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Abstract 

Background

Children of consanguineous parents have a higher risk of infant and 
childhood mortality, morbidity and intellectual and developmental 
disability.

Methods

Using a UK based longitudinal cohort study we quantify differences 
according to the consanguinity status of children from birth to 10 in 
mortality, health care usage, two health and three educational 
outcomes. The cohort comprises 13727 children; 35.7% White British, 
43.7% Pakistani heritage, and 20.8% are from other ethnic groups.

Results

Compared to children whose parents were not related children whose 
parents were first cousins were more likely to die by age 10 (odds 
ratio 2.81, 95% CI 1.82-4.35) to have higher rates of primary care 
appointments (incident rate ratio 1.39, 95% CI 1.34-1.45) and more 
prescriptions (incident rate ratio 1.61, 95% CI 1.50-1.73). Rates of 
hospital accident and emergency attendance (incident rate ratio 
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1.21,95% CI 1.12-1.30) and hospital outpatients’ appointments 
(incident rate ratio 2.21,95% CI 1.90-2.56) are higher. Children of first 
cousins have higher rates of speech/ language development 
difficulties (odds ratio 1.63, 95% CI 1.36-1.96) and learning difficulties 
(odds ratio 1.89, 95% CI 1.28-2.81). When they begin school they are 
less likely to reach phonics standards (odds ratio 0.73, 95% CI 0.63-
0.84) and less likely to show a good level of development (odds ratio 
0.61, 95% CI 0.54-0.68). At age 10 there are higher numbers with 
special educational needs from first cousin unions compared to all 
children whose parents are not blood relations (odds ratio 1.38, 95% 
CI 1.20-1.58). Effect sizes for consanguinity status are similar in 
univariable and multivariable models where a range of control 
variables are added.

Conclusions

There is higher childhood mortality and greater use of health care as 
well as higher rates of learning difficulties, speech and language 
development challenges and substantive differences in education 
outcomes in children whose parents are first cousins.
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          Amendments from Version 1
We have made modifications to Table 1 – adding details on child 
ethnicity. In Table 2 we have also added child ethnicity and have listed 
Mothers country of birth. In Table 2 we have also added p values 
derived from Chi-squared tests.

We have added more detail on cohort size and ethnicities in our 
Abstract and expanded our description of types of consanguinity in 
our Methods (Data section). In our Plan of Analysis we have added 
additional text to the first paragraph to make it clear which outcomes 
are considered in the logistic and Poisson regression models. Later 
in this section we have specified how we dealt with missing data 
in all regression models. In Results – cohort characteristics we have 
added details of place of birth of mothers in the study (also listed in 
Table 2) and also a note on the link between Pakistani heritage and 
consanguinity rates. In our Health and Education section of our Results 
we have defined more clearly the categories “learning disability” and 
“speech and language disorder” and have included two references to 
help elaborate this. In our Sensitivity analysis we have noted a close 
similarity between ethnicity in self-reported and genetically derived 
ethnicity data. In the same section we have elaborated on our reason 
for re-running regression models for different health and education 
outcomes. In the section on the Significance of CAs in our Discussion  
we have some detail on child mortality and consanguinity in countries 
across the world where consanguinity rates are above 5%. We have 
also included web links to further data. 

Any further responses from the reviewers can be found at 
the end of the article

REVISED

Introduction
Consanguinity is a term generally used to describe parents 
who are blood-related individuals who share a recent com-
mon ancestor, for example first cousin unions are when both 
partners share a grandparent and second cousin unions share a  
great-grandparent. Consanguineous unions are considered com-
mon when a country has rates above 20% (Bittles, 2012). More 
than one billion people worldwide live in societies where  
consanguineous marriages are common. Overall, in the 
UK consanguinity rates are low but it is common in some  
communities (Small et al., 2024a).

Worldwide, the published literature indicating an increase in  
infant and childhood morbidity in the children of consanguine-
ous couples is extensive, as is a recognition of deaths in infancy 
being higher in children of first cousin unions when com-
pared with non-consanguineous couples (Bittles, 2012, 136;  
Bittles & Black, 2010). Malawsky et al. (2023) and Clark et al. 
(2019) report an impact of consanguinity across a range of com-
mon illnesses and health-related traits (body mass index, blood 
pressure, blood traits) across the life-course. A contributory  
role for consanguinity in childhood intellectual and develop-
ment disability has been apparent for a considerable time (Bittles,  
2012: 152; Gidziela et al., 2023; Gustavson, 2005) and an 
increase in reaction time (a correlate of general cognitive abil-
ity) and reduced educational attainment was reported in Clark  
et al. (2019).

In this paper we examine all-cause mortality and morbidity 
and selected education outcomes in children up to age 10 from 

Born in Bradford (BiB) to identify differences between children 
born to consanguineous parents and those whose parents  
are not related by blood.

Methods
Setting
Between 12th March 2007 and 24th December 2010 BiB, an  
ongoing birth cohort study based in the city of Bradford in the 
north of England, collected detailed information from 12453 
women with 13776 pregnancies (in the recruitment years some 
women had more than one pregnancy) and from 3448 of their 
partners. All the recruited women were under the care of the  
Bradford Royal Infirmary and were in or near the 28th week of 
their pregnancy (see Raynor & Born in Bradford Collaborative  
Group, 2008 for the study protocol and Wright et al., 2013 to 
see cohort characteristics). Bradford is the sixth largest city 
in the UK with a population of about half a million and has 
urban areas that are among the most deprived in the UK. Sixty  
percent of the babies born in the city are born into the poor-
est 20% of the population of England and Wales based on 
the British government’s residential area Index of Multiple  
Deprivation.

Data: consanguinity exposure measure and other 
covariates
Self-reported consanguinity status was collected as part of a  
wide-ranging interviewer administered questionnaire at 
recruitment to BiB. A section of this questionnaire asked  
whether the woman was related to the father of their baby, 
and if they answered “yes” they were then asked in what way 
they were related with the options in the questionnaire being;  
‘First cousin’, ‘First cousin once removed’, ‘Second cousin’ 
and ‘Other related by blood’. The answers to these two ques-
tions were used to construct three categories of consanguinity; 
children whose parents were not blood related (‘not related’), 
children whose parents were first cousins (‘first cousins’), and 
children whose parents were other blood relations (‘other blood  
relations’).

The questionnaire also captured a number of covariates that 
we have used in this analysis: women’s age, educational status, 
and whether the household was in receipt of means tested  
state benefits. In the UK, being in receipt of means-tested ben-
efits is recognised as a measure of income poverty (Platt, 2007). 
The education status of women educated outside the UK were 
equivalised to UK levels and grouped to a dichotomous meas-
ure of A-level or above and below A-level. Achieving A-level or  
above requires continuing in education post age 16 years, and 
the division between those who stay and those who finish 
education has been identified as a key measure of educational 
inequalities (Tackey et al., 2011). Women recruited to the 
study gave consent to link their child’s routine healthcare data 
and education data, and from birth records we obtained the  
child’s gender, birthweight and gestational age at birth.

In total there were 13,818 children in the BiB cohort. A small 
number of children withdrew from the study, leaving 13,727 
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children included in the analysis, 13,091 of these children 
were matched to routine healthcare data and 11,688 were  
matched to educational outcomes data (see Figure 1).

Data: outcomes
Mortality to age 10 is reported using routine NHS data and mor-
bidity is considered in two ways; first as reflected in health  
care usage in general practice and hospital care, and second 
in two specific areas where there is putative evidence of a link 
with consanguinity, learning disability and speech and language  
development difficulties. Educational outcomes span the first 
years BiB children are in school: Early Years Foundation Stage 
(EYFS) assessment when children go to school (aged 4 to 
5), phonics at Year 1 and special educational needs status at  
Year 6 (aged around 10 years).

Child health outcomes were determined at age 10 years (all  
counts of events up to the age of 10 years, or presence of con-
ditions as at 10 years of age). Routine primary care data was  
obtained from Systmone (https://tpp-uk.com/products/) which 
covers around a third of all primary care practices in England 
but all practices in Bradford. In total 95.4% of children were 
matched to primary care data, as indicated in Figure 1. Most  
children had a full ten years of linked routine data, with around 
11% having less due to residential mobility (moving out of 
Bradford). The length of time that children were matched to 
routine primary care records was calculated, mean of 9.86 
years (standard deviation of 1.07 years), and this was used as a  
measure of exposure.

