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Beliefs about antiretroviral therapy and their association with adherence in
young people living with perinatal HIV in England: a cross-sectional analysis
Iona White, Ali Judd, Hannah Castro, Elizabeth Chappell and on behalf of the Adolescents and Adults Living
with Perinatal HIV (AALPHI) Steering Committee

MRC Clinical Trials Unit at UCL, UCL, London, UK

ABSTRACT
This cross-sectional analysis aimed to describe beliefs about antiretroviral therapy (ART) in young
people living with perinatal HIV (PHIV) in England, and the association between these beliefs and
adherence to ART. The Beliefs About Medicine Questionnaire (Highly Active Antiretroviral Therapy
version), was used to measure participants’ beliefs in the necessity of (“Necessity score”) and
concerns regarding (“Concerns score”) ART. Participants were classified as having high/low total
scores using midpoints of the score scales. Associations between beliefs and being Last Month
Adherent (LMA; self-reported not missing more than 2 consecutive ART doses in the month
prior to the interview) were analysed using logistic regression, adjusting for sociodemographic,
clinical, and psychosocial variables. Of 247 PHIV (median age = 18.6 years), 158 (64%) were LMA.
224 (91%) had a high Necessity score and 54 (22%) a high Concerns score. There was no
association between high Necessity score and LMA in multivariable analysis (adjusted odds ratio
(aOR) = 1.34, 95% confidence interval (CI) = 0.34–5.28, p = 0.679); however, high Concerns score
was independently associated with a reduced odds of being LMA (aOR = 0.19, CI = 0.07–0.47, p
< 0.001). Interventions to address the concerns young people living with PHIV have about ART
should be explored as a strategy to improve their adherence.

ARTICLE HISTORY
Received 3 July 2023
Accepted 26 December 2023

KEYWORDS
beliefs; adherence;
antiretroviral therapy; HIV;
young people

SUSTAINABLE
DEVELOPMENT GOALS
SDG 3: Good health and
well-being

Introduction

Suboptimal antiretroviral therapy (ART) adherence
among young people (adolescents and young adults) liv-
ing with HIV presents a barrier to ending the AIDS epi-
demic by 2030 (The Joint United Nations Programme
on HIV/AIDS et al., 2022). Virological suppression
has multiple benefits including reduced risks of disease
progression, mortality and viral transmission (Bello
et al., 2016; Elvstam et al., 2021; Rodger et al., 2016).
In 2019, virological suppression in the UK was lowest
among people aged 15–24 years (91%) and those who
acquired HIV vertically (89%) (Public Health England,
2020). Newer ART regimens require higher levels of
adherence (at least 80–90%), depending on regimen
type, to achieve virological suppression (Byrd et al.,
2019). However, a meta-analysis of 50 studies of adoles-
cents with HIV reported only 62% were acceptably
adherent to therapy (95% confidence interval (CI) =
57.1–67.6%) with the lowest adherence observed in
North America and Europe (Kim et al., 2014).

Several reasons for poor adherence in young people
living with perinatal HIV (PHIV) have been identified

including stigma, diagnosed depression, the bitter taste
of protease inhibitor (PI)-based regimens and treatment
fatigue due to having taken ART since infancy (Fields
et al., 2017; Judd et al., 2020; Kacanek et al., 2019).

The beliefs patients hold about their medication have
also been investigated as potential reasons why some
people with chronic conditions (including HIV) are non-
adherent (Al Bawab et al., 2021; Cea-Calvo et al., 2020;
Shahin et al., 2020). The Beliefs about Medicines Ques-
tionnaire – Specific (BMQ-Specific) was developed to
measure patients’ beliefs regarding the necessity of, and
concerns about the negative effects of, their prescribed
medication (Horne et al., 1999). The questionnaire was
subsequently adapted to produce the Beliefs about Medi-
cines Questionnaire – Highly Active Antiretroviral
Therapy version (BMQ-HAART) to assess beliefs regard-
ing ART in people living with HIV (Horne et al., 2004).

Three studies have investigated the relationship
between beliefs about ART and different adherence
measures in young people living with HIV. Kang et al.
used an adapted version of the BMQ-Specific question-
naire to measure beliefs about ART in 89 young people
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living with PHIV in Thailand and found no significant
association with adherence (measured as no self-
reported missed doses in the past 7 days, receiving a rat-
ing of “very good” or “good” adherence from the care-
giver, and having latest viral load < 1000 copies/ml)
(Kang et al., 2015). Garvie et al. used the Beliefs
About Medicine Scale (BAMS) to measure beliefs
about ART in 20 young people living with behaviourally
acquired HIV in America and found that a higher Per-
ceived Threat of Illness (general health beliefs) sub-
score and a higher total score were associated with bet-
ter adherence to a Directly Observed Therapy interven-
tion (Garvie et al., 2011; Riekert & Drotar, 2002).
Navarra et al. also used BAMS to measure beliefs
about ART in 50 young people living with either perina-
tal or behaviourally acquired HIV in America and
reported that a higher Positive Outcome Expectancy
(the belief that medicine will make a person well) sub-
score was associated with increased odds of 100% adher-
ence (measured as a self-reported 3-day adherence esti-
mate) (Navarra et al., 2014). However, these studies may
have limited generalisability due to small sample sizes,
the populations included and different outcome
measures.

The Adolescents and Adults Living with Perinatal
HIV (AALPHI) was a prospective cohort study which
included 296 APHIV (aged 13–21 years) living in Eng-
land. Participants underwent two interviews over a 5-
year period to investigate clinical and psychosocial out-
comes (Judd et al., 2016). Two previous analyses of fac-
tors affecting medicine adherence using data from the
first interview have been conducted in this cohort
(Hawkins et al., 2016; Judd et al., 2020). However,
neither analysis investigated the relationship between
beliefs about ART and adherence using BMQ-HAART
data collected at the second interview. As the published
literature to date on young people with HIV is limited to
the three studies described previously, our study pro-
vides an opportunity to fill an important gap in the evi-
dence base.

Understanding the beliefs about ART held by PHIV
young people in England and their association with
adherence is important to inform HIV service delivery
and the development of interventions to improve adher-
ence to ART. In this study, we explore the association
between adherence to ART and beliefs about medicine
in the AALPHI cohort.

Methods

AALPHI was a prospective study evaluating the impact
of HIV infection and ART exposure on young people
living with PHIV in England and comparing outcomes

to those for young people not living with HIV, across
several research areas. Participants were enrolled from
HIV clinics and community organisations in England
and undertook first interviews between 2013 and 2015,
and second interviews between 2015 and 2017. This
cross-sectional analysis included only young people in
AALPHI living with PHIV and utilised data collected
from second interviews.

Eligibility criteria at enrolment to the study included
age 13–21 years, a history of paediatric HIV care in the
UK, having lived in the UK for at least six months and
the ability to speak and understand English (Judd et al.,
2016). All participants living with PHIV had known
their HIV status for at least 6 months and were all
included in the national UK and Ireland Collaborative
HIV Paediatric Study (CHIPS) (Collins et al., 2017).
Full ethical approval was received from the Leicester
Research Ethics Committee (reference 12/EM/0012).
The requirement for parental consent was waived for
participants less than 18 years of age if it was deemed
by the study research nurses that the participant had
the capacity to provide written informed consent.
Otherwise, the young person provided written assent
and a parent or guardian provided written informed
consent.

Procedures

Data were collected via a 2-hour face-to-face interview
with a study research nurse. This included a Compu-
ter-Assisted Self-Interview (CASI) in which the partici-
pant answered questions on adherence and completed
the BMQ-HAART questionnaire. Due to the potential
for interview questions to raise sensitive subjects, only
participants who had come to terms with their diagnosis
were approached to participate. If the participant
became upset, the study research nurse would pause
or stop the interview as appropriate to discuss any issues
arising. Safeguarding protocols were in place and appro-
priate referral pathways were established where
required.

