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ABSTRACT
The risk of poor antiretroviral therapy (ART) adherence among adolescents is a challenge to
controlling HIV. This study aims to provide guidance for geographically focussed public health
interventions to improve adherence. Through clinic records, it investigates adolescents’ non-
adherence risk and clinic-level differences in regions of Nigeria which were part of PEPFAR’s
geographical pivot. Records (n = 26,365) were selected using systematic random sampling from
all PEPFAR-supported facilities (n = 175) in targeted Local Government Areas across three
regions in Nigeria. Adolescents’ risk of non-adherence was estimated using region-specific
random-effects models accounting for clinic-level variation. These were adjusted for sex,
whether a patient had to travel to a different region, clinic location (urban/rural), clinic type
(primary, secondary, tertiary). Despite regional variations, adolescents were at higher risk of
non-adherence compared to adults. A similar, but weaker, association was found for children.
Patients attending tertiary facilities for ART in the South-South region exhibited very high risk of
non-adherence. Adolescents and children are at an increased risk of poor ART adherence in
rural regions of Nigeria. Regional differences and facility type are critical factors. Future public
health programmes focused on the risk of poor adherence targeting “high-prevalence areas”
should be sensitive to contextual differences and age-appropriate care.
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Background

Poor antiretroviral therapy (ART) adherence among
adolescents has increasingly been recognized as a press-
ing public health challenge, particularly in sub-Saharan
Africa 6/23/20 9:04:00 PM. Nigeria has the world’s third
largest burden of disease, with an estimated 1.6 million
persons living with HIV and AIDS (PLHIV) in 2019
(UNAIDS, 2020b), an estimated 150,000 children (0–
14) living with HIV and AIDS (UNAIDS, 2020b), and
a consistently high 0.5% HIV prevalence among 15–
24-year-olds between 2015 and 2019 (UNAIDS,
2020a). Effective management of the disease, particu-
larly in this age group, requires the quantification and
understanding of patient loss along the continuum of
care (Kranzer et al., 2012). Adherence to medication is
essential for patient health (Beck & Walensky, 2009),
and non-adherence leads to viral resistance (Sethi
et al., 2003), treatment failure, and economic strain
among individuals (Rosen et al., 2014) and across health
systems.

Existing research highlights considerable challenges
with retention in care and adherence and a recent sys-
tematic review found an average one-year retention
rate below 75% across four nationally representative
studies in Nigeria (M. P. Fox & Rosen, 2015). Although
just below the continent-wide average (76%) estimated
by the review, only four of the 20 included African
countries had lower retention rates. More recent studies
from Nigeria note a high rate of loss to follow-up (37%)
in the first 12 months before ART initiation (Ahonkhai
et al., 2015), and generally, low retention rates once
enrolled in ART (e.g., 81.2% at 12 months) (Bailey
et al., 2017, Balogun et al., 2019). For children (age
<15) a recent study found >50% attrition from a dedi-
cated ART programe in Nigeria (Dayyab et al., 2021).

Low rates of retention adherence are particularly pro-
blematic among young people living with HIV, leading
to poor health outcomes (Enane et al., 2018). Evidence
on adolescents (aged 10–19) and youths (aged 15–24)
highlight considerable unplanned care interruptions of
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>90 days, particularly in the first year after ART
initiation (Ahonkhai et al., 2015).

Authors of several recent reviews point to the need for
large, high-quality studies centered on adolescents (Bailey
et al., 2017; Enane et al., 2018; Fox & Rosen, 2015). Cru-
cially, the 2016 Nigerian National HIV Strategy for Ado-
lescents and Young People 2016–2020 argues that due to
the lack of evidence around adolescents and young
people (AYP), the “HIV response has not been compre-
hensive for AYP” (National Agency for the Control of
AIDS, 2016, p. 14). Moreover, in 2016 the UNAIDS
“ALL IN – Strategic framework to end the AIDS epi-
demic among adolescents” (UNAIDS / UNICEF, 2016)
posed as key research and programming questions the
need to identify those adolescents at greatest risk.

In the Nigerian context, regular clinic visits (Ugwu &
Eneh, 2013), short travel times (Charurat et al., 2010),
sex (Agaba et al., 2018; Odafe et al., 2012), and type of
clinic (small, primary care) (Odafa et al. 2012) were
strong predictors of ART adherence among adults. An
emergent body of qualitative research from Nigeria
highlights stigma, clinic staff attitudes and communi-
cation, as well as long waiting times and stockouts as
factors leading to non-adherence (Dibb & Ohanyido,
2018; Okonkwoh, 2011).