A number of health outcomes were derived from linked rou-
tine healthcare primary care records: child deaths, the number 
of primary care appointments and prescriptions, the number  
of accident and emergency hospital events and outpatient hospital 
events, the presence of a diagnosis of learning difficulties, 

and of a diagnosis of speech and language difficulties in the  
primary care records. Child deaths consisted of both full-term  
stillbirths and death from any cause up to age 10 years, both 
these events being recorded in routine data. The count of appoint-
ments was derived from clinical Read codes (i.e., after removing 
all non-clinical Read coded events). Read codes are used to  
code elements of each primary care appointment, there can be 
one or many Read codes associated with each appointment, 
(for further details of Read codes see: https://digital.nhs.uk/ 
services/terminology-and-classifications/read-codes). The routine  
primary care data also contains a record of every medicine pre-
scribed. Prescriptions are recorded using the British National 
Formulary (BNF) coding system (https://bnf.nice.org.uk/). We 
counted the number of individual appointments and prescrip-
tions for each child up to the age of 10 years. Hospital accident  
and emergency and outpatient events were identified from records 
in primary care (any hospital event is notified and recorded 
here including those outside Bradford). A search for hospital 
event related Read codes was made by searching the text  
of Read code descriptions, and the Read codes identified were 
then classified as either relating to accident and emergency or 
outpatient events. Counts of these events for each child were 
calculated up to age 10 years. We also used Read codes to 
identify the presence of learning difficulties, and speech and  
language development difficulties. (See Additional Analysis 1  
in Small et al., 2024b for further details.)

Educational data was obtained from the local authority  
education department at the City of Bradford Metropolitan  
District Council. A number of educational outcomes were used 
in the analysis. We looked at the Early Years Foundation Profile  
(EYFP) results for children, this measures learning and develop-
ment of children at around five years of age (https://www.gov.
uk/early-years-foundation-stage). We used the dichotomous 
measure of whether or not a child had reached a ‘good stage of 
development’ in the assessment. We also identified whether  
the child had achieved the required level of phonics understand-
ing. Phonics is a way to teach children to read through learn-
ing sounds and is taught in a structured way, starting with the 
easiest sounds and progressing through to the most complex, 
it is widely believed to be the most effective way of teaching 
young children to read, and as being particularly helpful for  
children aged five to six years of age. (https://www.gov.uk/
education/phonics). Finally, we identified whether children 
had been recorded as having special educational needs status 
(SEN). Section 20 of the UK Children and Families Act 2014  
(https://www.legislation.gov.uk/ukpga/2014/6/part/3/enacted) 
defines a child as having special educational needs (SEN) if 
he or she “has a learning difficulty or disability which calls for  
special education provision to be made for him or her”. A child 
is considered to have special educational needs if she or he has a  
significantly greater difficulty in learning than the majority 
of others of the same age; or has a disability which prevents or  
hinders them from making use of facilities of a kind generally 
provided for others of the same age in mainstream schools. We 
searched the educational records for children who had a classifi-
cation of SEN by school year 6 (where children are aged around  
10 or 11 years).

Figure 1. Number of women, pregnancies, children included 
in the analysis and children matched to routine healthcare 
data and educational outcomes data.
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Plan of analysis
The analysis was carried out at the child level. As there was a 
separate questionnaire completed at each pregnancy we meas-
ured the child’s parental consanguinity status even if the 
mother had multiple pregnancies in the study and mother’s  
partner changed over time. In the analysis we first present 
a profile of the cohort with descriptive statistics detailing  
self-reported consanguinity status, child gender, child low birth-
weight and pre-term births, maternal education status, mother’s 
age at birth of the child, and household means-tested benefit 
status. We then present descriptive statistics of cohort char-
acteristics by consanguinity status, and finally descriptive  
analysis of the health and education outcome measures. We then 
employed a series of regression models to estimate odds ratios 
and incident rate ratios, as well as predicted rates and probabili-
ties, for each child health and education outcome. We estimated 
separate univariable and multivariable models. The univariable 
models contained only the covariates of consanguinity status,  
and the multivariable models additionally controlled for the cohort 
characteristics outlined above. We employed logistic regression 
for dichotomous outcomes (whether the child died, diagno-
sis of learning difficulties, diagnosis of speech and language  
difficulties, reaching good stage of development in school recep-
tion year, achieving phonics standard by school year 1, being 
recorded as having special educational need by age 10 years), 
and Poisson regression for counts of healthcare use events  
(primary care appointments, primary care prescriptions, hospital  
accident and emergency events, hospital outpatient events). We 
estimated odds ratios for dichotomous outcomes and incident 
rate ratios for counts of events. In addition to odds ratios 
and incident rate ratios we also calculated marginal effects  
(Williams, 2012) to derive predicted probabilities and predicted 
rates. In all regression models we dealt with missing data 
by carrying out a complete case analysis. All statistical  
analysis was carried out using Stata 17 (StataCorp, 2023).

We present tables of odds ratios and incident rate ratios, and 
figures of predicted probabilities and predicted rates from  
multivariable models for all outcomes. After the main analy-
sis we present a sensitivity analysis for differences in outcomes 
using genetically derived consanguinity status of parents in a 
subset of the cohort. We also present a sensitivity analysis con-
sidering results for Pakistani heritage children compared to all  
children.

Results
1. Cohort characteristics
Table 1 shows the cohort characteristics. Most children, 72.0%, 
had parents who self-reported as being not related, 17.7% of par-
ents were first cousins, and 10.3% were other blood relations.  
Table 1 also shows that 51.6% of children were male and 
48.4% were female, 8.8% were low birthweight (less than  
2500 grams), 6.7% were born pre-term (less than 37 weeks), 
43.7% of the children’s mothers were educated to A-level or 
above, and 40.9% were in receipt of means-tested benefits. The 
majority of mothers in the study were born in England (7038:  
62.5%), 2887 mothers (25.6%) were born in Pakistan. The 
remainder were born in a wide range of countries with no one 

country providing more than 1.5% of mothers. In our study 
population, recruited between 2007 and 2010, over 90% of chil-
dren whose parents were first cousins or other blood relations  
were of Pakistani heritage. Rates of consanguinity amongst 
the population in Bradford have fallen substantially over 
recent years (Small et al., 2024a). Levels of missing data are  
lower for measures derived from linked routine birth outcome 
data; there were higher levels of missing data for measures 
derived from the BiB maternal baseline questionnaire, as not  
all women completed this questionnaire at recruitment.

Table 2 looks at the association between consanguinity sta-
tus and the other cohort characteristics. There were differences  
in rates of low birthweight, levels of maternal education, 
and differences in the proportion of households in receipt of 
means tested benefits between children with parents of differ-
ent consanguinity status. We found 12.2% of children whose  
parents were first cousins had a low birthweight compared 
to 7.6% of children whose parents were not related, 31.0% 
of mothers who were first cousins of their partner were  
educated to A-level or above compared to 48.0% of mothers 
who were not related to their partner, and 49.5% of children 
whose parents were first cousins lived in households in receipt 
Data section). of means tested benefit compared to 37.3%  
of children whose parents were not related.

2. Health and educational outcomes
Descriptive statistics of the health and educational outcomes 
are shown in Table 3a (for counts of health-related events) and  
Table 3b (for dichotomous health and education outcomes).

As Table 3a indicates, all counts of health outcome events  
(primary care appointments and prescriptions, and hospital 
events) were highly skewed; with some children having counts 
far greater than the mean or interquartile range. This reflects  
the needs of a small minority of children who have more seri-
ous health conditions. The mean number of primary care 
appointments was 33.6 in the ten-year period (i.e., just over  
three a year); but 1,160 children (around 9%) had double the 
mean number of appointments or more, and 299 children 
(around 2%) had 100 appointments or more. As demonstrated  
by the interquartile range, half of children had between 17 
and 44 primary care appointments in the ten-year period.  
The distribution of the number of prescriptions was simi-
lar; the mean number was 52.5, the interquartile range was 
14 to 59 prescriptions in the ten-year period. A small number 
of children had very high numbers of prescriptions, 1,689  
(12.9%) had 100 or more prescriptions, 225 (1.7%) had 300 
or more prescriptions, and 8 children had more than 1,000 
prescriptions. Hospital related events occurred much less  
frequently; the mean number of accident and emergency or 
outpatient events was less than 3 in the ten-year period. Just  
over a fifth of children (23.5%) had no accident and emergency 
events, and only 4.2% had 10 or more.

Table 3b illustrates the dichotomous health and educational 
outcomes. A total of 172 (1.3%) of children had died by  
the age of 10 years, mostly at birth or in the first year after 
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birth. By the age of 10 years 208 (1.6%) were diagnosed with 
learning difficulties. A learning difficulty is defined by the  
Department of Health and Social Care (DHSC), 2001 as: “a 
significantly reduced ability to understand new or complex 
information, to learn new skills (impaired intelligence), with 
a reduced ability to cope independently (impaired social  
functioning), which started before adulthood.1099 (8.4%)  
children had been diagnosed with speech or language difficul-
ties. These are termed “developmental language disorders” and  
defined as a communication disorder that interferes with learn-
ing, understanding, and using language. These language  

Table 1. Cohort characteristics.