Beliefs about medicine

Participants’ beliefs about ART were measured using
the BMQ-HAART (Horne et al., 2004) which comprises
an 8-item Necessity subscale assessing participants’
beliefs about the necessity of their prescribed ART
medication (each item scored 1–5, total range of 8–40)
and an 11-item Concerns subscale assessing their con-
cerns about the potential adverse consequences of
taking their ART medication (each item scored 1–5,
total range 11–55). Higher scores indicated stronger

2 I. WHITE ET AL.



necessity or concerns beliefs (Horne et al., 2004) (see
Appendix A). Cronbach’s Alpha (α) was used as a
measure of the internal consistency of the items in
each subscale and was acceptable (≥0.70) for both the
Necessity (α = 0.76) and Concerns subscales (α = 0.77).

Adherence

Two self-reported adherence outcomes were collected in
order to compare adherence over two different recall
periods: “Last Month Adherence” (did not miss more
than two ART doses in a row the month prior to inter-
view) and “3-day Adherence” (did not miss any doses in
the three days prior to interview).

Viral load

The nearest viral load measurement within 6 months
before or after the interview date was used in the analy-
sis. Viral suppression was defined as a viral load <50
copies/ml.

Statistical analysis

Participants were included in the analysis if they had
completed both adherence questions, the BMQ-
HAART questionnaire and were taking ART at the
time of interview. Analyses were conducted using
Stata/MP version 17 (Stata Corp, College Station, TX).

Descriptive statistics
Mean Necessity and mean Concerns scores for each
participant were calculated by dividing the total
score for each BMQ-HAART subscale for each partici-
pant by the number of items in the subscale. The
Necessity-Concerns Differential (NCD) was calculated
by subtracting the mean Concerns score from the
mean Necessity score (Horne et al., 1999). A positive
NCD indicates that belief in the necessity of ART out-
weighs the participant’s concerns about taking ART
(Horne & Weinman, 1999). Participants were classified
as having high/low Necessity and high/low Concerns
scores using the midpoints of the total score scales
(>/≤24 and >/≤33 respectively) and were divided
into four attitudinal groups: Sceptical (low necessity,
high concerns), Indifferent (low necessity, low con-
cerns), Ambivalent (high necessity, high concerns)
and Accepting (high necessity, low concerns) (Kosse
et al., 2020).

Participants’ sociodemographic, clinical, and psycho-
social characteristics were summarised as median and
interquartile ranges (IQR) for continuous variables,
and frequencies (%) for categorical variables.

Characteristics were compared by high/low Necessity
and high/low Concerns scores, using Chi-squared tests
or Fisher’s exact tests for proportions (as appropriate
given the number of cells with an expected value of
five or greater) and Wilcoxon rank sum tests for
medians. A p-value <0.05 was considered statistically
significant.

Regression modelling
Logistic regression models were constructed to assess
the relationship between beliefs about ART and Last
Month Adherence. The Last Month Adherence measure
was selected as the dependent variable for all models as
studies suggest that self-reported adherence measures
with longer recall periods are more accurate (Farley
et al., 2008; Lu et al., 2008). Complete-case analysis
was carried out for the regression models, as missing
data were assumed to be missing completely at random
and there appeared to be no systematic differences
between complete and incomplete cases (Hughes
et al., 2019).

Three types of logistic regression model were
constructed.

Model 1 – Univariable regression models to explore
the association between being Last Month Adherent
(LMA) and each of high/low Necessity score and high/
low Concerns score, and the following sociodemo-
graphic/clinical/psychosocial variables: sex (male vs
female), age at interview (years), ethnicity (Black vs
non-Black), birthplace (born outside the UK vs born in
UK), living situation (housing association or council
housing/flats vs other), occupation (in education vs
other), parental vital status (one/both parents died vs
both parents alive), age at ART initiation (years), years
since ART initiation, total number of tablets taken per
day (1 vs≥ 2), type of ART regimen (PI-based vs
other), CD4 count (nearest measurement within 6
months before or after the interview), Centers for Disease
Control and Prevention (CDC) stage (Stage N/A/B vs
Stage C; (Centers for Disease Control and Prevention,
1994)), type of care at interview (Adolescent/Adult vs
Paediatric), heath-related quality of life (QoL) (EuroQol
5-Dimension 5-level (EQ5D) index score and EuroQol-
Visual Analogue Scale (EQ-VAS) score (see Appendix
A)), self-esteem (Rosenberg Self-Esteem Scale (SES)
(see Appendix A)), and coping (Adolescent Coping
Scale – 2nd Edition (ACS-2) Short Form subscale score
(Productive Coping Usage, Productive Coping Helpful-
ness, Non-productive Coping Usage and Non-Productive
Coping Helpfulness) (see Appendix A)).

Model 2 – separate bivariable models including high/
low Necessity and high/low Concerns scores alongside
each variable (listed above) in turn, to assess the effect
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of each on the association between beliefs and
adherence.

Model 3 – a multivariable model to obtain an
adjusted OR of being LMA for high/low Necessity and
high/low Concerns scores when controlling for all
sociodemographic, clinical, and psychosocial variables
simultaneously. Type of care and occupation were
found to be highly correlated with age at interview
and were excluded from the multivariable model due
to collinearity concerns (Cramer’s V≥ 0.5). Similarly,
age at ART initiation and type of ART regimen were
found to be highly correlated with years since ART
initiation and total number of tablets taken per day,
respectively, and were also excluded from the multivari-
able model. Otherwise, variables were included regard-
less of the p-values attained in Models 1 and 2.

All models were also constructed with VL <50 copies/
ml as the dependent variable to assess whether beliefs
about ART were associated with suppressed viral load.

Results

Participant demographics

A total of 256 participants answered both adherence
questions. Of these, seven were excluded as CHIPS
data indicated that they were not on ART at the time
of the interview. Two were excluded as they had incom-
plete BMQ-HAART data. Therefore, 247 participants
were included in the analysis, for whom characteristics
are summarised in Table 1.

The median age of participants was 18.6 years (IQR
17.0, 20.9). 146 (59%) were female, 216 (87%) were
Black and 142 (57%) were born outside the UK.
Approximately half of the young people were living in
housing association or council housing/flats (120
(49%)) and approximately three-quarters were in edu-
cation (189 (77%)). One or both parents of 95 (41% of
230) young people had died. 198 (80%) participants
were prescribed 2 or more ART tablets per day and
approximately half (1136 (55%)) were taking PI-based
regimens. 163 (70% of 233) had a VL <50 copies/ml.
132 (53%) of young people had transitioned from pae-
diatric to adolescent/adult care.

Adherence and BMQ-HAART data

172 (70%) participants were classed as 3-day Adherent
and 158 (64%) as Last Month Adherent. The median
BMQ-HAART Necessity mean score was 3.9 (IQR 3.5,
4.4) and the median Concerns mean score was 2.5
(IQR 2.1, 3.0). 224 (91%) participants had a high Neces-
sity score and 54 (22%) had a high Concerns score.

Participants generally had stronger necessity than con-
cerns beliefs with a median NCD of 1.4 (IQR 0.7, 2.0).
Approximately three-quarters of young people were
classed as “Accepting” of ART (179 (72%)), with 45
(18%) “Ambivalent”, and only 14 (6%) and 9 (4%)
“Indifferent” and “Sceptical” respectively (Figure 1). Par-
ticipants classed as “Ambivalent” had the lowest preva-
lence of Last Month Adherence (15 (33%)) whereas
“Accepting” participants had the highest prevalence
(129 (72%)).

A similar proportion of participants with a high
Necessity score were LMA (144 (64%)) compared to
those with a low Necessity score (14 (61%), p = 0.745).
A higher proportion of participants with a high Neces-
sity score had one or both parents who had died com-
pared to those with a low Necessity score (93 (45%) vs
2 (10%), p = 0.002). They also had a higher median Pro-
ductive Coping Usage score (66% (IQR 59%, 74%) vs
60% (54%, 68%), p = 0.010) (Table 1).

