive symptoms. There were no
differences related to sex. Previous studies have reached conflicting conclusions as to
whether HL is associated with depression148,158,172-182. This may reflect the use of selective
samples that do not represent all HL types. Many previous studies focussed on permanent
or relatively severe HL173,174,176,177 and utilised samples that were not representative of HL
experienced in the general childhood population. This includes excluding children with
additional disabilities173-177,181,182, those without hearing aids or cochlear implants148,181, or
those not in mainstream schools172,173,177,179-182. My analyses thus reflect a robust
investigation into the association between presence of any HL and depressive symptoms,
accounting for potential sources of confounding. I found differences in depressive
symptoms by HL trajectory and recommend further analyses to identify predictors of
depressive symptoms in children with HL to detect those most at risk.
Previous research into peer victimisation or bullying in children with HL has usually involved
small qualitative studies or asked adults to recall incidents from their childhood (which
leads to a risk of recall bias)136. My analyses therefore reflect a robust quantitative
exploration of this topic. I found that HL presence was not associated with peer
victimisation in males, however, there was an association for HL in females. Potential
explanations are that the causes and types of bullying and peer victimisation may differ by
sex305, such that HL acts as a risk factor in females, but not males. This may reflect
differences in victimisation by sex; males tend to be at higher risk of “direct” bullying,
relating to actual or threatened physical violence, whilst females tend to be at higher risk of
“indirect” or “relational” bullying, relating to rumours and mean remarks or similar
bullying305. Further research is required to examine the types of bullying experienced by
children with HL, and patterns by sex, to explore this further.
Sex differences were also found when limiting the outcome to in-person victimisation,
however, there was no interaction by sex when examining cyber victimisation only (HL
presence was associated with cyber victimisation regardless of sex). This may have been
due to statistical power as cyber victimisation was much less common than in-person
victimisation. Two Dutch studies, potentially with overlapping study samples, reported no
association between HL and bullying in the Netherlands, however, interaction with sex was
not considered and only children with moderate or worse HL and no medical or
developmental disabilities were included175,357. Another study, on US students in
mainstream and other settings, found a significantly higher prevalence of being bullied at
least 2-3 times per month in children with HL compared to the prevalence in the general
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population. Whilst prevalence of bullying differed by sex, there was no exploration of
interaction by sex326. A further study found that German children with HL in schools for the
deaf were more likely to be bullied than children with normal hearing attending nearby
schools. Again, interaction with sex was not examined358. Bullying is context-dependent and
findings from one country may not be generalisable to others298, thus my findings are likely
to be reflective of the UK population.
I did not identify any previous studies examining the risk of self-harm associated with HL in
the literature. My results imply that HL presence is associated with higher adjusted odds of
self-harm, with no difference in association by child sex. Further studies should explore the
potential mediating pathway between peer victimisation, depressive symptoms, and selfharm.
My findings highlight that children that have late onset HL without resolution have higher
odds of all outcomes studied in comparison to children without HL. This indicates a need to
consider HL trajectory, not just permanent HL or a cross-sectional measure of HL, in further
studies. If these findings are replicated in further studies, it would provide clear rationale
for providing targeted interventions and support to children with late onset HL without
resolution. Further research could also examine whether HL that resolves is associated with
short-term outcomes. Of note, I did not have any information on aetiology of HL or more
specific details on HL type, which may influence impact on outcomes.
Self-reported experience of HL at age 14 years appeared particularly important as, when
excluding children with HL only at age 14 years, the association strength between HL
presence and all of the outcomes was reduced. There are two potential explanations for
this finding. Firstly, HL may only affect peer victimisation and mental health when it is of
late onset (as early onset HL was not associated with the outcomes), and the effects may be
short-term (as late onset HL with resolution was not associated with the outcomes). This
would suggest that, for these outcomes, there may not be a sensitive or critical period early
in life when HL presence is particularly detrimental. A second explanation is that children
that experience any of the outcomes are more likely to perceive themselves as having HL. It
is difficult to determine which theory is correct without objective measurements of hearing,
as well as replication in other studies using different samples, measurement methods, and
timing. A previous study in adults suggests that self-reported HL is relatively accurate359,
however, studies assessing the accuracy of child self-report could not be identified to assess
whether children can accurately report their hearing status.
Potential sources of confounding were not considered when examining the association
between HL and the potential mediators (except peer victimisation) and formal testing of
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mediation pathways was not carried out. In order to draw firm conclusions about the
presence and strength of mediating pathways, both of these factors should be examined in
future studies. In particular, the analyses undertaken for this thesis sought to explore the
association between HL and peer victimisation, as well as HL and depressive symptoms.
Further research is required to elucidate whether there is a causal pathway between these
factors, with peer victimisation acting as a mediator.
My findings are consistent with previous studies suggesting that children with any HL have
lower language skills301,360. Most of these previous studies have examined language skills in
children with permanent HL, thus my analyses extend these findings and highlight that
presence of HL at any time across childhood, whether early or late onset and regardless of
resolution, is associated with poorer communication skills. The effect size detected was
small and clinical relevance cannot be established on the basis of this test. Further research
is required to establish whether poor language skills are a mediator between HL and poorer
mental health, given that earlier studies have identified a relationship between poor
language skills and mental health in children with permanent HL145,301. I did not identify
differences in language skills across the HL trajectories, however, some trajectory groups
were relatively rare, which may have limited statistical power. Language skills reflect only
one factor in communication and it would be beneficial to explore other measures, such as
vocabulary and non-oral language ability (including sign language), to gain a fuller picture of
children’s communication skills.
I detected few differences in social skills by HL presence. Peer problems were more
prevalent in children with HL, particularly in those with HL that did not resolve. Prosociality
and having close friends did not differ by HL presence, although those with late onset HL
had higher odds of not having close friends. In a meta-analysis, Stevenson et al.146 found an
association between HL and the SDQ peer problems scale, whether reported by parents,
teachers, or the children themselves. Meanwhile, for the prosocial scale, the authors only
detected a significant difference by HL presence on the teacher-reported scale. Previous
studies that specifically examine friendships in children with HL are rare. Two studies with
small samples of children with HL (n=9 and n=14) identified no major differences between
children with and without HL in terms of friendship, although there were differences in
negative aspects of social skills361,362. My analyses suggest that there are few or no
differences in social skills by HL presence and that, where differences are present, these are
related to negative measures rather than positive measures. From these results, it seems
unlikely that social skills play a mediating role for the mental health outcomes.
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As per previous studies, I found a relatively strong association between HL and presence of
autism137-139. Children with HL that did not resolve had the highest odds of autism,
compared to children without HL. I classed autism as present if it was reported at any time
across several sweeps, which may have been before or after HL was reported. Autism can
be associated with poor mental health363, thus it is important to carry out further research
in terms of whether, and why, children with HL are truly at higher risk of autism and how
this ties into the findings on mental health.
There was no association between HL and parental mental health or young person’s
independence, except that HL in infancy only was associated with lower parental distress
than no HL. Previous studies have suggested that parents may experience more distress
and alter their parenting style when their child has HL141,142,178,302,303. These studies were
often based on young children, thus the effects may not persist into adolescence, or there
may be heterogeneity by HL type that was not identified here.
The findings on potential sources of confounding are discussed in depth in chapter 5.
Briefly, children with HL were more likely to be male, of white ethnic background and to
have LLI. There no differences in HL prevalence by parental education, maternal age, or
NICU admission. There were differences in distribution of sex and LLI by HL trajectory.
Given that in previous studies, sex, ethnic background and LLI were associated with the
outcomes146,154,229,235,297,305-309,317, any potential confounding by these factors should have
been removed by adjusting for them in the multivariable analyses between HL and the
outcomes. In further research it would be beneficial to explore the types of LLI experienced
by children with HL and whether the type of LLI moderates the association between HL and
the outcomes. For instance, previous research identified worse educational outcomes in
children with co-occurring hearing and vision problems, versus those experiencing only one
of the exposures12.
I did not include factors such as age at diagnosis or treatment type in my analyses. These
were mentioned as potential moderators of the HL association with outcomes both in the
literature145,182,184,192 and during pre-analysis public engagement with a Young Person’s
Advisory Group (Section 7.5.1). Age at diagnosis was not available with adequate accuracy
in the dataset and, given that I had limited information on type of HL, I felt it was
inappropriate to examine HL treatments given potential confounding with type of HL.
Severity of HL could not be examined either, however, previous studies have suggested that
this does not impact on mental health outcomes145.
Other potential moderators that were not considered include school type and
communication method, which have been hypothesised as important in the literature145
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and during pre- and post-analysis public engagement with a Young Person’s Advisory
Group. There are conflicting findings over the benefits of sign versus spoken
communication145 and school placement at a mainstream versus school for the
deaf174,176,192. These could influence ease of making friends and peer attitudes towards HL.
Choice of school and communication method are dependent on audiological factors and
other factors that could influence mental health, including parental attitudes towards HL,
parenting style, and additional disabilities145,176,192. Not all of this information was available,
thus it was not appropriate to consider these factors in my analyses. Young people from the
Young Person’s Advisory Group also discussed on supportiveness of the school environment
as a potential moderator of outcomes. This is difficult to conceptualise and measure,
however, merits further exploration in future research to assess whether it is possible to
identify protective factors for the outcomes. This has important policy implications given
that school type and communication method should optimise outcomes.
Whilst I did not explore variation in outcomes by the cited factors, my findings should be
representative for the “common” experience of children with HL given the weighting
applied to my analyses. This should mean that findings are relevant to children with HL that
attend mainstream schools and use spoken language, who make up the majority of children
with HL26.

6.12.5. Implications and further research
My findings imply that action is required to promote resilience and good mental health for
children with HL. Feedback from a Young Person’s Advisory Group suggested that mental
health is important to young people. Members in the Young Person’s Advisory Group
suggested numerous audiences for dissemination of the results, including young people,
teachers, parents, and the general society. There were several suggestions for what should
be done in response to the findings, including providing more support in schools for those
with HL and improving societal acceptance of HL. Thi could be achieved through application
of school-based and educational interventions that are effective in preventing peer
victimisation364, depression365, and self-harm366.
In terms of prevention and support for those with longer-term HL, the National Deaf
Children’s Society have recommended addressing societal, and individual, acceptance of HL
to empower young people with HL to achieve good mental health and form good
relationships. This could be achieved through providing resources for parents to increase
knowledge and support, as well as improving services and resources to promote positive
identities of those with HL. The Society also recommend improvements in the specialist
221 | P a g e

NHS mental health services for young people with HL, to ensure that there are clear and
appropriate pathways of support367.
My results are generalisable to the general UK population born around 2000-2002. Since
this time, UNHS has been implemented in the UK. This has altered the diagnosis, treatment,
and other factors affecting the experience of children with early-onset permanent HL. As
this represents a relatively small proportion of all childhood HL, it is likely that my findings
can also be extended to children born after 2002.
Further research could involve qualitative and quantitative studies to explore the temporal
relationship between HL, potential mediators, and mental health. For example, assessing
whether early onset HL has a short-term effect on mental health would verify whether the
lack of association between early onset HL and the outcomes is because there is no
association, or whether HL has a short-term effect that does not persist. Measuring HL,
mediators, and mental health at multiple time points across childhood would provide an
opportunity to uncover mediation pathways and could indicate why HL trajectory type
impacts on outcomes.
Finally, the focus in these analyses was on adverse mental health outcomes. Good mental
health is not merely the absence of mental health problems, but should also reflect positive
mental health and wellbeing. Further research should therefore also examine positive
mental health measures such as self-esteem and life satisfaction. Predictors of resilience to
adverse mental health outcomes should also be explored as this could inform interventions
for children with HL.
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7.1. Chapter structure
I consulted the London Young Person’s Advisory Group twice over the course of my PhD to
engage young people with my research. With the group, I discussed the mental health
analyses, which are described in the previous chapter. This chapter outlines my rationale
and approach for public engagement. I also describe the outcomes of public engagement
and reflect on how this engagement contributed to my research.

7.2. Rationale
7.2.1. Why engage with the public?
The National Co-ordinating Centre for Public Engagement defines public engagement as368:
"The myriad of ways in which the activity and benefits of higher education and
research can be shared with the public. Engagement is by definition a two-way
process, involving interaction and listening, with the goal of generating mutual
benefit."

Public engagement encompasses patient and public involvement (including patients and
the public in the process of research) and science communication (disseminating
information to the public) along with other forms of engagement. Crucially, within the
framework of public engagement, the public should not be viewed as ‘subjects’ to be acted
upon (i.e. having research done ‘to’ or ‘on’). Instead, the public are valuable ‘actors’ that
can contribute to the prioritisation, design, production, and interpretation of research. In
this way, public engagement is distinct from research in that it does not directly generate
“data” to be analysed. Instead, public engagement results in meaningful public dialogue on
research369.
Public engagement has many benefits, including (but not limited to): establishing
accountability, demonstrating the value and purpose of research, building trust, ensuring
relevance, and responding to public need (Figure 7-1)368,370. These benefits extend to both
researchers and the public.
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Figure 7-1. Benefits of public engagement

Establishes
accountability

•Increases public understanding of research and where public
money is spent
•Allows researchers to examine whether their research
questions and methods are in line with public expectations
and priorities, or to identify priorities for research

Demonstrates
value and
purpose

•Allows researchers to demonstrate the value and public
benefit of research or to elicit feedback from the public on
these factors.

Builds trust

Ensures
relevance

Responds to
public need
and enquiry

•Builds trust in research, which may help with research
recruitment and uptake of research-related careers
•Includes patients and the public in the research process so
that patients and the public can guide decisions and feel that
the research process can be trusted

•Encourages public dialogue on the relevance of research.
This includes seeking opinions of the public so that lived
experiences and opinions inform research questions,
methods, and interpretation.

•Allows researchers and institutions to build relationships and
respond to the requirements of those involved in the
research process

From references368,370.

7.2.2. Why engage with a young person’s advisory group?
Young people have a right to express their views on all matters affecting them. They are
experts in their own lives and, as such, deserve to be involved in research relating to them.
Their role as experts can lead to insight that could be otherwise missed370,371. Public
engagement also has a number of specific benefits for young people, including
development of personal and transferable skills, as well as social and other networks370.
Public engagement with young people can be undertaken at several levels of involvement,
from consultation to ownership of research370. In 1992, Hart defined the “ladder of
participation” for engagement with young people (Figure 7-2). At the bottom rung is
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manipulation, which involves low levels of participation. Greater levels of involvement are
seen at the higher rungs, up to “child-initiated, shared decisions with adults” at level 8371.
As young people become more involved in the research process, they have more control in
decision-making, developing the research, and reporting and dissemination370. Higher levels
of participation are preferred where possible, however, factors such as time, cost, and
capability should be considered to ensure that engagement is carried out appropriately.
Alongside Hart’s ladder of participation, Johnson et al (2014)372 defined six steps to guide
the process of engagement (Figure 7-3). These can inform decisions on the appropriate
level of participation as well as key methodological aspects of engagement.
As I had limited experience of public engagement prior to this work, it was appropriate to
work with others to improve my capacity and capability (relating to Step 1 in Figure 7-3). I
consulted the London Young Person’s Advisory Group ( https://generationr.org.uk/london/),
which is organised and run by an experienced facilitator who provides advice to those
wishing to engage with the group. This provided an ideal opportunity to develop my own
skills while conducting the engagement activity.
The London Young Person’s Advisory group is a group of young people aged 8-21 years who
meet regularly throughout the year to engage with research. As the group is already
established, certain considerations were prearranged, such as the size of the group,
location and timing. Engagement with the Young Person’s Advisory Group was between
levels 4 and 6 on Hart’s ladder of participation371.
The use of an existing group was particularly helpful as the group facilitator was present
during the meetings, along with two nurses, to ensure the safety and comfort of the young
people. This was important given that the topics for discussion (victimisation, depression
and self-harm) are sensitive and that a top priority in public engagement should always be
the safety and wellbeing of those involved373. I emphasised to the young people that all
opinions would be respected and that they could stop participation, or speak to the
facilitator or nurses, at any time if they felt uncomfortable. In addition, I removed all names
in the outcomes section to ensure anonymity. Ensuring safety of the young people
addressed Steps 2 and 3 in Johnson et al’s (2014) guide372; “developing ethical protocols
and processes” as well as “developing trust and relationships”. Specific research ethics
approval was not required for public engagement as the participants were acting as
advisers rather than research subjects374.
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Figure 7-2. Hart's ladder of participation
Level 8. Child-initiated, shared decisions with adults
Children initiate and direct the project with shared decision making by adults

Level 7. Child-initiated and directed
Children initiate and direct projects without adult involvement

Level 6. Adult-initiated, shared decisions with children
Adults inititate the project, but decision-making is shared with the children

Level 5. Consulted and informed
Children understand the process of involvement and are consulted upon with their opinions
taken seriously

Level 4. Assigned but informed
Children understand the intentions of the project and reasons for their involvement. They have a
meaningful role and are able to volunteer after information has been provided

Level 3. Tokenism
When children are apparently given a voice but in fact do not have a say

Level 2. Decoration
As per level 1, but it is clear that children have not initiated the action

Level 1. Manipulation
Children undertaking actions, guided by adults, without information or understanding of the
issues or potential consequences
From reference371.
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Figure 7-3. Six key steps for public engagement

Step 1.
Consideration of
capacity and
capability

Step 2. Developing
ethical protocols
and processes

Step 3. Developing
trust and
relationships

Step 4.
Selecting
appropriate
methods

Step 5.
Identifying appropriate
forms of communication

Step 6.
Consideration of
context

From Johnson et al. (2014)372
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The Young Person’s Advisory Group was an appropriate setting to carry out ethical public
engagement for reasons other than safety as well. Through early discussion of my aims and
purpose for public engagement with the group facilitator, I ensured that engagement
would allow participants to be listened to and respected. This moved engagement away
from being a “tokenist” exercise. Prior to engagement, I considered how feedback and
discussions with the group could contribute to decision-making in the research process, as
per levels 4 and above on Hart’s ladder of participation371. During both engagement
sessions, I highlighted to the young people why I was there and how their input could
contribute to my research. The outcomes of engagement with the group, and my actions as
a result, are explained later in this chapter.
With regard to steps 4 and 5 of Johnson et al’s (2014)372 guide to engagement (relating to
appropriate methods and communication approaches), the Young Person’s Advisory Group
was an appropriate forum for a focus group. Focus groups involve carefully planned
discussions on a defined area of interest to elicit opinions of those involved375. They aim not
to find a consensus, but to explore opinions and attitudes of participants, which may
contrast375. This method was ideal for my aims and is appropriate for a range of settings
and participants. Focus groups are often used in qualitative research to collect data on
knowledge, attitutudes, and experiences. The use of focus groups in public engagement is
distinct from qualitative research in that the aim in public engagement is to draw on the
knowledge of participants to inform research practice and decision-making369.
Finally, Step 6 of Johnson et al’s (2014)372 guide states that the relevance of the topic to
participants should be considered. I addressed this by asking the young people involved for
their views of mental health and hearing loss (HL) and whether they felt this topic was
important.

7.2.3. What was the purpose of public engagement?
Public engagement can have a range of purposes from dissemination to learning from
others. The National Co-ordinating Centre for Public Engagement defines six key
purposes368:
 Sharing research: where the aim is to inspire or inform the public about research
 Responsiveness: where the aim is to respond to individuals or organisations that
have expressed an interest in research
 Creating knowledge together: where the aim is to work with the public to create
knowledge. This may involve setting research questions and defining research
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priorities, deciding upon research methods, or involving the public in data collection,
analysis, interpretation or dissemination
 Applying knowledge together: where the aim is to work with the public to apply
knowledge from research, often seeking to increase the impact or make a difference
using research (e.g. taking research findings to a group that can act upon them)
 Learning from others: where the aim is to consult the public and gain their views
and experiences to inform research
 Changing attitudes or behaviour: this is more controversial as a purpose, but is
where the aim is to influence attitudes or behaviour
My purpose for public engagement centred around creating knowledge together and
learning from others. I selected two key time-points in my research to carry out public
engagement; designing the research and interpreting the results. Guidelines suggest that
involving young people at several stages, and as early as possible, increases opportunities
for young people to guide the research370,373. The use of multiple sessions is recommended
as follow-up meetings facilitate ongoing dialogue on how engagement with the group
contributed to the research. This allowed young people to see the value of engaging with
research373 and provided me with an opportunity to ask for feedback on my interpretation
and actions based on earlier discussions.

7.3. Aims
The intention of engagement with the Young Person’s Advisory Group was to facilitate
involvement of young people in my research. There were specific aims for each meeting:

7.3.1. First meeting
 To gather the views of young people on whether the proposed research question
on HL and mental health was important to them;
 To discover factors that young people feel may be protective or related to higher
risk for poor mental health or peer victimisation in children with HL.

