
Age Matters: Increased Risk of Inconsistent HIV Care and 
Viremia Among Adolescents and Young Adults on Antiretroviral 
Therapy in Nigeria

Aimalohi A. Ahonkhai, MD, MPH1,2,3, Bolanle Banigbe, MD, MPH4, Juliet Adeola, MSc, 
MBA4, Abdulkabir B. Adegoke, MD, MPH2, Susan Regan, PhD2,5,6, Ingrid V. Bassett, MD, 
MPH1,2,3,6, Ifeoma Idigbe, MSc7, Elena Losina, PhD2,3,6,8,9, Prosper Okonkwo, MD, FMCPH3, 
and Kenneth A. Freedberg, MD, MSc1,2,3,5,6,10,11

1Division of infectious Disease, Massachusetts General Hospital, Boston, Massachusetts, United 
States of America

2Medical Practice Evaluation Center, Massachusetts General Hospital, Boston, Massachusetts, 
United States of America

3Harvard Medical School, Boston, Massachusetts, United States of America

4AIDS Prevention Initiative in Nigeria (APIN), Abuja, Nigeria

5Division of General Internal Medicine, Massachusetts General Hospital, Boston, Massachusetts, 
United States of America

6Harvard University Center for AIDS Research (CFAR), Boston, Massachusetts, United States of 
America

7Nigerian Institute for Medical Research, Lagos, Nigeria

8Department of Orthopedic Surgery, Brigham and Women’s Hospital, Boston, Massachusetts, 
United States of America

9Department of Biostatistics, Boston University School of Public Health, Boston, Massachusetts, 
United States of America

10Department of Epidemiology, Boston University School of Public Health, Boston, 
Massachusetts, United States of America

11Department of Health Policy and Management, Harvard T.H. Chan School of Public Health, 
Boston, Massachusetts, United States of America

Correspondence: Dr. Aimalohi A. Ahonkhai, 50 Staniford Street, 9th Floor, Boston, Massachusetts, United States of America. Tel: 
617 724 3479, Fax: 617 726 2691, aahonkhai@mgh.harvard.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of Interest: All named authors declare that they do not have any conflict of interest either real or perceived.

Abstract Presentations: These data were presented in part at the 10th International Conference on HIV Treatment and Prevention 
Adherence (IAPAC) June, 2015, Miami, FL, USA.

HHS Public Access
Author manuscript
J Adolesc Health. Author manuscript; available in PMC 2017 September 01.

Published in final edited form as:
J Adolesc Health. 2016 September ; 59(3): 298–304. doi:10.1016/j.jadohealth.2016.05.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Abstract

Purpose—Interruptions in HIV care are a major cause of morbidity and mortality, particularly in 

resource-limited settings. We compared engagement in care and virologic outcomes between HIV-

infected adolescents and young adults (AYA) and older adults (OA) one year after starting 

antiretroviral therapy (ART) in Nigeria.

Methods—We conducted a retrospective cohort study of AYA (15–24 years) and OA (>24 years) 

who initiated ART from 2009–2011. We used negative binomial regression to model the risk of 

inconsistent care and viremia (HIV RNA >1,000 copies/mL) among AYA and OA in the first year 

on ART. Regular care included monthly ART pick-up and 3-monthly clinical visits. Patients with 

≤3 months between consecutive visits were considered in care. Those with inconsistent care had 

>3 months between consecutive visits.

Results—The cohort included 354 AYA and 2,140 OA. More AYA than OA were female (89% 

vs. 65%, p<0.001). Median baseline CD4 was 252/µL in AYA and 204/µL in OA (p=0.002). More 

AYA had inconsistent care than OA (55% vs. 47%, p=0.001). Adjusting for sex, baseline CD4, and 

education, AYA had a greater risk of inconsistent care than OA (RR 1.11, p=0.033). Among those 

in care after one year on ART, viremia was more common in AYA than OA (40% vs. 26% 

p=0.003, RR 1.53, p=0.002).

Conclusions—In a Nigerian cohort, AYA were at increased risk for inconsistent HIV care. Of 

patients remaining in care, youth was the only independent predictor of viremia at 1 year. Youth-

friendly models of HIV care are needed to optimize health outcomes.
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Introduction

Nigeria has the second largest global population of people living with HIV (3.4 million) (1). 