A lower proportion of thosewith highConcerns scores
were LMAthan thosewith lowConcerns scores (19 (35%)
vs 139 (72%), p < 0.001). A higher proportion of partici-
pants with high Concerns scores were not in education
or employment compared to those with low Concerns
scores (9 (17%) vs 9 (5%), p = 0.013), and a lower pro-
portion with high Concerns scores were taking an
NNRTI-based regimen (8 (15%) vs 62 (32%), p = 0.018).
Fewer participants with high Concerns scores had a VL
<50 copies/ml (28 (53%) vs 135 (75%), p = 0.002), and
this group had a lower median CD4 count (500 (IQR
363, 683) cells/mm3 vs 636 (472, 849) cells/mm3, p =
0.008). Health-related QoL was also lower in those with
high Concerns scores (median EQ5D Index Score =
0.87 (IQR 0.73, 1.00) vs 0.94 (0.86, 1.00), p < 0.001;
median EQ-VAS Score = 69 (50, 80) vs 80 (69, 90), p <
0.001), as was the median Rosenberg self-esteem score
(18 (15, 22) vs 20 (16, 23), p = 0.011). Median Non-pro-
ductiveCopingUsage scoreswere higher in young people
with high Concerns scores than low Concerns scores
(60% (IQR 48%, 70%) vs 53% (45%, 65%), p = 0.009) as
were Non-productive Coping Helpfulness scores (43%
(38%, 55%) vs 40% (33%, 48%), p = 0.022) (Table 1).

Regression analysis

The results of Models 1–3 are presented in Table 2 and
Appendices B–E. A high Necessity score was not associ-
ated with being LMA in the univariable model (Model 1:
odds ratio (OR) = 1.16, 95% CI = 0.48–2.79, p = 0.745),
after adjustment for high/low Concerns score only
(Model 2 adjusted OR (aOR) = 0.84, 95% CI = 0.32–
2.18, p = 0.718) or when adjusting for high/low Con-
cerns score and all the sociodemographic, clinical and
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Table 1. Sociodemographic, clinical, and psychosocial characteristics of the total sample and disaggregated by BMQ-HAART high/low
total Necessity score and high/low total Concerns score.

Characteristics
Total
n = 247

High total
Necessity score

n = 224

Low total
Necessity score

n = 23
p-

Valueb

High total
Concerns score

n = 54

Low total
Concerns score

n = 193
p-

valueb

Sex, n (%) (vs Male)
Female 146 (59) 133 (59) 13 (57) 0.791 33 (61) 113 (56) 0.735
Age at interview (years),
Median [IQR]

18.6
[17.0, 20.9]

18.6
[17.0, 21.0]

18.4
[17.0, 20.8]

0.696 19.3
[17.7, 21.1]

18.4
[16.8, 20.8]

0.118

Ethnicity, n (%) (vs Non-Black)
Black 216 (87) 195 (87) 21 (91) 0.748 50 (93) 166 (86) 0.197
Birthplace, n (%) (vs Born in UK)
Born outside UK 142 (57) 130 (58) 12 (52) 0.588 28 (52) 114 (59) 0.343
Living situation at time of interview, n (%)
Family own/rent house/flat 90 (36) 85 (38) 5 (22) 0.203 17 (31) 73 (38) 0.510
Housing association/council house/flat 120 (49) 105 (47) 15 (65) 30 (56) 90 (47)
Other 37 (15) 34 (15) 3 (13) 7 (13) 30 (16)
Occupation, n (%)
Education 189 (77) 171 (76) 18 (78) 1.000 39 (72) 150 (78) 0.013
Employment 40 (16) 36 (16) 4 (17) 6 (11) 34 (18)
Not in education/employment 18 (7) 17 (8) 1 (4) 9 (17) 9 (5)
Parental vital status, n (%) n = 230a

(vs Both parents alive)
Death of one/both parents 95 (41) 93 (45) 2 (10) 0.002 20 (40) 75 (42) 0.832
Age at ART initiation (years), Median [IQR] 7.5

[3.2, 11.5]
7.5

[3.3, 11.7]
5.4

[0.8, 11.5]
0.127 7.6

[2.7, 12.2]
7.4

[3.3, 11.4]
0.819

Years since ART initiation,
Median [IQR]

11.3
[6.9, 15.8]

11.0
[6.8, 15.5]

13.7
[8.0, 17.9]

0.201 11.5
[7.0, 17.0]

11.0
[6.0, 15.6]

0.600

Total number of tablets taken per day,
n (%) (vs 1 tablet)

≥2 198 (80) 180 (80) 18 (78) 0.786 44 (81) 154 (80) 0.783
Type of regimen, n (%)
NNRTI-based regimen 70 (28) 64 (29) 6 (26) 0.981 8 (15) 62 (32) 0.018
PI-based regimen 136 (55) 122 (54) 14 (61) 31 (57) 105 (54)
INSTI-based regimen 17 (7) 16 (7) 1 (4) 7 (13) 10 (5)
Other 24 (10) 22 (10) 2 (9) 8 (15) 16 (8)
Viral load, n (%) n = 233a (vs ≥50 copies/ml)
<50 copies/ml 163 (70) 149 (70) 14 (67) 0.730 28 (53) 135 (75) 0.002
CD4 cell count (cells/mm3),
Median [IQR] n = 213a

598
[439, 785]

609
[439, 783]

564
[468, 924]

0.611 500
[363, 683]

636
[472, 849]

0.008

CDC Stage at time of interview, n (%)
(vs Stage N/A/B)

Stage C 65 (26) 55 (25) 10 (43) 0.050 19 (35) 46 (24) 0.094
Type of care at time of interview, n (%)
(vs Paediatric)

Adolescent/Adult 132 (53) 122 (54) 10 (43) 0.314 30 (56) 102 (53) 0.725
EQ5D-5L Health-related Quality of Life
Scores, Median [IQR] n = 240a

EQ5D Index Score 0.94
[0.85, 1.00]

0.94
[0.85, 1.00]

0.92
[0.90, 1.00]

0.485 0.87
[0.73, 1.00]

0.94
[0.86, 1.00]

<0.001

EQ-VAS Score 61 [80, 90] 80 [65, 90] 74 [50, 85] 0.091 69 [50, 80] 80 [69, 90] <0.001
ACS-2 Proportions,
Median [IQR] n = 239a

Productive coping usage 66 [58, 74] 66 [59, 74] 60 [54, 68] 0.010 64 [58, 72] 66 [58, 74] 0.435
Productive coping helpfulness 66 [58, 76] 68 [58, 76] 62 [50, 72] 0.059 62 [58, 70] 68 [58, 76] 0.029
Non-productive coping usage 55 [45, 65] 55 [45, 65] 50 [43, 60] 0.120 60 [48, 70] 53 [45, 65] 0.009
Non-productive coping helpfulness 40 [35, 48] 40 [34, 48] 38 [35, 48] 0.775 43 [38, 55] 40 [33, 48] 0.022
Rosenberg Self-esteem Score, Median [IQR]
n = 240a

19 [16, 23] 19 [16, 23] 20 [18, 23] 0.484 18 [15, 22] 20 [16, 23] 0.011

Last month adherent, n (%)c 158 (64) 144 (64) 14 (61) 0.745 19 (35) 139 (72) <0.001
3-day adherent, n (%)d 172 (70) 157 (70) 15 (65) 0.628 32 (59) 140 (73) 0.061
BMQ-HAART, median [IQR]
Mean Necessity item score 3.9

[3.5, 4.4]
3.9

[3.6, 4.4]
2.8

[2.6, 2.9]
<0.001 3.8

[3.4, 4.1]
3.9

[3.5, 4.4]
0.117

Mean Concerns item score 2.5
[2.1, 3.0]

2.4
[2.0, 2.9]

2.9
[2.5, 3.4]

0.002 3.4
[3.2, 3.5]

2.3
[1.9, 2.5]

<0.001

Necessity-Concerns differential 1.4
[0.7, 2.0]

1.5
[1.0, 2.1]

−0.2
[−0.7, 0.4]

<0.001 0.4
[−0.1, 0.8]