However, little evidence exists on adolescent-specific
risks of ART non-adherence, including travel-related,
clinic-level, and geographical factors. Geographical fac-
tors are of particular importance given the stark regional
(National Agency for the Control of AIDS, 2017),
between-state (National Agency for the Control of
AIDS, 2014), and urban–rural differences in HIV preva-
lence found in Nigeria.

Geographical differences inHIV prevalence are central
to the 2016 PEPFAR (USAID and CDC) geographical
pivot towards a geographical focus on public health inter-
vention. The pivot targets treatment on geographical areas
and populations with the highest HIV prevalence in
Nigeria (PEPFAR, 2018). As a result, 32 Local Govern-
ment Areas (LGAs) across the North-Central, South-
South, and South-West regions with the highest HIV
prevalence became the focal point of CDC/USAID sup-
port.However, no evidence exists concerning the different
levels of adherence risk for adolescents in these regions;
consequently, little is known about the need for regionally
adapted ART public health provisions.

This study aims to:

(1) estimate the risk for ART non-adherence amongst
adolescents supported by clinics of the PEPFAR
geographical pivot in Nigeria;

(2) assess the relationship between clinic-level factors
and risk of ART non-adherence and;

(3) test associations of age, sex, and geographical
location with the risk of ART non-adherence.

Each aim has programming implications: Aim 1
explores the need for differential and age-appropriate
treatment provision. Aim 2 examines the context of
the PEPFAR regional pivot and its geographical focus,
with the potential to highlight regional-specific
approaches. Finally, Aim 3 addresses a research and pol-
icy gap highlighted in the 2016 Nigerian National Stra-
tegic Plan, concerning evidence for girls and young
women (National Agency for the Control of AIDS,
2016).

Methods

This study is designed as cross-sectional, multi-level
analysis of a sample of clinic records. It aims to rep-
resent all facilities chosen due to the PEPFAR geo-
graphical pivot (note limitations to representativeness
below). The key outcome is a proxy measure of non-
adherence based on the last pick-up of ARTs. Where
clinic records indicate that the last pick-up occurred
more than 60 days ago, non-adherence is deemed to
be at risk of non-adhence, as pills were provided for a
maximum of 2 months at the time of the study.

Clinics as sampling units

Essential to this design is the “standard of care” pro-
vided. Structurally, three levels of care provision are pre-
sent in facilities of the PEPFAR geographical pivot.
Primary-level facilities offer HIV counseling and testing,
referral to secondary-level facilities for ART initiation,
nutritional support, and prevention and treatment of
malaria and opportunistic infections. In addition to
the services rendered at primary-level facilities, both
secondary- and tertiary-level facilities initiate clients
on ART; provide routine ART refill; and offer adherence
counseling, basic laboratory investigations, CD4+ count
estimation, as well as prevention and management of
opportunistic infections. More advanced services such
as viral load estimation and liver function tests are
offered only at tertiary-level facilities.

It is these facilities that are both a key factor in adher-
ence as well as being the first stage of the sampling of the
study’s data with patient records being the primary
sampling unit.

Sampling and data

The data were collected for the USAID-financed
“Health Facility Catchment Area Mapping” study
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conducted by the Coordinating Comprehensive Care
for Children project (4Children)1 led by Catholic Relief
Services (CRS) in Nigeria during 2016. The sampling
frame was intended to cover all 32 PEPFAR scale-up
LGAs and all 183 comprehensive health facilities within
them. A full list of the LGAs is available as part of the
appendix.

Eligibility critieria

Within each clinic, records for all adults and children
recorded as “currently on ART” were eligible for
inclusion, including pregnant women living with HIV
initiated on ART for the prevention of mother-to-
child transmission of HIV (PMTCT). Records were
included if complete information was available for
date of birth, sex, HIV treatment information and the
patient’s LGA of residence.

Sampling of record within facilities

Samples were drawn from these records, with sample
sizes based on the reported numbers for each of the
cohorts (age <15, age ≥15, and PMTCT) per clinic in
September 2015.2

Combination of patient- and facility-level data

Patient record data were merged with facility data, facil-
ity level, contact information, facility location (urban/
rural), geocode, and LGA of facility. The identifier for
merging was the facility name recorded with the data
collected on patient records. However, information on
individual incomplete records or number of incomplete
records at the facility level was not collected. Some cod-
ing errors were addressed (negative days since the last
ART treatment (n = 111) and implausibly large number
of days (>10,000, n = 80)).3

Datacollector training and technology

Patient record data were collected through an Environ-
mental Systems Research Institute (ESRI)-developed
Survey123 tool for ArcGIS on Android devices, which
was piloted prior to use and adapted in response to enu-
merators’ feedback. Data collectors were jointly trained
by CRS and ESRI and visited once during the exercise.
Further details on enumerator training and stakeholder
involvement have been previously described (USAID/
4Children, 2017). Implementation issues of this design
are discussed in the limitations section.