Cohort characteristics N Percentage

Consanguinity status of child’s parents

Not related 8056 72.0%

First cousin 1977 17.7%

Other blood relation 1152 10.3%

Missing 2542

Total 13727 100.0%

Child gender

Male 6992 51.6%

Female 6561 48.4%

Missing 174

Total 13727 100.0%

Child’s ethnicity

White British 4857 35.7%

Pakistani heritage 5920 43.5%

Other ethnicity 2838 20.8%

Missing 112

Total 13727 100.0%

Mother’s country of birth

England 7038 62.5%

Northern Ireland 21 0.2%

Scotland 37 0.3%

Wales 20 0.2%

Channel Islands 2 0.0%

Isle of Man 3 0.0%

Republic of Ireland 7 0.1%

Czech Republic 16 0.1%

Poland 174 1.5%

Slovakia 19 0.2%

Bangladesh 151 1.3%

India 221 2.0%

Pakistan 2882 25.6%

Sri Lanka 1 0.0%

Philippines 66 0.6%

Other 610 5.4%

Missing 2459

Total 13727 100.0%

Cohort characteristics N Percentage

Child birthweight (low birthweight = less than 2500g)

Not low birthweight 12068 91.2%

Low birthweight 1164 8.8%

Missing 495

Total 13727 100.0%

Child gestational age at birth (pre-term birth = before 37 
weeks)

Not pre-term birth 12353 93.3%

Pre-term birth 881 6.7%

Missing 493

Total 13727 100.0%

Mother’s educational status

A-level or higher 4517 43.5%

Lower than A-level 5861 56.5%

Missing 3349

Total 13727 100.0%

Mother’s age at birth of child

15 to 20 years 1396 11.3%

21 to 24 years 2986 24.2%

25 to 29 years 3595 29.1%

30 to 34 years 2651 21.5%

35 to 49 years 1710 13.9%

Missing 1389

Total 13727 100.0%

Household means-tested benefit status

In receipt of means-tested benefits 4595 40.9%

Not in receipt of means-tested benefits 6639 59.1%

Missing 2493

Total 13727 100.0%
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Table 2. Cohort characteristics of children by parental consanguinity status (excludes 
2542 children with missing data on parental consanguinity status).

Consanguinity status of child’s parents

Not related First cousin Other blood 
relation

p value (from 
Chi square test)

n % n % n %

Child ethnicity

White British 4198 52.1% 10 0.5% 8 0.7%

Pakistani heritage 1965 24.4% 1812 91.7% 1057 91.8%

Other ethnicity 1887 23.4% 155 7.8% 87 7.6%

Missing 6 0 0

Total 8056 100.0% 1977 100.0% 1152 100.0% < .001

Child gender

Male 4113 51.5% 1008 51.3% 580 50.5%

Female 3879 48.5% 956 48.7% 568 49.5%

Missing 64 13 4

Total 8056 100.0% 1977 100.0% 1152 100.0% .837

Child birthweight (low birthweight = less than 2500g)

Not low birthweight 7171 92.4% 1708 87.8% 1023 90.5%

Low birthweight 590 7.6% 237 12.2% 107 9.5%

Missing 295 32 22

Total 8056 100.0% 1977 100.0% 1152 100.0% < .001

Child gestational age at birth (pre-term birth = before 37 weeks)

Not pre-term birth 7253 93.4% 1819 93.5% 1067 94.4%

Pre-term birth 510 6.6% 126 6.5% 63 5.6%

Missing 293 32 22

Total 8056 100.0% 1977 100.0% 1152 100.0% .445

Mother’s educational status

A-level or higher 3518 48.0% 579 31.0% 393 35.7%

Lower than A-level 3812 52.0% 1286 69.0% 708 64.3%

Missing 726 112 51

Total 8056 100.0% 1977 100.0% 1152 100.0% < .001

Mother’s age at birth of child

15 to 20 years 952 13.1% 113 6.3% 67 6.5%

21 to 24 years 1646 22.7% 487 27.2% 285 27.5%

25 to 29 years 2022 27.9% 570 31.8% 315 30.4%

30 to 34 years 1584 21.8% 391 21.8% 233 22.5% `

35 to 49 years 1056 14.5% 232 12.9% 137 13.2%

Missing 796 184 115

Total 8056 100.0% 1977 100.0% 1152 100.0% < .001

Household means-tested benefit status

In receipt 2997 37.3% 975 49.5% 576 50.1%

Not in receipt 5034 62.7% 995 50.5% 574 49.9%

Missing 25 7 2

Total 8056 100.0% 1977 100.0% 1152 100.0% < .001
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difficulties are not explained by other conditions, such as hearing  
loss or autism, or by extenuating circumstances, such as lack  
of exposure to language (NIDCD, 2024). A substantial number 
of children, 4565 (40.6%), had not reached a good stage of 
educational development by the end of reception year, aged  
4 to 5 years; and 2519 (22.8%) had not reached the required 
level of phonics by the end of school year one, aged 5 to 6 
years. Also 2,358 (20.6%) children were classified as having 
special educational needs by school year six when they were  
aged 10 to 11 years.

3. Regression models exploring health and educational 
outcomes by consanguinity status
We explored health and educational outcomes in separate  
univariable models by consanguinity status of the child’s par-
ents, then in separate multivariable models; controlling for child 
gender, low birthweight, pre-term birth, mother’s education  
status, mother’s age at birth of the child, and whether the house-
hold was in receipt of means-tested benefits. Results from 
the multivariable models are reported as odds ratios and inci-
dent rate ratios in Table 4, with the full results from univari-
able and multivariable models given in Additional Analysis 2  
(Small et al., 2024b). Effect sizes for consanguinity status 
are similar in the univariate and multivariable models, the lat-
ter with the control variables added. This suggests that the  
effect of consanguinity status is largely independent of other 

Table 3a. Health outcome counts (number of events in ten-year period).

Health outcomes 
(number of events in 
10-year period)

n Mean Standard 
Deviation Range

Inter 
Quartile 
Range

Primary care appointments 13091 33.6 25.0 0–328 17–44

Primary care prescriptions 13091 52.5 81.1 0–1837 14–59

Hospital accident and 
emergency events

13091 1.72 2.39 0–39 0–2

Hospital outpatient events 13091 1.23 3.89 0–101 0-1

Table 3b. Health and educational outcomes 
(dichotomous outcomes).

Health and education outcomes 
(dichotomous outcomes)

N Percentage

Whether child died by age 10*

Yes 172 1.3%

No 13555 98.7%

Missing 0

Total 13727 100.0%

Whether child diagnosed with learning difficulties by 
age 10

Yes 208 1.6%

No 12883 98.4%

Missing 636

Total 13727 100.0%

Whether child diagnosed with speech/ language 
difficulties by age 10

Yes 1099 8.4%

No 11992 91.6%

Missing 636

Total 13727 100.0%

Whether child reached good stage of development by 
school reception year**

Yes 6675 59.4%

No 4565 40.6%

Missing 2487

Total 13727 100.0%

Whether child achieved required level of phonics 
understanding by school year 1***

Yes 8510 77.2%

No 2519 22.8%

Missing 2698

Total 13727 100.0%

Health and education outcomes 
(dichotomous outcomes)

N Percentage

Whether child categorised as special educational 
needs status (SEN) by school year 6****

Yes 2358 20.6%

No 9073 79.4%

Missing 2296

Total 13727 100.0%
* Of those children that died most (148 of the 172) were stillbirths or 
aged under 1 years of age, only ten children died above age 3 years ** 
In England school reception year equates to children aged 4 to 5 years 
old *** In England school year 1 equates to children aged 5 to 6 years 
old **** In England school year 6 equates to children aged 10 to 11 
years old
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variables in the models that are considered in the academic lit-
erature to lead to poor health and to impact on educational  
outcomes. Predicted probabilities and predicted rates for 
all outcomes from the multivariable models are illustrated  
in Figure 2, these results are reported in tables in Additional  
Analysis (Small et al., 2024b).

3.1 Child deaths. From the multivariable regression models, we  
found that children whose parents were first cousins had a  
much greater probability of dying by the age of 10 years com-
pared to children whose parents were not related (odds ratio  
2.81, 95% CI 1.82-4.35). Figure 2 illustrates the predicted 
probability of dying by the age of 10 years was 1.28% (95%  
CI: 0.69%-1.87%) for children whose parents were first cous-
ins, compared to 0.57% (95% CI: 0.00%-1.20%) for chil-
dren whose parents were other blood relations, and 0.21% 
(95% CI: 0.06%-0.35%) for children whose parents were not  
related.

3.2 Rates of healthcare usage. In general children whose parents 
were first cousins, and to a lesser extent children whose parents 
were other blood relations, had higher rates of healthcare  
use compared to children whose parents were not related.