1.6
[1.2, 2.1]

<0.001

Note: ACS-2, Adolescent Coping Scale Second Edition; ART, antiretroviral therapy; BMQ-HAART, Beliefs About Medicine Questionnaire – Highly Active Antire-
troviral Therapy version; CDC, Centers for Disease Control and Prevention; EQ5D-5L – EuroQol 5-Dimension 5-level version; EQ-VAS, EuroQol – visual analogue
scale; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; INSTI, integrase inhibitor; SD, standard deviation; UK, United Kingdom.

aSample size is less than the total due to missing data.
bTwo-sided p-value for Χ2 or Fisher’s exact test for categorical variables, and Wilcoxon rank sum test for continuous variables, comparing high and low total
Necessity score or high and low total Concerns score groups.

cDid not miss more than two doses of ART in a row month prior to the interview.
dDid not miss any doses of ART in the three days prior to the interview.
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psychosocial variables simultaneously (Model 3: aOR =
1.34, 95% CI = 0.34–5.28, p = 0.679). There was also no
association between a high Necessity score and sup-
pressed viral load (Model 1: OR = 1.18, 95% CI = 0.46–
3.07, p = 0.730; Model 2: aOR = 0.94, 95% CI = 0.35–
2.53, p = 0.902, Model 3: aOR = 1.42, 95% CI = 0.36–
5.67, p = 0.615).

A high Concerns score significantly reduced the odds
of being LMA in the univariable model (Model 1: OR =
0.21, 95% CI = 0.11–0.40, p < 0.001). This association
remained significant when adjusting for a high Necessity
score alone (Model 2: aOR = 0.21, 95% CI = 0.11–0.40, p
< 0.001), with any of the other factors individually (p <
0.001 in all models (Appendix C)), and also in the fully
adjusted model (Model 3: aOR = 0.19, 95% CI = 0.07–
0.47, p < 0.001). The odds ratio was similar across all
three models. Having a high Concerns score was also
associated with lower odds of virological suppression in
the univariable model and when adjusting for a high
Necessity score (Model 1: OR = 0.37, 95% CI = 0.20–
0.71, p = 0.002; Model 2: aOR = 0.37, 95% CI = 0.19–
0.71, p = 0.003). However, the association was no longer
statistically significant in the fully adjusted model
(Model 3: 0.64, 95% CI = 0.25–1.52, p = 0.293).

Higher Non-productive Coping Usage score was bor-
derline significantly associated with reduced odds of
being LMA in the fully adjusted model (Model 3:
aOR = 0.96, 95% CI = 0.93–1.00, p = 0.049), but there
was no association with virological suppression

(Model 3: aOR = 1.00, 95% CI = 0.97–1.04, p = 0.837)
(Appendix E).

Discussion

This study investigated the association between beliefs
about ART and last month adherence in 247 young
people with perinatal HIV in England. Approximately
two-thirds of young people (158 (64%)) were Last
Month Adherent, the majority (224 (91%)) had high
beliefs about the necessity of their ART medication
and approximately three-quarters (193 (78%)) had low
concerns about the potential consequences of taking
it. Having a high Concerns score was associated with
lower odds of being Last Month Adherent in both a uni-
variable model and when adjusted for sociodemo-
graphic, clinical and psychosocial variables (aOR =
0.19, 95% CI = 0.07–0.47, p < 0.001). Whereas, having
a high Necessity score was not associated with Last
Month Adherence in any model. There was also no
association between high/low Necessity or high/low
Concerns scores and viral suppression in the multivari-
able models.

Reported adherence at this interview was slightly
lower compared to the first AALPHI interview, as was
viral suppression (Last Month Adherent = 69%, 3-day
Adherent = 73%, viral load <50 copies/ml = 76% in the
first interview) (Judd et al., 2020). However, the adher-
ence prevalence reported at both interviews was similar

Figure 1. Scatter plot of BMQ-HAART total Necessity and Concerns scores (n = 247) divided into four attitudinal groups (Sceptical =
Total Necessity score ≤24 and Total Concerns Score >33; Indifferent = Total Necessity score ≤24 and Total Concerns Score ≤33;
Ambivalent = Total Necessity Score >24 and Total Concerns Score >33; Accepting = Total Necessity Score >24 and Total Concerns
Score ≤33) and n (%) of participants in each group who did not miss more than two doses of antiretroviral therapy in the month
prior to interview (Last Month Adherent). BMQ-HAART = Beliefs About Medicine Questionnaire – Highly Active Antiretroviral Therapy
version.
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to estimates reported in previous studies in high-income
countries, which ranged from 43% to 86% using various
definitions of adherence (Bucek et al., 2018; Closson
et al., 2019; Kim et al., 2014; Navarra et al., 2014).

In our study, participants generally had high mean
Necessity item scores, low mean Concerns item scores
and their beliefs in the necessity of ART outweighed
their concerns. Approximately three-quarters of young
people (179 (72%)) were classed as being “Accepting”
of their medication (high necessity, low concerns)
which is substantially higher than studies in 243
Dutch young adults with asthma (40%) and 112 Cana-
dian young adults with inflammatory bowel disease
(20%) (Fu et al., 2017; Kosse et al., 2020). Young people
living with perinatal HIV in the AALPHI cohort may
strongly believe in the necessity of ART as many are sur-
vivors of the pre-HAART era or were born just after
and, on average, were 7.5 years old at ART initiation.
Additionally, a large proportion of participants with
high Necessity scores had experienced the death of
one or both parents, potentially fromHIV/AIDS. There-
fore, lack of access to effective treatment at the start of
life, and awareness of the potentially fatal consequences
of their condition, may explain these beliefs.

A higher proportion of participants were classified as
“Ambivalent” (high necessity, high concerns) and
“Sceptical” (low necessity, high concerns) compared to
Dutch young adults with asthma (18% vs 6% Ambiva-
lent and 4% vs 1% Sceptical respectively) (Kosse et al.,
2020). This difference may be due to the nature of the
two conditions; HIV, as an infection, may be subject
to a greater degree of stigma than asthma and therefore
young people with perinatal HIV may be worried that
taking ART in front of others may lead to unintended
disclosure of their HIV status (Calabrese et al., 2012).

In this study, strong concerns regarding ART were
independently associated with reduced odds of being
Last Month Adherent in young people living with peri-
natal HIV when adjusting for other variables, while no
association with beliefs in the necessity of ART was
observed. These results are consistent with studies in
adults living with HIV which reported a significant
relationship between stronger concerns about ART
and lower adherence (Batchelder et al., 2014; Horne
et al., 2004; Mitzel et al., 2021). The only other
study (using a version of the BMQ-Original) investi-
gating associations between beliefs about ART and
adherence in 89 young people living with perinatal
HIV (median age 15 years) in Thailand, found no
association between beliefs about ART and adherence.
However, direct comparison to the study is difficult as
it did not analyse the Necessity and Concerns scores
separately. Additionally, most of the young people
lived in orphanages where medication-taking was
supervised, meaning that ART adherence was perhaps
less of a personal choice than for young people in the
AALPHI cohort (Kang et al., 2015). Other studies con-
ducted on young people with HIV, measuring beliefs
using the Beliefs About Medicine Scale, found that
more positive beliefs about ART were associated with
better adherence (Garvie et al., 2011; Navarra et al.,
2014). However, both samples were small and contained
some or all young people who acquired HIV other than
perinatally, and the relationship between beliefs and
adherence may differ by mode of HIV acquisition.
These and the present analysis were conducted in
samples where a majority held strong beliefs in the
necessity of ART, and therefore limited variability may
have reduced the ability to detect a significant associ-
ation between necessity beliefs and adherence.

Table 2. Odds ratios of being Last Month Adherent (did not miss more than two doses of ART in a row in the month prior to interview)
and having a viral load (VL) < 50 copies/ml for participants with BMQ-HAART high Necessity and high Concerns scores in univariable
models [(Model 1), adjusted for high Concerns/high Necessity score respectively (Model 2) and adjusted for all sociodemographic,
clinical and psychosocial variables (Model 3)].