7.3.2. Second meeting
 To provide feedback to the group on progress since the last session;
 To elicit views on how to clearly explain the research findings;
 To explore young people’s views on what the findings mean and the implications
for children’s health and care, as well as future research.
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The first aim centred around informing my research question and methods before
undertaking the research. The second aim centred around interpreting the findings and
potential implications of my research.

7.4. Methods
7.4.1. Dates and timings
The first session with the Young Person’s Advisory Group was held on 26th January 2019 and
comprised a 15 minute time slot. At this point, I had completed a literature review on the
topic of mental health in children with hearing loss and drafted proposed research
questions and methods on the basis of the review findings and available data in the
Millennium Cohort Study (MCS). The second session was held on the 28th September 2019
and comprised a 45 minute time slot. At this point, I had performed complete-case analysis
and was able to present an update on the research, followed by asking for feedback and
interpretation of my results.

7.4.2. Approach
First meeting
For the first meeting, I was allocated a 15 minute slot. I consulted with the group facilitator
on my proposed topics and methods to ensure that these were appropriate. In the session,
I used PowerPoint slides (Appendix C.1) and a presentation to define HL using ageappropriate language. I briefly described some theories on why HL might be associated with
the outcomes (for example, it may make it difficult to talk to peers). Peer victimisation was
referred to as “bullying” for ease of understanding. I chose not to discuss HL trajectories,
given the limited amount of time, so HL was defined in terms of any HL across childhood.
I described the MCS data that I planned to use for analyses and my proposed research
question. Following this, I led a discussion with the whole group on the research question
and methods, including whether the young people felt that the research was important and
what factors they felt might be important in explaining why children with HL could be at
risk of the outcomes, as well as potential protective factors.
The group discussion involved asking the young people to feedback their thoughts on
preset questions as well as giving time for the young people to ask questions about
anything that was unclear or that they wanted to know more about. The questions asked to
the group were:
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 Do you think these outcomes (depression, bullying, happiness and self-harm) are
important?
 Are there any other outcomes you think I should explore?
 What do you think might affect outcomes in children and adolescents, especially
those with hearing loss?
o

What might put children at risk?

o

What might protect them?

I stated during the meeting that I hadn’t completed the research yet, thus feedback from
the group would inform how I carried out the research. At the time of the meeting I had not
yet finalised my research question and was considering using life satisfaction (happiness) as
an outcome. I later dropped this outcome from analysis, given limitations of the data.
In this meeting, notes were taken by my primary supervisor whilst I facilitated the
discussion. This allowed me to be fully engaged in the discussion, whilst having a written
record afterwards of the comments and questions. Analytical discussions with the
participants occurred during the meeting, resulting in answers to the preset questions that
were agreed with the participants and could be applied to my research. This separates
public engagement from qualitative research in that I did not collect data for analysis during
the meeting and analyse this myself after the meeting. Instead the participants and myself
drew conclusions and inferences during the meeting, such that participants were viewed as
valuable contributors rather than as subjects for research369. After the meeting, I presented
the outcomes of the discussion and discussed how these should feed into my research to
my supervisory group.
Second meeting
For the second meeting, I was allocated a 45 minute slot, in which I presented findings from
my research, then split the group to discuss preset questions. Prior to the session, I
consulted with the group facilitator on my proposed topics and methods for the session to
ensure that these were appropriate and would address my aims.
I used PowerPoint slides (Appendix C.2) to explain the research questions and methods, as
well as discussing how input from the first meeting had shaped the research design. I
presented the results to date and different ways of explaining these results. This entailed
showing the young people a bar graph of the prevalence of peer victimisation, depression,
and self-harm in those with versus without HL, as well as describing the odds ratios for each
outcome by HL presence, and the interaction between sex and HL for peer victimisation. I
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also presented the research on close friendships, given that this was specifically examined
based on feedback from the first session.
Following this, the group separated into six small groups to answer preset questions:
 If you could only tell people about one result, which would it be (and why)?
 Who should be told about the result (and why)?
 What would you tell them?
o

How would you word your message (or maybe a drawing/graph)?

 What would you want people to do with the information?
There was 15 minutes for discussion amongst the groups, during which my supervisor and I
moved between groups to answer queries and facilitate discussions. Groups were
encouraged to write down their thoughts on post-it notes, in line with recommendations to
use collaborative and interactive approaches for recording focus group discussions in public
engagement369.
After the smaller group discussions, each group presented their key points and I facilitated
a discussion between participants on the commonalities and differences across the groups.
During this discussion, I was able to confirm agreed outcomes of the meeting. My primary
supervisor took notes of key discussion points from each group. I also collected all of the
post-it notes as a record of the group discussions. After the meeting, I evaluated the post-it
notes and overview of discussions from my supervisor’s notes to consider how the
outcomes of the discussion contributed to my research interpretation and implications. This
included reflection with my primary supervisor. All outcomes were incorporated into
actions where possible. Further elaboration on the results of this process are given in later
sections. As per the first meeting, real-time decision making took place during the meeting,
thus no data were collected and analysed369.

7.5. Outcomes
7.5.1. First meeting
Young people’s ideas
A total of 11 young people attended the first meeting, with a mix of males and females
across a broad age range. No further demographic or individual characteristics were
recorded. The group quickly engaged with the topic and there was consensus that mental
health outcomes were important to the young people. One member noted that,
“It is serious if you can’t share your problems or they are there all of the time”
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The young people showed an interest in the definitions of HL and the outcomes, discussing
that experiences of temporary versus permanent HL may be different and that this may
affect outcomes. There were no further suggestions for other outcomes that should be
explored. Several risk and protective factors for the outcomes were proposed, as outlined
below.
 Risk factors
Aspects of the HL, including permanence and the age at diagnosis. One young person
discussed that late diagnosis may be associated with increased risk of mental health
problems. Members also discussed that presence of HL may cause frustration, for instance
due to communication problems, that leads to poor mental health.
Communication. The young people discussed different forms of communication, including
oral language and sign language. They noted that use of sign language or other non-oral
languages could be either beneficial or negative depending on whether or not other people
used them. In particular, young people noted that if the person with HL used sign language,
but no-one around them did, they may feel isolated. Some members felt that, no matter
what form of communication was used, it was important to consider whether it was “easy”
to communicate with others – thus poor communication skills may be as important as the
communication method. A key idea was that if children are unable to communicate, or
cannot understand others, this may lead to misunderstandings, which could result in higher
risk of peer victimisation, depression, and self-harm.
 Protective factors
Lack of awareness. One young person noted that if a person has HL they may not be so
affected by arguments or poor family relationships, as they may be less aware of them. This
linked into the idea of communication and whether it was easy for the child to
communicate with those around them.
Relationships and the environment. Friendship was noted as a key factor that may protect
children with HL from experiencing each of the outcomes. This tied into a wider focus on
school and other environmental factors that might promote good mental health in children
with HL. Several young people discussed that the school should be a “positive” and
“supportive” place for the person with HL. Examples given of schools being supportive were
inclusion of sign language in the curriculum and making sure that there are subtitles when
audiovisual media is used in the classroom. One young person noted that in larger towns
there may be more understanding of HL and less difficulty in being accepted by peers and
others, highlighting how relationships are closely linked to the environment.

233 | P a g e

Actions taken
After the first session, I reflected on the main outcomes of the discussion and how these
contributed to my research. The first part of the discussion highlighted that the young
people consided my proposed outcomes to be important. There were no further suggested
outcomes to explore. This affirmed the value of my research and meant that no changes
were required to my proposed outcomes.
In terms of the risk factors, some of the proposed factors were already included in my
research plans. These included communication skills and HL trajectory, the latter of which
aligned with suggestions from the group to explore differences in outcomes by permance of
HL. These parts of my research plan thus required no changes. For the remaining factors, I
had already considered whether communication method (sign or oral language) and age at
diagnosis could be explored, but discovered that there were no data on these factors in the
MCS. I included discussion of these factors when interpreting my findings and making
suggestions for further research, as per the discussion section of Chapter 6.
The protective factors proposed by the young people had not been explicitly considered in
my research plan. Data on friendships were available in the MCS so I included exploration
of this factor in my research plan. Data on other potential protective factors, including
supportiveness of the school environment, were not available. I explored literature relating
to these factors and discussed relevant evidence in the interpretation of my findings and
suggestions for further research in Chapter 6.

7.5.2. Second meeting
Young people’s ideas
A total of 22 young people attended the second meeting, with a mix of males and females
across a broad age range. No further demographic or individual characteristics were
recorded. The majority of young people at the second meeting were not present at the
first. In the discussion stage, the young people were grouped into six groups of varying sizes
(2 to 6 persons). The first part of the discussion revolved around prioritisation of the
research findings. There was general consensus that all of the findings were important,
though the top priority differed across groups. Rationale for prioritisation was frequently
based on the potential effectiveness, and need, for intervention. Young people prioritising
the peer victimisation findings stated that as peer victimisation could cause the other
outcomes, intervention for this outcome may have the greatest impact. Those prioritising
depression and self-harm argued that intervention was imperative for these outcomes as
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their impact is more severe. Further points related to the relevance of findings for further
research requirements; one group felt that the interaction between sex and HL for peer
victimisation was notable for this reason (Figure 7-4). Finally, some young people discussed
the benefits of focussing on positive findings, such as those on friendships, which are
“reassuring” for young people, parents, and others.
Figure 7-4. Prioritisation of findings in session 2

There was more consistency between the groups regarding preferred methods for
communication and explanation of the findings. Young people unanimously agreed that bar
charts, or similar graphs, with prevalences of the outcomes by HL presence were easy to
understand. Odds ratios were considered unintuitive and confusing. Interestingly, the
young people often brought up the need to clearly state research methods when
communicating results, including their strengths and limitations. Factors such as sample
size, methods of measurement, and whether the questions were asked confidentially were
highlighted as essential information for the audience to judge the reliability and validity of
results.
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The young people also discussed key audiences for the findings and desired consequences
of dissemination (Figure 7-5). These were closely interlinked, with young people often
determining key audiences based on ideas for potential actions. A recurrent theme was the
need to improve societal acceptance of HL to prevent peer victimisation and adverse
mental health outcomes in those with HL. Key audiences to facilitate this were identified as
young people, parents, people who work with children (including teachers and healthcare
professionals), as well as the media and celebrities. Recommendations to achieve this
included promoting the message amongst the key audiences that “everyone is different”
and that HL is “just another way of being different”. Young people made practical
suggestions to achieve this, including encouraging teaching of sign language in schools and
raising awareness about what it is like to have HL (for instance, using headphones to
simulate HL, in a similar fashion to “beer goggles”). One group suggested aiming to raise
public awareness through the media and celebrities, as well as charity and fundraising
events.
Further suggestions were targetted at schools and teachers, and aimed towards prevention
of peer victimisation. For example, the second group suggested holding workshops for
teachers, and others who work with young people, to discuss strategies to dissuade bullying
behaviour, including exclusion of bullies from the classroom.
As well as prevention, the young people advised potential actions to support those
experiencing peer victimisation, depression, and self-harm. Here, education was felt to be
vital, so that young people understand that victimisation, depression, and self-harm are
common and that support is available. The young people suggested providing information
to young people, parents, teachers, and healthcare professionals, so that these groups are
able to identify and support young people that need help.
Actions taken
After the second session, I reviewed the discussion points raised and considered how these
contributed to my research. As per the first session, the young people were highly engaged
with the topic and felt that mental health was relevant and important to them, highlighting
the value in this research. Discussion revolved initially around the utility of each research
finding in terms of potential implications for policy, practice, and research. Key points on
this topic are reflected in the discussion section of Chapter 6, such as the relevance of the
peer victimisation findings for further research as well as potential for intervention.
The discussion on communication of results was illuminating and identified several novel
ideas. Firstly, the importance of tailoring dissemination techniques for the audience was
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quickly apparent, with all young people preferring graphs of prevalences over presentation
of odds ratios. I felt it appropriate to present odds ratios in this thesis, given that most
readers will likely be well-versed in interpretation of these. However, the young people’s
input is extremely valuable for dissemination of results to other audiences.
As well as clarity of presentation of the results, the young people stated that methods,
strengths, and limitations, should be explained when disseminating the findings. They
noted several factors relating to this that I had not considered, such as the advantage of
asking questions confidentially in the survey. Based on these discussions, I was able to
expand the strengths and limitations section in chapter 6 and will ensure that dissemination
to the public includes a discussion of strengths and limitations.

Figure 7-5. Key audiences and desired consequences of results in session 2
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Finally, discussions with the young people on key audiences and desired consequences of
disseminating results were informative. The desired consequences often related to
prevention of the outcomes, for instance by increasing societal acceptance of HL or
providing interventions in schools. Other desired consequences centred around increasing
support for those experiencing peer victimisation and adverse mental health, for instance
providing information to young people on these topics, or educating, parents, teachers, and
healthcare professionals on how to support those with mental health. These potential
implications are discussed further in the impact statement and Chapter 6 in terms of how
the research findings could influence policy and practice in schools, healthcare, and the
wider society to facilitate these consequences.

7.6. Discussion
7.6.1. Key outcomes
I consulted with the London Young Person’s Advisory Group twice to (1) inform my research
design and (2) support interpretation of findings relating to HL and mental health. This
engagement activity highlighted the importance of mental health to young people, which
affirms the value and relevance of the research. I also confirmed that my research design
and interpretation of findings were broadly in line with those of young people. Group
engagement was high in both sessions. The initial meeting informed changes to my
research design, including exploration of close friendships, and informed my suggestions for
further research. The second meeting highlighted key points for the interpretation and
communication of my findings, which have informed plans for dissemination and potential
impact. For instance, young people identified strengths and limitations of the work and
effective methods for communicating to lay audiences. They suggested engaging numerous
audiences for the results to achieve impact, including young people, parents, teachers,
healthcare professionals working with young people, and the wider society. Desired impact
based on my results were improved societal acceptance of HL, as well as introduction of
interventions to prevent peer victimisation and support those experiencing peer
victimisation or adverse mental health.

7.6.2. Reflections on public engagement
The public engagement process was beneficial for both myself and members of the Young
Person’s Advisory Group. Benefits extended to improving the design and interpretation of
my research, as well as developing my skills in public engagement. I also provided an
opportunity for the young people to gain skills in critical analysis and understanding of the
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research process through discussion of the strengths and limitations of the research, as well
as different methods for explaining the findings and interpreting the results.
In terms of the methods, the Young Person’s Advisory Group provided the opportunity to
work with an experienced facilitator to deliver appropriate and informative public
engagement sessions given my limited experience. The size of the group and broad age
range was appropriate to capture variation in opinions, though public engagement does not
require use of a “representative” group of people.
It may have been beneficial to undertake more involved methods of public engagement, i.e.
those placed on the higher rungs on Hart’s ladder of participation371. However, through
consulting with the group at an early stage of my research it was possible to incorporate
their feedback into my research design before I completed analyses. Returning to the group
after completion of analyses meant that group members could provide feedback on the
interpretation of results and see how their input affected the design of the study, which
builds trust in research and public engagement. A potential limitation is that only a few
attendees at the second session had attended the first session, which reduced continuity of
the discussions and meant that some young people at the first meeting did not receive
feedback on the impact of their contributions. To address this, I provided a summary of all
outcomes to the facilitator for dissemination to the participants.
The duration of the first meeting was only 15 minutes, which did not allow much time for
discussion. However, several pertinent points were raised during this session, which
contributed to my research. The second meeting timeslot, at 45 minutes, allowed more
time for in-depth discussions so that differences in opinions could be explored and more
topics could be covered. Even with 45 minutes there was ongoing discussion at the end of
the timeslot, suggesting that further time may have been beneficial.
I identified key learning points in terms of collecting information during public engagement
in a focus group setting. In the first session, notes were taken by my supervisor on key
points in the discussion. In the second session, alongside this note-taking system, the young
people produced post-it notes to record their thoughts. The notes by my supervisor were
invaluable to reflect the general themes of the discussion, however, these reflect an
overview rather than comprehensive coverage. The post-it notes allowed young people to
record their thoughts in their own words, a style of collaborative and interactive recording
of discussion that is recommended for public engagement369. A limitation of the post-it
notes was that some groups produced few notes in relation to the amount of discussion,
often leaving out points of debate. In hindsight, more encouragement to use post-it notes,
or alternative methods to record discussions may have been useful.
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A final reflection on my public engagement methods is that I did not specifically involve
young people with HL. Including those with HL in the public engagement process would
have been useful given that the research was on HL. Those with HL may have provided
more specific insights on the research design and interpretation given their experiences
with the topic. However, members in the Young Person’s Advisory Group were able to
discuss their views based on their experiences and, when discussing implications of the
results, several members had the idea of a “show and tell” style initiative to help young
people without HL understand the experience of those with HL. Further work could aim to
involve those with HL in public engagement initiatives so that their views are represented.

7.6.3. Contribution of public engagement to my research
Engaging with the Young Person’s Advisory Group realised many of the benefits of public
engagement cited in the literature368,370. I was able to establish accountability and relevance
of my research by confirming that the research topic is in line with the priorities of the
young people. I demonstrated the value and purpose of my research through discussing
interpretation and implications of my findings. Feedback from the group throughout the
research process, including on strengths and limitations, should increase trust in the
process and results of research.
My purpose for carrying out public engagement was to create knowledge with the public
and learn from others. My aims were to gain the views of young people on whether my
research question was important to young people, as well as to gather opinions on factors
that may be protective or related to higher risk for poor mental health or peer
victimisation. In the second session, I aimed to consult the group on interpretation and
implications of my findings and discuss how to clearly explain them.
In the first meeting, I addressed my purpose and aims through discussing my research
question and methods with the Young Person’s Advisory Group. The outcomes of this
discussion fed into my research design and methods by changing the variables that I
considered in my analyses as well as confirming which parts of my research plan were
appropriate (for instance, there were no suggested changes to the outcomes). After this
meeting, I explictly chose to examine the association between HL and friendships in my
analyses, based on feedback from the group that this may be a mediator between HL and
mental health outcomes. I also examined availability in my data of several other risk and
protective factors proposed by the group, including age at HL diagnosis, communication
method, and school support. Where data were unavailable, I reflected on how these factors
affected the interpretation of my results and implications for further research in chapter 6.
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In the second meeting, my aim and purpose were focussed on learning from others through
consulting the Young Person’s Advisory Group regarding the interpretation and implications
of my research findings. From this, I realised the importance in clearly explaining the
research results using appropriate terminology and methods for the audience. I also
understood the need to clearly explain the strengths and limitations of research methods
when disseminating findings to increase trust. The young people identified strengths and
limitations of the research that I had not previously considered, for instance on the
reliability of the measurement of outcomes, which is discussed in chapter 6. Furthermore,
discussion with the young people identified novel interpretations and implications of the
research findings, which are discussed in chapter 6. These include the need to focus on
societal acceptance of HL, as well as strategies for prevention and support. A wide range of
key audiences were identified for the findings, which can guide dissemination plans.
Without input from the Young Person’s Advisory Group, my interpretation and suggested
implications for the findings would have been weaker and I feel that the implications of the
findings (in terms of who should be told and what should be done) were enhanced by
consulting this group.
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8.1. Chapter structure
In this chapter, I describe the results of a meta-analysis investigating the prevalence of
permanent childhood hearing loss (PCHL) detected via universal newborn hearing screening
(UNHS). UNHS performance is also covered. The chapter begins with the rationale for this
work along with a description of the methods. Following this, the results are described,
along with their implications, strengths, and limitations.
The work described here has been published in PLOSOne (Appendix D.1) and presented at
the Society for Social Medicine 2018 conference and European Congress of Epidemiology
2018. The results in this chapter include an additional three studies (reported on in four
articles) versus the results in PLOSOne. These additional studies were identified in an
updated literature search after publication of the PLOSOne paper.

8.2. Rationale
Previous chapters in this thesis have focussed on prevalence of hearing loss (HL)
throughout childhood and frequency of HL trajectories defined by onset and resolution.
These trajectories can be distinguished in terms of demographic and individual
characteristics, such as sex, and are associated with differences in mental health outcomes.
In chapter 5, I discuss that early onset HL without resolution (encompassing PCHL) is
relatively rare with respect to other HL trajectories. However, studies have shown that
early-onset PCHL results in poor speech and language outcomes for children and may have
long-lasting detrimental effects on educational, occupational, social and other outcomes.
These negative outcomes can be ameliorated by early intervention63. For PCHL that is
apparent at birth, rapid detection and intervention are facilitated by UNHS programmes
(Box 8-1)63,376-378.
Box 8-1. Definition of Universal Newborn Hearing Screening
Universal newborn hearing screening (UNHS): universal screening of the infant
population by age 6 months with otoacoustic emissions (OAE) tests, auditory brainstem
response (ABR) tests, or both, followed by diagnostic referral where indicated.