In the multivariable models there were substantial differences in 
rates of primary healthcare use and hospital events, particularly  
outpatient hospital events, by the child’s parental consanguin-
ity status. Results of the multivariable Poisson regression  

models reported in Table 4 shows that children whose par-
ents were first cousins had around 39% higher incidence of 
primary care appointments, and 61% higher incidence of  
prescriptions compared to children whose parents were not 
related: incident rate ratio of 1.39 (95% CI 1.34-1.45) and  
1.61 (95% CI 1.50-1.73) respectively. Also, children whose 
parents were first cousins had around 21% higher inci-
dence of hospital accident and emergency events and  
over twice the rate of hospital outpatient events compared to 
children whose parents were not related: incident rate ratio 
of 1.21 (95% CI 1.12-1.30) and 2.21 (95% CI 1.90-2.56)  
respectively.

Figure 2 illustrates that the predicted rate of primary care 
appointments per year was 4.13 (95% CI: 3.98-4.28) for chil-
dren whose parents were first cousins, compared to 3.73 (95%  
CI: 3.52-3.93) for children whose parents were other blood 
relations, and 3.00 (95% CI: 2.93-3.07) for children whose 
parents were not related. Predicted rates of primary care  
prescriptions per year were 6.82 (95% CI: 6.35-7.28) for chil-
dren whose parents were first cousins, compared to 6.01 
(95% CI: 5.44-6.58) for children whose parents were other  
blood relations, and 4.32 (95% CI: 4.10-4.54) for children 
whose parents were not related. The ten year rate of acci-
dent and emergency hospital events was 2.00 (95% CI:  
1.86-2.14) for children whose parents were first cousins, com-
pared to 1.70 (95% CI: 1.48-1.91) for children whose parents 
were other blood relations, and 1.66 (95% CI: 1.59-1.74) for  

Table 4. Odds ratios/ incident rate ratios form multivariable regression models with 95% 
confidence intervals from multivariable models (reference group = not related).

Reference group = not related

First cousin Other blood 
relation

Health and Educational Outcomes Ratio (95% CI) Ratio (95% CI)

Whether died 2.81 (1.82-4.35) 2.45 (1.42-4.24)

Primary care appointments 1.39 (1.34-1.45) 1.29 (1.23-1.36)

Primary care prescriptions 1.61 (1.50-1.73) 1.53 (1.38-1.70)

Hospital accident and emergency events 1.21 (1.12-1.30) 1.13 (1.02-1.24)

Hospital outpatient events 2.21 (1.90-2.56) 1.80 (1.46-2.21)

Learning difficulties 1.89 (1.28-2.81) 1.36 (0.80-2.32)

Speech and language development difficulties 1.63 (1.36-1.96) 1.15 (0.90-1.48)

Early years foundation profile: good stage of development 0.61 (0.54-0.69) 0.90 (0.77-1.04)

Phonics standard 0.73 (0.64-0.84) 1.03 (0.85-1.23)

Special educational needs status 1.38 (1.20-1.58) 0.92 (0.76-1.11)
For full results of odds ratios/ incident rate ratios from univariable and multivariable models see Small et al., 2024a.
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Figure 2. Predicted probability and predicted rates for health and education outcomes by consanguinity status from 
multivariable models. For full results of predicted probabilities and rates from univariable and multivariable models see Small et al., 
2024b.
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children whose parents were not related. The ten year rate of 
outpatient hospital events was 1.98 (95% CI: 1.71-2.24) for 
children whose parents were first cousins, compared to 1.43 
(95% CI: 1.10-1.76) for children whose parents were other 
blood relations, and 0.85 (95% CI: 0.76-0.94) for children  
whose parents were not related.

3.3 Specific health conditions: learning difficulties, and speech 
and language development difficulties. We describe substan-
tial differences in the probability of a child being diagnosed  
with learning difficulties and speech and language develop-
ment difficulties between children whose parents were first  
cousins compared to children whose parents were not related. 
The estimated differences between children whose parents 
were other blood relations were not different from children 
whose parents were not related (considering the 95% confidence  
intervals around the estimates).

Table 4 shows that children whose parents were first cous-
ins were 89% more likely to be diagnosed with learning diffi-
culties and 63% more likely to be diagnosed with a speech and 
language development difficulty compared to children whose 
parents were not related; odds ratio 1.89 (95% CI: 1.28-2.81)  
and 1.63 (95% CI: 1.36-1.96) respectively.

Figure 2 illustrates that the probability of being diagnosed 
with learning difficulties was 2.28% (95% CI: 1.53%-3.03%) 
for children whose parents were first cousins, compared to  
1.06% (95% CI: 0.22%-1.90%) for children whose parents 
were other blood relations, and 1.01% (95% CI: 0.68%-1.33%)  
for children whose parents were not related. The probability 
of being diagnosed with speech and language learning diffi-
culties was 11.3% (95% CI: 9.6%-12.9%) for children whose  
parents were first cousins, compared to 6.40% (95% CI: 4.33%-
8.46%) for children whose parents were other blood relations, 
and 7.35% (95% CI: 6.51%-8.18%) for children whose parents  
were not related.

3.4 Educational outcomes. There are substantial differences 
in the probability of a children having poor educational out-
comes between children whose parents were first cousins com-
pared to children whose parents were not related. But the  
estimated differences between children whose parents were 
other blood relations were not different from children whose 
parents were not related (considering the 95% confidence  
intervals around the estimates).

Table 4 shows that children whose parents were first cous-
ins were less likely to reach a good stage of development in 
the Early Years’ Foundation Profile at age 4 to 5 years, and  
less likely to reach the phonics standard at age 5 to 6 years 
compared to children whose parents were not related; odds 
ratio 0.61 (95% CI: 0.54-0.69) and 0.73 (95% CI: 0.64-0.84) 
respectively. Children whose parents were first cousins were 
more likely to be recorded as having special educational needs  
by age 10 to 11 years; odds ratio 1.38 (95% CI: 1.20-1.58).

Figure 2 illustrates that the probability of reaching a good 
stage of development in the early years’ foundation profile was  

53.7% (95% CI: 51.0%-56.3%) for children whose parents 
were first cousins, compared to 58.4% (95% CI: 54.2%-62.7%) 
for children whose parents were other blood relations, and  
64.0% (95% CI: 62.4%-65.7%) for children whose parents were 
not related. The probability of achieving the phonics stand-
ard was 74.4% (95% CI: 72.1%-76.7%) for children whose  
parents were first cousins, compared to 79.5% (95% CI: 75.9%-
83.1%) for children whose parents were other blood rela-
tions, and 79.4% (95% CI: 78.0%-80.8%) for children whose  
parents were not related. The probability of being recorded  
as having special educational needs was 22.3% (95% CI:  
20.1%-24.5%) for children whose parents were first cous-
ins, compared to 19.5% (95% CI: 16.0%-23.0%) for children 
whose parents were other blood relations, and 19.0% (95% CI:  
17.6%-20.3%) for children whose parents were not related.

4. Sensitivity analysis
4.1 Sensitivity analysis using genetically derived consanguin-
ity status for a subset of children. We carried out a sensitivity 
analysis using genetically derived consanguinity that was avail-
able for a subset of the Born in Bradford cohort, an approach  
reported in Arciero et al., 2021. Using the patterns of homozy-
gosity observed in a child’s genome, Arciero and colleagues 
developed a machine learning algorithm to infer the degree of  
relatedness of an individual’s biological parents. Genetically 
derived consanguinity status was stratified into three cat-
egories, having parents inferred to be first cousins or closer, 
first cousins once removed/second cousins, or further than sec-
ond cousins (unrelated) These categories are comparable to the  
three categories of self-reported consanguinity used in BiB.

A total of 9158 children had DNA samples, around 60% of 
the children in the BiB cohort. Additional Analysis 3 (Small  
et al., 2024b) describes the genetically derived consanguin-
ity measure and compares this to the self-reported measures.  
The ethnicity of the subset of children who had genetically 
derived consanguinity status was very similar to the ethnicity of 
the children in the sample using self-reported consanguinity.  
Just over a third (35.6%) were White British, 44.1% were Paki-
stani heritage, and 20.3% were from other ethnic groups. 
Rates of first cousin relationships are higher using the geneti-
cally derived consanguinity measure (24.3%) compared to  
self-reported consanguinity (17.7%). The self-reported and 
genetically derived first cousins are fairly similar (90.2% of  
self-reported first cousin relationships are also first cous-
ins in the genetically derived measure). However, only around 
a third (34.7%) of those who have self-reported other blood 
relationships parents were inferred to have second cousins or 
closer parents in the genetically derived measure; over half  
(53.3%) of those who reported other blood relationships 
were first cousins in the genetically derived measure. There 
was substantial amount of missing data for the genetically  
derived consanguinity measure, there was also a smaller 
amount of missing data on self-reported consanguinity sta-
tus (largely due to not all mothers of BiB children completing a 
baseline questionnaire). Of the 13727 children 2542 (18.5%) 
had missing self-reported consanguinity status, and 5457  
(39.8%) had missing genetically derived consanguinity status. 
There are differences in the distribution of this missing data. 
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In the cohort 172 children died by the age of 10 years; of these 
children 16.9% had missing data on self-reported consanguinity, 
but 76.2% had missing data on genetically derived consan-
guinity. In the cohort 881 children were born pre-term; 20.7% 
had missing data on self-reported consanguinity, but 54.5%  
had missing data on genetically derived consanguinity.