Measures

Risk of non-adherence was defined by proxy. Namely,
having had the last ART treatment provided (“date of
last drug pick-up”) in >60 days (two months) and not
being lost to follow-up, transferred to a different facility,
or deceased.Age was categorized as child (0–9 years),
adolescent (10–19 years), and adult (>19 years).

Distance to the clinic was measured by a binary proxy
indicator “traveling to a different LGA”, derived from
comparing patients’ LGA of residence with the LGA
of their health facility.

Health care facilities are coded according to their
three levels: primary, secondary, and tertiary. Primary-
level facilities are usually “community health facilities”
funded by the local government authorities. Second-
ary-level facilities are hospitals funded by the state gov-
ernments that are occasionally staffed by specialist
medical practitioners and act as referral sites for pri-
mary-level facilities. Tertiary facilities are mostly teach-
ing institutions providing specialist care.

Statistical analyses

Associations were estimated using logit models with
random effects for each health care facility. Given the
sampling structure, the models were estimated separ-
ately for each region. Two regression models are pre-
sented: a base model (Model 1), including only the
focal variables of interest (age groups), and a full
model (Model2) with the key clinic characteristics,
and demographic controls. Results are shown as odds
ratios and predicted probabilities. Robustness checks
were conducted using additional predictors.

All analyses were undertaken in R (R.Core Team,
2021, v.4.0.5), using the following packages: lme4
(Bates et al., 2015, v.1.1-27), effects (J. Fox & Hong,
2009, v.4.2), sjPlot (Luedecke, 2017, v.2.8.9), ggplot2
(Wickham, 2009, v.3.3.5), and maptools (Bivand &
Lewin-Koh, 2017, v.1.1-1).

Replication syntax and data are available at https://
doi.org//10.17605/OSF.IO/U56R7.

Ethics

Ethical approval, for data collection and processing, was
obtained from the National Health Research Ethics
Committee of Nigeria: NHREC/01/01/2007 prior to
data collection on 16 June 2016. Data were collected
without names or unique identifiers, and stored
securely.
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Results

Geographical context

Figure 1 shows the LGAs in which PEPFAR’s geo-
graphical pivot clinics are located (red) and the
additional LGAs of residence for patients who travel
to the PEPFAR clinics (blue).4 Figure 1 visually indicates
that attending a clinic in a different LGA implies signifi-
cant geographical distance from the place of residence.
Patients are drawn from areas considerably beyond
the LGAs targeted by the program, and approximately
28% of patients attend a clinic in an LGA different

than their LGA of residence. (a detailed list of the states
and LGAs can be found in the appendix).

Sample

The study sample (Table 1) does not include patients
who were identified as transferred, passed away, or
lost to follow-up, or those for whom case records were
incomplete. Death (≤1%) and transferral (≤1%)
occurred only rarely, while a large proportion of the
sampled records (15–20%) could not be used due to
recorded loss to follow-up or being classed as “not on

Figure 1. Map of geographical location of clinics and patients.

Table 1. Sample flow.
North-Central

(Benue, Nasarawa, Federal Capital Territory)
South-South

(Akwa Ibom, Cross River, Rivers)
South-West
(Lagos)

Total records extracted 17259 (100%) 5861 (100%) 3245 (100%)
Transferred 179 (1.0%) 20 (0.3%) 39 (1.2%)
Died 179 (1.0%) 21 (0.4%) 7 (0.2%)
Lost to follow-up 2552 (14.8%) 1180 (20.1%) 500 (15.4%)
Not on ART 576 (3.3%) 209 (3.6%) 2 (0.1%)
In pre-ART 5 (<0.1%) 238 (4.1%) 1 (<0.1%)
Missing “date of last drug pick-up” 30 (0.2%) 2 (<0.1%) 1 (<0.1%)
Total number of complete records 13738 (79.6%) 4191 (71.5%) 2695 (83.1%)
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ART”. This occurred despite sampling records being
classified as “currently on ART”.

Regional, demographic and clinic-level
characteristics

The following analyses are based on a sample of patient
records from three regions: North-Central (N–C),
South-South (S–S), and South-West (S–W). These
regions differ in levels of absolute poverty (N–C 68%,
S–S 64%, S–W 59%) their Human Development Index
(S–S: HDI = 0.56; S–W= 0.51, N–C = 0.48) (Ibrahim &
Ibrahim, 2014), and degree of urbanization (S–W:
high, S–S and N–C: low).