For these reasons, UNHS programmes have been implemented in the UK, along with most
very highly-developed (VHD) countries (as defined by the United Nations Development
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Programme, UNDP)379. Programmes vary in terms of screening protocols (including type,
timing, and frequency of testing), as well as diagnostic referral criteria, target HL definition,
and screening pathways for children with known PCHL risk factors376,380-383.
Previous reviews on UNHS have explored various topics relating to individual screening
tests and timing of intervention after diagnosis384-386. There has been little quantitative
synthesis of PCHL prevalence detected by UNHS, or investigation of heterogeneity in
prevalence by individual or demographic factors. Additionally, research is lacking on the
performance of entire UNHS pathways as oppose to performance of single tests.
Addressing these research gaps will improve service planning in fields including healthcare
and education, by identifying the number of children expected to require diagnostic tests
and intervention after UNHS. Exploring heterogeneity in detected prevalence could identify
characteristics associated with high PCHL risk, as well as whether prevalence varies by
location or other factors. This will inform research into PCHL aetiology and highlight specific
groups of children, or locations, with high PCHL prevalence. The latter findings can indicate
where additional targetted preventive efforts, or efforts to provide support, for children
with PCHL are required.
Examining UNHS programme performance enables evaluation and comparison of UNHS
programmes, which can indicate best practice for screening and inform screening policy. In
particular, there is ongoing debate regarding the value of school entry screening after
UNHS, to detect conditions that are missed, or not present, at UNHS97. Investigating the
rate of false negatives, and false positives, in UNHS programmes will inform this debate by
indicating how many children are not correctly diagnosed at the time of UNHS.

8.3. Research question and objectives
The primary research question was:
What is the prevalence of PCHL detected at UNHS and which perinatal factors are
associated with higher prevalence?
A secondary research question was:
How well do UNHS programmes perform, in terms of screening accuracy and related
measures, and is there variability across UNHS programmes?
Specific objectives were to:
 Describe the population-based prevalence of confirmed bilateral PCHL ≥26 dB HL
detected through UNHS in very highly developed countries
 Examine how risk of PCHL varies by demographic and individual characteristics,
including pre- and peri-natal risk factors for HL
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 Investigate the performance of UNHS in very highly developed countries
Hypotheses were that:
 Prevalence of HL detected through UNHS would be heterogeneous across different
studies and this could partly be explained by differences in demographic and
perinatal characteristics, such as NICU admission.
 Performance of UNHS would be variable and studies with follow-up after UNHS and
diagnostic stages would identify some false negatives.

8.4. Software
Analyses were performed using STATA 15 (Stata Corp, College Station, TX).

8.5. Methods
The review was carried out in accordance with the registered PROSPERO protocol
(www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016051267) and reported
following MOOSE387 and PRISMA388 guidelines.

8.5.1. Search strategy
In January 2017, I searched electronic databases (PubMed, Medline(OvidSP), EMBASE,
CINAHL, and the Cochrane Library) and reviewed the first 100 Google Scholar search results
to identify relevant articles for the meta-analysis. Further reports were identified from
citations of included papers and a search of the unpublished literature (November 2017).
An updated search of the databases was completed in June 2019.
Text-word searches, along with MeSH terms or Subject Headings, were used to construct
database searches (Appendix D.2). Key text-words included: hearing loss, hearing
impairment, deafness, epidemiology, incidence, prevalence, and newborn, neonatal, child,
infant. There were no date or language restrictions.

8.5.2. PCHL definition
The review case definition for PCHL was bilateral HL ≥26 dB HL that was confirmed by
diagnostic assessment and not known to be transient. This reflects the WHO defined
minimum severity of PCHL likely to require active management59. Milder (15-26 dB HL) and
unilateral PCHL can also affect outcomes389, but were not included as they are not always
detected, or reported, in UNHS programmes92,390,391. Temporary, acquired, progressive, or
late-onset conditions were not included as UNHS does not usually aim to capture these.
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8.5.3. Inclusion and exclusion criteria
I included reports from VHD countries (as defined by the UNDP), such as the United
Kingdom, United States, and Germany379. These should be comparable in terms of UNHS
provision, access to healthcare, child health, and socioeconomic conditions. Table 8-1
summarises the full inclusion and exclusion criteria. As the aim was to estimate populationbased prevalence, I excluded studies involving a selective sample of children considered to
be at high-risk of PCHL. Studies including only children at low-risk of PCHL were included as
this population was considered to approximate the general population.
Table 8-1. Inclusion and exclusion criteria for the meta-analysis
Inclusion criteria
Observational studies and studies without
intervention on PCHL risk, including
cohort studies, case-control studies or
case series of ≥15 participants
Any very highly-developed country379
Must have UNHS in place or being tested
on the study population (Box 8-1)
Reported total number of children with
confirmed bilateral PCHL ≥26 dB HL
detected at UNHS
Reported the total number of children
undergoing or considered for UNHS
screening
English abstract available (only applicable
to published reports)

Exclusion criteria
Reviews without a systematic search strategy,
comment pieces, letters, or editorials

Not in a very highly-developed country
UNHS not in place during the study

No specification of the number of children
confirmed to have PCHL that was diagnosed at
UNHS and fitted the review case definition
No specification of the number of children
undergoing or considered for UNHS, or numerator
bias that could not be accounted for
Studies where the full spectrum of PCHL severity
was not represented (minimum severity ≥61 dB HL)
All participants aged ≥1 year at the start of the
study
Study reporting on a selective sample at risk of
hearing loss
dB HL: decibels hearing level; PCHL: permanent childhood hearing loss; UNHS: universal newborn
hearing screening.

8.5.4. Article selection and data extraction
I initally screened all identified titles and abstracts from the searches against the inclusion
and exclusion criteria to identify those eligible for full text review. Two random samples
(10% of the total identified reports) were also assessed by secondary reviewers in the initial
search. In the updated 2019 search, a random sample of 20 (2%) was examined by a second
reviewer. Inter-rater concordance on eligibility was assessed using the unweighted Cohen’s
kappa statistic (ranges betwee 0 and 1, with higher values indicating higher observed
agreement of raters than that expected by chance) and discrepancies were resolved by
discussion. Following this, I screened full reports for all those passing the title and abstract
stage against the inclusion and exclusion criteria, to determine the final studies for
inclusion in the meta-analysis.
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I developed and piloted a data extraction form for the study (Appendix D.3) that extracted
information on:
 Study design and details
 Sample details
 PCHL definition
 Details of the UNHS protocol and any other HL detection pathways
 Results and performance of the screening programme and HL detection
 Prevalence of PCHL
 Risk factors and characteristics of children detected to have PCHL
 Study quality
Each study was classified into one of four geographical regions based on included countries:
Asia, Europe, North America, and Australia. I categorised the UNHS protocols to one of
three broad protocols:
 OAE and ABR then diagnostic testing
 OAE then diagnostic testing
 ABR then diagnostic testing
A secondary reviewer carried out data extraction for each study and extracted data were
compared between reviewers, with discrepancies resolved by discussion. Study data were
collected and managed using REDCap (Research Electronic Data Capture), a web-based
application for data collection, hosted at University College London392.

8.5.5. Quality assessment
Quality of each report was assessed in the data extraction form, based on selected criteria
from the Joint Committee of Infant Hearing (JCIH) guidelines63,393, Newcastle-Ottawa
scale394, STARD395, and QUADAS-2396. The final quality evaluation included eight factors,
with a maximum of nine points available. Higher scores indicate better quality (Table 8-2).
Where information was unavailable for UNHS coverage or follow-up, these criteria were
marked as unclear (scored as 0).
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Table 8-2. Quality criteria scoring
Factor
PCHL definition

Relates to
Clear definition of: whether
unilateral and bilateral PCHL was
included (or only bilateral), plus
anatomy and severity, of target
condition

Score
0

1

Scoring
Not clearly defined - missing
information on two or more
features
Mostly defined - missing
information on one feature
Clearly defined - specified all
features
Not clearly defined – missing
information on one or more
features
Clearly defined all features

0
1

Not clearly defined
Clearly defined

0
1

Any identified concerns
No identified concerns

0
1

<95% or unclear
≥95% (based on 2007 JCIH
guidelines63)
<70% or unclear (based on
2000 JCIH guidelines393)
≥70%

1
2

UNHS protocol

At-risk protocol

Sample bias

UNHS coverage

Clear description of which tests
were used and number of stages,
as well as pass/fail criteria (i.e.
threshold and whether both
unilateral and bilateral referrals,
or only bilateral referrals, were
made)
Clear description of procedure for
screening children at high risk of
PCHL
Whether sample was
representative of general newborn
population in area
= (number receiving one or more
UNHS tests) ÷ (eligible population)

0

UNHS follow-up

= (number not lost to follow-up by 0
end of diagnostic testing stage) ÷
(number failing first stage of UNHS 1
testing)
Other concerns Whether any further concerns
0
Further concern identified
were identified
1
No other concerns identified
Follow-up
Whether studies included follow0
No
up after UNHS and diagnostic
1
Yes
testing
PCHL: permanent childhood hearing loss; UNHS: universal newborn hearing screening.

8.5.6. Statistical analysis methods
I included each study sample in analyses once. Where there were multiple reports on a
single or overlapping study sample, data from the report providing most detail was used in
analyses. Further reports were included as additional references.
I evaluated the characteristics of included studies and examined bivariate associations
between characteristics using chi-squared tests (when there were two categorical
variables), Kruskal-Wallis or Mann-Whitney tests (when there was one categorical and one
continuous variable), or Spearman’s correlation coefficents (when there were two
continuous variables).
I then calculated the prevalence (and 95% confidence intervals [CI]) of children with PCHL
detected via UNHS and fitting the review case definition (i.e. prevalence of screen-positive
true-positive children). The denominator used for the main analyses was the screened
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population (Table 8-3). Pooled PCHL prevalence and 95% CIs were calculated using
Freeman-Tukey double arc-sine transformation and Wilson(score) methods. These methods
ensure that the pooled prevalence and variance are correctly calculated when there are
extremely large or small prevalences, and constrain confidence intervals to reasonable
limits for prevalence values (i.e. between 0-100%)397. Random-effects models were fitted,
using the DerSimonian and Laird method398, as heterogeneity in detected PCHL prevalence
was expected.
Heterogeneity was evaluated with the I2 statistic. This is calculated based on the sum of
squared deviations of each study’s estimate from the pooled estimate, weighting each
estimate by its standard error. The I2 statistic lies between 0 and 100%, and indicates the
proportion of observed variance that is not explained by chance399. I explored sources of
heterogeneity by stratifying prevalence calculations by study characteristics. Variation in
detected PCHL prevalence by reported demographic and individual characteristics,
including NICU admission, were explored where data were available.
Table 8-3. Definitions for the meta-analysis
Term
Definition
Calculation
Study population Number of children considered for
n/a
inclusion in the study, regardless of
screening status
Screened
Number of children receiving at least
Study population – number never
screened
population
one screening test
Screen positive
Number of children referred for
n/a
diagnostic testing, regardless of
attendance
Screen negative Number of children not referred for
n/a
diagnostic testing, regardless of loss to
follow-up before this point
True positive
Number of screen positive children that n/a
were confirmed to have PCHL at
diagnostic testing
False positive
Number of screen positive children that n/a
did not have PCHL at diagnostic testing
False negative
Number of screen negative children that n/a
had PCHL confirmed not via UNHS
True negative
Number of screen negative children that n/a
did not have PCHL
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
Sensitivity
The ability of the screen to correctly
detect children with PCHL
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
Specificity
The ability of the screen to correctly
detect children without PCHL
𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠 + 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
Positive
Probability that child did have PCHL if
predictive value screen positive
𝑆𝑐𝑟𝑒𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
Negative
Probability that child did not have PCHL
predictive value if screen negative
𝑆𝑐𝑟𝑒𝑒𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
PCHL: permanent childhood hearing loss. UNHS: universal newborn hearing screening.
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Sensitivity analyses involved exclusion of studies that were outliers or of low quality, as well
as calculating prevalence using the study population as the denominator, rather than the
screened population (Table 8-3). Other prevalence analyses encompassed examination of
the association between detected prevalence and individual quality indicators, as well as
the overall quality score. Funnel plots and Egger’s test were used to assess prevalence
differences by sample size, along with a sensitivity analysis excluding studies with fewer
than 7832 children. This sample size was selected based on the minimum sample size
required to accurately detect a prevalence of 1 per 1000 children using 95% CIs and a
precision of 0.0005400.
UNHS programme performance was assessed using available data on programme
outcomes, namely the number of children with screen positive and screen negative results,
and with (true positives and false negatives) or without (false positives and true negatives)
confirmed PCHL diagnoses (Table 8-3 and Figure 8-1). Screen positives comprised all
children referred to diagnostic testing, and screen negatives all those not referred,
regardless of attendance at diagnostic testing or attrition before the point of diagnostic
referral. True positives were defined as all screen-positive children diagnosed with PCHL
fitting the review case definition at diagnostic testing following UNHS. Where there were
changes in diagnoses across time in these children, I used the results of initial diagnostic
testing, rather than the last available diagnosis, to ensure consistency across studies. PCHL
diagnoses through pathways other than UNHS were not included in the true positives.
I only calculated negative predictive value (NPV), sensitivity, and specificity for studies that
followed up children with screen negative results, as this follow-up is required to ascertain
the number of false negatives needed for these calculations (Table 8-3). Unscreened
children with PCHL, plus late-onset, acquired and progressive PCHL were excluded from the
false negative number where possible as these do not reflect actual false negatives. Positive
predictive value (PPV) calculation was not limited by follow-up. Quantitative pooling of
performance estimates was not undertaken due to methodological differences between
studies, such as tests used, diagnostic referral criteria, and case definition.
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children may be medically excluded from screening (e.g. due to high-risk conditions like meningitis or atresia) and referred directly to diagnostic testing. bDue to parental refusal,
illness, etc. cDue to failure to return for further testing after failure/unclear results at a screening stage. dNot always active or complete. eSome of these children may have unilateral, mild
and/or temporary hearing loss or may go on to develop late-onset, acquired or progressive PCHL, but these are not included in the target HL definition.

aSome

Figure 8-1. General UNHS screening pathway and outcomes

8.6. Results
8.6.1. Study selection
The initial literature search identified 6195 non-duplicate references. After title and
abstract screening, 361 records remained. Upon screening the full texts of these records,
325 records were excluded. The most common reasons for exclusion were that studies did
not report UNHS results, had unclear HL case definitions, or had a lack of clarity on the
number of children with HL fitting the review case definition. Five further records were
identified from the grey literature and searching the reference lists of included reports. The
updated search in July 2019 identified four further reports for inclusion. Overall, there were
a total of 45 eligible reports. These contained information on 35 study populations as some
reports contained information on duplicate or overlapping study populations (Figure 8-2).
Two systematic reviews384,385 were included in the total number of articles, but not in data
extraction as they contained no additional data (all reviewed studies were included as
individual studies).
Studies are hereafter described by the name of the first author. For reports on the same or
overlapping study populations, I used data from the report containing most information:
 González de Aledo Linos: covers two articles on an overlapping population401,402,
using data from the paper authored by ‘González de Aledo Linos’401, which involved a
longer period of UNHS
 Van Kerschaver: covers three articles on an overlapping population77,381,403, using
data from the paper that included all children77 (not just those at-risk)
 Watkin: covers three articles on the same population78,130,131, using the results of
the most recently published paper (2012) on the study78
 Wessex: covers three articles on the same population129,404,405, using the results of
the 2005 paper405, which included the longest follow-up
 Wroblewska-Seniuk: covers two articles on an overlapping population406,407, using
the results of the September 2017 paper406, which contained information on a larger
study population
In the initial seach, the inter-rater kappa statistic for inclusion eligibility was 0.8 (95% CI:
0.6-0.9) for the first secondary reviewer, and 0.8 (95% CI: 0.7-0.9) for the second,
suggesting satisfactory agreement. In the updated search, there were no inconsistencies in
agreement for the 20 articles assessed by the second reviewer.
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8.6.2. Study characteristics
Characteristics of the included studies are described in Table 8-4, separately for those with
and without follow-up after UNHS and diagnostic testing was completed.
The majority of included studies were in Europe (n=25, 71%), with the remainder in North
America (n=4, 11%), Australia (n=3, 9%), or Asia (n=3, 9%). A total of 7 studies were
population-based and included out-of-hospital births, whilst 15 were based in multiple
hospitals or birth centres and 13 involved a single hospital. Only data from UNHS screening
periods were included from the Wessex study (other periods involved only non-UNHS
screening methods).
Included studies covered UNHS screening of births between 1990 and 2015, with a median
study duration of 4 years (25th percentile [Q1]: 2, 75th percentile [Q3]: 6). Only the 1999
results were included for the Mehl study as the numbers screened and diagnosed were
unclear for other years. The Almenar Latorre study was the only study that did not provide
clear dates for study completion.
Study populations ranged between 1076 and 1525094 (median: 26281, Q1: 11624, Q3:
102301) children for the 27 studies with this information available. Eight studies reported
the number of children screened without specifying the study population or how many
were unscreened. The largest study population was reported by Wroblewska-Seniuk. This
covered 1525094 births recorded in the Polish UNHS database for the entire country
between 2010 and 2013406. Studies in single hospitals tended to have the smallest study
populations (median: 10773 children, Q1: 1277, Q3: 12080), followed by those in multiple
hospitals (median: 27885 children, Q1: 21125, Q3: 65466) then population-wide studies
(median: 284694, Q1: 35668, Q3: 552820). These were significantly different based on a
Kruskal-Wallis test (p=0.002).
Median recruitment or screening coverage was 96.8% (Q1: 94.1%, Q3: 98.6%) for 24 studies
with available information. With the exception of the Kim study 408 (coverage: 53.6%),
coverage exceeded 80% for all studies. The Kim study took place in the Republic of Korea,
where UNHS was not provided free of charge. During the period of the study, screening
coverage increased and was 70% or over after 2009, which may be attributed to free
screening coupons that were provided to families with low-incomes after this year. There
was no indication of correlation between study population size and coverage (Spearman’s
rho=0.12, p=0.57). Study population size was correlated with longer study length
(Spearman’s rho=0.50, p<0.01).
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Corresponding to the high coverage in most studies, screened population sizes were similar
to the study populations and ranged between 1064-1499168 children in the 32 studies with
available information. Common reasons cited for not screening children included parent
refusal, technical difficulties, and medical exclusion from screening.
No further relationships between characteristics, further to those described above, were
identified on the basis of chi-squared tests, Kruskal-Wallis tests, or Spearman’s correlation
coefficients, as appropriate. Non-parametric tests were used for continuous variables as
these mostly did not follow normal distributions (based on visual assessment).
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Figure 8-2. PRISMA flow diagram
Records identified through database
searches (n = 11504 + 1772)

Records after duplicates removed
(n = 6195 + 882)

Titles & abstracts screened
(n = 6195 + 882)

Records excluded (n = 5834 + 846)

Full-text articles assessed for eligibility
(n = 361 + 36)
Articles excluded (n = 325 + 32):
199 + 4 not reporting on UNHS results as defined
10 comment pieces/letters/non-systematic review
10 + 1 location
14 + 6 did not report numbers for UNHS incidence
62 + 15 could not calculate the number of cases fitting
review case definition
26 + 4 used a selective sample/had numerator bias
3 + 2 could not be obtained
1 could not be translated

Articles identified from citations (n = 3)
Articles identified from grey literature search (n = 2)

Articles included in review (n = 41 + 4)

Studies included in review (n = 32 + 3)
Numbers after ‘+’ reflect additional literature found in updated search June 2019
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Table 8-4. Included study characteristics
Study
Almenar
Latorre409
Antoni410