Because there were differences in consanguinity status of  
parents between the self-reported and genetically derived meas-
ures we re-ran regression models for differences in the health  
and education outcomes using the genetically derived con-
sanguinity status measure, see Additional Analysis 4 (Small  
et al., 2024b). The differences in health and educational out-
comes by consanguinity status were generally very similar 
whether the measure of consanguinity status was self-reported 
or genetically derived. However, there are differences between  
the self-reported and genetically derived measures of the prob-
ability of dying by the age of 10 years. As noted above there 
was more missing data for the genetically derived measure 
for children who have died. This is likely to explain differ-
ences in the probabilities of dying between the self-report and  
genetically derived measures.

4.2 Sensitivity analysis considering results for Pakistani herit-
age children compared to all children. We have analysed the 
relationship between parental consanguinity status and child 
outcomes for all children in the Born in Bradford cohort. Our  
association of interest is between consanguinity and child out-
comes. Many studies, including BiB studies, have looked 
at ethnicity and consanguinity, a focus that reflects very  
different rates of consanguinity observed between ethnic groups. 
In Bradford rates were highest in the parents of Pakistani 
heritage (Small et al., 2024a). We conducted a sensitivity 
analysis to look at the size of effects of consanguinity for  
all children compared to Pakistani heritage children, see  
Additional Analysis 5 in Small et al., 2024b. The effects of  
consanguinity on child health and education outcomes are no 
different for Pakistani heritage children than they are for all  
children (considering 95% confidence intervals) for all outcomes 
apart from primary care appointments and prescriptions, where  
differences by consanguinity status were slightly larger for  
all children than for just Pakistani heritage children.

Discussion
The significance of CAs
We have previously identified consanguinity as a major risk 
factor for congenital anomalies in the BiB cohort. CAs occur 
in any births but consanguinity was associated with a dou-
bling of risk for congenital anomaly in babies from first  
cousin unions. Babies whose parents were related by blood 
but were not first cousins were around 60% more likely than 
non-blood related parents to have an anomaly. Although risks 
of CA are lower in the non-consanguineous there are far more 
births in this category with the result that fifty two percent of 
BiB babies born with an anomaly did not have consanguineous  
parents (Sheridan et al., 2013).

Our 2013 study (Sheridan et al., 2013) identified 386 chil-
dren in BiB as having a congenital anomaly, 3% of the total for 
whom data were available. Of those 201 had parents who were 

not consanguineous, 123 had parents who were in first cousin 
unions and 62 were related as “other blood” (second cousins).  
Bishop et al. (2017) linked children from BiB to a routine pri-
mary care database to detect CA diagnoses as the children 
grew older, from birth to age 5 years. Looking at a greater 
age range than Sheridan et al., increased the ascertainment of  
children with CAs to 620.6 per 10000 live births in those 
under 5 years. In children under 5 primary care appointments,  
use of hospital services and referrals to specialists were 
higher for children with CA than those without (Bishop et al.,  
2018). As genetic diagnosis can be targeted to a specific gene, 
diagnosis is often undertaken antenatally, or in early life, for 
those who have been born to a family where there is already 
a child with a genetic condition. Consanguineous couples  
then may be more likely to have an early test. But subse-
quent detection of CAs and other genetic conditions will con-
tinue through childhood for children from both consanguineous  
and non-consanguineous unions.

We have reported that children who are from consanguine-
ous unions have more hospital out-patient appointments, higher 
rates of learning difficulties, speech and language develop-
ment challenges and they also exhibit differences in education  
outcomes. There is also an increased incidence of low birth 
weight babies, 12.2% in first cousins. 9.5% in “other blood” 
and 7.6% in non-related births (Table 2). Being born low 
weight has its own adverse outcomes and as this is seen more  
frequently in this group, this is an additional negative health 
risk (West et al., 2018). Research on rare diseases in child-
hood using the BiB cohort has identified greater healthcare  
usage and an impact on education outcomes for a range of 
conditions including CAs and other genetic conditions, neu-
rodegenerative disorders for example. This research found 
rare diseases distributed across the spectrum of backgrounds 
present in the cohort. It did not analyse their distribution by  
consanguinity status (Lodh et al., 2023).

Our health care usage data shows a highly skewed distribu-
tion with a relatively small group of children having consider-
ably more primary care appointments and prescriptions – around  
11% (1459 children) had twice the mean for appointments 
and 14.6% (1914 children) had a 100 or more prescriptions 
in a ten year period. The numbers represented in these higher 
healthcare usage groups are considerably greater than the  
number of children with CAs diagnosed by 5 years of age. 
There does then appear to be an additional more diffuse  
morbidity requiring the attention of primary care and hospital 
services associated with children whose parents were consan-
guineous, a diffusion consistent with the Clark et al. (2019), and 
Malawsky et al. (2023) results cited above, and consistent with 
the body of work Bittles (2012) refers to reporting links between  
consanguinity and a range of morbidities.

There are 32 countries in the world with consanguinity rates  
above 5% (according to The World Population Review -  
https://worldpopulationreview.com/country-rankings/inbreed-
ing-by-country accessed 1 Sept 2024). The under 5 mortality rate 
for these countries ranges from 3.4 to 107.2 per 1,000 live births  
(according to the World Bank - https://data.worldbank.org/indi-
cator/SH.DYN.MORT accessed 1 Sept 2024). Some countries 
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with similar rates of consanguinity have vastly different under 
5 mortality rates; for example, in the United Arab Emirates 
50.5% of marriages are consanguineous and the under 5  
mortality rate is 5.3 per 1,000 live births, while in South 
Sudan 50.0% of marriages are consanguineous and the under 
5 mortality rate is 98.8 per 1,000 live births. Similarly in  
Tunisia 21.1% of marriages are consanguineous and the under 
5 mortality rate is 11.5 per 1,000 live births, while in Nigeria 
19.9% of marriages are consanguineous and the under 5 mor-
tality rate is 107.2 per 1,000 live births. Countries vary greatly 
on levels of poverty and on the availability of healthcare pro-
vision, and these are the factors that impact most on child  
death rates.

Recognizing the needs is an equity issue
The impact of consanguinity on mortality and morbidity in 
infancy and childhood in populations where consanguinity is  
commonplace should be considered in planning and provid-
ing health services. We have demonstrated increased use of 
services by children born to consanguineous parents in pri-
mary care, hospital care and in specialised education. Being  
cognizant of these patterns requires a response to what is a 
health care equity issue. So too is the need to inform and edu-
cate health care professionals about the breadth of impact  
consanguinity has on a health care ecology. Worldwide the 
WHO Global Burden of Disease resource recognises that the 
continuing care of the offspring of consanguineous unions is rel-
evant for planning required levels and types of services (Global  
Burden of Disease Collaborative Network, 2016). These world-
wide demands are likely to increase as more children survive  
infancy.

There is also a need to consider the impact of the increased 
presence of educational challenges reported in children 
born from consanguineous unions. This is, like in the health  
differences we have reported, an equity and a planning and serv-
ice provision issue. These children’s trajectories through edu-
cation are likely to require focussed resources to tackle the  
different starting points they are at when they begin educa-
tion so that they can fully realize their capacities, starting points 
that are impacted by social and biological factors (see respec-
tively Cheung et al., 2023 on the significance of deprivation  
in the frequency of late talking in 2 year olds in BiB and, as 
cited above, Clark et al., 2019 on an increase in reaction time 
in children of consanguineous unions. This is a correlate of  
general cognitive ability.) In an education system where there 
are children who are likely to manifest these particular chal-
lenges school staff will benefit from understanding the sig-
nificance of the findings we present as they plan schemes of 
learning in their classrooms and education providers need to  
accommodate these needs as they shape their budget allocations.

These levels of health care use and of educational outcomes  
interact in a way that can compound harm. The considerable 
amounts of time that some children will be away from school 
for treatment, or recovering from treatment, will be a fac-
tor in their reported educational outcomes. It is also likely  
that the demands of caring for a young child with CAs, or 
with other complex needs, will impact on parents, carers and 

on siblings (Gimenez-Lozano et al., 2022). Whole families 
are challenged by their having children with complex health  
and education needs (Masefield et al., 2022).

In addition to the resources required to achieve service equity  
there is also a health education and health promotion agenda 
to help make people aware of the impact of consanguinity  
throughout childhood as well as considering the increased 
risk of infant mortality. The agenda here should be to enhance 
informed choice about risks for children in populations where 
consanguinity is practised. There is a similar imperative  
to inform and educate about impacts on education.