Successful efforts to combat the pandemic have led to reductions in HIV related morbidity 

and mortality (2). High rates of loss to follow-up (LTFU) and unplanned interruptions from 

HIV care have challenged these efforts, and may be of particular concern among adolescents 

and young adults (AYA) as they transition to adulthood (3–5). Indeed HIV/AIDS is now the 

leading cause of death among AYA in sub-Saharan Africa, and nearly 1 in 10 HIV-infected 

AYA worldwide reside in Nigeria (6, 7).

The WHO defines adolescents as individuals aged 10–19 years (8). This period overlaps 

with the transition to independence sometimes defined as youth or young adulthood (15–24 

years) (9). This is a unique time of development characterized by new psychosocial stresses, 

desire for autonomy, risk-taking, concrete thinking, variable levels of social support, and 

unique perceptions of risk (10, 11). These factors, coupled with high prevalence of affective 

disorders among adolescents with chronic illness, often directly oppose the circumstances 

necessary for adherence to complex, chronic medical therapies (12). HIV-infected AYA in 

particular also contend with important issues around disclosure and transmission while 
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negotiating the framework of a chronic, stigmatizing disease (13). Poor adherence to care 

among AYA may have serious negative consequences in resource-limited settings (RLS) 

with limited access to second and third-line treatment options (10). Importantly, while HIV 

deaths overall have decreased by 30% in Africa over the past 8 years, deaths have increased 

by 50% among adolescents (8, 14).

Despite such concerning trends, HIV-infected youth, and particularly adolescents, remain 

understudied (15). While many reports are not disaggregated to highlight HIV outcomes in 

these groups, AYA with a range of chronic disease appear to have poorer adherence to care 

and worse clinical outcomes than children and older adults (16, 17). The aim of our study 

was to determine whether adolescence and young adulthood is an independent risk factor for 

inconsistent care after ART initiation, and to compare rates of viremia among AYA and older 

adults who remain in care in the first year on antiretroviral therapy (ART).

Methods

Setting

This study was conducted at the HIV clinic of the Ahmadu Bello University Teaching 

Hospital (ABUTH). ABUTH is located in a semi-urban community in Kaduna, Nigeria 

where the state’s HIV prevalence is 5.1% (2, 18). With PEPFAR support, ABUTH began 

providing comprehensive HIV care in 2006 that was free of charge to all eligible patients. 

Children are cared for in the pediatric clinic from birth to 14 years, and in the adult clinic 

from 15 years of age on. During the study period, the clinic was managed by the AIDS 

Prevention Initiative in Nigeria (APIN), a PEPFAR-supported NGO. APIN is also one of the 

largest HIV treatment programs in Nigeria.

Study Design

We conducted a retrospective cohort study of ART eligible patients who enrolled in the 

ABUTH “adult” clinic between January 1, 2009 and December 31, 2011. Data were 

censored on December 31, 2012. Visit patterns were assessed during the first year on ART, 

and HIV viral load after 1 year on ART. Inclusion criteria included age >14 years at the time 

of enrollment and documentation of initiation of ART. Women who were pregnant at 

enrollment or became pregnant during the follow-up period were seen in the prevention of 

mother to child transmission clinic, and not included in this analysis. All data, including 

baseline demographic information, transmission risk factor, clinical visits and evaluations, 

laboratory visits with viral load results, and pharmacy drug pick-up visits were recorded on 

structured data collection forms and entered into APIN’s electronic clinical database. These 

data were abstracted retrospectively for this analysis.

Visits were most frequent in the first 2 months after ART initiation when patients are 

scheduled to be seen at 2, 4, 8, and 12 weeks for adherence counseling, clinical examination, 

and Tuberculosis (TB) symptom screening (clinical visits). Subsequently, patients are seen 

for ART pick-up every 4 weeks (pharmacy visits); clinical examination and adherence 

counseling every 12 weeks (clinical visits), and laboratory testing (including CD4 count and 

HIV viral load) every 24 weeks (laboratory visits) (19).
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Outcome Measures