Berninger411

Calcutt412

Calevo75

CaoNguyen413

De Capua67

Kim408

Ng414

O'Connor415

Watkin
78,130,131

Wessex
129,404,405

Adelola416
Aidan417
Bailey418
Caluraud419
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UNHS UNHS PCHL meeting Study pop., PCHL via Follow-up after UNHS
Setting years type case definition n (% screen) UNHS, n and diagnostic testing
1H
n/a
O & A Bilateral >40 dB 1532 (n/a)e
4
Parent questionnaire
HLa
at 1 year (n=825,
53.8%, followed up)
France
4H
2005A Bilateral >35 dB 27885 (96.0)
30
Children w. PCHL had
2010
HLa
audiology records
checked (mean length:
34 months, range: 075 months)
Sweden
2H
1999- O & A Bilateral SNHL, 31092 (n/a)e
57
Clinician report of
2004
CHL & mixed
cases and acoustic
>30 dB HLb
amplification referrals
up to age 10 years
Aus. P - 1 region2009A Bilateral SNHL
185205
121 Targeted surveillance
2011
>40 dB HLb
(94.9)
at 9-12 months (2606
attended of 4361
referred) and
audiology records up
to age 4 years
Italy 13 H/BC 2002- O & A Bilateral >40 dB 32502 (99.2)
20
PCHL registry and
2004
HLa,b,c
audiology records up
to age 2 years
Switz.
1H
2000- O & A Bilateral >40 dB 17535 (n/a)e
24
Audiology records
2004
HLa,d
checked to unclear age
(excluding late-onset
PCHL)
Italy
3H
1998O Bilateral SNHL, 21125 (93.3)
24
Audiology records up
2007
CHL & mixed
to age 1 year
>30 dB HLb
Rep. of
1H
2005A Bilateral SNHL 13805 (53.6)
30
Children with PCHL
Korea
2014
≥26 dB HLb
>40 dB HL diagnosed
via UNHS followed-up
with unclear methods
(11/13 children
followed-up)
Hong
1H
1999O Bilateral ≥40 dB 1076 (98.9)
3
Parent interviews at
Kong
1999
HLa,b
18 and 36 months
(n=1020; 95.9%
followed up)
Ireland
6H
2011- O & A Bilateral SNHL, 11763 (99.8)
12
Targeted surveillance
2012
CHL & mixed
up to age 1 year
>40 dB HLb,c
UK P - 1 region1992O Bilateral ≥40 dB 35668 (94.9)
32
Audiology records up
2002
HLa,b,c
to age 12 years
(excluding late-onset
PCHL)
UK
4 H - only 1993- O & A Bilateral ≥40 dB 25609 (83.1)
22
Active follow-up and
UNHS 1996
HLa
audiology, healthcare
periods
and educational
records up to age 9
years (excl. late-onset)
Ireland
2H
2000- O & A Bilateral >40 dB 26281 (97.9)
19
2007
HLa,b
France
1H
1995O Bilateral SNHL 1727 (82.3)
2
1997
>40 dB HLb
Aus. 5 H – excl. 2000- O & A Bilateral >35 dB 13214 (96.2)
5
some NICU2001
HLa,b
France 14 H/BC 1999- O & A Bilateral >35 dB
101916
142
2011
HLa,d
(99.8)
Place
Spain

UNHS UNHS PCHL meeting
Setting years type case definition
P2003- O & A Bilateral SNHL,
Statewide 2004
CHL & mixed
≥30 dB HLb
Ghirri421
Italy
1H
2005- O & A Bilateral >40 dB
2009
HLa,b,c
González de Spain
2H
2001O Bilateral SNHL
Aledo
2003
>40 dB HLb
401,402
Linos
Guastini422
Italy
1H
2006- O & A Bilateral >40 dB
2009
HLa,b,d
Habib423
Saudi 1 H – excl. 1996O Bilateral SNHL
Arabia JCIH risk 2004
≥26 dB HLb
factors
Magnani424
Italy
1H
2010- O & A Bilateral SNHL
2013
>40 dB HLb,c
Martínez425 Spain
1H
2001- O & A Bilateral >35 dB
2002
HLa,b
426
Mason
USA
1H
1992A Bilateral SNHL,
1997
CHL & mixed
>35 dB HLb
Mehl427
USA
57 H Only
A Bilateral SNHL,
1999
CHL & mixed
incl.
≥35 dB HLb
Metzger428 Switz. 1 H – excl. 2005O Bilateral ≥40 dB
preterm 2010
HLa
births
NSW429
Aus.
P – 1 2003A Bilateral >40 dB
region 2009
HLa,b
Rissman430
Ger.
25 H 2010- O & A Bilateral SNHL,
2015
CHL & mixed
>35 dB HL
Rohlfs431
Ger.
14 H/BC 2002- O & A Bilateral ≥41 dB
2006
HLa,b,c
Uilenburg432 Ned.
P - 3 1999O Bilateral SNHL
regions, 2000
≥40 dB HLb
excl. NICU
Uus73
UK
23 H 2001O & Bilateral SNHL,
2004
ABR CHL & mixed
≥40 dB HL
Van der
Ned.
P2002- O & A Bilateral ≥40 dB
Ploeg433
country, 2009
HLa,b
excl. NICU (excl.
infants 2007)
Van
Bel. P - 1 region1999A Bilateral SNHL,
Kerschaver77
2008
CHL & mixed
,381,403
>40 dB HLb
66
White
USA
1H
1990- O & A Bilateral SNHL,
1991
CHL & mixed
>25 dB HLb
Wroblewska Poland All H with 2010O Bilateral SNHL,
-Seniuk406,407
UNHS 2013
CHL & mixed
>40 dB HLb,c
Study
Fornoff420

aAnatomy

Place
USA

Study pop., PCHL via Follow-up after UNHS
n (% screen) UNHS, n and diagnostic testing
335412
160
(98.0)
8113 (n/a)e

21

8836 (98.4)

11

8671 (n/a)e

2

11986 (n/a)e

20

11624 (99.7)

26

1277 (94.2)

9

10773 (98.2)

16

63590 (87.0)

63

12080 (n/a)

15

284694
(99.0)
102301
(97.4)

283

65466 (92.8)

73

3336 (94.0)

1

169487
(n/a)e

169

552820 (n/a)

427

628337
(95.9)

646

1850 (n/a)e

6

1525094
(98.3)

1523f

228

of HL (CHL, SNHL, mixed) not specified. bUnilateral loss reported in study, but excluded in meta-analysis
PCHL count. cPCHL <40 dB HL reported but HL <26 dB HL versus 26-40 dB HL could not be separated, so HL <40 dB HL is
excluded in meta-analysis PCHL count. dDiagnostic threshold unclear; assumed to be the same as the screening test
threshold. eUnclear study population considered; number given is those receiving ≥1 UNHS test. fNumbers provided by
author. Aus: Australia; A: auditory brainstem response; BC: birth clinic; Bel: Belgium; CHL: conductive HL; dB HL:
decibels hearing level; Ger: Germany; H: hospital; n/a: not applicable or unclear; Ned: Netherlands; NICU: neonatal
intensive care unit; O: otoacoustic emissions; P: population-based (including out of hospital births); pop: population;
PCHL: permanent childhood hearing loss; SNHL: sensorineural HL; Switz: Switzerland; UNHS: universal newborn
hearing screening
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8.6.3. UNHS protocols
The UNHS protocols reported in the studies were categorised into three groups defined by
the protocol used most commonly in the study: OAE testing only, ABR testing only, or a
combination of OAE & ABR testing (Appendix D.4). Studies often reported use of multiple
screening pathways, usually distinguished by NICU admission or presence of risk factors.
The screening pathways for children not admitted to NICU, or without risk factors, was
assumed to be most commonly used. All protocols ended with referral to diagnostic testing.
A combination of OAE and ABR testing was reported in 19 (54.3%) studies. With the
exception of two studies, all used multiple pathways. The number of screening ‘stages’
varied from one (OAE and ABR tests given at the same time) up to five before referral to
diagnostic testing. Children admitted to NICU or with risk factors usually underwent fewer
testing stages before diagnostic referral. One study utilised an ‘at-risk referral’ pathway,
where all children with risk factors for PCHL were referred to diagnostic testing, regardless
of screening results (Martínez).
OAE then diagnostic testing was used in nine studies (25.7%, though in the Watkin study,
the final year used a combination of OAE and ABR). The number of testing stages ranged
from one to three. Five studies reported on a single screening pathway, whilst four
reported on multiple pathways (usually distinguished by presence of risk factors). Three
studies (De Capua, González de Aledo Linos, and Wroblewska-Seniuk) utilised an “at-risk
referral” pathway, as defined above.
ABR then diagnostic testing was used in seven studies (20.0%, though in the Mehl study,
this only applied to 52 of 57 included hospitals; 3 further hospitals used OAE then
diagnostic testing and 2 used OAE and ABR before diagnostic testing). All of these studies
required multiple ABR test failures before diagnostic referral. Five studies reported on a
single screening pathway, whilst two reported on multiple pathways. The Kim study was
the only study to use an “at-risk referral” pathway, as defined above.
Protocol type differed across regions, although there were few studies outside of Europe so
results may not be representative for regions other than Europe. The most common
protocol type in each region was:
 Europe: OAE and ABR (n=16, versus 7 using OAE only and 2 using ABR only)
 Australia: ABR only (n=2, versus 1 using OAE and ABR)
 Asia: OAE only (n=2, versus 1 using ABR only)
 North America: OAE and ABR (n=2) or ABR only (n=2)
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There were no other differences by protocol type in terms of characteristics or quality
indicators based on chi-squared tests or Kruskal-Wallis tests.

8.6.4. Other reported pathways to PCHL diagnosis
The Bailey418 and Calcutt412 studies discussed ‘medical exclusion pathways’ in which certain
babies deemed ‘at-risk’ of PCHL were excluded from UNHS. Diagnoses through these
pathways were not considered in the meta-analysis given that these reflect neither true
positives (children diagnosed with PCHL via UNHS, considered in the prevalence and screen
performance calculations) or false negatives (children that were incorrectly diagnosed as
not having PCHL via UNHS, considered in screen performance calculations).
A total of 12 (34.3%) studies carried out follow-up after completion of UNHS (for children
with screen negative results) or diagnostic testing (for children with screen positive results;
Table 8-4). The Rissman study430 was not included in this number as follow-up in this study
was reported only for a subsection of the population and could not be used to distinguish
between false negatives and those with transient HL detected through pathways other than
UNHS.
In these 12 studies, age at last follow-up ranged from less than 1 year to 12 years of age;
two studies did not state the length of follow-up. Techniques used for follow-up included
contacting parents or clinicians, further audiological testing, checking records or registers
for further diagnoses, and targeted screening (whereby children who passed screening but
were deemed to be at-risk of PCHL were referred for diagnostic testing at a later age).
The majority of these studies (n=9/12, 75%) attempted to follow up all children, including
screen negatives. Two studies only followed up children with PCHL confirmed at diagnostic
testing (Antoni and Kim408,410) and one study only children with risk factors that passed
screening (O’Connor415). There were no studies reporting the use of active surveillance or
capture recapture methods to identify PCHL that was not correctly diagnosed at UNHS.
Of the studies with follow-up after diagnostic testing, it was reported that between 53.8%
and 95.9% children were successfully followed up (Table 8-4), however, the majority of
studies did not report coverage of follow-up. This lack of reporting is problematic as, when
using certain follow-up methods (such as audiology records), children may have moved out
of the area and been diagnosed with PCHL elsewhere and this would not be captured.

8.6.5. PCHL definition and diagnoses
Between 1 and 1523 children were reported to have PCHL diagnoses fitting the case
definition and detected via UNHS in the individual studies. A total of 6 studies used a
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minimum threshold for for PCHL diagnosis between 26-30 dB HL; 7 between 31-39 dB HL,
and the remaining 22 studies (62.9%) at or over 40 dB HL (7 of the final group reported
lower thresholds as well but the number of children with PCHL <26 dB HL could not be
separated from the number that had PCHL at 26-40 dB HL). In 7 (20.0%) studies only SNHL
conditions were reported that fit the review case definition, in 11 (31.4%) all types (SNHL,
CHL and mixed PCHL) were reported, and in the remaining 17 (48.6%), the HL mechanism
was not specified (Table 8-4).

8.6.6. Study quality
The majority of studies were of high quality for the following criteria: clarity of PCHL case
definition, clear protocol details, clear screening pathway for high-risk children, lack of
sample bias (common reasons for not meeting this were: exclusion of high-risk children or
inadequate information on recruitment procedures), UNHS coverage ≥95%, and absence of
other identified concerns. Lower or more variable quality was seen for follow-up during
UNHS screening or diagnostic stages (16 studies did not clearly state the number of children
lost to follow-up) and for follow-up after all UNHS screening and diagnostic stages (Figure
8-3 & Table 8-5).
Identified ‘other concerns’ included conflicts in the numbers cited in the text and figures,
issues with the robustness of population coverage, small study population size, and
inadequate description of UNHS protocols or other pathways to diagnosis.
Few studies reported any follow-up after UNHS screening and diagnostic testing was
completed (Figure 8-3). Those with follow-up mainly relied on passive methods, as
described earlier, and rarely reported whether children with screen negative results and
later PCHL diagnoses were failures of detection (false negatives) or whether these children
had late-onset, acquired or progressive PCHL.
Median quality score was 5 (Q1: 4, Q3: 7). Region, setting, minimum severity (grouped to
<30 dB HL, 31-39 dB HL, or ≥40 dB HL), study population size, or year of study start were
not associated with the individual quality indicators or overall quality score, judged by chisquared tests for categorical variables, or Mann-Whitney or Kruskal-Wallis tests for
continuous variables as appropriate.
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PCHL: permanent childhood hearing loss; UNHS: Universal newborn hearing screening

Figure 8-3. Study quality indicators

.

Table 8-5. Quality scoring results
Study
De Capua
O'Connor
Calcutt
Calevo
Kim
Magnani
Mason
Ng
Rissman
Caluraud
Guastini
Uilenburg
Uus
White
Almenar
Latorre
González de
Aledo Linos
Habib
NSW
Van der
Ploeg
Watkin
Wessex
Wroblewska
-Seniuk
Adelola
Antoni
Bailey
Cao-Nguyen
Ghirri
Metzger
Berninger
Fornoff
Martínez
Mehl
Rohlfs
Van
Kerschaver
Aidan
Total high
quality

Clear atPCHL
Clear
risk
definition protocol
protocol
2
1
1
2
1
1
2
1
1
0
1
1
2
1
1
2
0
1
2
1
1
1
1
1
2
0
1
0
1
1
1
1
1
2
1
1
2
1
1
2
1
1

Sample UNHS
UNHS
Overall
Other
Total
bias
coverage follow-up follow-up concern n/9
1
1
0
1
0
1
0
1
1
1
1
0
1
0

0
1
1
1
0
1
1
1
1
1
n/a
0
n/a
n/a

1
n/a
n/a
1
1
1
1
1
1
1
1
1
n/a
1

1
1
1
1
1
0
0
1
0
0
0
0
0
0

1
1
1
1
1
1
1
0
1
1
1
1
1
1

8
8
7
7
7
7
7
7
7
6
6
6
6
6

1

1

1

0

n/a

1

1

0

5

1

1

0

1

1

n/a

0

1

5

2
1

1
0

0
0

0
1

0
1

1
1

0
0

1
1

5
5

1

1

1

0

1

n/a

0

1

5

1
1

0
1

0
1

1
0

1
0

n/a
n/a

1
1

1
1

5
5

2

0

1

1

1

n/a

0

0

5

1
1
1
0
1
1
2
1
1
2
0

0
0
1
0
1
1
0
0
0
0
1

1
0
0
0
1
0
0
0
0
0
1

1
0
0
1
0
0
0
1
1
1
0

1
1
1
1
n/a
n/a
n/a
1
0
0
0

n/a
1
1
n/a
n/a
1
n/a
n/a
n/a
n/a
0

0
1
0
1
0
0
1
0
0
0
0

0
0
0
1
1
1
0
0
1
0
1

4
4
4
4
4
4
3
3
3
3
3

1

0

0

1

1

n/a

0

0

3

0
14 high,
16
medium

1

0

0

0

0

0

1

2

22

21

19

19

17

12

25

Total low
5
13
14
16
9
2
23
10
quality
Unclear
n/a
n/a
n/a
n/a
7
16
n/a
n/a
quality
n/a indicates unclear quality (scored as 0). PCHL: permanent childhood hearing loss; UNHS: universal
newborn hearing screening.

261 | P a g e

8.6.7. Prevalence
Pooled UNHS-detected PCHL prevalence (Figure 8-4) was 1.2 per 1000 screened children
(95% CI: 1.0-1.4) with a high level of heterogeneity (I2=92.3%). This analysis excluded three
studies that did not clearly report the number of children screened (Metzger, Van Der
Ploeg, and NSW).
Sensitivity analyses excluding studies with quality scores below four (Aidan, Berninger,
Fornoff, Martínez, Mehl, Rohlfs, or Van Kerschaver), or those with identified sample bias
(including five studies that excluded children at high-risk of PCHL) did not alter prevalence
estimates to any noticeable degree. Excluding the Martínez or Kim studies408,425 (clear
outliers) in a sensitivity analysis had little effect on the estimated prevalence (prevalence
after exclusion of studies: 1.1 per 1000 screened children, 95% CI: 0.9-1.3).
Children that are screened versus those who are not screened may differ systematically in
terms of PCHL risk. In particular, in the early part of the Kim study408 there was extremely
low screening coverage, which may have been linked to the cost of screening. In this study,
screening may have been more likely to occur when there was parental suspicion of PCHL
(including where there was family history of PCHL). The prevalence calculations were
therefore repeated using a denominator of the study population (the population
considered for inclusion in the study, regardless of screening status) rather than the
screened population. This reduces risk of bias due to exclusion of unscreened children and
provides an estimated ‘minimum prevalence’ if all unscreened children had normal hearing.
As expected, pooled prevalence with the study population as the denominator was lower
than when using the screened population as the denominator, at 1.0 (95% CI: 0.9-1.2) per
1000 children. The overlapping 95% confidence intervals of the prevalence estimates using
different denominators suggests no significant difference between the estimates. This
reflects the high coverage seen in most studies. Eight studies were not included in the study
population analysis as they did not report the study population number (Almenar Latorre,
Berninger, Cao-Nguyen, Ghirri, Guastini, Habib, Uus, and White). I chose to report the
prevalence in the screened population as my main result given that prevalence in the study
population would be expected to underestimate actual prevalence as unscreened children
are treated as children without PCHL.
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Figure 8-4. UNHS-detected PCHL prevalence in the screened population

Studies with smaller study populations produced significantly larger prevalence estimates
(Egger’s test p=0.04; Figure 8-5). Excluding studies with study populations less than 7832
children did not modify pooled prevalence estimates significantly (exclusion led to an
estimated prevalence of 1.1 per 1000 children, 95% CI: 1.0-1.3).
Figure 8-5. Funnel plot

PCHL: permanent childhood hearing loss
Heterogeneity in prevalence estimates
Prevalence estimates were significantly smaller for studies carried out in Australia
compared to other regions (p<0.001) (Figure 8-6). Differences across regions were seen in
screening protocol type (Australian studies were significantly more likely to use ABR
compared to other protocols) and severity (Australian studies had a minimum severity of 30
dB HL or higher, whereas all other regions included studies with minimum thresholds ≤30
dB HL). Studies in Asia tended to have higher prevalence estimates, however, heterogeneity
was high across the three studies from this region and particularly high prevalence was only
seen in the Kim study.
Studies based on single hospitals had higher PCHL prevalence estimates than those based in
multiple hospitals or using population-based samples (heterogeneity between settings,
p=0.001) (Figure 8-6). This could not be attributed to significant differences in measured
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quality indicators or study characteristics, but may have been linked to the smaller study
population for studies based in single hospitals versus other settings.
Prevalence estimates did not vary (p>0.05 for all tests of heterogeneity) by screening
protocol type, year started, study duration, PCHL case definition (severity [≤30 dB HL, 31-39
dB HL, ≥40 dB HL] or anatomy [SNHL, all anatomies included, or not stated]). The high
variability in specific details of UNHS protocols (for example ages of testing, number of
tests, specific equipment, referral criteria) precluded investigation of associations between
these factors and PCHL prevalence.
With the exception of “Other quality concerns” (p=0.03 for heterogeneity between
prevalence in studies with versus without concerns), the individual quality indicators and
total quality score were not associated with differences in prevalence (p>0.05 for all tests of
heterogeneity). Studies with other quality concerns tended to detect lower prevalences (0.9
per 1000 children, 95% CI: 0.7-1.2) than those without (1.3 per 1000 children, 95% CI: 1.11.7).