Within the BiB cohort we have reported high levels of con-
sanguinity compared to UK averages. Our recruitment to BiB  
occurred between 2007 and 2010 and since that time there has 
been a reduction in rates of consanguinity in the city (Small  
et al., 2024a). We have made available detailed research and 
routine data to illuminate the characteristics of the consan-
guineous and to follow up its impact on children. In so doing  
we have added to a growing international literature in which 
evidence is increasingly clear that, while there may be socio-
economic benefits that contribute to the enduring practice of  
consanguinity (Bhopal et al., 2014), the evidence of wide- 
ranging harm is clear and convincing. It is also clear that pro-
moting awareness and engagement of communities is best done 
with sensitivity to the cultural practices of those communi-
ties where consanguinity remains commonplace (Darr et al.,  
2013).

On the sensitivity analysis
We have reported genetically derived consanguinity data for 
a subset of the BiB cohort and found a close match between  
self-identified and genetically identified first cousins but dif-
ferences in those who self-identify as being in “other blood”  
relationships. Over half of those couples describing them-
selves as related but not first cousins appear to be first cous-
ins on genetic analysis. This disparity may be a result of a lack 
of clarity in interviewees about what a first cousin and what  
“other-blood” is, it may be to do with people answering “other-
blood” because they see a stigma attached to cousin-marriage  
and are seeking to mitigate this in the self-description they 
report to researchers. Sheridan et al. (2013) reported higher 
rates of CAs in the children of other blood unions (then identi-
fied through self-reporting) than were expected from a formal  
calculation of the relationship coefficient, a measure of genetic 
closeness (Sheridan et al., 2013: 8). This might be to do with 
endogamy, a longstanding tradition of consanguinity in a spe-
cific population allied with population stratification in mar-
riage choices (see Bittles & Small, 2016; Small et al., 2017;  
Woods et al., 2006; Zlotogora & Shalev, 2010). In effect one 
can be akin to a cousin genetically, even if one is not a cousin 
in the familial sense. We will report separately on a qualita-
tive study in Bradford contemporaneous with this one seek-
ing views on the current importance of consanguinity in  
peoples’ choices of marriage partner.

We could assume that the genetically derived consanguin-
ity measures would have less measurement error than the  
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self-reported measures, therefore the size of observed effects 
would be larger. However, the results we report were essentially 
the same when using both measures apart from cases where  
the children with missing data were different. Given that  
children who have genetically derived data in BiB exclude 
many who died or were pre-term births, it may be that they 
could be considered as distinctly different samples. Therefore, 
the similarity of results using both measures could be seen as  
evidence of the robustness of the findings presented.

We have reported that the effects of consanguinity on child  
health and education outcomes are not different for Pakistani 
heritage children than they are for all children (considering 
95% confidence intervals) for most outcomes. Our discussion 
of Pakistani heritage children is because they are the group 
with the highest rate of consanguinity in BiB but similar levels 
are likely to apparent in any ethnic, social or geographical 
group with similar proportions of consanguineous unions.  
Consanguinity is often approached via a concentration on  
specific ethnic groups where it is a more common practice. But 
our concern is to focus on its sequelae in terms of impact on  
health and education and not on its antecedent social  
structures. This approach frees a consideration of health and 
educational need from the baggage of an often fraught debate 
that too easily conflates a genetic and health risk with a cultural  
practice (Darr et al., 2016).

Using a cohort study and routine data to look at health 
care usage
Although the study we report is in a single site it is a large and 
ongoing study with rich data sets enhanced by permission  
to access NHS and educational data relating to cohort members. 
These data allow us to include a wide range of possible 
confounders. Follow up rates in the cohort are high. The  
BiB study has been reporting on cohort members in a wide 
range of areas of interest and has accumulated extensive con-
textual insights into growing up in the city and considerable  
amounts of data relevant to key policy and practice domains  
(www.borninbradford.nhs.uk). In consequence this study under-
lines the value of a long-running study accessing linked data 
in health systems to identify health care usage. It also illus-
trates the insights that can come from linking cohort data with  
school records. BiB data collection is ongoing and will, in 
the future, furnish insights into health care usage, health out-
comes and educational attainment through adolescence and 
into adulthood (Shire et al., 2024). In doing this it will help 
address an absence of data on the effects of consanguinity on  
adult-onset diseases and on congenital anomalies that present  
in adulthood (Bittles, 2013).

In the majority of this paper consanguinity is self-reported.  
Health care usage data and education data are from rou-
tinely collected sources. Health care usage has been used as a 
proxy for health outcomes, it does not capture all the complex  
morbidity people experience, its cumulative effect or its impact 
on individual lives. We have not looked at disease / pathology  
and hence we don’t know the mechanisms shaping the  
outcomes we report. We do not have data on social care usage for  

our participants, this is data that is not held in a routine data 
repository and would have to be collected on a case by case 
basis. Our education outcomes are robust for the point in the  
child’s education they refer to but they are preliminary – these  
children will be in school for years to come and differences 
we report may shift with time, disadvantages overcome 
for example. We do not have data for the whole cohort 
on language spoken at home. But we use a wide range of  
measures – primary care appointments and prescriptions plus 
outpatient and in-patient contacts with hospitals – to capture 
possible aetiology and degree of severity and a range of  
education measures that cover the first years the child is in  
school to capture different aspects of educational challenge.  
Levels of missing data are low

The results from regression models for all outcomes explored 
above are from multivariable models controlling for child  
gender, child birthweight and gestational age, mother’s  
education status, age of mother at the birth of the child, and 
household means-tested benefit status. Results for all outcomes  
from univariable and multivariable models are not different 
when we account for confidence intervals around the estimated 
results; see Additional Analysis section 2 for full univariable  
and multivariable models (Small et al., 2024b). This suggests 
that the association between consanguinity status and poor  
outcomes is largely independent of other covariates that are  
also widely associated with poor outcomes.

Conclusions
We have utilised cohort specific data and data collected in  
primary and secondary care to identify differences in mortality 
and in morbidity in the children of consanguineous  
unions. We have also looked at educational data across the 
years from beginning school to age 10. There are large dif-
ferences in the probability of dying by age 10 years between 
cohort children from consanguineous and non-consanguineous  
unions. Children whose parents are first cousins have higher 
rates of primary care appointments and prescriptions. Rates of 
hospital events are highest for those whose parents were first 
cousins. Children whose parents are first cousins have higher  
rates of speech/ language development difficulties and learning 
difficulties, compared to children whose parents are not related. 
Turning to education data we see a similar picture, when 
they begin school children whose parents are first cousins are 
less likely to reach phonics standards and less likely to show  
a good level of development when compared to children whose 
parents are not blood relations. At age 10 there are higher 
numbers with special educational needs who are from first  
cousin unions.

Ethics and consent
Approval for Born in Bradford was provided by Bradford Local 
Research Ethics committee (reference number 07/H1302/112 
– approval date 1/4/2008). Research governance approval has 
been provided from Bradford Teaching Hospitals NHS Foun-
dation Trust. All study participants were given Participant  
Information Sheets approved by the Ethics Committee before 
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recruitment and all participants signed consent forms which 
included consent for data collection, usage, and data sharing.

Data availability
Underlying data
Researchers are encouraged to make use of the BiB and BiBBS 
data, which are available through a system of managed open 
access. Before you contact us, please make sure you have  
read our Guidance for Collaborators. Our BiB Executive 
reviews proposals on a monthly basis and we will endeav-
our to respond to your request as soon as possible. You can find 
out about the different datasets in our Data Dictionary. If you 
are unsure if we have the data that you need, please contact a  
member of the BiB team (borninbradford@bthft.nhs.uk).

Once you have formulated your request please complete the  
‘Expression of Interest’ form available here and send to  
borninbradford@bthft.nhs.uk. If your request is approved we  
will ask you to sign a Data Sharing Contract and a Data Sharing 
Agreement, and if your request involves biological samples we  
will ask you to complete a material transfer agreement.

Extended data
Harvard Dataverse: Association between parental consanguin-
ity status and child health and education outcomes, findings  

from the Born in Bradford cohort: Extended data. https://doi.
org/10.7910/DVN/PQFSJB (Small et al., 2024b).

Data are available under the terms of the Creative Commons 
Zero “No rights reserved” data waiver (CC0 1.0 Public domain  
dedication).
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2.It would be interesting to know whether any proportion of self-reported ‘unrelated’ were 
seen ‘related’ in genetically derived consanguinity. 
 