Outcomes were assessed at the end of the first year on ART. We categorized patients into 

two mutually exclusive groups based on their visit patterns. A visit was defined as any clinic 

visit for clinical, laboratory, or pharmacy services. Patients were defined as being in care if 

the time between any two consecutive visits was ≤3 months, and the time between the last 

visit and censor date was ≤6 months. All other patients were defined as having inconsistent 
care. The latter group comprised both patients who had unplanned care interruption (UCI) 
(if the time between any two consecutive visits was ever >3 months, but they returned to 

clinic before the censor date) and patients who were inactive from the clinic (if the time 

between any two consecutive visits was ≤3 months, but the time between the last visit and 

the censor date was >6 months) (Figure 1). Patients known to have transferred care or died 

during the follow-up period were categorized based on their visit patterns prior to transfer or 

death. Under routine circumstances, an absence from the clinic of at least 3 months implied 

that a patient missed three ART pick-up visits, and at least one clinical visit. In select 

circumstances, clinic protocol permitted dispensing of 2-month ART prescriptions (usually 

reserved for patients virologically suppressed on ART for >1 year). We chose a 3-month 

window to define UCI to ensure no overlap with this select group of stably suppressed 

patients.

Statistical Analysis

Baseline Demographic and Clinical Parameters—We compared baseline 

demographic and clinical parameters including sex, level of education, employment status, 

marital status, co-infection with tuberculosis, and median CD4 count, between AYA and 

adults (at the time of ART initiation). Binary and ordinal variables were compared using Chi 

Squared tests, proportions of continuous variables were compared using test of proportions, 

and medians of continuous variables were compared using Kruskal Wallis tests.

Patterns of Care Utilization—We determined the proportion of AYA and adults in care 

and with inconsistent care at the end of the first year on ART to standardize follow-up time. 

We used Chi square tests to determine if the proportion of patients who remained in care 

differed between AYA and OA.

Risk of Inconsistent Care in the First Year on ART—Using the entire cohort of 

patients, (both those who were in care and those who had inconsistent care), we built 

bivariate and multivariate negative binomial regression models to assess the association 

between baseline age category (AYA vs. older adults) and the risk of inconsistent care during 

the first year on ART. We adjusted for potential confounders including sex (male vs. 

female), education level (no primary education vs. any primary, secondary, or advanced 

education), marital status (married vs. single), employment status (employed vs. 

unemployed vs. student), baseline TB diagnosis (no vs. yes), and CD4 count at the time of 

ART initiation (<100 cells/µL vs. 100–200 cells/µL vs. 201–350 cells/µL vs. >350 cells/µL 

vs. missing). Covariates demonstrating marginally significant bivariate associations (p≤0.10) 

were advanced to the multivariate model.
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Risk of Viremia Among Patients In Care in the First Year on ART—HIV RNA 

testing is recommended as a “desirable test” at baseline before ART initiation, and every 6 

months on ART, according to the 2010 Nigerian national guidelines (19). In the subset of 

patients who remained in care during the first year on ART, we abstracted HIV RNA values 

obtained 12 months after ART initiation (+/− 6 months), dichotomized these values (>1000 

copies/mL vs. ≤1000 copies/mL), and compared the risk of viremia between AYA and adults 

using a negative binomial regression model. Model building was approached as described 

above. A threshold of 1000 copies/mL was chosen to be consistent with virologic failure (as 

suggested by the WHO), and to ensure that we did not include low-level blips in this 

definition (20). However, given limitations on the capacity of viral load testing in this 

setting, we could not adhere to WHO’s guidance suggesting repeat HIV RNA testing within 

3 months to confirm this value (20).

Sensitivity Analysis

There is substantial variation in how consistent and inconsistent HIV care are defined in the 

literature (21). Consequently, we varied the definition of consistent care from having ≤60 

days to ≤90 days between laboratory, pharmacy, and clinic encounters in sensitivity analysis. 

Statistical analysis was conducted with Stata Statistical Software (StataCorp. 2013. Stata 
Statistical Software: Release 13. College Station, TX, USA).

IRB Approval

We obtained IRB approval from Partners HealthCare (Protocol number: 2013P000219) and 

Harvard T. H. Chan School of Public Health in Boston, MA, USA, and the Nigerian Institute 

for Medical Research in Lagos, Nigeria.