8.6.8. Differences in prevalence by demographic and individual
characteristics
UNHS-detected PCHL prevalence by NICU admission status was reported in four studies
(Kim, Caluraud, O’Connor, and White). In the Kim paper, the only PCHL type fitting the
review case definition and reported separately in NICU and non-NICU populations was ≥40
dB HL, whereas in the rest of the paper a threshold of 26 dB HL was used.
Pooled PCHL prevalence was 5.1 (95% CI: 2.5-8.5) per 1000 screened children admitted to
NICU, compared with 0.9 (95% CI: 0.5-1.4) per 1000 not admitted: a PCHL prevalence rate
ratio of 5.4 (95% CI: 2.5-12.0; Figure 8-7). Other pre- and peri-natal PCHL risk factors were
not reported consistently enough to allow examination of the prevalence with and without
other risk factors.
Ethnic background of children with and without PCHL was not reported in any study. Sex
distribution was reported for children with PCHL fitting the review case definition and
detected via UNHS in only two studies (44 and 57% female in Berninger and Uus,
respectively73,411). Comparison of sex and ethnic background distribution by PCHL status
(fitting the review case definition) was not reported in any studies.
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Figure 8-6. UNHS-detected PCHL prevalence in the screened population by regional and setting subgroups
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Figure 8-7. UNHS-detected PCHL prevalence in NICU versus non-NICU populations

8.6.9. UNHS programme performance
Screening programme yield is presented in Figure 8-4 and coverage is described in Table 8-4
with further description in the earlier text. PPV ranged widely (2-84% in 25 studies; Table
8-6). All children with screen positive results, regardless of attendance at diagnostic testing,
were included in these calculations. Attendance at diagnostic testing was high for screen
positive children (median: 93%, Q1: 87%, Q3: 100%) in the 21 studies reporting this
information.
The Wessex study was deemed to have highest quality follow-up of children with screen
negative results after UNHS and diagnostic testing. This involved follow-up to age 9 years,
using multiple sources to identify further PCHL diagnoses and excluding acquired, lateonset, or progressive PCHL. Sensitivity and specificity for this study were 92% (95% CI: 7498%) and 98% (95% CI: 98-98%), respectively. NPV was 100% (95% CI: 100-100%). The
remaining nine studies with follow-up of screen negatives used less robust methods of
follow-up, as described earlier. However, all reported similar screen performance to the
Wessex study. Overall, NPV was 100% in all seven studies with available information,
sensitivity was 89-100% (for eight studies) and specificity was 92-100% (for seven studies)
(Table 8-7). Only four studies reported loss to follow-up of children in the screen negative
group; this was ≤2%.
No further studies reported on follow-up of children with screen negative results and thus
they could not be included in calculations of NPV, sensitivity, or specificity. This includes
two studies (Antoni410 and Kim408) with follow-up only for children with true positive results
(i.e. confirmed PCHL diagnoses via UNHS). Both of these studies identified changes,
including normalisation, of hearing thresholds across follow-up, highlighting the difficulty in
confirming PCHL diagnoses at a young age.
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Table 8-6. Positive predictive values for UNHS studies
Study authors

Criteria for diagnostic referral

SP, n

TP, n

PPV, %
95% CI

LFU in SP,
n (%)

OAE only
Uilenburg

Unilateral or bilateral OAE failure

69

1

12 (17.4)

1536

24

González de
Aledo Linos
Metzger

Unilateral or bilateral OAE failure or
presence of risk factors
Unilateral or bilateral OAE failure or
presence of risk factors
Bilateral OAE failure

342

11

253

15

Habib

Unilateral or bilateral OAE failure

300

20

Ng

Unilateral or bilateral OAE failure at 40 dB
HL
OAE failure

37

3

9

2

Unilateral or bilateral OAE failure
Unilateral or bilateral OAE failure or
presence of risk factors

Unclear
Unclear

32
1523

1.5
0.3-7.8
1.6
1.1-2.3
3.2
1.8-5.7
5.9
3.6-9.6
6.7
4.4-10.1
8.1
2.8-21.3
22.2
6.3-54.7
Unclear
Unclear

Unilateral or bilateral ABR failure (or OAE
in some hospitals)
Unilateral or bilateral ABR failure or
presence of risk factors
Unilateral or bilateral ABR failure at 30 dB
HL (modified in 2009 to only bilateral
failures unless child had risk factors)
Unilateral or bilateral ABR failure at 35 dB
HL
Unilateral or bilateral ABR failure at 35 dB
HL or presence of risk factors
Bilateral ABR failure at 35 dB HL
Unilateral or bilateral ABR failure

1283

63

305 (23.8)

1633

121

226

30

4.9
3.9-6.2
7.4
6.2-8.8
13.3
9.5-18.3

2316

646

0

Unclear

30

27.9
26.1-29.8
Unclear

Unclear
Unclear

16
283

Unclear
Unclear

Unclear
Unclear

Unilateral or bilateral ABR failure

525

12

Unclear

Unilateral or bilateral ABR failure at 30 dB
HL
Unilateral or bilateral ABR failure at 35 dB
HL (modified 1994 to only bilateral)
Unilateral or bilateral failure of last
screening test
Unilateral or bilateral ABR failure

115

6

392

22

2135

160

241

26

Unilateral or bilateral OAE failure or
presence of risk factors
Unilateral or bilateral ABR failure

69

9

92

19

Unilateral or bilateral ABR failure at 35 dB
HL
Unilateral or bilateral ABR failure

23

5

84

21

Guastini

Unilateral or bilateral ABR failure at 40 dB
HL

6

2

2.3
1.3-4.0
5.2
2.4-10.9
5.6
3.7-8.4
7.5
6.5-8.7
10.8
7.5-15.3
13
7.0-23.0
20.7
13.6-30.0
21.7
9.7-41.9
25
17.0-35.2
33.3

Rohlfs

Unilateral or bilateral ABR failure at 35 dB
HL

217

73

9.7-70.0
33.6

De Capua

Aidan
Watkin
WroblewskaSeniuk
ABR only
Mehl
Calcutt
Antoni

Van
Kerschaver
Kim
Mason
NSW
OAE & ABR
O'Connor
White
Wessex
Fornoff
Magnani
Martínez
Adelola
Bailey
Ghirri

27.7-40.2
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0
44 (12.9)
33 (13.0)
0
2 (5.4)
0
Unclear
Unclear

114 (7.0)
28 (12.4)

Unclear

25 (21.7)
Unclear
Unclear
2 (0.8)
15 (21.7)
11 (12.0)
Unclear
6 (7.1)
0

61 (28.1)

Study authors

Criteria for diagnostic referral

SP, n

TP, n

Almenar
Latorre
Calevo

Unilateral or bilateral ABR failure at 40 dB
HL
Unilateral or bilateral ABR failure

11

4

41

20

Caluraud

Unilateral or bilateral ABR failure at 35 dB
HL
Unilateral or bilateral ABR failure at 30 dB
HL
Bilateral ABR failure at 40 dB HL
Unilateral or bilateral ABR failure at 35 dB
HL
Unilateral or bilateral ABR failure
Unilateral or bilateral ABR failure at 35 dB
HL

170

142

Unclear

Berninger
Cao-Nguyen
Rissman
Uus
Van der Ploeg

LFU in SP,
n (%)
0

57

PPV, %
95% CI
36.4
15.2-64.6
48.8
34.3-63.5
83.5
77.2-88.4
Unclear

Unclear
Unclear

24
228

Unclear
Unclear

Unclear
Unclear

Unclear
Unclear

169
427

Unclear
Unclear

Unclear
Unclear

0
11 (6.5)
Unclear

ABR: auditory brainstem response test; LFU: lost to follow-up; OAE: otoacoustic emissions test; PPV:
positive predictive value; SP: screen positives; TP: true positives; UNHS: universal newborn hearing
screening.
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11

n/a

1633

41

n/a

1536

37

525

n/a

392

Almenar Latorre

Berninger

Calcutt

Calevo

Cao-Nguyen

De Capua

Ng

O'Connor

Watkin

Wessex

22

32

12

3

24

24

20

121

57

4

TP, n

20887

n/a

11213

1027

18164

n/a

32217

174187

n/a

1521

SN, n

2

4

1

0

1

2

0

10

0

0

FN, n

100.0
100.0-100.0

n/a

100.0
100.0-100.0
100.0
99.6-100.0
100.0
100.0-100.0

n/a

100.0
100.0-100.0
100.0
100.0-100.0

n/a

NPV, %
95% CI
100.0
99.8-100.0

Sensitivity, %
95% CI
100.0
51.0-100.0
100.0
93.7-100.0
92.4
86.5-95.8
100.0
83.9-100.0
92.3
75.9-97.9
96.0
80.5-99.3
100.0
43.9-100.0
92.3
66.7-98.6
88.9
74.7-95.6
91.7
74.2-97.7

98.3
98.1-98.4

n/a

92.3
91.9-92.7
96.8
95.6-97.7
95.6
95.2-96.0

n/a

99.1
99.1-99.2
99.9
99.9-100.0

n/a

Specificity, %
95% CI
99.5
99.1-99.8

CI: confidence intervals; FN: false negatives; n/a: not described or could not be calculated; NPV: negative predictive value; SN: screen negatives; SP: screen positives; TP: true positives

SP, n

Study authors

Table 8-7. Negative predictive value, sensitivity, and specificity for studies with follow-up of children with screen negative results

8.7. Discussion
8.7.1. Key findings
PCHL is diagnosed in around 1 out of every 1000 children screened with UNHS in VHD
countries. Detected prevalence was lower in Australian studies and higher in single
hospital-based studies, the latter of which tended to have smaller study populations.
Children admitted to NICU had over five times higher prevalence of PCHL than those not in
NICU. No studies reported the distribution of ethnic backgrounds in children with versus
without PCHL fitting the review case definition, and only two studies reported sex of
children with PCHL fitting the review case definition, precluding estimation of sex- or
ethnic-specific prevalences.
Included studies reported good population coverage of UNHS. NPV, sensitivity, and
specificity appeared high, however, these could only be estimated in studies with follow-up
of screen negatives. Follow-up across studies had marked variation in methods for, and
completeness of, follow-up. PPV varied widely across studies, from 2% to over 84%.
Findings are generalisable to VHD countries only, reflecting the selection criteria employed,
and may not apply to other settings.

8.7.2. Strengths
Strengths include the systematic search strategy, as well as the inclusion of unpublished
literature and articles in all languages, which reduced likelihood of inclusion bias. Validation
of the abstract selection, data extraction, and quality assessment by secondary reviewers
reduced risk of bias or error. Finally, I used robust statistical methods, including randomeffects models, to calculate prevalence and screening programme performance, as well as
to examine heterogeneity.

8.7.3. Limitations
Planned analyses were constrained by limited reporting of demographic and individual
characteristics including sex and ethnic background. There was also a lack of reporting on
follow-up to identify false negatives and, where this was reported, studies often did not
differentiate between PCHL diagnosis due to failure of screening (i.e. actual false negatives
from the screening programme) versus progressive or later onset PCHL (i.e. actual true
negatives). This limited the number of studies available for estimating NPV, sensitivity, and
specificity, as well as the interpretation of these estimates.
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I was unable to assess risk of attrition bias as loss to follow-up during screening was not
reported clearly in the majority of studies. On the other hand, the consistently reported
high attendance at diagnostic testing reduced the likelihood of bias in PPV estimates.

8.7.4. Interpretation and comparison to previous literature
The pooled PCHL prevalence of around 1 per 1000 children is consistent with a previous
study estimating congenital PCHL prevalence prior to UNHS in the UK 43, as well as findings
from a meta-analysis of UNHS-detected prevalence in the United States434, suggesting that
UNHS detects most newborns with early-onset PCHL.
I did not detect differences in UNHS-detected PCHL prevalence by study date or PCHL
definition. There was also no association between screening protocol type and detected
prevalence. This finding is consistent with at least one previous study comparing an OAEonly versus ABR-only protocol435 and indicates that reported variation in referral rates by
protocol type has little impact on detected prevalence436. Protocol type may influence
programme performance and cost-effectiveness, however, further research is required to
explore this. Additionally, more specific protocol factors, such as the number of screening
stages and referral criteria, may be important for detected prevalence, but could not be
examined in this study.
Studies taking place in single hospitals (versus multiple hospitals or whole populations),
detected a higher PCHL prevalence. Single hospital studies also tended to have smaller
samples than the other setting types. The difference in prevalence was not clearly
attributable to the quality indicators measured or other study characteristics. It may be that
unmeasured differences in the study populations explain this finding, for instance
differences in the proportion of children admitted to NICU.
Demographic factors, such as sex and ethnic background, were often not reported. This
limited insight into the distribution and causes of PCHL and may explain the large I2 value
seen in the analyses. Differences in ethnic background may have explained some of the
regional variations in prevalence. For example, Martínez et al. suggested that the high
prevalence in their study may reflect the high proportion of children of Roma ethnic origin
in their study population425. Although there is no evidence that children of Roma ethnic
background are at higher risk of PCHL, two studies have suggested other ethnic differences
in HL106,437. The small number of studies in regions other than Europe may have reduced
statistical power to detect regional differences in prevalence, thus this requires further
research.
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Babies admitted to NICU had over five times higher detected PCHL prevalence, consistent
with previous findings in a UK-wide cohort study291. This heightened risk is attributable to
early life factors that lead to NICU admission, including craniofacial anomalies or other
syndromal pathologies, as well as to factors commonly experienced in NICU, such as
exposure to ototoxic antibiotics, prolonged mechanical ventilation and asphyxia,
hyperbilirubinaemia, and high noise levels63,295,296,376.
I did not combine PPV estimates due to differences in screening equipment, testing
protocol (including choice of stages and number of repeats), tester training, referral and
diagnostic criteria, as well as age at testing438-441. NPV, sensitivity, and specificity are also
affected by these factors, as well as by the follow-up strategies to ascertain the number of
false negatives.
PPV varied widely between studies whilst NPV, sensitivity, and specificity estimates were
reasonably consistent though often could not be calculated using reported data. This
reinforces suggestions from a previous review that guidelines to ensure standardised, high
quality, public reporting of UNHS programme performance are required, especially for loss
to follow-up and methods of follow-up385. In particular, future studies should report clearly
on loss to follow-up throughout screening and should take steps, where feasible, to identify
false negatives that were missed during screening. Further evaluation of UNHS
performance, using adequate follow-up to detect false negatives, is required to improve the
quality and performance of UNHS programmes. Adequate follow-up should also involve
assessment of hearing threshold changes in children diagnosed with PCHL, as these can
fluctuate or normalise over time408,410,411, reflecting the difficulty in conclusively diagnosing
PCHL in very young children442.

8.7.5. Implications
In VHD countries, 1 per 1000 screened newborns require audiological and other services for
PCHL. This is over five times higher in children admitted to NICU. Improved reporting would
support further examination of screen performance and demographics of children with HL.
This includes providing the distribution of demographic characteristics of children with and
without PCHL. Alongside this, more information should be provided on loss to follow-up
and efforts to identify false negatives following screening.
Future research is required to investigate differences in PCHL prevalence by sex and ethnic
background, as well as to compare the performance of different techniques within UNHS
protocols. This requires improvement in the quality of data collection and reporting on
attrition and active follow-up measures to ascertain false negatives.
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9.1. Chapter structure
This thesis was undertaken to identify and critically examine the prevalence and
characteristics of childhood hearing loss (HL), including variation by HL trajectory. Both
temporary and permanent HL were considered to further understanding of the frequency
and patterns of different HL types. A further aim was to investigate whether HL is
associated with poor mental health outcomes and to examine differences in outcomes
across HL trajectories. I addressed these aims through analysis of UK cohort data and a
meta-analysis of published data from universal newborn hearing screening (UNHS)
programmes. In this chapter, I review my key findings and reflect on the strengths and
limitations of this work. I also outline the implications of my findings for policy, practice,
and further research.

9.2. Key findings
The work for this thesis involved development of a novel classification system based on
childhood HL trajectories. This system was used to examine the prevalence, characteristics,
and mental health outcomes of children with HL using interview data from children and
their parents in the UK-based Millennium Cohort Study (MCS). Alongside this, I completed a
systematic literature review and meta-analysis investigating the UNHS-detected prevalence
of permanent HL, variation in detected prevalence by demographic and individual
characteristics, and performance of UNHS programmes in terms of sensitivity, specificity,
and related measures.
To date, little effort has been made to develop a classification system for HL trajectories.
This has limited understanding of the prevalence and patterns of HL across childhood, as
well as variations in characteristics and outcomes by trajectory. I used clinical- and datadriven approaches to develop a classification system that reflects both clinical knowledge
on trajectories and identified patterns in the data. My final classification system defined HL
trajectory groups based on timing of first HL onset (infancy, early [up to age 5 years], or
late [after than 5 years]), and HL resolution by age 14 years. I identified five mutually
exclusive HL trajectory groups: HL with onset and resolution in infancy, early-onset HL with
resolution, late-onset HL with resolution, early-onset HL without resolution, and late-onset
HL without resolution. Previous classification systems have considered HL severity,
aetiology, and factors other than HL trajectories (e.g.44,60). My system is original in that it
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provides a mechanism to classify HL that accounts for the longitudinal differences in HL
between children. The combination of clinical and data-driven approaches for classification
is also relatively novel and could be applied in other research fields.
I used this classification system to explore HL prevalence across childhood. These findings
can be compared to my UNHS meta-analysis results. The former analyses allowed me to
examine patterns of HL (encompassing temporary and permanent HL) across childhood,
whilst the latter analyses provided an accurate estimate of permanent HL prevalence in
infants since the introduction of UNHS, which was not in place at the time of MCS.
In the MCS, 21.1% (95% CI: 19.7-22.5%) of children had any HL reported before or at age 14
years. The most common trajectories involved HL in infancy only, or other early onset HL
with resolution; these trajectories together were experienced by almost 16% of the study
population. The remaining trajectories (early onset HL without resolution, late onset HL
with resolution, and late onset HL without resolution) each affected around 2% of the study
population. These figures cannot be directly compared to other studies as previous
estimates of HL prevalence are mainly cross-sectional. A meta-analysis estimated that HL
prevalence in childhood is approximately 18%120, however, longitudinal studies were not
explictly studied to facilitate understanding of the cumulative incidence of HL across
childhood and prevalence of different HL trajectories.
In the meta-analysis, the pooled prevalence of UNHS-detected permanent bilateral HL ≥26
dB HL was 1.2 (95% CI: 1.0-1.4) per 1000 screened infants. The detected prevalence was
lower in studies based in Australia, studies with smaller sample sizes, and studies based in
single hospitals (versus multiple-hospitals or population-based studies). This may reflect
differences in sampling characteristics or methodologies across studies. The detected
prevalence is in line with individual reports of UNHS in the UK73,129,130,132.
From these figures, it is clear that permanent bilateral HL ≥26 dB HL in infants (as detected
via UNHS) reflects only a small proportion of HL experienced in childhood, in relation to the
MCS estimated prevalence of any HL up to age 14 years. From the patterns identified in the
MCS data, most HL in childhood appears to have first onset by age 5 years and does not
persist into adolescence. The MCS estimates include temporary HL, which could be
unilateral or bilateral, and of any severity (as long as it was obvious to parents), thus
highlighting the importance in considering the age of the population and definition of HL
when examining HL presence to draw inferences and compare studies.
Much of the research on childhood HL prevalence has relied on cross-sectional estimates,
often based on restrictive case definitions (i.e. only permanent HL of a relatively high
severity). My results highlight that these estimates do not reflect the total number of
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children affected by HL in childhood. Narrower case definitions may be appropriate for
certain study aims. For example, permanent HL in infants is usually associated with a need
for long-term management, thus identifying the prevalence of permanent HL in infants is
necessary to plan required healthcare services following UNHS. My prevalence estimates in
the MCS include other types of HL (i.e. late-onset, temporary, unilateral, or mild HL) and
indicate that these types of HL represent a much larger burden in terms of the number of
children affected. There is a need to identify the impact of these other types of HL, as
currently it is unclear whether intervention is required for these children, and if so, what
types of intervention are most effective.
With respect to the characteristics of children with HL, I found that males, those of white
ethnic background, and those with limiting longstanding illness (LLI), were at higher risk of
HL. Neonatal intensive care unit (NICU) admission, household smoking, parental education,
or maternal age did not predict the presence of HL. This contrasted with the meta-analysis,
in which NICU admission was associated with a five-fold increase in prevalence of
permanent HL. Further characteristics, such as sex or ethnicity, could not not be explored in
the UNHS meta-analysis due to lack of reporting in the individual studies, however, high
heterogeneity was detected in the prevalence estimates. This suggests that further work is
needed to identify and explore sources of heterogeneity in the UNHS-detected prevalence.
For the HL trajectories, there was an over-representation of males in HL trajectories
involving resolution. LLI was more common in children with all HL trajectories, except HL in
infancy only, compared to children without HL. There were no further differences in
characteristics by HL trajectory. The LLI findings indicate that excluding children with LLI in
studies of HL may be inappropriate given that many children with HL have LLI and those
without may not be representative. Previous studies have found heightened prevalence of
HL in boys43,106 and infants admitted to NICU295,296. The ethnicity findings contrast with
previous studies in which children of South Asian ethnicity appeared to have highest risk of
HL43 and other studies have found associations with smoking287, socioeconomic status111
and maternal age106.
Highlighting population subgroups with high HL prevalence, and identifying differences in
characteristics across HL trajectories, is informative for aetiological research, preventive
efforts, and screening programmes. For example, identifying that males have a higher
prevalence of HL than females can help to generate hypotheses about the causes of HL.
Identifying that infants in NICU have over 5 times higher prevalence of permanent HL
indicates that this particular group may benefit from targeted preventive efforts and can be
used to judge success of such efforts. Furthermore, identifying characteristics associated
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with higher HL prevalence could inform protocols for targeted surveillance (i.e. identifying
children that require further screening or follow-up after UNHS) and screening pathways
(for instance, infants in NICU already undergo a different screening pathway to those in
well-baby nurseries).
Regarding outcomes, I found that HL was associated with self-reported depressive
symptoms and self-harm at age 14 years, and more strongly associated with peer
victimisation in females than males. Late onset HL without resolution was the only
individual HL trajectory to show a significant association with these outcomes. Investigation
of potential mediators indicated that HL presence was associated with lower language skills
and higher odds of peer problems and autism. There were no differences by HL presence in
terms of prosociality, close friendships, independence, and parental distress. Few
differences were identified in potential mediators by HL trajectory type.
These findings provide robust evidence from a large cohort of children with different HL
types to inform the debate over whether HL is associated with depressive symptoms and
peer victimisation. My analyses represent the first exploration of HL association with
adolescent self-harm. I investigated whether the impact of HL on these outcomes may
differ by child sex, which has not been analysed in previous studies. My findings indicate
that the trajectory of HL may have an impact on outcomes, thus considering only
permanent HL or HL at one point in time may not be appropriate.
My final key findings relate to the exploration of UNHS performance. Due to variability in
methods for UNHS programmes across studies, performance results were not pooled.
Negative predictive value, sensitivity, and specificity were high (ranging from 89-100% in
individual studies), however, there was poor reporting of loss to follow-up and efforts to
identify false negatives after screening. This limited the generalisability and reliability of
these results. Positive predictive value varied widely across the studies. This is likely to
reflect both differences in prevalence as well as differences in programme performance.