North-Central and South-South include several dis-
tricts and hold 67% and 20% of all patients in the
study, respectively. Patient demographics across the
regions are roughly similar (Table 2). Adolescents con-
stitute only 3–8% of all patients in each region, with the
South-West/Lagos subsample having the highest pro-
portion of adolescents.

Considerable differences exist in facility levels
between North-Central and the others, with 19% of
patients attending a primary-level facility, compared to
9% in South-South and South-West. Only 13% of
patients in North-Central attend a tertiary clinic. As
described below, this bears a strong relation to the con-
text of risk of ART non-adherence.

Risk of ART non-adherence (last clinic visit >2
months ago)

Across the three regions, we observe high incidences of
being at risk of non-adherence (N–C: n = 6073 (35.8%),
S–S: 3111 (54.6%), S–W: n = 905 (28.3%)). Table 3 pro-
vides the estimated risk of ART non-adherence by
region. Model 1 shows that adolescents have consider-
ably higher odds of being at risk of ART non-adherence
than adults in both South-South (OR 1.59, 95%CI: 1.50–
3.15) and North-Central (OR 2.18, 95%CI: 1.28–1.98).

By contrast, in South-West, adolescents and children
have substantially lower odds of being at risk of non-
adherence than adults (adolescents 0.52, 95%CI: 0.31–
0.88). Children in South-South and North-Central
have higher odds of being at risk of ART non-adherence
than adults (S–S: OR 1.71, 95%CI: 1.21–2.40; N–C: 1.61,
95%CI: 1.36–1.92), whereas in South-West the reverse
holds (OR: 0.52, 95%CI: 0.31–0.83).

Demographic risk factors for ART non-adherence
We also inspect the risk of non-adherence with respect
to attending a clinic in a different LGA. There is a large
amount of within-clinic correlation between patients
across regions (ICC 0.184–0.423), suggesting consider-
able clinic-level variation. Model 2 accounts for clinic-
level variation and demographic factors, including
attendance at a clinic in an LGA different to the patient’s
LGA of residence, further differentiating between
patients traveling from an LGA of residence with and
without a clinic.

Strikingly, the initially observed age relationship
with risk of ART non-adherence holds irrespective
of these controls, with almost no differences in coeffi-
cient sizes. In South-South, male patients were more
likely to be at risk of non-adherence (OR 1.27, 95%
CI: 1.07–1.49).

Clinic-level risks of ART non-adherence
In South-South, attending a more centralized facility is a
risk factor for non-adherence, whether at a secondary-
level (OR 3.90, 95%CI: 1.33–11.47) or tertiary-level
facility (OR 41.39, 95%CI: 8.86–193.38). Facility level
demonstrates the greatest difference in odds among all
risk factors. Attending a facility in an urban setting in
the largely rural South-South lowers the risk of ART
non-adherence (OR 0.21, 95%CI: 0.07–0.64). By con-
trast, the more urban South-West show no difference
in risk by facility level or urban/rural location.

These findings point to clinic-level characteristics
having a strong association with the risk of ART non-

Table 2. Patient numbers, regional and demographic distribution.
North-Central

(Benue, Nasarawa, Federal Capital Territory)
South-South

(Akwa Ibom, Cross River, Rivers)
South-West
(Lagos)

Complete records 13,738 (100%) 4191 (100%) 2695 (100%)
Age group
Child (0–9) 852 (6%) 187 (4%) 185 (7%)
Adolescent (10–19) 468 (3%) 149 (4%) 203 (8%)
Adult (>19) 12,418 (90%) 3855 (92%) 2307 (86%)
Gender
Female 10,199 (74%) 2961 (71%) 1942 (72%)
Male 3539 (26%) 1230 (29%) 753 (28%)
Clinics
Primary 2587 (19%) 366 (9%) 243 (9%)
Secondary 9365 (68%) 2393 (57%) 1663 (62%)
Tertiary 1786 (13%) 1432 (34%) 789 (29%)
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Table 3. Risk of ART non-adherence (multilevel logit model with random intercepts).