Results

Baseline Demographic and Clinical Parameters

There were 3,137 patients who enrolled at the ABUTH clinic between 2009 and 2011. Fifty- 

four patients were excluded because there was no documentation of ART initiation during 

the study period; 589 patients were excluded because they initiated ART after the censor 

date (Figure 1). Our analysis cohort was comprised of 354 AYA (15–24 years) and 2,140 

older adults (>24 years) who initiated ART at the ABUTH clinic during the study period 

(Table 1). Most patients (95%, n=2,366) identified heterosexual sex as a transmission risk 

factor. No AYA identified perinatal transmission as their mode of infection, though 5% 

(n=18) reported an unknown risk factor, and 2% (n=6) reported transfusion-related 

transmission. The vast majority of AYA were female (89%) compared to 65% of older adults 

(p<0.0001). Thirty-percent of AYA (n=107) reported having no education compared to 22% 

(n=464) of older adults (p<0.0001). Students and unemployed made up a greater proportion 

of the AYA population than the older adult population (23% vs. 6% and 49% vs. 26% 

respectively, p<0.0001). Half of AYA were married compared to 62% of older adults 

(p<0.0001). AYA started ART with a higher median baseline CD4 count [252/µL; IQR 107, 

404/µL] than older adults [204/µL; IQR 96, 447/µL] p=0.0024].
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Patterns of Care Utilization

At the end of the first year on ART, fewer AYA remained in care than older adults (46% vs. 

53%, p=0.011). By the end of the follow-up period (median 1.8 years) only 33% of AYA 

remained in care compared to 43% of older adults, p=0.001. Thirty percent of AYA (n=106) 

and 25% of older adults (n=526) had periods of UCI lasting more than 3 months, and 

subsequently returned to care within the first year on ART (p=0.03). In contrast 25% (n=87) 

of AYA and 23% (n=485) of older adults remained inactive in care for more than 6 months, 

and did not return to care within the first year on ART (p=0.43). As such, the difference in 

inconsistent care for both AYA and older adults was driven primarily by brief interruptions 

in care, and not by longer periods of inactivity or “loss to follow-up” from clinic (Figure 2).

Risk of Inconsistent Care in the First Year on ART

In bivariate analysis, AYA had increased risk of inconsistent care compared to older adults 

[RR 1.15, p=0.008] (Table 2). Male sex [RR 1.13, p=0.003] was associated with increased 

risk of inconsistent care; however in stratified analysis of AYA, the data did not suggest that 

male youth were at increased risk of inconsistent care compared to female youth [RR 1.15, 

p=0.317]. In addition to AYA, being a student [RR 1.17, p=0.029], single [RR 1.17, 

p<0.001], co-infected with TB [RR 1.20, p<0.038] and having a baseline CD4 count greater 

than 350/µL [RR 1.36, p<0.001] or missing value for baseline CD4 count [RR 1.33, 

p<0.001] were also associated with increased risk of inconsistent care in the first year on 

ART. Having any education [RR 0.91, p=0.039] and having baseline CD4 count 100–200/µL 

[RR 0.85, p=0.026] or 201–350/µL [RR 0.73, p<0.001) were associated with decreased risk 

of inconsistent care. In multivariate analysis AYA remained at increased risk for inconsistent 

care compared to older adults [RR 1.11, p=0.03] even after adjusting for sex, educational 

level, marital status, baseline TB diagnosis, and baseline CD4 count. The final multivariate 

model was not adjusted for employment category, as student status was found to be collinear 

with AYA age. The relationship between age group and risk of inconsistent care remained 

robust when the definition of UCI we varied from 60 to 90 days in sensitivity analysis.

Rates of Viremia In the First Year on ART

Among all patients in care at the end of the first year on ART (n=1,292), 12-month HIV 

RNA values were available for 86% of AYA and 87% of older adults. Forty percent of AYA 

had an HIV viral load >1000 copies/mL at 12-months compared to 26% of older adults 

(p=0.033). In univariate analysis, being an AYA was the only independent predictor of 

having an increased risk of viremia at 12-months [RR 1.54, p=0.002], (Table 3). None of the 

other covariates (sex, education level, employment status, marital status, TB co-infection, or 

baseline CD4 count) were associated with risk of viremia after 1 year on ART for patients 

who remained in care. Consequently, an adjusted analysis was not performed. The 

relationship between age group and risk of viremia remained robust when we varied the 

definition of UCI from 60 to 90 days in sensitivity analysis

Discussion

We examined consistency of clinical care, and rates of viremia among AYA and OA in a 

large clinic in Nigeria. Our findings highlight that compared to older adults, AYA have more 
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than a 10% increased risk of inconsistent HIV care after starting ART. Moreover, even AYA 

who remain in care after starting ART are 50% more likely than older adults to have ongoing 

viremia at one year. High rates of viremia among patients in our cohort who consistently 

attended clinic, lab, and pharmacy visits suggest medication adherence (but not medication 

pick-up) challenges, especially among AYA. These data substantiate the growing evidence 

that HIV-infected AYA have poorer use of life-saving HIV care services and clinical 

outcomes relative to older adults (10, 11, 22).