9.3. Strengths and limitations
Before discussing the potential implications of my findings for policy, practice, and
research, it is pertinent to discuss the strengths and limitations of this work. A major
strength of the analyses in this thesis was the use of contemporary, or recent, data. Earlier
in this thesis, I described factors that may have altered the detection, prevalence, and
management of HL across time. These include the introduction of UNHS programmes and
changes in education for those with HL.
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Using contemporary sources of data in my analyses ensured that my findings are
generalisable and valid for today’s childhood population. For this reason, termination of the
Life Study cohort, which was to be a new national child cohort study, presented a huge
blow to epidemiological research given the depth and quality of information provided by
large cohort studies. Due to discontinuation of the Life Study, the MCS represents the most
recent UK-based national child cohort study. The MCS aims to provide a representative
picture of children born between 2000-2002 and resident in the UK. My findings are likely
generalisable to later births, although UNHS has been implemented in the UK since 2002.
This may have changed patterns in the diagnosis and management of permanent HL in
infants. Supplementing the MCS analysis with a meta-analysis of UNHS reports allowed me
to explore detection of permanent HL in infants based on contemporary data from
screened populations.
The use of observational data was appropriate for my research questions. Secondary data
analysis was fitting as it meant I could analyse data from a large sample of children in the
MCS, and from multiple samples in the meta-analysis, that would not have been feasible for
me to collect during my PhD. Furthermore, the MCS data were longitudinal, which allowed
me to explore HL trajectories and define a HL classification system for trajectories between
ages 9 months and 14 years. Again, this would not have been feasible if I was collecting
data. Finally, given the rich data available on the child and their family across childhood in
the MCS, I was able to identify and adjust for potential sources of confounding in the
mental health analyses.
One source of weakness in the selected data was that I only used one source of cohort
data. Synthesising data from multiple sources, for example using harmonisation, permits
exploration of whether findings are consistent across different settings. Consistency in
findings increases the reliability of results whilst inconsistent results imply that there are
potential sources of heterogeneity that should be identified to give context to findings.
Use of further data could have involved analysing other cohorts (for instance the Avon
Longitudinal Study of Parents and Children, which includes objective measures of HL) or
obtaining data directly from the UK UNHS programme and linking this to later outcomes.
Both of these options were explored, however, harmonisation of hearing measures across
multiple cohort studies proved unfeasible due to differences in ages and measurement
methods. At the time of writing, UNHS programme data and linkage to outcomes was not
available to researchers.
I used a meta-analysis approach when examining UNHS. This approach synthesises data
from multiple sources to answer research questions. As each data source has its own
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unique strengths and limitations, pooling results can give more precise and accurate
estimates than results from any individual study. Additionally, this approach enables
exploration of heterogeneity across different studies.
Limitations of the systematic review and meta-analysis approach include the potential for
biased results if all individual studies share a similar source of bias. Additionally, many
studies did not report information that I wanted to analyse, e.g. demographics and highquality longer-term follow-up, which limited the research questions that I could answer.
Furthermore, the differences in UNHS programme methodologies across studies prohibited
statistical comparison of UNHS performance.
A strength across all my analyses was the selected methodologies. I used high-quality
methods in my systematic review and meta-analysis to ensure reliability of my findings. This
involved including unpublished literature (to guard against publication bias) and using
robust methods of data extraction (i.e. duplicate data extraction) and analysis (use of
random-effects that allow heterogeneity across studies). When analysing the MCS data, I
accounted for the sample design and attrition, as well as using multiple imputation to
address missing data. These methods are effective in accounting for the unequal probability
of selection into the sample, as well as in addressing the potential bias that can arise when
data are missing. The use of advanced techniques, such as finite mixture modelling and
mediation analysis, was out of the thesis’ scope, however, these could have strengthened
my conclusions and should be considered for further analyses based on my findings.
With regard to the data used, many previous studies of childhood HL have focussed on
permanent HL or cross-sectional examination. Furthermore, studies often use strict HL
definitions based on severity. This lack of inclusion of other forms of HL may be
inappropriate given the potential impact of temporary and mild HL in children 81,443,444. For
the MCS analyses, I did not limit my HL case definition by severity of HL, but instead
focussed on parent- and self-reported HL, which should detect any HL that the parents or
children notice has impacted on the child. The main limitation was that objective HL
measures were unavailable and could not be used to verify hearing status. In the UNHS
meta-analysis, I defined HL based on a minimum severity of bilateral HL ≥26 dB HL, which is
usually the minimum HL that UNHS aims to detect and includes mild HL.
For the outcomes analyses, I only examined data on negative mental health outcomes.
When defining my research question, I explored options for researching positive mental
health in the MCS, however, the measures captured were not suitable due to their limited
validity and clinical interpretability. This is a limitation of my analyses given that good
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mental health is not solely absence of negative mental health but also reflects presence of
positive mental health.
The final aspect for discussion in this section is the public engagement undertaken. This
greatly benefited my research by providing young people with the opportunity to
contribute to the methods and interpretation of my research, which strengthened the
relevance of and trust in my analyses.
Further strengths and limitations for each piece of work undertaken for the thesis are
discussed in the individual results chapters and a discussion of the strengths and limitations
of the MCS is included in the “Introduction to the Millennium Cohort Study” chapter.

9.4. Implications for policy and practice
In this section, I interpret my key findings in relation to their implications for policy and
practice. Firstly, regarding prevalence, my findings suggest that childhood HL is experienced
by over 1 in every 5 children in the UK before or at age 14 years. The majority of childhood
HL involves early onset with resolution by age 14 years. This information can be used by
those working with children and adolescents for planning and prioritising services.
Based on these analyses, services for diagnosing and supporting children with HL would be
most comprehensive in coverage if targeted at younger years. UNHS provides the
opportunity to pick up permanent congenital HL soon after birth, however, my findings
indicate that UNHS will not detect the majority of HL experienced in childhood. It is thus
necessary to consider whether further efforts to identify and support children with other
types of HL are required. This ties into the debate over the utility of school entry screening
and whether this is a cost-effective method to detect children with HL that was missed or
otherwise not diagnosed at UNHS. The answer to this depends on the impact and
effectiveness of intervention for temporary, unilateral, and mild HL, as well as HL with
onset after UNHS. This latter point requires further research.
Further implications of my findings are the need to improve reporting of UNHS
programmes, particularly the characteristics of screened and diagnosed children, as well as
programme-level factors such as loss to follow-up and identification of false negatives.
Improved reporting would facilitate identification of characteristics associated with HL and
factors that optimise UNHS programme performance. The latter point is particularly
important given the importance of identifying effective screening policies that optimise
benefits, costs, and risks.
Understanding the link between HL and demographic or individual characteristics has
implications for both research and practice. In terms of research, uncovering the
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characteristics of children with HL will inform aetiological research requirements. In terms
of practice, these characteristics tell us who experiences HL, which may be important for
expected impact. For example, my findings highlight that a high proportion of children with
HL have LLI, which may impact on functioning.
My final implications relate to the analyses of associations with mental health. Based on my
results, children with HL require support to prevent and support children experiencing peer
victimisation (for females particularly), depressive symptoms, and self-harm. Improving
support requires engagement of children, parents, teachers, and others that work with or
influence children. During public engagement, young people recommended school-based or
wider interventions to improve societal attitudes towards HL. This ties into the National
Deaf Children’s Society recommendations that governments, local authorities, and health
services367:
 Promote positive mental health and wellbeing of those with HL
 Ensure that young people with HL have access to mental health services
appropriate for their needs
 Ensure that young people with HL, and their families, are involved in the services
they receive
 Improve information and data available on mental health of young people
To achieve these recommendations, more information should be provided to parents on
how to support children with HL and promote positive feelings towards HL. Further work in
schools and other settings involving young people should focus on similar messages and on
challenging peer victimisation. Where young people with HL require mental health services,
all relevant professionals should be aware of the appropriate mental health services that
are available for young people with HL367.

9.5. Recommendations for further research
The need to utilise further sources of data is central to my further research
recommendations. This would facilitate examination of whether my findings are replicated
in different samples, settings, and with different methods. Further data sources could
include routine data, as well as other cohort studies, to triangulate my findings.
Triangulation involves verification of the validity and reliability of results through repetition
of studies in a variety of settings, or using different methods. As each method and sample
will be associated with its own specific limitations, replication of findings increases
confidence that the results are not due to chance or bias445.
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In particular, the classification system would benefit from application to other samples to
examine whether this system is appropriate and whether similar findings on prevalence are
identified (or whether any differences can be explained). Application of further data-driven
approaches, such as finite mixture modelling, would indicate whether the patterns of
trajectories seen in the MCS are reflective of the UK population. Assuming the classification
system is deemed appropriate, it can be applied to answer further questions on the
characteristics and outcomes associated with different HL trajectories, such as educational
and communication outcomes. This aligns with earlier suggestions on the need for further
research to understand the impact of different HL types, including temporary HL.
Identifying the outcomes, and potential for intervention, for non-congenital and temporary
HL (amongst other types of HL) would address questions on whether children with these
types of HL may benefit from efforts to detect and provide support additional to UNHS.
Furthermore, my findings indicate the need to carry out further follow-up of UNHS
programmes given that current reports contain little information on long-term outcomes.
Follow-up should comprise long-term educational and other outcomes for children
diagnosed via UNHS, as well as exploration of the number of false negatives and other HL
diagnoses made after UNHS. The latter investigations fit under the broader need to identify
factors related to good UNHS performance, which would facilitate optimisation of
screening policy in terms of HL detection, cost, and benefits. Investigations into sources of
heterogeneity in UNHS programmes are also required. This covers prevalence (i.e.
examination of whether characteristics such as sex and ethnicity are associated with UNHSdetected prevalence) as well as performance.
A natural progression in research based on my findings includes further examination of
characteristics associated with HL, to understand underlying causal mechanisms. This
includes examining the heightened prevalence of HL in males and those in NICU, to
understand the potential for preventive action. I also recommend exploring the types of LLI
experienced by children with HL, to understand the additional needs (medical or
otherwise), that children with HL commonly face.
The final research implications from my analyses relate to mental health research. My
analyses suggest that HL trajectory impacts on outcomes, thus considering the timing of HL
is important in further analyses of mental health. The precise mechanisms that link HL with
mental health still need to be uncovered using formal mediation analyses, which may
uncover the reasons for differences across HL trajectories. Additional work could explore
the impact of HL on positive mental health measures, which may benefit from using a
qualitative methodology to achieve deeper insight into the experiences of children with HL.
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9.6. Conclusion
HL in childhood is common, mostly beginning in early childhood with resolution by
adolescence. Permanent HL is detected by UNHS in about 1 per 1000 screened infants,
whilst any HL is experienced by just over 1 in 5 children by the age of 14 years. Males, those
of white ethnicity, and those with LLI appear to be at increased risk of experiencing any HL,
whilst NICU admission is specifically associated with early-onset permanent HL. Peer
victimisation, depression, and self-harm are associated with HL presence, suggesting that
interventions are required to prevent or support children with HL experiencing these
outcomes.
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Classification of hearing loss
ICD-10 code groups and treatment groups
Between the ages of 3 and 11 years, data on each child’s hearing status were obtained by
asking their parents a series of questions about whether their child had experienced any
ear or hearing problems. If parents reported problems, they were probed for detail on the
type of problem (coded to ICD-10 codes by trained coders) and whether the child had
received, or was due to receive, any treatment.
A large number of different ICD-10 codes and treatments were reported and multiple
problems could be reported per child at each sweep. I therefore developed categorisation
systems to assign each child with a reported ear or hearing problem to a single mutually
exclusive ICD-10 code group and treatment group per sweep (Appendix Table A-1 and
Appendix Table A-2, respectively). In the case of multiple reported problems or treatment
at a single sweep, children were assigned to a group based on their most significant
problem (in order of the groups in the below tables).
Appendix Table A-1. ICD-10 code groups
Group

Type

ICD-10

Meanings

1

Hearing Loss (HL)

H90
H91
Q16

Conductive and Sensorineural HL
Other Deafness
Congenital Malformation Of Ear Causing Impairment
Of Hearing
Adjustment And Management Of Implanted Hearing
Device
Fitting And Adjustment Of Other Devices (includes
Hearing Aids)
Presence Of Otological And Audiological Implants
Wearing Hearing Aid
Non-suppurative Otitis Media (including Glue Ear)
Otitis Externa
Other Disorders
Suppurative/Unsp. Otitis Media
Otitis Media Classified Elsewhere
Obstructed/Stricture Of Eustachian Tube
Other Disorders Of Eustachian Tube
Mastoiditis & Related
Perforated Tympanic Membrane
Other Disorders Of Tympanic Membrane
Other Disorder Of Middle Ear And Mastoid
Disorders Of Vestibular Function
Other Disease Of Inner Ear
Otalgia And Effusion
Other Disorders Of Ear, Not Elsewhere Classified
Postprocedural Disorders Of Ear And Mastoid
Process, Not Elsewhere Classified
Other Congenital Malformations Of Ear

Z45
Z46

2
3

Glue Ear
Other/Unclear
Problem

Z96
Z97
H65
H60
H61
H66
H67
H68
H69
H70
H72
H73
H74
H81
H83
H92
H93
H95
Q17
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Q35
T16
A87
B07
B34
B58
B99
D84
F60
F80
F92
F98

G03
G40
G47
G58
H45
H57
I51
J00
J02
J03
J21
J22
J30
J31
J32
J34
J35
J39
J45
K52
L02
L29
L30
L72
L91
Q02
Q18
Q82
Q87
Q89
R04
R11
R21
R22
R27
R42
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Cleft Palate
Foreign Body In Ear
Viral Meningitis
Viral Warts
Viral Infection, Unsp. Site
Toxoplasmosis
Other And Unspecified Infectious Diseases
Other Immunodeficiencies
Specific Personality Disorders
Specific Speech Articulation Disorder
Mixed Disorders Of Refraction And Accommodation
Other Behavioural And Emotional Disorders With
Onset Usually Occurring In Childhood And
Adolescence
Meningitis
Epilepsy
Sleep Disorder
Other Mononeuropathies
Disorders Of Vitreous Body And Globe In Diseases
Classified Elsewhere
Other Disorders Of Eye And Adnexa
Complications And Ill-Defined Descriptions Of Heart
Disease
Cold
Acute Pharyngitis
Acute Tonsillitis
Acute Bronchiolitis
Other Acute Lower Respiratory Infections
Vasomotor And Allergic Rhinitis
Chronic Rhinitis, Nasopharyngitis And Pharyngitis
Chronic Sinusitis
Other Disorders Of Nose And Nasal Sinuses
Chronic Diseases Of Tonsils And Adenoids
Other Diseases Of Upper Respiratory Tract
Asthma
Other Noninfective Gastroenteritis And Colitis
Cutaneous Abscess, Furuncle And Carbuncle
Pruritus
Other Dermatitis
Follicular Cysts Of Skin And Subcutaneous Tissue
Hypertrophic Disorders Of Skin
Microcephaly
Other Congenital Malformations Of Face And Neck
Other Congenital Malformations Of Skin
Other Specified Congenital Malformation
Syndromes Affecting Multiple Systems
Other Congenital Malformations, Not Otherwise
Classified
Haemorrhage From Respiratory Passages
Nausea And Vomiting
Rash And Non-Specific Skin Eruption
Localized Swelling, Mass And Lump Of Skin And
Subcutaneous Tissue
Other Lack Of Coordination
Dizziness

R47
R56
R59
R62
R63
S04
S05
Y40
H52
P07
R17
R69
T78
T88
W44
Z00
Z01
Z03
Z04
Z13
Z40
Z41
Z50
Z75

Speech Disturbances, Not Elsewhere Classified
Convulsions, Not Elsewhere Classified
Enlarged Lymph Nodes
Lack Of Expected Normal Physiological Development
Symptoms And Signs Concerning Food And Fluid
Intake
Injury Of Cranial Nerves
Injury Of Eye And Orbit
Systemic Antibiotics
Disorders Of Refraction And Accommodation
Disorders Related To Short Gestation And Low Birth
Weight, Not Elsewhere Classified
Unspecified Jaundice
Unknown And Unspecified Causes Of Morbidity
Adverse Effects, Not Elsewhere Classified
Other Complications Of Surgical And Medical Care,
Not Elsewhere Classified
Foreign Body Entering Into Or Through Eye Or
Natural Orifice
General Examination And Investigation Of Persons
Without Complaint And Reported Diagnosis
Other Special Examinations And Investigations Of
Persons Without Complaint And Reported Diagnosis
Medical Observation And Evaluation For Suspected
Diseases And Conditions
Examination And Observation For Other Reasons
Special Screening Examination For Other Diseases
And Disorders
Prophylactic Surgery
Procedures For Purposes Other Than Remedying
Health State
Care Involving Use Of Rehabilitation Procedures
Problems Related To Medical Facilities And Other
Health Care

899
XXX
No Code Given But Child Has Problem Recorded

Appendix Table A-2. Treatment code groups
Group

Type

Includes

1
2
3

HL Treatment
Grommets
Ear Problem Without
Confirmed HL Treatment

4

Other/Unclear

5

No Treatment

Hearing Aid or Cochlear Implants
Grommets
Antibiotics, Adenoidectomy, Tonsillectomy, Wax Removal Or
“Cleaning Out Of The Ears”, Nasal Spray, Decongestant,
Balloon Treatment, Antihistamines, or Ear Drops
Operation (Not Further Classified), Check-Ups/Tests, PainKillers, Surgery To Pin Ears Back, Homeopathic Medicines,
‘Drops Nsf’, ‘Spray Nsf’, Other Medicines, Physiotherapy,
Vents, Stents, Any Vague Answer Or ‘Waiting For
Appointment’, ‘Don’t Know’, or No Answer But Problem
Reported
No Treatment
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Peer victimisation and
mental health
Evaluation of multiple imputation
Methods
Once imputation of 35 datasets was completed, I assessed whether the imputed data were
appropriate. The aim was to verify the plausibility of imputed values and compare the
distributions of imputed and observed values. Appropriate performance of imputation for
each variable was judged on whether the distribution of imputed values was plausible and
similar to observed values, or whether a rational explanation could be given to explain
differences. Results are presented separately by child sex, as the imputation procedure was
stratified by this variable.
For continuous variables, I plotted kernel density estimates and examined the unweighted
median, plus 25th and 75th percentiles, for the observed and imputed values in each
imputed dataset. After this, I compared the weighted mean and 95% confidence intervals
(CI) in a) observed values only, b) imputed values only, and c) observed and imputed values
together. For b) and c) I pooled results from all imputed datasets using Rubin’s rules.
For categorical variables, I compared the distribution of categories for imputed versus
observed values in each imputed dataset. I then compared the weighted proportions and
95% CI of each category in a) observed values only, b) imputed values only, and c) observed
and imputed values together. For b) and c) I pooled results from all imputed datasets using
Rubin’s rules.
There are no definite statistical tests for comparing the distribution of observed and
imputed values, thus I judged these subjectively. Where distributions differed substantially,
I identified variables that predicted the observed values of the variable based on the
regression model used in imputation. I then checked whether any of these variables were
also associated with missingness of the variable in question using unweighted chi-squared
tests. This would identify whether differences in observed characteristics could explain the
difference in distribution of observed and imputed values. I also examined the fraction of
missing information (FMI) for each variable’s mean or proportion in each category. FMI
ranges between 0 and 1. Higher values indicate that there is a high level of variation across
the imputed datasets in relation to variance within the datasets350.
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Results
Continuous variables
 Maternal age:
Appendix Table B-1. Distribution of observed and imputed values for maternal age
Male
Mean maternal age, years
Observed only (n=5375)
27.86
Imputed only (n=18)
27.69
Observed & imputed (n=5393)
27.86
Female
Observed only (n=5451)
27.93
Imputed only (n=14)
28.62
Observed & imputed (n=5465)
27.94
Largest FMI for observed and imputed = 0.01

95% CI
27.57 - 28.15
22.91 - 32.48
27.57 - 28.15
27.62 - 28.25
23.33 - 33.91
27.62 - 28.25

Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” rows are combined across imputed datasets using Rubin’s rules.
CI: confidence interval; FMI: fraction of missing information. Maternal age at birth reported at child
age 9 months or 3 years.