South-South (Akwa Ibom, Cross River, Rivers)
North-Central (Benue, Nasarawa, Federal Capital

Territory) South-West (Lagos)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Odds ratio (CI) p Odds ratio (CI) p Odds ratio. (CI) p Odds ratio (CI) p Odds ratio (CI) p Odds ratio (CI) p

Fixed parts
(Intercept) 0.39

(0.22–0.69)
.001 0.21

(0.07–0.64)
.006 0.30

(0.25–0.38)
<.001 0.25

(0.16–0.40)
<.001 0.15

(0.09–0.23)
<.001 0.12

(0.05–0.31)
<.001

Adult vs Child
(0–9 years)

1.71
(1.21–2.40)

.002 1.63
(1.16–2.30)

.005 1.61
(1.36–1.92)

<.001 1.59
(1.33–1.89)

<.001 0.51
(0.31–0.83)

.007 0.50
(0.30–0.83)

.007

Adult vs Adolescent
(10–19 years)

2.18
(1.50–3.15)

<.001 2.19
(1.51–3.18)

<.001 1.59
(1.28–1.98)

<.001 1.58
(1.27–1.97)

<.001 0.52
(0.31–0.88)

.015 0.51
(0.30–0.88)

.015

Male 1.27
(1.07–1.49)

.005 1.05
(0.95–1.16)

.299 1.02
(0.78–1.34)

.870

Lives in different LGA 1.01
(0.81–1.26)

.928 0.96
(0.83–1.12)

.648 1.04
(0.75–1.45)

.804

Lives in different LGA w/o pivot clinic 1.05
(0.85–1.29)

.666 0.98
(0.82–1.16)

.802 1.14
(0.80–1.61)

.468

Primary- vs
Secondary-level clinic†

3.90
(1.33–11.47)

.013 0.89
(0.63–1.27)

.526 1.16
(0.40–3.38)

.779

Primary- vs
Tertiary-level clinic

41.39
(8.86–193.38)

<.001 0.85
(0.54–1.34)

.472 1.46
(0.31–6.86)

.633

Urban clinic 0.21
(0.07–0.64)

.006 1.46
(0.91–2.34)

.117

Random parts
τ00, Facility_Code 2.408 1.415 1.209 1.177 0.769 0.743
NFacility_Code 31 31 123 123 20 20
ICCFacility_Code 0.423 0.301 0.269 0.263 0.189 0.184
Obs. (Patients) 4171 4171 13703 13703 2658 2658
AIC 4175.264 4157.244 13287.973 13295.830 2019.337 2028.423
Deviance 4043.626 4029.822 12899.402 12897.930 1957.813 1957.538
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adherence. Notably, the distance to clinic had no associ-
ation with the risk of non-adherence.

Regional variation
The findings across both models in Table 3 suggest very
strong regional variations in the demographic and con-
textual factors for risk of ART non-adherence. South-
South and North-Central are more similar regarding
the age association; however, the sex and clinic-level
association in the former distinguish these regions, too.

Figure 2 presents the predicted probabilities5 of
adherence risk for each age group and region. South-
West (blue) consistently demonstrates the lowest risk,
and South-South (red) the highest, which indicates the
regional variation in risk of non-adherence. Importantly,
overall probabilities for non-adherence in South-West
and North-Central are low, while those for South-
South point to the potential for an increased, systematic
risk of non-adherence.

As depicted, adults have, on average, a lower prob-
ability of risk of ART non-adherence in South-South
and North-Central. In South-South, the overall risk
across all age groups increases when considering clinic-
level and sex differences (Model 2). In Table 3 this is cor-
roborated by the difference in model-fit.

The overall conclusions are robust against control-
ling for time on ART and receiving PMTCT treatment
(not shown).

Discussion

This study provides robust evidence of a relatively
higher risk of ART non-adherence among adolescents

in three very different regions of Nigeria characterized
by a high prevalence of HIV and AIDS. The findings
show that this challenge persists across different levels
of clinics (primary, secondary, tertiary) and is indepen-
dent of sex differences. The albeit coarse indicator of
distance to the clinic showed no association. Therefore,
the overlap of the age groups’ risk for non-adherence
and clinic characteristics appears to be the key focus.
This adds to the growing evidence base on the need
for “adolescent-friendly health services” and under-
scores the need to find effective adolescent-focused
interventions (Alcon et al., 2020; Casale et al., 2019;
Kim et al., 2014; MacPherson et al., 2015; Mavegam
et al., 2017).

Unexpectedly, given the focus of the study, we also
observed elevated risks of non-adherence among chil-
dren, though to a lesser extent than among adolescents.
This potentially points to a more general need for age-
appropriate and targeted ART provision to increase
adherence.

The findings further highlight the considerable
differences in risk of ART non-adherence between
patients in urban and rural contexts, and between the
three regions investigated.6 Reviews on interventions
focused on adolescents increasingly point to more con-
text-sensitive interventions, and the general paucity of
these interventions has been cited as a reason for the
lack of broadly effective interventions (Casale et al.,
2019).