Last Month Adherentd VL < 50 copies/mle

Odds ratio 95% confidence interval p-value Odds ratio 95% confidence interval p-value

BMQ-HAART High Necessity Scorea (vs. Low Necessity Score)
Model 1 (Univariable) 1.16 0.48–2.79 0.745 1.18 0.46–3.07 0.730
Model 2 (Adjusted for High Concerns Score) 0.84 0.32–2.18 0.718 0.94 0.35–2.53 0.902
Model 3 (Fully adjusted)c 1.34 0.34–5.28 0.679 1.42 0.36–5.67 0.615
BMQ-HAART High Concerns Scoreb (vs. Low Concerns Score)
Model 1 (Univariable) 0.21 0.11–0.40 <0.001 0.37 0.20–0.71 0.002
Model 2 (Adjusted for High Necessity Score) 0.21 0.11–0.40 <0.001 0.37 0.19–0.71 0.003
Model 3 (Fully adjusted)c 0.19 0.07–0.47 <0.001 0.61 0.25–1.52 0.293

Note: BMQ-HAART, Beliefs About Medicine Questionnaire – Highly Active Antiretroviral Therapy version.
aHigh Necessity Score = BMQ-HAART total Necessity score > 24, Low Necessity Score = BMQ-HAART total Necessity score≤ 24.
bHigh Concerns Score = BMQ-HAART total Concerns score >33, Low Concerns Score = BMQ-HAART total Concerns score≤ 33.
cAge at ART initiation, type of ART regimen, occupation and type of care were excluded from the multivariable model due to collinearity concerns.
d247 participants included in Model 1 and Model 2, 187 participants in Model 3.
e233 participants were included in Model 1 and Model 2, 186 participants included in Model 3.

AIDS CARE 7



Abongomera et al. (2017) used a modified version of
the BMQ-Specific in parents/carers of 271 children liv-
ing with HIV (median age 2.8 years) initiating ART in
sub-Saharan Africa and found that a higher Necessity-
Concerns Differential score was strongly associated
with better adherence measured by a Medication
Event Monitoring System Cap and, at certain time
periods, viral suppression. While the AALPHI cohort
was older in age and therefore would likely take more
responsibility for their medication-taking, it would
nevertheless be interesting to explore the association
between the beliefs of their parents/carers and ART
adherence in young people with perinatal HIV, as well
as associations with parents’/carers’ own adherence.

Our study has several limitations. Firstly, there is no
“gold standard” measure of ART adherence. The Last
Month Adherence measure was selected over 3-day
Adherence as measures with longer recall periods are
more reliable (Farley et al., 2008; Lu et al., 2008). How-
ever, the self-reported nature of outcomes used means
that they may be subject to recall bias. Both adherence
outcomes and the BMQ-HAART responses may also be
affected by social desirability bias leading to overreport-
ing of adherence and favourable beliefs about ART
(Bangsberg, 2006). However, the likelihood of this was
reduced as adherence and BMQ-HAART data were col-
lected using Computer-Assisted Self-Interview with
non-judgemental wording of questions. Also, similar
adherence questions have been validated against viral
load in previous studies in children and young people liv-
ing with HIV (Scott et al., 2018). However, in the present
study, although an association between high Concerns
beliefs and reduced odds of being Last Month Adherent
was observed, higher Concerns beliefs were not associ-
ated with reduced odds of viral suppression in the multi-
variable model. This difference may be because other
factors aside from poor recent adherence may contribute
to young people living with perinatal HIV having a viral
load≥50 copies/ml, for example, existing drug resistance
mutations (Koay et al., 2021). In addition, the viral load
measurements analysed in this study were taken within
6 months before or after the date of the interview and
therefore, the participant’s beliefs about ART may have
differed during this time-period.

Secondly, as the BMQ-HAART data were only col-
lected at one AALPHI interview (to reduce the burden
on participants, certain assessments were not con-
ducted at every interview), the cross-sectional nature
of the analysis means one cannot ascertain whether
having stronger concerns about ART leads to lower
adherence or low adherence causes stronger concerns
beliefs, nor whether the strength of association fluctu-
ates over time.

Thirdly, due to missing data issues and the use of
complete-case analysis in the regression models,
Model 3 only contained 73% of participants with com-
plete beliefs and adherence data, potentially leading to
biased estimates if the data were not missing completely
at random.

Finally, as the interviews were conducted between
2015 and 2017, the findings may not be relevant to the
current population of young people living with perinatal
HIV in England. Since both AALPHI interviews were
conducted, the use of new ART classes, such as integrase
inhibitors, with higher efficacy and lower risk of treat-
ment discontinuation, have become widespread which
could have positively impacted patient adherence and
beliefs in the necessity of ART (World Health Organiz-
ation, 2019). However, the outbreak of the COVID-19
pandemic in 2020 may have had a particularly negative
impact on people living with HIV including their access
to treatment and mental health; as well as highlighting
the widespread misinformation regarding, and public
distrust in, science and medicine that has existed in
recent years (Chenneville et al., 2020; Mian & Khan,
2020). It is unknown whether these factors have nega-
tively impacted the beliefs that young people with peri-
natal HIV hold now about ART or their adherence.

In conclusion, in our study, while approximately
two-thirds of young people with perinatal HIV were
acceptably adherent to ART, some may require adher-
ence support. While most participants were “Accepting”
of ART, strong concerns beliefs were independently
associated with reduced ART adherence. These findings
could inform the development of tailored adherence
interventions for young people with perinatal HIV to
address their concerns about ART and methods of cop-
ing with them. Future research could use the BMQ-
HAART in new perinatal HIV studies to expand the evi-
dence base, and young people’s concerns could be inves-
tigated further through qualitative research.
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Appendices

Appendix A. Properties of instruments/scales used to measure psychosocial and quality of life variables.

Variable Instrument(s)/Scales Statements/Questions Scoring Theoretical Range and Interpretation
Beliefs
about
ART

BMQ-HAART Necessity
Scale (Horne et al.,
2004)

8 statements e.g., “These medicines
keep me alive”

5-point Likert-type scale,
1 = Strongly Disagree, 5 = Strongly
Agree.
Scores totalled.

Higher total score indicates stronger
beliefs in the necessity of ART.
Theoretical range: 8–40.

BMQ-HAART Concerns
Scale (Horne et al.,
2004)

11 statements e.g., “Using these
medicines is embarrassing”

5-point Likert-type scale,
1 = Strongly Disagree,
5 = Strongly Agree. Scores
totalled.

Higher total score indicates stronger
concerns regarding ART. Theoretical
range: 11–55.

Health-
related
QoL

EuroQol 5-Dimension 5-
level version (EQ5D-5L)
Descriptive System
(Herdman et al., 2011)

5 dimensions (Mobility, Self-care,
Activities, Pain/Discomfort,
Anxiety/Depression)

5-point scale 1 = No problems,
5 = Extreme Problems
5 scores for the dimensions
converted to EQ5D Index Score
based on UK value set (Devlin
et al., 2018; EuroQol, 2020).

Higher index score indicates better
health-related QoL. Negative index
score represents a health profile
perceived to be worse than death.
UK value set EQ5D index score
theoretical range: −0.285 (for score
of 5 on all dimensions) – 1.000 (for
score of 1 on all dimensions i.e.,
perfect health)

EuroQol-VAS (EQ-VAS)
(Herdman et al., 2011)

Participants asked to mark how good
or bad their health was on day of
interview.

Vertical VAS, 0 (“The worst
imaginable health state”)−100
(“The best imaginable health
state”).

Higher score represents better self-
reported QoL. Theoretical range: 0–
100.

Coping ACS-2 Short Form –
Productive Coping
Usage Scale
(Frydenberg & Lewis,
2011a)

How often participants use each of
10 productive coping strategies
when dealing with concerns or
problems (e.g., “Ask a teacher or
other professional for help”)

5-point scale, 1 = Never, 5 = Very
often.
Scores for 10 items totalled,
divided by 10 and multiplied by 20
to obtain % score(Frydenberg &
Lewis, 2011b).