In our cohort, consistent engagement in HIV care in the first year on ART was low for all 

patients, but much worse for AYA than older adults. Despite our findings, outcomes of HIV-

infected youth may not be directly comparable due to varying definitions of retention. In our 

cohort, the proportion of patients who became inactive from care during the first year on 

ART, approximately 1 in 4, remained fairly consistent across age groups. As such, the 

differences in inconsistent care between AYA and OA seemed to be driven primarily by 

differences in rates of UCI. In one systematic review representing 23 low and middle-

income countries, pediatric ART retention was similar to that of older adults (23). This 

analysis included studies in which median age ranged from 3 to 9 years. In contrast, another 

large analysis, from 7 sub-Saharan African countries, reported higher rates of LTFU among 

adolescents and young adults aged 15–24 years (24). Unlike most other studies of retention 

in this group, our definition of retention distinguished between transient interruptions in care 

and longer periods of inactivity from clinic. Failure to account for these transient 

interruptions may yield mixed findings on retention or LTFU.

Data on the outcomes of HIV-infected youth may also not be directly comparable due to 

disparate age classification. Studies from South Africa and Malawi have found that older 

adolescents and young adults (15–24 years), but not younger adolescents (<15 years), were 

more likely to be lost to follow-up than older adults (>24 years) (25, 26). Our results are 

consistent with these findings. While some have hypothesized that younger adolescents may 

have more parental or caregiver support to promote retention than older adolescents, few 

data exist to support this (27).

Despite varied reports of retention among HIV-infected AYA, most studies report poor rates 

of virologic suppression in this age group relative to older adults (22, 28). Our analysis is 

consistent with these findings, but further emphasizes an important difference in rates of 

virologic suppression even among youth who remain in care. The absolute rate of virologic 

suppression among patients who consistently attend clinical, pharmacy, and lab visits was 

14% lower for youth compared to older adults. Notably, being an AYA was the only 

independent predictor of significant viremia one year after starting ART. Taken together, 

these findings suggest discordance between adherence to clinical visits and adherence to 

ART, a phenomenon which seemed to be more pronounced in youth compared to older 

adults. This poses the question of whether youth who are consistently engaged in HIV care 

are less likely to have optimal adherence to antiretroviral medication than adults who are 

consistently engaged in HIV care. If so, they may warrant distinct adherence interventions.

The effect of gender and CD4 count on interruptions from HIV care is inconsistent across 

multiple studies (3, 26, 29). In our cohort, females were over-represented amongst AYA 
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compared to older adults, and AYA had a higher median CD4 count at baseline than older 

adults. A prior analysis by our group showed that high baseline CD4 is an independent risk 

factor for UCI from HIV care suggesting that patients who initiate ART with higher CD4 

counts may be less likely to comply with care because they do not feel “sick” (30–32). In 

our Nigerian cohort, it is possible that the high baseline CD4 in the younger population may 

be accounted for by a predominance of females, who tend to be diagnosed with higher CD4 

counts than males (33, 34). The reasons for this are unclear, but may reflect earlier diagnosis 

in the context of routine antenatal care (35). Young females (15–25 years) are an important 

target population for HIV prevention, representing more than 40% of new infections among 

all women >15 years (1). Furthermore, recent surveys from sub-Saharan Africa show that 

girls in the same age group are five times more likely to be infected with HIV than young 

boys (6). Despite these data, adolescent and young girls were not at increased risk for 

inconsistent care compared to young boys in our cohort. Importantly, even after adjusting for 

sex, baseline CD4 count, TB coinfection, marital status, and education level, youth remained 

at increased risk of inconsistent care in the first year on ART.

Adherence to care and to antiretroviral therapy may be influenced by a range of structural, 

socio-cultural, and patient-level barriers that uniquely impact young people, who are 

themselves in the midst of important physical and psychological development (11). 