The kernel density estimates indicated that there were differences in the distribution of
observed and imputed values for maternal age. Additionally, the unweighted medians and
25th and 75th percentiles showed a large spread of imputed values across datasets (with the
median imputed value for female children ranging between 23.0 and 33.5 years, and for
males between 25.0 and 33.0 years, across imputed datasets). This is likely a reflection of
the small number of imputed values. Imputed values were deemed appropriate given that
FMI was low and, when combining imputed datasets, the imputed and observed means
were similar (Appendix Table B-1).
 Word activity scores:
Appendix Table B-2. Distribution of observed and imputed values for Word activity scores
Male
Mean Word activity score (/20) 95% CI
Observed only (n=5089)
6.98
6.87 - 7.10
Imputed only (n=304)
6.98
6.36 - 7.59
Observed & imputed (n=5393)
6.98
6.87 - 7.10
Female
Observed only (n=5190)
6.93
6.81 - 7.04
Imputed only (n=275)
6.99
6.43 - 7.56
Observed & imputed (n=5465) 6.93
6.82 - 7.04
Largest FMI for observed and imputed = 0.06
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” rows are combined across imputed datasets using Rubin’s rules.
CI: confidence interval; FMI: fraction of missing information. Word activity scores measured at child
age 14 years.

Median imputed and observed Word activity scores were similar across the datasets (all
between 6 and 7 for both sexes) and kernel density estimates indicated similar distributions
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of observed and imputed values in all datasets. Imputed values for Word activity scores
were deemed appropriate given that the mean imputed value was similar to the mean
observed value and that FMI was low (Appendix Table B-2).
Categorical variables
 Hearing loss (HL)
Appendix Table B-3. Distribution of observed and imputed values for hearing loss
trajectories
Observed
Imputed
Observed &
%
only
95% CI
only
95% CI imputed
95% CI
Male
n=3590
n=1803
n=5393
No problems
76.5 74.5-78.5
74.4 70.0-78.8
75.7 73.6-77.8
HL in infancy only
8.3
7.0-9.8
8.5 5.5-11.6
8.4 6.9-9.9
Early onset HL with resolution
9.6 8.4-11.0
9.2 6.3-12.2
9.5 8.1-10.9
Late onset HL with resolution
2.1
1.5-2.9
2.8 0.9-4.7
2.4 1.5-3.2
Early onset HL without
1.7
1.1-2.6
2.4 0.7-4.1
2.0 1.1-2.8
resolution
Late onset HL without
1.8
1.2-2.6
2.6 0.9-4.2
2.1 1.3-2.9
resolution
Female
n=3697
n=1768
n=5465
No problems
82.1 80.3-83.7
78.6 74.6-82.6
80.8 78.9-82.6
HL in infancy only
6.3
5.3-7.5
6.2 3.9-8.6
6.3 5.2-7.4
Early onset HL with resolution
6.3
5.3-7.6
6.9 4.3-9.6
6.6 5.3-7.8
Late onset HL with resolution
1.1
0.8-1.6
2.1 0.5-3.8
1.5 0.9-2.2
Early onset HL without
2.2
1.7-2.8
3.0 1.3-4.7
2.5 1.8-3.2
resolution
Late onset HL without
2.0
1.5-2.6
3.1 1.2-5.0
2.4 1.6-3.2
resolution
Largest FMI for observed and imputed = 0.62
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. Hearing loss based on reports
from all ages.

Appendix Table B-4. Distribution of observed and imputed values for hearing loss
Imputed
Observed &
%
Observed only 95% CI
only
95% CI
imputed
95% CI
Male
n=3590
n=1803
n=5393
No
76.5 74.5-78.5
74.4 70.0-78.8
75.7 73.6-77.8
Yes
23.5 21.5-25.5
25.6 21.2-30.0
24.3 22.2-26.4
Female
n=3697
n=1768
n=5465
No
82.1 80.3-83.7
78.6 74.6-82.6
80.8 78.9-82.6
Yes
17.9 16.3-19.7
21.4 17.4-25.4
19.2 17.4-21.1
Largest FMI for observed and imputed = 0.40
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. Hearing loss based on reports
from all ages.

The largest FMI when estimating HL trajectory prevalence was relatively high (0.62;
Appendix Table B-3). This likely reflects the large proportion of missing HL trajectories and
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the difficulties in imputing a high number of categories for a single variable, especially when
some categories are rarely observed. The largest FMI for the binary HL status variable was
lower (0.40) and deemed appropriate considering the level of missingness (Appendix Table
B-4).
There were some differences between the imputed and observed distributions of HL
categories. Imputed values were less likely to be in the “no problems” category compared
to observed values, for both the binary and the trajectory variables. This may be explained
by the distribution of limiting longstanding illness (LLI).
In the observed data, children with LLI were more likely to have HL than children without
LLI (based on logistic regression analyses, not shown). Additionally, children with missing HL
were more likely to have LLI. This was not statistically significant based on a chi-squared
test, however, LLI was also commonly missing when HL was missing, thus limiting statistical
power. As discussed below, imputed LLI values were more likely to be in the “yes” LLI
category compared to the observed distribution. Taking this into account, children with
missing HL are more likely to have LLI, and LLI is associated with HL presence, thus
explaining the difference in distribution of observed and imputed values for HL.
Whilst the largest FMI was relatively high, this was judged to be within reasonable limits
given expected difficulties in imputing categorical variables with a number of rare
categories. Given this, and that the difference in observed and imputed values could be
explained, the imputed HL values were considered appropriate.
 Limiting longstanding illness (LLI)
Appendix Table B-5. Distribution of observed and imputed values for limiting
longstanding illness
Observed
Observed &
%
only
95% CI
Imputed only 95% CI
imputed
95% CI
Male
n=4254
n=1139
n=5393
No
80.3 78.8-81.7
77.9 72.8-82.9
79.6 77.9-81.4
Yes
19.7 18.3-21.2
22.1 17.1-27.2
20.4 18.6-22.1
Female
n=4387
n=1078
n=5465
No
82.6 81.0-84.1
80.1 75.1-85.1
82.0 80.3-83.7
Yes
17.4 15.9-19.0
19.9 14.9-24.9
18.0 16.3-19.7
Largest FMI for observed and imputed = 0.35
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. Limiting longstanding illness
based on reports from all ages after 9 months.

Imputed values for the LLI variable were considered appropriate given the moderate value
of FMI and the following explanation for the difference in observed and imputed values.
The imputed values were more likely to be in the ‘yes’ category (indicating presence of LLI)
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than the observed values (Appendix Table B-5). Children with missing LLI values were more
likely to have parents with high distress (based on logistic regression analyses, data not
shown). High parental distress is also a predictor of LLI presence (based on unweighted chisquared tests stratified by sex), thus explaining why imputed values are more likely to
indicate presence of LLI.
 Parental distress (Kessler distress scale)
Appendix Table B-6. Distribution of observed and imputed values for parental distress
%

Observed
95% CI
Imputed only 95% CI
Observed & imputed 95% CI
only
Male
n=4997
n=396
n=5393
No
94.3 93.3-95.2
89.7 82.5-96.8
93.9 92.9-95.0
Yes
5.7
4.8-6.7
10.3 3.2-17.5
6.1
5.0-7.1
Female
n=5067
n=398
n=5465
No
92.4 91.2-93.5
89.2 83.3-95.1
92.2 91.0-93.4
Yes
7.6
6.5-8.8
10.8 4.9-16.7
7.8
6.6-9.0
Largest FMI for observed and imputed = 0.17
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. Parental distress measured at age
14 years.

Imputed values for the parental distress variable were considered appropriate given the
relatively low FMI (Appendix Table B-6) and the following explanation for the difference in
observed and imputed values. The imputed values were more likely to be in the ‘yes’
category (indicating high parental distress) than the observed values. Children with missing
parental distress values were more likely to have parents with lower or “other” parental
education (based on logistic regression analyses, not shown). Lower and “other” parental
education are also predictors of high parental distress (based on unweighted chi-squared
tests stratified by sex), thus explaining why imputed values are more likely to be in the high
parental distress category.
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 SDQ peer problems scale
Appendix Table B-7. Distribution of observed and imputed values for SDQ peer problems
category
%

Observed
95% CI
Imputed only 95% CI
Observed &
95% CI
only
imputed
Male
n=5258
n=135
n=5393
Average
69.7 68.0-71.4
70.1 54.6-85.6
69.8 68.0-71.5
Raised
11.9 10.7-13.1
12.2 2.4-22.0
11.9 10.7-13.1
High
7.7
6.7-8.9
7.6 -0.7-16.0
7.7
6.6-8.8
Very high
10.7 9.6-11.9
10.1 1.2-19.0
10.7 9.5-11.8
Female
n=5293
n=172
n=5465
Average
73.1 71.3-74.8
74.3 61.9-86.6
73.1 71.4-74.8
Raised
11.8 10.7-13.0
12.1 2.6-21.6
11.8 10.6-12.9
High
7.6
6.8-8.5
6.4 -0.3-13.0
7.5
6.7-8.4
Very high
7.6
6.7-8.7
7.3 -0.5-15.0
7.6
6.6-8.6
Largest FMI for observed and imputed = 0.03
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. SDQ peer problems measured at
age 14 years.

Imputed values for the SDQ peer problems category were considered appropriate given the
low FMI and that the proportion imputed for each category was similar to the observed
proportions (Appendix Table B-7). When examining each imputed dataset separately, the
proportion imputed to each category was variable (e.g. for males, the ‘average’ category
accounted for 59-80% of all imputed values across the datasets, and 66-82% in females),
however, this was deemed acceptable given the low FMI and acceptable overall distribution
of imputed values.
 SDQ prosocial scale
Appendix Table B-8. Distribution of observed and imputed values for SDQ prosocial
category
%

Observed
95% CI
Imputed only 95% CI
Observed &
95% CI
only
imputed
Male
n=5256
n=137
n=5393
Average
67.2 65.5-68.8
66.8 51.4-82.3
67.2 65.5-68.8
Lowered
12.0 10.9-13.2
12.3 1.6-23.0
12.0 10.8-13.2
Low
8.3
7.4-9.4
8.1 -1.1-17.3
8.3
7.3-9.3
Very low
12.5 11.3-13.7
12.8 1.7-23.8
12.5 11.3-13.7
Female
n=5293
n=172
n=5465
Average
76.8 75.2-78.3
77.4 66.4-88.4
76.8 75.2-78.4
Lowered
9.5 8.5-10.5
9.0 1.7-16.4
9.5 8.5-10.5
Low
6.5
5.7-7.4
6.6 -0.2-13.4
6.5
5.7-7.3
Very low
7.2
6.2-8.3
7.0 -0.9-14.9
7.2
6.2-8.3
Largest FMI for observed and imputed = 0.04
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. SDQ prosocial score measured at
age 14 years.
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Imputed values for the SDQ prosocial category were considered appropriate given the low
FMI and that the proportion imputed for each category was similar to the observed
proportions (Appendix Table B-8). When examining each imputed dataset separately, the
proportion imputed to each category was variable (e.g. for males, the ‘average’ category
accounted for 51-80% of all imputed values across the datasets, and 69-85% in females),
however this was deemed acceptable given the low FMI and overall distribution of imputed
values.
 NICU
Appendix Table B-9. Distribution of observed and imputed values for NICU admission
Observed
Imputed
Observed &
%
only
95% CI
only*
95% CI imputed
95% CI
Male
n=5366
n=27
n=5393
No
90.3
89.3-91.2
90.3
89.3-91.3
Yes
9.7
8.8-10.7
9.7
8.7-10.7
Female
n=5448
n=17
n=5465
No
92.8
91.8-93.6
92.8
91.9-93.7
Yes
7.2
6.4-8.2
7.2
6.3-8.1
Largest FMI for observed and imputed = 0.02
*Combined proportions for the “imputed only” column could not be computed due to presence of
zeros in some imputed datasets for some categories of imputed values. Estimates adjusted for
sampling design and attrition by age 14 years. Estimates in the “imputed only” and “observed and
imputed” columns are combined across imputed datasets using Rubin’s rules. CI: confidence interval;
FMI: fraction of missing information. NICU admission measured at age 14 years.

The estimated proportions of imputed values in each NICU category could not be pooled
across imputations as, in some datasets, proportions for a specific category were equal to
zero. As expected with the low number of imputed values, the FMI was low and the
distribution of categories was unaffected by the imputed values (Appendix Table B-9). The
range of “yes” values (indicating that the child was admitted to NICU) imputed across the
datasets was 0-34% in males and 0-52% in females (52% appears to be an outlier, as the
next highest proportion of “yes” values imputed is 17%). The range in distribution of
imputed values may reflect poor fit for the regression models used to impute NICU,
suggesting that the variables included in the imputation do not predict NICU status well and
there is high uncertainty over the imputed values.
Given that the imputation for NICU values appears to perform less well than imputation of
other variables, adapting the imputation model to include more predictors of NICU may
have improved the accuracy of prediction for the missing NICU values. However, key
predictors of missingness were already included in the imputation model and given that
given that so few values for NICU were imputed, and that the FMI was reasonably low, I
elected to leave the imputations as they were.
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 Close friendships:
Appendix Table B-10. Distribution of observed and imputed values for close friendships
Observed
Imputed
%
only
95% CI
only*
95% CI Observed & imputed 95% CI
Male
n=5388
n=5
n=5393
Yes
95.5 94.6-96.2
95.4 94.7-96.2
No
4.5
3.8-5.4
4.6
3.8-5.3
Female
n=5463
n=2
n=5465
Yes
97.7 97.1-98.2
97.7 97.2-98.3
No
2.3
1.8-2.9
2.3
1.7-2.8
Largest FMI for observed and imputed = <0.01
* Combined proportions for the “imputed only” column could not be computed due to presence of
zeros in some imputed datasets for some categories of imputed values. Estimates adjusted for
sampling design and attrition by age 14 years. Estimates in the “imputed only” and “observed and
imputed” columns are combined across imputed datasets using Rubin’s rules. CI: confidence interval;
FMI: fraction of missing information. Close friendships measured at age 14 years.

Only seven values were imputed for the close friendships variable. The estimated
proportions of imputed values for each category could not be computed across imputations
as, in some datasets, proportions for a specific category were equal to zero (Appendix Table
B-10). In total, 24 of the imputed datasets had no imputed “no” values for females, versus
18 datasets for males. As expected with the low number of imputed values, the FMI was
low and the distribution of categories was unaffected by the imputed values. The imputed
values were thus deemed appropriate.
 Parental education
Appendix Table B-11. Distribution of observed and imputed values for parental education
Observed
Imputed
Observed &
%
only
95% CI
only*
95% CI imputed
95% CI
Male
n=5391
n=2
n=5393
NVQ1
7.2
6.3-8.2
7.2
6.2-8.2
NVQ2
26.7 25.0-28.5
26.7
25.0-28.4
NVQ3
14.3 13.1-15.6
14.3
13.1-15.6
NVQ4
28.9 27.2-30.8
28.9
27.1-30.7
NVQ5
8.9
8.0-9.9
8.9
8.0-9.8
Other
13.9 12.2-15.9
13.9
12.1-15.8
Largest FMI for observed and imputed = <0.01
*Combined proportions for the “imputed only” column could not be computed due to presence of
zeros in some imputed datasets for some categories of imputed values. Estimates adjusted for
sampling design and attrition by age 14 years. Estimates in the “imputed only” and “observed and
imputed” columns are combined across imputed datasets using Rubin’s rules. CI: confidence interval;
FMI: fraction of missing information. No missing values for females. Parental education measured at
latest available age up to age 14 years.

Only two values were imputed for the parental education variable and there were no
missing values in females. The estimated proportions of imputed values for each category
could not be computed across imputations, as in some datasets, proportions for a specific
category were equal to zero. As expected with the low number of imputed values, the FMI
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was low and the distribution of categories was unaffected by the imputed values (Appendix
Table B-11). These imputed values were thus deemed appropriate.
 Autism
Appendix Table B-12. Distribution of observed and imputed values for autism presence
%

Observed
95% CI
Imputed
95% CI Observed &
95% CI
only
only*
imputed
Male
n=5391
n=2
n=5393
Yes
94.4 93.5-95.1
94.4 93.5-95.2
No
5.6
4.9-6.5
5.6
4.8-6.5
Female
n=5463
n=2
n=5465
Yes
98.4 97.9-98.8
98.4 97.9-98.9
No
1.6
1.2-2.1
1.6
1.1-2.1
Largest FMI for observed and imputed = <0.01
Estimates adjusted for sampling design and attrition by age 14 years. Estimates in the “imputed
only” and “observed and imputed” columns are combined across imputed datasets using Rubin’s
rules. CI: confidence interval; FMI: fraction of missing information. Combined proportions for the
“imputed only” column could not be computed due to presence of zeros in some imputed datasets
for some categories of imputed values. Autism measured between ages 5 and 14 years.

Only four values were imputed for the autism variable. The estimated proportions of
imputed values for each category could not be computed across imputations, as in some
datasets, proportions for a specific category were equal to zero. There were 27 imputed
datasets with no imputed “yes” values for males, versus all 35 imputed datasets for
females. As expected with the low number of imputed values, the FMI was low and the
distribution of categories was unaffected by the imputed values (Appendix Table B-12).
These imputed values were thus deemed appropriate.
 Young person’s independence:
Appendix Table B-13. Distribution of observed and imputed values for young person's
independence
%

Observed
95% CI
Imputed
95% CI Observed & imputed 95% CI
only
only*
Male
n=5390
n=3
n=5393
No
14.5 13.2-15.8
14.5 13.1-15.8
Yes
85.5 84.2-86.8
85.5 84.2-86.9
Female
n=5464
n=1
n=5465
No
11.2 10.1-12.5
11.2 10.0-12.4
Yes
88.8 87.5-89.9
88.8 87.6-90.0
Largest FMI for observed and imputed = <0.01
*Combined proportions for the “imputed only” column could not be computed due to presence of
zeros in some imputed datasets for some categories of imputed values.Estimates adjusted for
sampling design and attrition by age 14 years. Estimates in the “imputed only” and “observed and
imputed” columns are combined across imputed datasets using Rubin’s rules. CI: confidence interval;
FMI: fraction of missing information. Young person’s independence measured at age 14 years.