Higher % score = greater usage of
productive coping strategies.
Theoretical range: 20%
(Never)−100% (Very Often)

ACS-2 Short Form –
Productive Coping
Helpfulness Scale
(Frydenberg & Lewis,
2011a)

How often participants find the 10
productive coping strategies (as
above) helpful.

As above. Higher % score = greater helpfulness
of productive coping strategies.
Theoretical range: 20% (Never) –
100% (Very often)

ACS-2 Short Form – Non-
productive Coping
Usage Scale
(Frydenberg & Lewis,
2011a)

Participants asked to rate how often
they use each of 8 non-productive
coping strategies when dealing
with concerns or problems (e.g.,
“Blame myself”).

5-point scale, 1 = Never, 5 = Very
often.
Scores for 8 items totalled, divided
by 8 and multiplied by 20 to
obtain % score.(Frydenberg &
Lewis, 2011b)

Higher % score = greater usage of
non-productive coping strategies.
Theoretical range: 20% (Never)-
100% (Very Often)

ACS-2 Short Form – Non-
productive Coping
Helpfulness Scale
(Frydenberg & Lewis,
2011a)

Participants asked to rate how often
they find the 8 non-productive
coping strategies (as above)
helpful.

As above. Higher % score = greater helpfulness
of non-productive coping
strategies. Theoretical range: 20%
(Never)−100% (Very Often)

Self-
Esteem

Rosenberg Self-Esteem
Scale (Rosenberg,
1965)

Participants asked to rate the extent
to which they agree with each of
10 statements e.g., “I feel that I
have a number of good qualities”

4-point scale, 0 = Strongly Disagree-
3 = Strongly Agree. Scores
summed to obtain total self-
esteem score.

Higher score indicates higher self-
esteem. Theoretical range: 0–30.

Note: ART, antiretroviral therapy, BMQ-HAART, Beliefs About Medicine Questionnaire – Highly Active Antiretroviral Therapy version, QoL, Quality of Life, ACS-2,
Adolescent Coping Scale – 2nd Edition; EQ5D-5L – EuroQol 5-Dimension 5-level version; EQ-VAS, EuroQol-visual analogue scale.
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Appendix B. Unadjusted odds ratios of being Last Month Adherent (did not miss more than two doses of
ART in a row in month prior to interview) and having a viral load <50 copies/ml (within 6 months before
or after the interview date), for sociodemographic, clinical and psychosocial variables (Model 1).

Last Month Adherentb Viral load <50 copies/mlc

Variable
Crude Odds ratio

(OR)
95% confidence
interval (CI)

p-
Value

Crude Odds ratio
(OR)

95% confidence
interval (CI)

p-
Value

Sex (vs Male)
Female 0.72 0.42–1.24 0.237 0.81 0.45–1.43 0.460
Age at interview (per year increase) 0.86 0.77–0.95 0.004 0.92 0.82–1.02 0.115
Ethnicity (vs Non-Black)
Black 0.58 0.25–1.36 0.209 0.87 0.37–2.08 0.758
Birthplace (vs Born in UK)
Born Outside the UK 0.88 0.52–1.49 0.623 1.18 0.67–2.07 0.572
Parental vital status (vs Both parents
alive)

One/both parents died 0.87 0.50–1.51 0.614 1.25 0.68–2.29 0.469
Living Situation (vs Other)a

Housing association/council house/flat 1.09 0.65–1.84 0.743 1.24 0.71–2.18 0.449
Occupation (vs Other)a

Education 1.35 0.74–2.46 0.333 1.63 0.86–3.07 0.134
Total number of tablets taken per day
(vs 1 tablet)

≥2 tablets 0.45 0.21–0.92 0.030 0.47 0.21–1.03 0.059
Type of ART regimen (vs Other)a

PI-based regimen 0.33 0.19–0.57 <0.001 0.37 0.21–0.68 0.001
CDC Stage at time of interview (vs Stage
N/A/B)

Stage C 1.04 0.58–1.88 0.899 0.66 0.36–1.23 0.191
Type of care at time of interview (vs
Paediatric)

Adolescent/Adult 0.55 0.32–0.93 0.026 0.60 0.34–1.05 0.075
Years since ART initiation (per year
increase)

0.96 0.91–1.01 0.079 0.96 0.91–1.02 0.172

Age at ART initiation (per year increase) 1.01 0.96–1.06 0.734 1.02 0.96–1.07 0.534
CD4 Count (per 50 cells/mm3 increase) 1.09 1.04–1.15 0.001 1.18 1.10–1.26 <0.001
EQ5D-5L Health-related Quality of Life
Score

EQ5D Index Score (per 0.1 increase) 1.25 1.03–1.52 0.022 1.38 1.12–1.70 0.002
EQ-VAS (per 1% increase) 1.03 1.02–1.05 <0.001 1.03 1.01–1.04 <0.001
ACS-2 Score
Productive Coping Usage (per 1% increase) 1.01 0.99–1.04 0.328 1.01 0.99–1.04 0.369
Productive Coping Helpfulness (per 1%
increase)

1.03 1.01–1.05 0.011 1.01 0.99–1.03 0.341

Non-productive Coping Usage (per 1%
increase)

0.97 0.95–0.98 <0.001 0.97 0.95–0.99 0.006

Non-productive Coping Helpfulness (per
1% increase)

0.99 0.97–1.01 0.315 0.98 0.96–1.00 0.058

Rosenberg Self-Esteem Score (per 5-
point increase)

1.30 1.01–1.68 0.044 1.60 1.20–2.15 0.002

Note: ACS-2, Adolescent Coping Scale Second Edition; ART, antiretroviral therapy; CDC, Centers for Disease Control and Prevention; EQ5D-5L – EuroQol 5-
Dimension 5-level version; EQ-VAS, EuroQol – visual analogue scale; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; UK, United
Kingdom.

aCollapsed into a binary variable due to small numbers in some categories.
b247 participants in all models apart from parental vital status (n = 230), CD4 cell count (n = 213), EQ5D-5L Health-related Quality of Life Scores (n = 240), ACS-2
Scores (n = 239) and Rosenberg Self-Esteem Score (n = 240).

c233 participants in all models apart from parental vital status (n = 216), CD4 cell count (n = 212), EQ5D-5L Health-related Quality of Life Scores (n = 226), ACS-2
Scores (n = 225) and Rosenberg Self-Esteem Score (n = 226).

AIDS CARE 13



Appendix C. Adjusted odds ratios of being Last Month Adherent (did not miss greater than 2 doses in
month prior to interview) for BMQ-HAART Necessity and Concerns scores, adjusted for individual
sociodemographic, clinical, and psychosocial variables (Model 2).

Sociodemographic/clinical/psychosocial
variable

High Necessity Scorea (vs Low Necessity
Score)

High Concerns Scoreb (vs Low Concerns
Score)

Sociodemographic/
Clinical/Psychosocial
Variables

Adjusted
odds ratio of
being Last
Month

Adherent

95% CI for
adjusted odds
ratio of being
Last Month
Adherent

p-
value

Adjusted
odds ratio of
being Last
Month

Adherent

95% CI for
adjusted odds
ratio of being
Last Month
Adherent

p-
value

Adjusted
odds ratio of
being Last
Month

Adherent

95% CI for
adjusted odds
ratio of being
Last Month
Adherent

p-
value

None (both BMQ-
HAART variables
only)

– – – 0.84 0.32–2.18 0.718 0.21 0.11–0.40 <0.001

Sex (vs Male)
Female 0.72 0.41–1.27 0.258 0.84 0.32–2.21 0.726 0.21 0.11–0.40 <0.001
Age at interview (per
year increase)

0.87 0.78–0.97 0.010 0.89 0.34–2.32 0.817 0.22 0.11–0.42 <0.001

Ethnicity (vs Non-
Black)