While regional and contextual variations are to be
expected, it is notable that clinic-level differences and
the increased risk of ART non-adherence among adoles-
cents are smaller than the regional differences observed in

Figure 2. Predicated probabilities of risk of ART non-adherence.
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this study. The regional differences observed could be
interpreted with findings from the 2013 Demographic
and Health Survey (National Population Commission,
2014). These show that problems with accessing clinics
(among women) are more prevalent in North-West and
South-South than in South-West. Key observed differ-
ences in the number of problems mentioned are “getting
money for treatment”, the “distance to health facility”,
and the “attitude of health workers” (National Popu-
lation Commission, 2014, p.154).

Our findings speak to the growing literature on
benefits of health care decentralization that shifts
HIV-related services to primary-level facilities (Cobos
Muñoz et al., 2017). The very large differences in risk
of ART non-adherence by facility level further suggest
the effectiveness of a more targeted approach to decen-
tralization (Okonkwo et al., 2014).

Finally, a focus on clinics, decentralization, and
increased awareness of regional differences points to
the importance of system-level interventions addressing
issues at clinic and regional management for which
promising evidence exists (Eluwa et al., 2015).

The 2016 PEPFAR guidance highlights HIV preva-
lence as central for targeting and interventions. Accord-
ing to our study a crucial aspect of making a
geographically targetted strategy successful lies in better
understanding regional patterns of clinic access, reten-
tion and adherence, and their predictors.

Limitations

This study investigates the risk of low ART adherence
among adolescents in Nigeria. Yet adherence was
measured indirectly via clinic visits, which is proble-
matic since, pills could be picked up by caregivers,
and pick-ups could go unrecorded. However, regular
clinic visits have been established as an effective proxy
for treatment adherence in Nigeria (Ugwu & Eneh,
2013). Moreover, the measure chosen is conservative,
using a two-month cutoff, and robust, accounting for
patient death, transfer, and loss-to-follow-up.

We found no evidence of a relationship between the
risk of ART non-adherence and traveling to a clinic in a
different LGA than a patient’s LGA of residence. The
measurement of “travel” does not measure nor approxi-
mate distance. Thus clinics might be close to LGA
boundaries and potentially closer than a clinic within a
patient’s LGA of residence.

The sample drawn is not representative of Nigeria or
all types of clinics. Rather it represents three regions
selected for their inclusion in the regional pivot and
all participating CDC/USAID-run clinics. LGAs and
facilities were sampled due to PEPFAR’s regional pivot

(PEPFAR, 2018). However, one LGA (Eleme LGA in
Rivers State) and thus six facilities (of 182) were not
included. Furthermore, only records of patients “cur-
rently on ART” were eligible; yet the sample drew a
number of records (see above) of patients lost to fol-
low-up or dead. Finally, only complete records were eli-
gible and no information on individual incomplete
records or number of incomplete records at the facility
level were collected. Consequently, bias from missing
observations is also likely. For these reasons, the sample
is not the result of a random sampling procedure, and
inferences should be made cautiously.

Yet, given the number of records (n = 26,365) and
clinics (n = 176) sampled, covering almost all PEPFAR
regional pivot clinics, this study is, to the authors’
knowledge, the first to robustly account for clinic con-
text in a sample representative of a clearly defined
patient population.

Finally, existing research particularly among adoles-
cents – shows the significance of stigma, clinic staff atti-
tudes, and clinic characteristics such as waiting times
(Dibb & Ohanyido, 2018; Okonkwoh, 2011). Although
this study finds a clear effect of facility level and the
importance of clinic characteristics (cf ICCs), it does
not analyze these specific risk factors for non-adherence.

Directions for future research

Future research should examine the causes of increased
risk of ART non-adherence among adolescents and,
given these findings, also children. Beyond existing
research, greater attention should be paid to specific
scontextual factors such as reasons for the observed
differences between regions, between urban and rural
clinics, and the different levels of facilities. This would
directly support the development and optimizatoin of
adolescent-friendly services, and may help adapt exist-
ing interventions of mixed effectiveness (Casale et al.,
2019; Mavegam et al., 2017).

Conclusion

Implications for practitioners

In 2016 the UNAIDS “ALL IN – Strategic framework to
end the AIDS epidemic among adolescents” posed as
key research and programming questions the need to
identify those adolescents at greatest risk for non-adher-
ence (UNAIDS / UNICEF, 2016). This study identified
an elevated risk of non-adherence among adolescents
in clinics specifically supported by the 2016 PEPFAR
pivot, which targeted funding and support for clinics
in high-prevalence regions (UNAIDS, 2014). In this
context, it found type of clinic (tertiary) and regional
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variations as crucial risk factors in the context of non-
adherence.