Only four values were imputed for the young person’s independence variable. The
estimated proportions of imputed values for each category could not be computed across
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imputations, as in some datasets, proportions for a specific category were equal to zero. A
total of 25 imputed datasets had no imputed “no” values for males, versus 14 for females.
As expected with the low number of imputed values, the FMI was low and the distribution
of categories was unaffected by the imputed values (Appendix Table B-13). These imputed
values were thus deemed appropriate.
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Responses to the Short Mood and Feelings Questionnaire

Estimates are weighted for the survey design and attrition, and include children with all observed
outcomes (N=10858). Numbers on the y-axis relate to the Short Mood and Feelings Questionnaire
question number, with wording for the relevant questions outlined under “Available data” in chapter
6, section 6.7.1.
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Responses to the peer victimisation questions

Estimates are weighted for the survey design and attrition, and include children with all observed
outcomes (N=10858). Wording for the relevant questions are outlined under “Available data” in
chapter 6, section 6.7.1.
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Multivariable logistic regression for HL presence by potential sources of
confounding
N=10858 children
Odds ratio for any HL versus no HL (95% CI) p-value
Sex, female
0.74 (0.63-0.88)
<0.01
Ethnic background, non-white
0.73 (0.55-0.95)
0.02
LLI present at one or more sweeps
1.70 (1.37-2.11)
<0.001
NICU admission
1.15 (0.87-1.53)
0.32
Parental education
0.64a
NVQ1
Reference
NVQ2
1.11 (0.73-1.69)
NVQ3
1.08 (0.73-1.59)
NVQ4
1.06 (0.75-1.50)
NVQ5 (highest)
1.33 (0.88-2.03)
Other
1.21 (0.76-1.94)
Maternal age, per year increase
1.00 (0.98-1.01)
0.62
Baseline odds
0.29 (0.18-0.48)
Estimates are adjusted for sampling design and attrition and include imputed data for children with
missing values (0 for sex and ethnic background, 2 for parental education, 32 for maternal age, 44 for
NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of HL if all variables are at baseline
values. CI: confidence interval; HL: hearing loss; LLI: limiting longstanding illness additional to HL;
NICU: neonatal intensive care unit; NVQ: national vocational qualification. ap-value reflects
combined hypothesis test that none of the odds ratio are significantly different to 1.
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Male
Female

Continued overleaf

RRR for females
Ethnic
White
background, %
Non-white
RRR for those of non-white
background
Maternal age, mean in years
RRR per year increase in
maternal age, years
NICU admission, No
%
Yes
RRR for those admitted to NICU
Parental
NVQ1
education, %
NVQ2
NVQ3
NVQ4
NVQ5
Other
RRR for those with degree level
education or higher*
LLI, %
No
Yes
RRR for those with LLI

Sex, %

81.5
15.8

84.2
18.5

7.9
27.8
15.1
30.7
9.5
16.9

6.1
24.5
13.0
27.4
7.8
13.3

82.8
17.2
Reference

92.7
8.9

91.1
7.3

91.9
8.1
Reference
7.0
26.1
14.1
29.0
8.6
15.1
Reference

28.2

83.1
23.2

27.7

76.8
16.9

95% CI
48.5
51.4
48.6
51.5

27.9
Reference

Estimate
50.0
50.0
Reference
80.0
20.0
Reference

No HL at any sweep

83.6
16.4
0.9

89.9
10.1
1.3
8.3
27.7
13.0
27.4
10.2
13.2
1.0

28.4
1.0

79.3
12.2
0.7

86.7
6.8
0.9
5.0
22.0
8.7
23.0
7.4
7.6
0.8

27.7
1.0

87.8
20.7
1.3

93.2
13.3
1.9
11.6
33.4
17.3
31.9
13.0
18.9
1.3

29.2
1.0

HL with onset and resolution in
infancy
Estimate
95% CI
58.8
52.7
64.9
41.2
35.1
47.3
0.7
0.5
0.9
81.4
75.7
87.2
18.6
12.8
24.3
0.9
0.6
1.3

69.8
30.2
2.1

89.9
10.1
1.3
5.1
25.9
14.1
29.2
11.7
14.0
1.1

27.8
1.0

64.1
24.6
1.6

86.7
7.0
0.9
2.4
20.7
10.4
24.5
8.6
9.0
0.9

27.1
1.0

Other early onset HL with
resolution
Estimate
95% CI
60.6
54.7
39.4
33.5
0.6
0.5
84.7
79.7
15.3
10.3
0.7
0.5

75.4
35.9
2.8

93.0
13.3
1.9
7.7
31.1
17.9
33.9
14.8
19.0
1.5

28.5
1.0

66.5
45.3
0.8
89.7
20.3
1.0

Descriptive characteristics of potential sources of confounding by HL
trajectory type

Estimates are adjusted for sampling design and attrition and include imputed data for children with
missing values (0 for sex and ethnic background, 2 for parental education, 32 for maternal age, 44 for
NICU, 2217 for LLI, and 3571 for HL). CI: confidence interval; HL: hearing loss; LLI: limiting longstanding
illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational qualification; RRR:
relative risk ratio from univariable multinomial logistic regression with HL trajectory as the outcome.
*Degree level (NVQ 4 or 5) versus “Other” or lower education (NVQ1-3).
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Male
Female

RRR for females
Ethnic
White
background,
Non-white
%
RRR for those of non-white
background
Maternal age, mean in years
RRR per year increase in
maternal age, years
NICU
No
admission, %
Yes
RRR for those admitted to
NICU
Parental
NVQ1
education, %
NVQ2
NVQ3
NVQ4
NVQ5
Other
RRR for those with degree
level education or higher*
LLI, %
No
Yes
RRR for those with LLI

Sex, %
50.2
25.5
0.4
79.2
3.1
0.2
24.7
0.9
84.0
2.8
0.5
2.0
16.4
7.0
12.6
1.0
10.0
0.4

56.3
20.4
1.3

62.3
37.7
0.6
88.0
12.0
0.5
26.5
1.0
90.6
9.4
1.2
9.3
27.3
14.5
21.9
6.1
21.0
0.6

68.0
32.0
2.3

79.6
43.7
3.9

16.5
38.1
22.0
31.2
11.1
32.0
1.1

97.2
16.0
2.6

28.2
1.0

1.2

74.5
49.8
1.0
96.9
20.8

Late onset HL with resolution
Estimate 95% CI

60.9
39.1
3.1

3.9
23.8
14.3
24.7
9.9
23.3
0.9

87.6
12.4
1.6

27.5
1.0

0.9

45.5
54.5
1.2
81.7
18.3

49.6
27.8
1.9

-0.1
14.2
6.9
16.6
3.2
11.5
0.6

80.3
5.2
0.8

26.2
1.0

0.4

32.5
41.5
0.7
71.1
7.7

72.2
50.4
5.1

8.0
33.4
21.8
32.8
16.6
35.2
1.4

94.8
19.7
3.1

28.8
1.0

1.8

58.5
67.5
2.0
92.3
28.9

Early onset HL without resolution
Estimate
95% CI

71.5
28.5
1.9

6.5
29.9
13.3
29.4
6.3
14.6
0.9

92.9
7.1
0.8

26.8
1.0

0.4

48.4
51.6
1.1
89.6
10.4

60.5
17.6
1.1

0.3
16.9
6.1
19.6
2.0
2.9
0.6

87.3
1.4
0.4

25.1
0.9

0.2

35.3
38.6
0.6
81.3
2.1

82.4
39.5
3.4

12.7
42.9
20.5
39.2
10.6
26.3
1.5

98.6
12.7
2.0

28.4
1.0

1.1

61.4
64.7
1.8
97.9
18.7

Late onset HL without resolution
Estimate
95% CI

Multivariable multinomial logistic regression model examining HL
trajectory and potential sources of confounding
N=10858 children
No HL at any sweep
HL with onset and resolution in infancy
Sex, female
Ethnic background, non-white
LLI present at one or more sweeps
NICU admission
Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Maternal age, per year increase
Base constant

RRR
Reference

95% CI

p-value

0.70
0.91
0.93
1.23

0.54
0.64
0.66
0.83

0.92
1.31
1.30
1.84

0.01
0.62
0.66
0.30

Reference
0.89
0.77
0.77
0.97
0.76
1.01
0.09

0.51
0.43
0.48
0.56
0.38
0.99
0.04

1.54
1.38
1.23
1.66
1.52
1.04
0.19

0.67
0.38
0.27
0.90
0.43
0.17

0.65
0.69
2.07
1.13

0.50
0.47
1.55
0.75

0.85
1.02
2.75
1.69

<0.01
0.06
<0.001
0.56

Reference
1.42
1.47
1.52
2.12
1.48
1.00
0.08

0.76
0.76
0.82
1.10
0.72
0.97
0.04

2.66
2.86
2.80
4.06
3.05
1.02
0.20

0.27
0.25
0.18
0.03
0.29
0.69

Late onset HL with resolution
Sex, female
Ethnic background, non-white
LLI present at one or more sweeps
NICU admission
Parental education

0.59
0.46
2.10
1.01

0.34
0.19
1.20
0.45

1.02
1.09
3.68
2.27

0.06
0.08
0.01
0.98

NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Maternal age, per year increase
Base constant

Reference
0.86
0.88
0.70
0.68
1.37
0.97
0.07

0.31
0.32
0.27
0.19
0.44
0.92
0.01

2.40
2.43
1.81
2.46
4.27
1.02
0.41

0.77
0.81
0.45
0.55
0.58
0.24

Early onset HL without resolution
Sex, female
Ethnic background, non-white

1.20
0.78

0.69
0.38

2.09
1.63

0.52
0.51

Other early onset HL with resolution
Sex, female
Ethnic background, non-white
LLI present at one or more sweeps
NICU admission
Parental education
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Maternal age, per year increase
Base constant
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N=10858 children
LLI present at one or more sweeps
NICU admission
Parental education

RRR
3.00
1.39

95% CI
1.82 4.94
0.69 2.80

p-value
<0.001
0.36

NVQ1
NVQ2
NVQ3
NVQ4
NVQ5 (highest)
Other
Maternal age, per year increase
Base constant

Reference
1.72
1.99
1.74
2.35
3.03
0.99
0.01

0.54
0.59
0.55
0.65
0.90
0.96
0.00

5.45
6.73
5.49
8.47
10.13
1.03
0.05

0.35
0.27
0.34
0.19
0.07
0.73

Late onset HL without resolution
Sex, female
Ethnic background, non-white
LLI present at one or more sweeps
NICU admission
Parental education

1.06
0.44
1.88
0.77

0.61
0.18
1.07
0.31

1.82
1.09
3.31
1.89

0.83
0.08
0.03
0.56

NVQ1 Reference
NVQ2 1.33
0.43 4.13
0.62
NVQ3 1.13
0.38 3.35
0.82
NVQ4 1.31
0.45 3.78
0.61
NVQ5 (highest) 0.99
0.28 3.50
0.98
Other 1.25
0.32 4.99
0.74
Maternal age, per year increase
0.97
0.93 1.02
0.22
Base constant
0.05
0.01 0.23
Estimates are adjusted for sampling design and attrition and include imputed data for children with
missing values (0 for sex and ethnic background, 2 for parental education, 32 for maternal age, 44 for
NICU, 2217 for LLI, and 3571 for HL). CI: confidence interval; HL: hearing loss; LLI: limiting
longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ: national vocational
qualification; RRR: relative risk ratio.
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Logistic regression results for HL presence and peer victimisation,
without inclusion of interaction between HL and child sex
Peer victimisation, OR (95% CI)
Univariable
Multivariable
without
Univariable
without
imputation
with imputation
imputation
(n=7241)
(n=10858)
(n=7241)
1.32 (1.06-1.65)
1.43 (1.12-1.83) 1.24 (1.00-1.55)
0.83 (0.69-1.01)
1.02 (0.87-1.20) 0.85 (0.70-1.03)
0.63 (0.48-0.82)
0.63 (0.49-0.80) 0.64 (0.48-0.84)

Multivariable
with imputation
(n=10858)
1.36 (1.06-1.73)
1.04 (0.89-1.23)
0.66 (0.51-0.85)

Any HL, present
Sex, female
Ethnic background,
non-white
NICU admission
1.02 (0.72-1.43)
1.10 (0.84-1.44) 0.94 (0.66-1.33)
1.03 (0.79-1.34)
Parental education Wald test p=0.64 p=0.26a
Wald test p=0.81 p=0.40a
NVQ1
Reference
Reference
Reference
Reference
NVQ2
1.27 (0.77-2.10)
1.23 (0.85-1.78) 1.32 (0.79-2.20)
1.26 (0.87-1.84)
NVQ3
1.29 (0.76-2.18)
1.18 (0.79-1.76) 1.34 (0.79-2.30)
1.24 (0.82-1.86)
NVQ4
1.25 (0.75-2.11)
1.25 (0.87-1.81) 1.34 (0.78-2.29)
1.37 (0.94-2.00)
NVQ5 (highest)
1.14 (0.68-1.92)
0.96 (0.65-1.42) 1.24 (0.73-2.12)
1.07 (0.72-1.59)
Other
0.94 (0.53-1.67)
1.02 (0.72-1.46) 1.09 (0.61-1.95)
1.14 (0.78-1.67)
LLI at one or more
1.51 (1.22-1.87)
1.57 (1.27-1.95) 1.48 (1.19-1.84)
1.50 (1.21-1.87)
sweeps
Maternal age, per
0.99 (0.98-1.01)
0.98 (0.97-1.00) 0.99 (0.97-1.01)
0.98 (0.97-1.00)
year increase
Baseline odds
Varies by model
Varied by model 0.13 (0.07-0.25)
0.15 (0.09-0.26)
Estimates adjusted for sampling design and attrition and, where indicated, include imputed data for
children with missing values (0 for sex and ethnic background, 2 for parental education, 32 for
maternal age, 44 for NICU, 2217 for LLI, and 3571 for HL). Baseline odds are odds of peer
victimisation if all variables are at baseline values. CI: confidence interval; HL: hearing loss; LLI:
limiting longstanding illness additional to HL; NICU: neonatal intensive care unit; NVQ: national
vocational qualification; OR: odds ratio. ap-value reflects combined hypothesis test that none of the
odds ratios are significantly different to 1.
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Public engagement with
young people
Public engagement meeting 1 slides
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Public engagement meeting 2 slides
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Universal newborn hearing
screening: prevalence and performance
PLOSOne paper on universal newborn hearing screening meta-analysis
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UNHS meta-analysis search strategy
Pubmed
# Searches

Results original
search
76478

Results –
updated
search 2019
85109

2 Hearing impair*

14147

16107

3 "deaf"[All Fields] OR ("deafness"[MeSH Terms] OR "deafness"[All
Fields])
4 1 OR 2 OR 3

40463

44039

88834

99209

5 "epidemiology"[Subheading] OR "epidemiology"[tiab] OR
"incidence"[tiab] OR "incidence"[MeSH Terms] OR
"prevalence"[tiab] OR "prevalence"[MeSH Terms]
6 4 AND 5

2459807

2820673

10800

12458

7 child*[tiab] or infant*[tiab] or adolescen*[tiab] or newborn*[tiab]
or neonat*[tiab]
8 6 AND 7

1771311

1986438

3979

4538

n/a

536

1 ("hearing loss"[MeSH Terms] OR ("hearing"[All Fields] AND
"loss"[All Fields]) OR "hearing loss"[All Fields])

st

9 publication date from 1 January 2017

OvidSP(medline)
#

Searches

1
2
3
4
5
6
7
8
9

exp Hearing Loss/
(hearing and loss).ti,ab,kw.
(hearing and impair*).ti,ab,kw.
deaf*.ti,ab,kw.
1 or 2 or 3 or 4
incidence/ or prevalence/
(epidemiology or incidence or prevalence).ti,ab,kw.
6 or 7
(child* or infant* or adolescen* or newborn* or infant* or
neonat*).ti,ab,kw.
5 and 8 and 9
Limiting to publication from 2017 onwards

10
11

Results original
search
66394
42643
17343
37412
101912
478014
1271290
1425533
1971885

Results –
updated
search 2019
66002
44688
17918
37412
102752
490218
1325681
1476910
1972111

2893
n/a

3027
396

Results original
search
83913
58073
64121
58412
124718
865444
1555994

Results –
updated
search 2019
82526
64889
61843
57697
128918
952840
1815024

EMBASE
#

Searches

1
2
3
4
5
6
7

exp hearing impairment/
(hearing and loss).mp.
(hearing and impair*).mp.
deaf*.mp.
1 or 2 or 3 or 4
incidence/ or prevalence/
(epidemiology or incidence or prevalence).ti,ab,kw.
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8
9
10
11

6 or 7
(child* or infant* or adolescen* or newborn* or infant* or
neonat*).ti,ab,kw.
5 and 8 and 9
Limiting to publication from 2017 onwards

1749778
2100180

2035223
2230103

4019
n/a

4538
642

CINAHL
#

Searches

1

(MH "Hearing Loss, Partial+") OR (MH "Deafness+") OR (MH
"Hearing Loss, Sensorineural+")
TX hearing AND TX loss
TX hearing AND TX impair*
TX deaf*
Search 1 OR 2 OR 3 OR 4
(MH "Incidence") OR (MH "Prevalence")
TI incidence OR AB incidence OR TI prevalence OR AB
prevalence OR TI epidemiology OR AB epidemiology
Search 6 OR 7
Search 5 and 8
TI adolescen* OR AB adolescen* OR TI child* OR AB child* OR
TI infant* OR AB infant* OR TI newborn* OR AB newborn* OR
TI neonat* OR AB neonat*
Search 9 AND 10
Limiting to publication from 2017 onwards

2
3
4
5
6
7
8
9
10

11
12

Results original
search
12422

Results –
updated
search 2019
15055

15100
8375
13748
30968
98289
191101

19963
10584
16239
38681
132506
288869

240485
1800
427286

342288
2519
575763

613
n/a

886
198

Cochrane library
((deaf*) or ("hearing" and "impair*") or hearing loss) and (incidence or prevalence) and
(child* or infant* or neonat* or adolescen* or newborn*)

Google Scholar
((deaf*) or ("hearing" and "impair*") or hearing loss) and (incidence or prevalence) and
(child* or infant* or neonat* or adolescen* or newborn*)

354 | P a g e

UNHS meta-analysis data extraction
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UNHS meta-analysis protocols of included studies
Study
OAE only
Single protocol
Metzger

Protocol

Target population

Stages of protocol

1

All children

Ng

1

All children

Aidan
Habib

1
1

Uilenburg

1

All children
All children - only reported
on children w/o risk factors
All children (NICU excluded)

OAE → OAE, ABR & diagnostic
testing
OAE, OAE, OAE → diagnostic
testing (only if failed 3rd OAE)
OAE → OAE → diagnostic testing
OAE → OAE → diagnostic testing

1
2
1
2
1
2
1
2

Children w/o risk factors
Children with risk factors
Children w/o risk factors
Children with risk factors
Children born before 2002
Children born during 2002
Children w/o risk factors
Children with risk factors

OAE → OAE → diagnostic testing
OAE & diagnostic testing
OAE → OAE → diagnostic testing
OAE & diagnostic testing
OAE → OAE → diagnostic testing
OAE → ABR → diagnostic testing
OAE → OAE → diagnostic testing
OAE & diagnostic testing

1
1
1
1
1

All children
All children
All children
All children
All children

ABR → ABR → diagnostic testing
ABR → ABR → diagnostic testing
ABR → ABR → diagnostic testing
ABR → ABR → diagnostic testing
ABR → ABR → diagnostic testing

1

52/57 hospitals in 1999

2

3/57 hospitals in 1999

3

2/57 hospitals in 1999

1
2

Children w/o risk factors
Children with risk factors

ABR then diagnostic testing unclear number
OAE then diagnostic testing unclear number
OAE & ABR then diagnostic testing
- unclear number
ABR → ABR → diagnostic testing
ABR & diagnostic testing

1

All children

1

All children

1

Well-baby nursery

2
1

NICU
Children w/o risk factors

2

Children with risk factors

Multiple
protocols
De Capua
Gonzalez de
Aledo Linos
Watkin
WroblewskaSeniuk
ABR only
Single protocol
Antoni
Calcutt
Mason
NSW
Van Kerschaver
Multiple
protocols
Mehl

Kim
OAE and ABR
Single protocol
Berninger
Wessex
Multiple
protocols
Adelola

Almenar Latorre
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OAE → OAE → OAE → diagnostic
testing

OAE → OAE → OAE → OAE & ABR
→ ABR → diagnostic testing
OAE → ABR → diagnostic testing

OAE → OAE → ABR → diagnostic
testing
OAE & ABR → diagnostic testing
OAE → OAE → ABR → diagnostic
testing
OAE & ABR → diagnostic testing

Bailey

1

Well-baby nursery

2

Long-term NICU level 2/3

Calevo

1

Children w/o risk factors

Caluraud

2
1

Children with risk factors
Children w/o risk factors

Cao-Nguyen

2
1

1

Children with risk factors
Children born 2000-2002 &
infants w/o risk factors born
2002-2004
Children with risk factors
(from 2002)
Varied by hospital

2

Varied by hospital

3
1

Varied by hospital
Children w/o risk factors

2

Children with risk factors

1

Children w/o risk factors

2

Children with risk factors

Magnani

1

Children w/o risk factors

Martinez

2
1

Children with risk factors
Children w/o risk factors

2
1
2
1
2
1

1

Children with risk factors
Well-baby nursery
NICU
Children w/o risk factors
Children with risk factors
Well-baby nursery & NICU
without risk factors
NICU with risk factors for
hearing loss
Well-baby nursery
NICU
Well-baby nursery
hospitalised for <3 weeks
Well-baby nursery
hospitalised for >3 weeks
Random sample

2

Random sample

2
Fornoff

Ghirri

Guastini

O'Connor
Rissman
Rohlfs

2
Uus
Van der Ploeg

1
2
1
2

White

OAE → ABR → OAE +/- ABR →
diagnostic testing
ABR → diagnostic testing - unclear
number
OAE → OAE → ABR → ABR →
diagnostic testing
ABR → ABR → diagnostic testing
OAE → ABR → ABR → diagnostic
testing
ABR → ABR → diagnostic testing
OAE → OAE → ABR → diagnostic
testing
OAE & ABR → diagnostic testing
OAE → OAE (+/- → OAE) →
diagnostic testing
ABR → ABR (+/- → ABR) →
diagnostic testing
2-3 screening stages of OAE & ABR
OAE → OAE & ABR → diagnostic
testing
OAE & ABR → OAE & ABR →
diagnostic testing
OAE → OAE → ABR → ABR →
diagnostic testing
OAE & ABR → ABR → diagnostic
testing
OAE → OAE → ABR → diagnostic
testing
OAE & ABR → diagnostic testing
OAE → OAE → ABR & diagnostic
testing
OAE, ABR & diagnostic testing
OAE → ABR → diagnostic testing
OAE & ABR → diagnostic testing
OAE → ABR → diagnostic testing
ABR → ABR → diagnostic testing
OAE → ABR → OAE → diagnostic
testing
ABR → ABR → ABR → diagnostic
testing
OAE → ABR → diagnostic testing
OAE & ABR → diagnostic testing
OAE → OAE → ABR → diagnostic
testing
ABR → ABR → diagnostic testing
OAE & ABR → OAE and/or ABR →
diagnostic testing
OAE → OAE and/or ABR →
diagnostic testing

ABR: auditory brainstem response testing; NICU: neonatal intensive care unit; OAE: otoacoustic
emissions; w/o: without. ‘→’ refers to a screening stage where only infants not passing the previous
testing stage are referred to the following stage.
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