Black 0.66 0.27–1.60 0.359 0.83 0.32–2.16 0.704 0.21 0.11–0.41 <0.001
Birthplace (vs Born in
UK)

Born Outside the UK 0.79 0.45–1.38 0.409 0.95 0.33–2.21 0.736 0.20 0.11–0.39 <0.001
Living Situation (vs
Other)c

Housing association/
council house/flat

1.22 0.70–2.13 0.481 0.87 0.33–2.27 0.771 0.20 0.11–0.39 <0.001

Occupation (vs Other)
Educationc 1.27 0.37–2.40 0.464 0.84 0.32–2.20 0.730 0.21 0.11–0.40 <0.001
Parental Vital Status
(vs Both parents
alive)

One/both parents died 0.83 0.45–1.51 0.534 1.04 0.37–2.92 0.944 0.17 0.09–0.34 <0.001
Total number of
tablets taken per
day (vs 1 tablet)

≥2 tablets 0.42 0.20–0.91 0.028 0.85 0.33–2.25 0.750 0.20 0.10–0.39 <0.001
Type of ART regimen
(vs Other)c

PI-based regimen 0.30 0.16–0.54 <0.001 0.79 0.30–2.08 0.638 0.19 0.09–0.37 <0.001
CDC Stage (vs Stage N/
A/B)

Stage C 1.24 0.65–2.35 0.512 0.87 0.33–2.28 0.781 0.20 0.11–0.39 <0.001
Type of care at time
of interview (vs
Paediatric)

Adolescent/Adult 0.53 0.30–0.93 0.027 0.91 0.35–2.36 0.852 0.20 0.11–0.40 <0.001
Years since ART
initiation (per year
increase)

0.95 0.91–1.01 0.086 0.79 0.30–2.05 0.626 0.21 0.11–0.39 <0.001

Age at ART initiation
(per year increase)

1.01 0.96–1.07 0.643 0.82 0.31–2.14 0.686 0.21 0.11–0.39 <0.001

CD4 Count (per 50
cells/mm3 increase)

1.08 1.02–1.14 0.011 1.17 0.40–3.38 0.776 0.19 0.09–0.39 <0.001

EQ5D-5L Health-
related Quality of
Life Scores

EQ5D Index Score (per
0.1 increase)

1.13 0.92–1.39 0.227 0.90 0.33–2.45 0.837 0.22 0.11–0.43 <0.001

EQ-VAS (per 1%
increase)

1.03 1.01–1.04 0.001 0.71 0.25–2.00 0.518 0.24 0.12–0.48 <0.001

ACS-2 Score
Productive Coping
Usage (per 1%
increase)

1.01 0.99–1.04 0.356 0.80 0.30–2.12 0.655 0.21 0.11–0.40 <0.001

Productive Coping
Helpfulness (per 1%
increase)

1.03 1.00–1.05 0.033 0.75 0.29–1.97 0.560 0.22 0.11–0.42 <0.001

Non-productive Coping
Usage (per 1%
increase)

0.97 0.95–0.99 0.004 1.05 0.39–2.84 0.928 0.24 0.12–0.47 <0.001

(Continued )
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Continued.
Sociodemographic/clinical/psychosocial

variable
High Necessity Scorea (vs Low Necessity

Score)
High Concerns Scoreb (vs Low Concerns

Score)

Sociodemographic/
Clinical/Psychosocial
Variables

Adjusted
odds ratio of
being Last
Month

Adherent

95% CI for
adjusted odds
ratio of being
Last Month
Adherent

p-
value

Adjusted
odds ratio of
being Last
Month

Adherent

95% CI for
adjusted odds
ratio of being
Last Month
Adherent

p-
value

Adjusted
odds ratio of
being Last
Month

Adherent

95% CI for
adjusted odds
ratio of being
Last Month
Adherent

p-
value

Non-productive Coping
Helpfulness (per 1%
increase)

1.00 0.98–1.02 0.955 0.87 0.33–2.26 0.769 0.21 0.11–0.41 <0.001

Rosenberg Self-
Esteem Score (per
5-point increase)

1.20 0.91–1.57 0.191 0.86 0.31–2.35 0.767 0.21 0.11–0.40 <0.001

Note: ACS-2, Adolescent Coping Scale Second Edition; ART, antiretroviral therapy; BMQ-HAART, Beliefs About Medicine Questionnaire – Highly Active Antire-
troviral Therapy version; CDC, Centers for Disease Control and Prevention; EQ5D-5L – EuroQol 5-Dimension 5-level version; EQ-VAS, EuroQol-visual analogue
scale; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; UK, United Kingdom, CI, confidence interval.

aHigh Necessity score = BMQ-HAART total Necessity score >24, Low Necessity score = BMQ-HAART total Necessity score ≤24.
bHigh Concerns score = BMQ-HAART total Concerns score >33, Low Concerns score = BMQ-HAART total Concerns score ≤33.
cCollapsed into a binary variable due to small numbers in some categories.
A total of 247 participants in all models apart from parental vital status (n = 230), CD4 cell count (n = 213), EQ5D-5L Health-related Quality of Life Scores (n =
240), ACS-2 Scores (n = 239) and Rosenberg Self-Esteem Score (n = 240).

Appendix D. Adjusted odds ratios of having a viral load <50 copies/ml (within 6months before or after the
interview date) for BMQ-HAART Necessity and Concerns scores, adjusted for individual
sociodemographic, clinical, and psychosocial variables (Model 2).

Sociodemographic/clinical/psychosocial
variable

High Necessity Scorea (vs Low Necessity
Score)

High Concerns Scoreb (vs Low Concerns
Score)

Sociodemographic
/Clinical/Psychosocial
Variables

Adjusted
odds ratio of

VL <50
copies/ml

95% CI for
adjusted odds
ratio of VL <50

copies/ml
p-

value

Adjusted
odds ratio of

VL < 50
copies/ml

95% CI for
adjusted odds
ratio of VL <50

copies/ml
p-

value

Adjusted
odds ratio of

VL <50
copies/ml

95% CI for
adjusted odds
ratio of VL <50

copies ml
p-

value
None (both BMQ-
HAART variables only)

– – – 0.94 0.35–2.53 0.902 0.37 0.19–0.71 0.003

Sex (vs Male)
Female 0.82 0.46–1.48 0.514 0.93 0.34–2.52 0.889 0.37 0.20–0.71 0.003
Age at interview (per
year increase)

0.93 0.83–1.04 0.189 0.99 0.37–2.68 0.986 0.39 0.20–0.74 0.004

Ethnicity (vs Non-Black)
Black 0.97 0.40–2.35 0.950 0.94 0.35–2.53 0.901 0.37 0.19–0.71 0.003
Birthplace (vs Born in
UK)

Born Outside the UK 1.12 0.63–1.99 0.710 0.93 0.34–2.51 0.887 0.37 0.20–0.71 0.003
Living Situation (vs
Other)c

Housing association/
council house/flat

1.35 0.75–2.41 0.320 1.01 0.37–2.75 0.990 0.36 0.19–0.69 0.002

Occupation (vs Other)c

Education 1.56 0.81–2.99 0.182 0.97 0.36–2.62 0.949 0.38 0.20–0.72 0.003
Parental Vital Status
(vs Both parents alive)

One/both parents died 1.22 0.65–2.31 0.536 1.16 0.41–3.30 0.782 0.32 0.16–0.63 0.001
Total number of
tablets taken per
day (vs 1 tablet)

≥2 tablets 0.47 0.21–1.04 0.063 0.97 0.35–2.63 0.946 0.37 0.19–0.71 0.003
Type of ART regimen
(vs Other)c

PI-based regimen 0.38 0.21–0.69 0.002 0.94 0.34–2.55 0.900 0.38 0.19–0.73 0.004
CDC Stage (vs Stage N/
A/B)

Stage C 0.70 0.37–1.32 0.276 0.88 0.32–2.41 0.802 0.38 0.20–0.72 0.003
Type of care at time of
interview (vs
Paediatric)