Future programming should take into account
regional differences and acknowledge that the risk of
non-adherence is elevated in tertiary-level clinics.
Finally, programming to address the elevated risk of
non-adherence among children and adolescents should
increase the provision of adolescent-friendly (and pedi-
atric) services, for which an emergent body of evidence
exists (Mbatia et al., 2018).

Notes

1. 4Children was a five-year, USAID-funded project
improving the health and well-being of vulnerable chil-
dren affected by HIV and AIDS and other adversities.
4Children draws on global evidence that illustrates
that HIV and other hardships are best prevented and
addressed when people have access to both high-quality
health and social welfare services. More information
can be found at https://www.crs.org/our-work-
overseas/program-areas/health/4children.

2. Records were sampled in (random) intervals of five, and
the samplesizes were calculated for a 5% margin of
error.

3. Negative values were set to 1 and decimal places for
exceedingly large values were adjusted by 10.

4. Source: Shapefiles: OCHA ROWCA. Date of dataset:
September 26, 2017. Available at: https://data.humda
ta.org/dataset/west-and-central-africa-administrative-
boundaries-levels. Accessed January 17, 2018.

5. For the models presented Table 3 for detailed probabil-
ities, see appendix.

6. Given the lower degree of urbanization and thus a
stronger contrast between urban and rural contexts in
access to care, it is to be expected and indeed observed
that attending a clinic in an urban setting in South-
South reduces the risk of ART non-adherence. By con-
trast, the more urban South-West shows no such sys-
tematic differences between urban and rural contexts
or by clinic level.
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Appendix

(1) Local Governmental Areas in which clinics are situated

State LGA
Akwaibom Ikot-Ekpene

Okobo
Oron
Uruan
Uyo

Benue Buruku
GwerWest
Katsina-Ala
Konshisha
Logo
Tarka
Ushongo

Cross River Calabar Municipal
Calabar South

FCT Bwari
AMAC

Lagos Agege
Ajeromi-Ifelodun
Alimosho
Apapa
Ifako-Ijaye
Ikeja
Mushin
Surulere

Nasarawa Nasarawa
Doma
Karu
Lafia
Obi

Rivers Obio-Akpor
Port Harcourt

(2) Robustness checks
Patient’s facility in same Local Governmental Area of residence – No regions split.

Patient’s facility in same Local Governmental Area of residence
Odds ratio

o(CI) p

Fixed parts
(Intercept) 5.99

(4.45–8.08)
<.001

Adult vs. Child
o(0–9 years)

1.23
(1.04–1.44)

.013

Adult vs. Adolescent
o(10–19 years)

1.18
(0.97–1.44)

.091

Random parts
τ00, Facility_Code 3.406
NFacility_Code 174
ICCFacility_Code 0.509
Obs. (Patients) 20,622
Deviance 17,816.934
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(3) Patient lives in an LGA without a clinic

Patient’s facility in different Local Governmental Area of residence

South-South (Akwa Ibom, Cross River,
Rivers)

North-Central (Benue, Nasarawa,
Federal Capital Territory) South-West (Lagos)

Odds ratio
(CI) p

Odds ratio
(CI) p

Odds ratio
(CI) p

Odds ratio
(CI) p

Odds ratio
(CI) p

Odds ratio
(CI) p

Fixed parts
(Intercept) 0.12

(0.07–
0.21)

<.001 0.05 (0.02–
0.18)

<.001 0.03
(0.02–
0.04)

<.001 0.01
(0.01–
0.03)

<.001 0.25
(0.13–
0.47)

<.001 0.09 (0.03–
0.34)

<.001

Adult vs. Child (0–9
years)

0.78
(0.54–
1.12)

.184 0.76 (0.53–
1.09)

.137 0.84
(0.64–
1.12)

.232 0.85
(0.64–
1.13)

.260 0.90
(0.63–
1.28)

.553 0.90 (0.63–
1.29)

.567

Adult vs. Adolescent
(10–19 years)

0.76
(0.49–
1.17)

.214 0.75 (0.48–
1.16)

.191 1.05
(0.73–
1.49)

.805 1.05
(0.73–
1.50)

.799 1.03
(0.75–
1.43)

.844 1.03 (0.74–
1.43)

.851

Male 1.17 (0.99–
1.40)

.072 0.98
(0.83–
1.15)

.765 0.97 (0.79–
1.20)

.799

Primary- vs Secondary-
level clinic†

2.45 (0.77–
7.81)

.128 2.25
(1.11–
4.56)