Response-We do show this in the extended data – in table S3.2 8.5% of those who self-
reported as unrelated were deemed to be related in the genetically derived consanguinity 
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Response- In the final paragraph in section “4.1 Sensitivity analysis using genetically 
derived consanguinity status for a subset of children” we do address this. The text in this 
section of the paper is: “We re-ran regression models for differences in the health and 
education outcomes using the genetically derived consanguinity status measure, see 
Additional Analysis 4 (Small et al., 2024b). The differences in health and educational 
outcomes by consanguinity status were generally very similar whether the measure of 
consanguinity status was self-reported or genetically derived. However, there are 
differences between the self-reported and genetically derived measures of the probability 
of dying by the age of 10 years. As noted above there was more missing data for the 
genetically derived measure for children who have died. This is likely to explain differences 
in the probabilities of dying between the self-report and genetically derived.”   To make this 
clearer we have added a few words to the first sentence of the above to say “Due to the 
differences in consanguinity status of parents between the self-reported and 
genetically derived measures we re-ran regression models for differences in the 
health and education outcomes…” 
 
4.Limitations from the methodologies used to assess genetically derived consanguinity can 
be mentioned to discuss the differences between the self-reported consanguinity and the 
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identified and genetically identified first cousins but differences in those who self-identify as 
being in “other blood” relationships. Over half of those couples describing themselves as 
related but not first cousins appear to be first cousins on genetic analysis. This disparity 
may be a result of a lack of clarity in interviewees about what a first cousin and what “other-
blood” is, it may be to do with people answering “other-blood” because they see a stigma 
attached to cousin-marriage and are seeking to mitigate this in the self-description they 
report to researchers. Sheridan et al. (2013) reported higher rates of CAs in the children of 
other blood unions (then identified through self-reporting) than were expected from a 
formal calculation of the relationship coefficient, a measure of genetic closeness (Sheridan 
et al., 2013: 8). This might be to do with endogamy, a longstanding tradition of 
consanguinity in a specific population allied with population stratification in marriage 
choices (see Bittles & Small, 2016; Small et al., 2017; Woods et al., 2006; Zlotogora & Shalev, 
2010). In effect one can be akin to a cousin genetically, even if one is not a cousin in the 
familial sense. We will report separately on a qualitative study in Bradford 
contemporaneous with this one seeking views on the current importance of consanguinity 
in peoples’ choices of marriage partner.   We could assume that the genetically derived 
consanguinity measures would have less measurement error than the self-reported 
measures, therefore the size of observed effects would be larger. However, the results we 
report were essentially the same when using both measures apart from cases where the 
children with missing data were different. Given that children who have genetically derived 
data in BiB exclude many who died or were pre-term births, it may be that they could be 
considered as distinctly different samples. Therefore, the similarity of results using both 
measures could be seen as evidence of the robustness of the findings presented.”   We are 
not sure what else we could add. 
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5. An examination of the observed mortality to classify the death as genetic or non-genetic 
can help in establishing the association between consanguinity and childhood mortality. 
 
Response-Unfortunately, we do not have data on cause of death. However, the number of 
children who died was small, only 172. The reference below is to a paper that found 22% of 
infant deaths were due to genetic disorders – that would suggest around 38 of the child 
deaths in the BiB cohort may be due to genetic disorders. So, even if we did have cause of 
death, the numbers would be too small for regression analysis.   Wojcik MH, Schwartz TS, 
Thiele KE, Paterson H, Stadelmaier R, Mullen TE, VanNoy GE, Genetti CA, Madden JA, 
Gubbels CS, Yu TW, Tan WH, Agrawal PB. Infant mortality: the contribution of genetic 
disorders. J Perinatol. 2019 Dec;39(12):1611-1619.     
 
6.A discussion on the observed rates of infant and child mortality in countries practicing 
heavily consanguinity, based on literature review, compared with that seen in the study 
cohort would be interesting. 
 
Response-If we look at observed rates of infant and child mortality in countries with high 
levels of consanguinity we see rates varying greatly according to levels of poverty and 
access to healthcare provision. The text below provides some detail, and the references 
cited give access to detailed data which underlines this text.   We have added to the article 
in the first section of our Discussion the following:   “There are 32 countries in the world 
with consanguinity rates above 5% (according to The World Population Review - 
https://worldpopulationreview.com/country-rankings/inbreeding-by-country). The 
under 5 mortality rate for these countries ranges from 3.4 to 107.2 per 1,000 live births 
(according to the World Bank - https://data.worldbank.org/indicator/SH.DYN.MORT). 
Some countries with similar rates of consanguinity have vastly different under 5 
mortality rates; for example, in the United Arab Emirates 50.5% of marriages are 
consanguineous and the under 5 mortality rate is 5.3 per 1,000 live births, while in 
South Sudan 50.0% of marriages are consanguineous and the under 5 mortality rate is 
98.8 per 1,000 live births. Similarly in Tunisia 21.1% of marriages are consanguineous 
and the under 5 mortality rate is 11.5 per 1,000 live births, while in Nigeria 19.9% of 
marriages are consanguineous and the under 5 mortality rate is 107.2 per 1,000 live 
births.  Countries vary greatly on levels of poverty and on the availability of 
healthcare provision, and these are the factors that impact most on child death rates.”  

Competing Interests: none
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Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.
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M. Mazharul Islam  
Department of Statistics, Sultan Qaboos University, al-Seeb, Oman 

This study explores the link between a parent's consanguinity and a child's health and education 
outcomes. It is notable that it is grounded in a prospective analysis of data from a UK-based 
longitudinal family cohort known as "Born in Bradford." The paper is well-written and has a sound 
methodology. However, I have a few observations that need clarification for further improvement. 
 

It appears that all the dependent and independent variables are involved with huge missing 
values. In univariate analysis (Tables 1, 2, and 3), the authors considered valid percentages, 
ignoring the missing values. However, in multivariable analysis (Table 4), it is not clear how 
the authors handle the missing values. For an outcome variable, when it was dichotomized, 
did the authors consider the missing value as 0? 
 

1. 

It would be better to identify the significant covariates of consanguinity by employing the 
Chi-square test in Table 2. 
 

2. 

Under ‘Plan of analysis’ the authors simply mentioned that the logistic regression model 
was used for the dichotomous outcome variables and Poisson regression for the count 
variables without specifying the variables. 

3. 

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Statistics, Demography and Public health

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.
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Author Response 18 Sep 2024
Neil Small 

We are grateful for the expertise our reviewers have provided in commenting on our paper 
and for the opportunity to address their concerns and questions. We hope the following 
responses do this. 
 
1.It appears that all the dependent and independent variables are involved with huge 
missing values. In univariate analysis (Tables 1, 2, and 3), the authors considered valid 
percentages, ignoring the missing values. However, in multivariable analysis (Table 4), it is 
not clear how the authors handle the missing values. For an outcome variable, when it was 
dichotomized, did the authors consider the missing value as 0? 
 
Response-As noted in the paper, and outlined in Tables 1, 3a, 3b, there is a degree of 
missing data. However not all dependent and independent variables have huge amounts of 
missing data. For the outcome (dependent variables) there is no missing data on the 
probability of dying by age 10 years, less than 5% missing (636 cases missing of the 13,727 
children) for the outcomes from routine health data (primary care appointments, primary 
care prescriptions, hospital accident and emergency events, hospital outpatient events, 
diagnosis of learning difficulties, and diagnosis of speech and language difficulties). There is 
more missing data on educational outcomes, around 19%, as not all children had linked 
educational data. On the independent variables there were varying amounts of missing 
data. Those measures derived from routine data (gender, birthweight, gestational age) have 
a very small missing data, ranging from 1.27% to 3.6%. Those measures derived from the 
baseline questionnaire have the highest levels of missing data, over 20% missing. This is 
due to not all women completing a baseline questionnaire.   We feel that the paper, tables 
and text, notes the levels of missing data. But we very much welcome the reviewer noting 
that we have not made it clear how we dealt with missing data. Therefore, we have added 
some additional text at the end of the ‘plan of analysis section’ to address this omission. “In 
all regression models we dealt with missing data by carrying out a complete case 
analysis.” 
 
2.It would be better to identify the significant covariates of consanguinity by employing the 
Chi-square test in Table 2. 
 
Response-We have added p values derived from Chi-squared tests to Table 2. Two of 
our reviewers requested that we add p-values and we have accommodated this. We did not 
include them in our initial submission because we were persuaded by the American 
Statistical Association “Statement on Statistical Significance and P-values” with six 
principles. Principle 6 is : A P-value, or statistical significance, does not measure the size of 
an effect or the importance of a result. The threshold of statistical significance that is 
commonly used is a P-value of 0.05. This is conventional and arbitrary. It does not convey 
any meaningful evidence of the size of the effect. See:  Yaddanapudi LN. The American 
Statistical Association statement on P-values explained. J Anaesthesiol Clin Pharmacol. 2016 
Oct-Dec;32(4):421-423. doi: 10.4103/0970-9185.194772. PMID: 28096569; PMCID: 
PMC5187603. 
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3. Under ‘Plan of analysis’ the authors simply mentioned that the logistic regression model 
was used for the dichotomous outcome variables and Poisson regression for the count 
variables without specifying the variables.  
 