Adolescent/Adult 0.60 0.34–1.09 0.091 1.03 0.38–2.79 0.952 0.38 0.20–0.72 0.003

(Continued )
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Continued.
Sociodemographic/clinical/psychosocial

variable
High Necessity Scorea (vs Low Necessity

Score)
High Concerns Scoreb (vs Low Concerns

Score)

Sociodemographic
/Clinical/Psychosocial
Variables

Adjusted
odds ratio of

VL <50
copies/ml

95% CI for
adjusted odds
ratio of VL <50

copies/ml
p-

value

Adjusted
odds ratio of

VL < 50
copies/ml

95% CI for
adjusted odds
ratio of VL <50

copies/ml
p-

value

Adjusted
odds ratio of

VL <50
copies/ml

95% CI for
adjusted odds
ratio of VL <50

copies ml
p-

value
Years since ART
initiation (per year
increase)

0.96 0.91–1.02 0.192 0.90 0.33–2.44 0.840 0.37 0.19–0.71 0.003

Age at ART initiation
(per year increase)

1.02 0.96–1.08 0.482 0.91 0.33–2.46 0.848 0.37 0.19–0.70 0.002

CD4 Count (per 50
cells/mm3 increase)

1.17 1.09–1.25 <0.001 1.06 0.35–3.20 0.921 0.42 0.21–0.88 0.021

EQ5D-5L Health-
related Quality of
Life Scores

EQ5D Index Score (per
0.1 increase)

1.30 1.05–1.60 0.015 1.29 0.46–3.59 0.628 0.41 0.21–0.81 0.010

EQ-VAS (per 1%
increase)

1.02 1.01–1.04 0.003 0.97 0.34–2.76 0.947 0.42 0.21–0.82 0.011

ACS-2 Score
Productive Coping
Usage (per 1%
increase)

1.01 0.99–1.04 0.389 0.88 0.32–2.41 0.807 0.40 0.21–0.76 0.005

Productive Coping
Helpfulness (per 1%
increase)

1.01 0.98–1.03 0.553 0.91 0.34–2.48 0.859 0.41 0.21–0.78 0.007

Non-productive Coping
Usage (per 1%
increase)

0.98 0.96–1.00 0.025 1.10 0.40–3.03 0.859 0.47 0.24–0.92 0.027

Non-productive Coping
Helpfulness (per 1%
increase)

0.98 0.96–1.01 0.180 0.97 0.35–2.63 0.946 0.43 0.22–0.85 0.015

Rosenberg Self-
Esteem Score (per 5-
point increase)

1.52 1.13–2.05 0.006 1.23 0.44–3.46 0.692 0.38 0.20–0.75 0.005

Note: ACS-2, Adolescent Coping Scale Second Edition; ART, antiretroviral therapy; BMQ-HAART, Beliefs About Medicine Questionnaire – Highly Active Antire-
troviral Therapy version; CDC, Centers for Disease Control and Prevention; EQ5D-5L, EuroQol 5-Dimension 5-level version; EQ-VAS, EuroQol-visual analogue
scale; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; UK, United Kingdom, CI, confidence interval; VL, viral load.

aHigh Necessity score = BMQ-HAART total Necessity score >24, Low Necessity score = BMQ-HAART total Necessity score ≤24.
bHigh Concerns score = BMQ-HAART total Concerns score >33, Low Concerns score = BMQ-HAART total Concerns score ≤33.
cCollapsed into a binary variable due to small numbers in some categories.
A total of 233 participants in all models apart from parental vital status (n = 216), CD4 cell count (n = 212), EQ5D-5L Health-related Quality of Life Scores (n =
226), ACS-2 Scores (n = 225) and Rosenberg Self-Esteem Score (n = 226).
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Appendix E. Adjusted (Model 3) odds ratios of being Last Month Adherent (did not miss more than two
doses of ART in a row in month prior to interview) and adjusted odds ratios of having a viral load <50
copies/ml (within 6 months before or after the interview date), for BMQ-HAART Necessity and Concerns
scores and all sociodemographic, clinical and psychosocial variables included in a multivariable model.

Last Month Adherent (n = 187) VL <50 copies/ml (n = 186)

Variable
Adjusted Odds

ratio
95% Confidence

interval
p-

Value
Adjusted Odds

ratio
95% Confidence

interval
p-

value
BMQ-HAART (vs Low score)
High Necessity Scorea 1.34 0.34–5.28 0.679 1.42 0.36–5.67 0.615
High Concerns Scoreb 0.19 0.07–0.47 <0.001 0.61 0.25–1.52 0.293
Sex (vs Male)
Female 0.92 0.42–2.05 0.845 1.32 0.59–2.98 0.500
Age at interview (per year increase) 0.94 0.81–1.11 0.471 0.99 0.84–1.16 0.888
Ethnicity (vs Non-Black)
Black 0.81 0.25–2.62 0.721 0.60 0.18–1.96 0.400
Birthplace (vs Born in UK)
Born Outside the UK 0.61 0.24–1.54 0.295 1.31 0.53–3.26 0.562
Parental vital status (vs Both parents alive)
One/both parents died 1.10 0.50–2.45 0.812 1.59 0.70–3.59 0.270
Living Situation (vs Other)d

Housing association/council house/flat 1.23 0.54–2.78 0.616 1.68 0.73–3.84 0.221
Occupation (vs Other)c,d

Education – – – – – –
Total number of tablets taken per day (vs 1
tablet)

≥2 tablets 0.38 0.13–1.11 0.077 0.33 0.11–1.00 0.050
Type of ART regimen (vs Other)c,d

PI-based regimen – – – – – –
CDC Stage at time of interview (vs Stage N/
A/B)

Stage C 1.23 0.48–3.11 0.668 0.60 0.24–1.51 0.279
Type of care at time of interview (vs
Paediatric)c

Adolescent/Adult – – – – – –
Years since ART initiation (per year
increase)

0.97 0.88–1.06 0.481 0.99 0.91–1.09 0.913

Age at ART initiation (per year increase) c – – – – – –
CD4 Count (per 50 cells/mm3 increase) 1.06 0.99–1.14 0.082 1.16 1.07–1.25 <0.001
EQ5D-5L Health-related Quality of Life
Score

EQ5D Index Score (per 0.1 increase) 1.00 0.75–1.36 0.973 1.06 0.79–1.42 0.692
EQ-VAS (per 1% increase) 1.02 1.00–1.04 0.121 1.02 1.00–1.04 0.093
ACS-2 Score
Productive Coping Usage (per 1% increase) 0.99 0.94–1.04 0.569 0.99 0.94–1.05 0.820
Productive Coping Helpfulness (per 1%
increase)

1.02 0.98–1.07 0.343 1.01 0.96–1.06 0.810

Non-productive Coping Usage (per 1%
increase)

0.96 0.93–1.00 0.049 1.00 0.97–1.04 0.837

Non-productive Coping Helpfulness (per 1%
increase)

1.03 0.99–1.07 0.192 0.99 0.96–1.03 0.614

Rosenberg Self-Esteem Score (per 5-point
increase)

0.68 0.41–1.13 0.135 1.40 0.83–2.38 0.208

Note: ACS-2, Adolescent Coping Scale Second Edition; ART, antiretroviral therapy; BMQ-HAART, Beliefs About Medicine Questionnaire – Highly Active Antire-
troviral Therapy version; CDC, Centers for Disease Control and Prevention; EQ5D-5L, EuroQol 5-Dimension 5-level version; EQ-VAS, EuroQol-visual analogue
scale; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; UK, United Kingdom, VL, viral load.

aHigh Necessity Score = BMQ-HAART total Necessity score > 24, Low Necessity Score = BMQ-HAART total Necessity score≤ 24.
bHigh Concerns Score = BMQ-HAART total Concerns score >33, Low Concerns Score = BMQ-HAART total Concerns score≤ 33.
cAge at ART initiation, type of ART regimen, occupation and type of care were excluded from the multivariable model due to collinearity concerns.
dCollapsed into a binary variable due to small numbers in some categories.
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