.024 2.90 (0.70–
11.96)

.140

Primary- vs Tertiary-
level clinic

12.95
(2.75–
61.11)

.001 2.11
(0.90–
4.94)

.085 10.06
(1.23–
82.37)

.031

Urban (not for South-
South, all urban)

0.97 (0.23–
4.03)

.963 1.32
(0.65–
2.69)

.445

Random parts
τ00, Facility_Code 1.730 1.369 2.214 2.077 1.802 1.422
NFacility_Code 31 31 123 123 20 20
ICCFacility_Code 0.345 0.294 0.402 0.387 0.354 0.302
Obs. (Patients) 4190 4190 13737 13737 2695 2695
AIC 3887.395 3879.238 6137.962 6139.648 2870.942 2872.470
Deviance 3779.840 3770.626 5862.590 5861.127 2789.282 2789.233

(4) Predicted probabilities – ART in same LGA
Results displayed in Figure 2, model statistics and coefficients in Table 3.

Age group Region Predicted probability S.E.
95% Confidence

interval

Model 1
Child (0–9) North-Central 0.92 0.079 0.91 0.93

South-South 0.74 0.17 0.67 0.8
South-West 0.58 0.17 0.49 0.65

Adolescent (10–19) North-Central 0.92 0.11 0.91 0.94
South-South 0.73 0.19 0.65 0.8
South-West 0.52 0.16 0.44 0.6

Adult (>19) North-Central 0.91 0.021 0.91 0.92
South-South 0.69 0.037 0.67 0.7
South-West 0.47 0.048 0.45 0.5

Model 2
Child (0–9) North-Central 0.92 0.08 0.91 0.93

South-South 0.66 0.17 0.58 0.73
South-West 0.38 0.17 0.31 0.47

Adolescent (10–19) North-Central 0.92 0.11 0.91 0.94
South-South 0.64 0.19 0.55 0.72
South-West 0.33 0.17 0.26 0.41

Adult (>19) North-Central 0.91 0.021 0.91 0.91
South-South 0.59 0.037 0.57 0.61
South-West 0.29 0.049 0.27 0.31
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(5) Predicted probabilities – ART in same LGA individual controls.
The predicted probabilities presented below are the result of models fitting: a base model (Model 1 report), and sequentially add-
ing gender, clinic level, and the binary urban/rural indicator. As such they give some indication of the suppressor effect of indi-
vidual control variables.

Age group Region Predicted probability S.E.
95% Confidence

interval

Base model (no controls)
Child (0–9) North-Central 0.92 0.079 0.91 0.93

South-South 0.74 0.17 0.67 0.8
South-West 0.58 0.17 0.49 0.65

Adolescent (10–19) North-Central 0.92 0.11 0.91 0.94
South-South 0.73 0.19 0.65 0.8
South-West 0.52 0.16 0.44 0.6

Adult (>19) North-Central 0.91 0.021 0.91 0.92
South-South 0.69 0.037 0.67 0.7
South-West 0.47 0.048 0.45 0.5

Model 2 (controlling for gender)
Child (0–9) North-Central 0.92 0.08 0.91 0.93

South-South 0.75 0.17 0.68 0.8
South-West 0.57 0.17 0.49 0.65

Adolescent (10–19) North-Central 0.92 0.11 0.91 0.94
South-South 0.73 0.19 0.65 0.8
South-West 0.52 0.16 0.44 0.6

Adult (>19) North-Central 0.91 0.021 0.91 0.92
South-South 0.69 0.037 0.67 0.7
South-West 0.47 0.048 0.45 0.5

Model 3 (controlling for gender and facility level)
Child (0–9) North-Central 0.92 0.08 0.91 0.93

South-South 0.65 0.17 0.57 0.72
South-West 0.38 0.17 0.31 0.47

Adolescent (10–19) North-Central 0.92 0.11 0.91 0.94
South-South 0.63 0.19 0.54 0.71
South-West 0.33 0.17 0.26 0.41

Adult (>19) North-Central 0.91 0.021 0.91 0.91
South-South 0.58 0.037 0.56 0.6
South-West 0.29 0.049 0.27 0.31

Model 4 (only North-Central and South-South: controlling for gender, clinic level, and urban/rural location)
Child (0–9) North-Central 0.92 0.08 0.91 0.93

South-South 0.66 0.17 0.58 0.73
Adolescent (10–19) North-Central 0.92 0.11 0.91 0.94

South-South 0.64 0.19 0.55 0.72
Adult (>19) North-Central 0.91 0.021 0.91 0.91

South-South 0.59 0.037 0.57 0.61
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