Response-We have added some additional text to the first paragraph of the ‘Plan of 
analysis’ section, to make it clear which outcomes are considered in the logistic and Poisson 
regression models. The relevant text now reads:   “We employed logistic regression for 
dichotomous outcomes (whether the child died, diagnosis of learning difficulties, 
diagnosis of speech and language difficulties, reaching good stage of development in 
school reception year, achieving phonics standard by school year 1, being recorded as 
having special educational need by age 10 years), and Poisson regression for counts of 
healthcare use events (primary care appointments, primary care prescriptions, 
hospital accident and emergency events, hospital outpatient events). We estimated 
odds ratios for dichotomous outcomes and incident rate ratios for counts of events.”  

Competing Interests: none
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Sajid Malik   
Quaid-i-Azam University, Islamabad, Pakistan 

Mortality, morbidity and educational outcomes in children of consanguineous parents in the Born 
in Bradford cohort 
Small N, Kelly B, Malawsky DS, Lodh R, Oddie S and Wright J 
 
In this study, Small et al. employ a prospective cohort of Born in Bradford and assess the 
differentials according to the consanguinity status of children in mortality, health care usage, 
health and educational outcomes. This is an interesting study, however, the manuscript would 
benefit from the following corrections: 
 

'Other blood relations' needs to be elaborated, as there are several consanguineous 
marriage types other than first cousins.

1. 

The basic demographic information of the cohort is missing, including origin, ethnicity, 
language, etc. It is very important to understand the distribution of consanguinity across 
the ethnic groups.  

2. 

While there is sufficient detail given for educational data, the detailed definitions of birth 
outcome are missing in the Methods section.

3. 

Methods: Please elaborate how incident rate ratios were calculated.  4. 
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Table 2: It is worthwhile to compare the columns and provide significance of difference by 
employing Chi-square test.

5. 

Sensitivity analysis using genetically derived consanguinity status for a subset of children: 
The authors re-utilized the previous data for sensitivity analyses. It is worthwhile to give the 
composition of major ethnicities employed in the homozygosity analyses.

6. 

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Human Genetics

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 18 Sep 2024
Neil Small 

We are grateful for the expertise our reviewers have provided in commenting on our paper 
and for the opportunity to address their concerns and questions. We hope the following 
responses do this.

'Other blood relations' needs to be elaborated, as there are several consanguineous 
marriage types other than first cousins. 
Response: We have expanded the first paragraph in the ‘Data: consanguinity 
exposure measure and other covariates’ section; it now reads: “Self-reported 
consanguinity status was collected as part of a wide-ranging interviewer 
administered questionnaire at recruitment to BiB. A section of this questionnaire 
asked whether the woman was related to the father of their baby. If they answered 
“yes” they were then asked in what way they were related; with the options in the 

1. 
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questionnaire being ‘First cousin’, ‘First cousin once removed’, ‘Second cousin’ 
and ‘Other related by blood’. The answers to these two questions were used to 
construct three categories of consanguinity; children whose parents were not blood 
related (‘not related’), children whose parents were first cousins (‘first cousins’), and 
children whose parents were other blood relations (‘other blood relations’).” The 
‘Other blood relations’ category used in the analysis is comprised of ‘First cousin once 
removed’, ‘Second cousin’ and ‘Other related by blood’.” The text in bold identifies the 
addition we have made to this paragraph. 
 
The basic demographic information of the cohort is missing, including origin, 
ethnicity, language, etc. It is very important to understand the distribution of 
consanguinity across the ethnic groups.   
Response: We have added child ethnicity to Table 1 and to Table 2. We have also 
added details of Mother’s country of birth to Table 2.  To respond to the request for 
details of ‘origin’ we have added the following sentence to the text “The majority of 
mothers in the study were born in England (7038: 62.5%), 2887 mothers (25.6%) 
were born in Pakistan. The remainder were born in a wide range of countries 
with no one country providing more than 1.5% of mothers.”  All the children are 
born in Bradford, so are English/ British; they have attended school in Bradford and 
hence all children speak English (we do not have data on other languages spoken at 
home). We have also added the following sentence: “In our study population, 
recruited between 2007 and 2010, over 90% of children whose parents were first 
cousins or other blood relations were of Pakistani heritage. Rates of 
consanguinity amongst the population in Bradford have fallen substantially 
over recent years (Small et all 2024a).”   
 

2. 

While there is sufficient detail given for educational data, the detailed definitions of 
birth outcome are missing in the Methods section. 
Response: We feel we have adequately described most of the non-educational 
outcomes, though your comment has led us to realise we should give more detail of 
the outcomes of diagnosis of learning difficulties, and the diagnosis of speech and 
language difficulties, by age 10 years. To expand on the first point: we feel the 
outcome of death by the age of 10 years needs no further definition. The outcomes of 
counts of primary care appointments, primary care prescriptions, hospital accident 
and emergency events, and hospital outpatient events are simply defined by counts 
of these events. And in the additional analysis we list the Read codes that were used 
to identify hospital accident and emergency, and hospital outpatient events (Table 
S1.1: Codes identified from a text search, classified as accident and emergency of 
outpatient hospital events).   On the second point, regarding the need for additional 
definition of the outcomes of diagnosis of learning difficulties, and the diagnosis of 
speech and language difficulties, by age 10 years. Although we give the list of Read 
codes that were used to identify such diagnosis in the additional analysis, we have 
added some additional text to give the reader a better understanding of these 
conditions.   Therefore, we have added additional text to the section “Data: outcomes” 
after we mention learning difficulties we have added:   “A learning difficulty is 
defined by the Department of Health and Social Care (DHSC) as: “a significantly 
reduced ability to understand new or complex information, to learn new skills 

3. 

 
Page 26 of 28

Wellcome Open Research 2024, 9:319 Last updated: 04 OCT 2024



(impaired intelligence), with a reduced ability to cope independently (impaired 
social functioning), which started before adulthood” (DHSC 2001)”   And after we 
mention speech and language difficulties we have added:   “Developmental 
language disorder is a communication disorder that interferes with learning, 
understanding, and using language. These language difficulties are not 
explained by other conditions, such as hearing loss or autism, or by extenuating 
circumstances, such as lack of exposure to language (NIDCD 2024).” We have also 
details of the two references included in this additional material: Department of 
Health and Social Care (DHSC) 2001 and NIDCD 2024.   
 
Methods: Please elaborate how incident rate ratios were calculated.   Response: We 
state in the ‘Plan of analysis section’ that we used Poisson regression models to 
estimate counts of events (primary care appointments, primary care prescriptions, 
hospital accident and emergency events, and hospital outpatient events). These 
counts are illustrated as rates per year for primary care outcomes, and rates for the 
ten year period for hospital events in Figure 2, with the actual values reported in the 
additional analysis.   Regardless of whether they are counts per year or counts per 
ten years the incident rate ratios are simply the ratio of rates for one group divided 
by the ratio of rates for the reference group. As we understand it there is only one 
way to calculate incident rate ratios, and that was what we did (it is simply a ratio of 
two rates, like an odds ratio is simply a ratio of two sets of odds).   For details of 
Poisson regression and the calculation of incident rate ratios see: 
https://www.stata.com/manuals13/rpoisson.pdf At the bottom of page 3 the formula 
for deriving incident rate ratios is given.   So, incident rate ratios are the incident rate 
of the group of interest divided by the incident rate of the reference group (often 
expressed as the incident rate of the exposed group divided by the incident rate of 
the control group). 
 

4. 

Table 2: It is worthwhile to compare the columns and provide significance of 
difference by employing Chi-square test. 
Response: We have added p values derived from Chi-squared tests to Table 2. 
Two of our reviewers requested that we add p-values and we have accommodated 
this. We did not include them in our initial submission because we were persuaded by 
the American Statistical Association “Statement on Statistical Significance and P-
values” with six principles. Principle 6 is : A P-value, or statistical significance, does not 
measure the size of an effect or the importance of a result. The threshold of statistical 
significance that is commonly used is a P-value of 0.05. This is conventional and 
arbitrary. It does not convey any meaningful evidence of the size of the effect. See:  
Yaddanapudi LN. The American Statistical Association statement on P-values 
explained. J Anaesthesiol Clin Pharmacol. 2016 Oct-Dec;32(4):421-423. doi: 
10.4103/0970-9185.194772. PMID: 28096569; PMCID: PMC5187603. 
 

5. 

Sensitivity analysis using genetically derived consanguinity status for a subset of 
children: The authors re-utilized the previous data for sensitivity analyses. It is 
worthwhile to give the composition of major ethnicities employed in the 
homozygosity analyses. 
Response: We have added some additional text to the section 4.1 Sensitivity analysis 
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using genetically derived consanguinity status for a subset of children’ to give details 
of the ethnic composition of the children with genetic data. “The ethnicity of the 
subset of children who had genetically derived consanguinity status was very 
similar to the ethnicity of the children in the sample using self-reported 
consanguinity. Just over a third (35.6%) were White British, 44.1% were Pakistani 
heritage, and 20.3% were from other ethnic groups.”
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