Structural problems standing in the way of successful adherence include work and school 

obligations conflicting with clinic appointments, housing or food instability, and inability to 

afford transportation to the clinic or clinic-based fees (11, 13, 36). Additionally, the lack of 

trained healthcare professionals in adolescent healthcare management may further impact 

strategies adopted to guide the transition to adult care for HIV-infected adolescents in RLS 

(4, 11). Studies of perinatally and behaviorally infected youth in the US shower lower rates 

of retention and greater rates of ART discontinuation among youth cared for in pediatric 

compared to adult clinics (11, 37). Socio-cultural factors, especially around perceived and 

enacted stigma and comfort with disclosure and parental or family support may also 

influence adherence behaviors (38, 39). One study from Botswana of mostly perinatally 

infected adolescents found that absence of a parent from clinic visits was associated with a 

4-fold increased risk of virologic failure (40). Patient-level factors such as altered 

perceptions of risk, treatment fatigue, and emotional unpreparedness to cope with a 

stigmatizing illness may lead to poor adherence (11, 39).

There are few data to guide interventions to improve HIV outcomes among AYA, especially 

in resource limited settings. However, successful models of care for HIV-infected AYA may 

require multi-level approaches to address structural factors such as provider expertise, youth-

friendly adult clinics, and both food supplementation and transportation assistance for needy 

youth; socio-cultural factors such as support around coping with HIV disclosure and 

managing stigma; and finally patient-level factors such as continued parental engagement in 

care, and less intensive ART administration (e.g. weekends off, long acting ART (7, 13, 36, 

38). Behavioral economics interventions relying on conditional cash transfers or social 

protection have been successfully utilized to reduce risk of new HIV infection among youth 

in sub-Saharan Africa, and may hold promise for promoting adherence to ART (41, 42). 

Integration of social media, and mobile technologies for “e-health” beyond SMS or text 

reminders may also be quite important to engage youth in consistent HIV care (43, 44). 
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While some of these factors are unique to youth, others are not, but might need to be 

addressed differently in youth compared to their adult counterparts.”

Our study had some important limitations. Since our study was conducted in an urban 

environment at one university-affiliated clinic, with a small population of AYA relative to 

older adults. As such, it may not be fully generalizable to other settings. Additionally, our 

definition of inconsistent care combined fewer patients who were inactive from clinic with 

more patients who interrupted but returned to clinic, and may have masked factors that were 

more prevalent in the inactive group. Nevertheless, use of APIN’s robust electronic health 

record allowed us to adjust for potential confounders between these groups, and quantify 

inconsistent care by relying on a range of healthcare visits (clinical, laboratory, and 

pharmacy) over the first year on ART. Additionally, our analysis is one of the first in Nigeria 

to compare rates of viremia between AYA and older adults.

Globally, the magnitude of differences in HIV clinical outcomes and the determinants 

influencing them have not been well quantified or described (6, 22, 28). While there is an 

important but small minority of perinatally infected patients who are approaching 

adolescence and young adulthood in sub-Saharan Africa, the majority of HIV-infection 

among young people is sexually acquired (45). This study of horizontally infected AYA in 

Nigeria underscores that age certainly matters for important HIV health outcomes, and that 

AYA need additional focused attention to ensure they maximally benefit from HIV care. We 

found not only that AYA are more likely to have inconsistent HIV care after starting ART, 

but also that even those engaged in care had a greater risk of virologic failure. These 

disparate outcomes suggest a need to better understand the obstacles to engagement in care 

and medication adherence in this setting. Our data also suggest that youth-centered clinics 

and strategies, as earlier described, may be important to optimally address the unique health 

needs and ensure the best clinical outcomes in this age group.

Acknowledgments

Funding Sources

Research reported in this publication was supported by the National Institute of Allergy and Infectious Diseases of 
the National Institutes of Health under Award Numbers: K23 AI106406, R01 AI058736-09S1, R01 MH090326, 
and P30AI060354. The content is solely the responsibility of the authors and does not necessarily represent the 
official views of the National Institutes of Health. This study was also supported in part by cooperative agreement 
number 5U2GPS001058 from the Centers for Disease Control and Prevention, and by the President and Fellows of 
Harvard College.

Abbreviations

AYA Adolescents and young adults

LTFU loss to follow-up

ART antiretroviral therapy

RLS resource-limited settings

ABUTH Ahmadu Bello University Teaching Hospital

Ahonkhai et al. Page 9

J Adolesc Health. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



APIN AIDS Prevention Initiative in Nigeria

UCI unplanned care interruption

TB Tuberculosis

References

1. UNAIDS. Report on the Global AIDS Epidemic. [Accessed September 26 2015] Available at: 
Available at: http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/
dataimport/pub/globalreport/2008/jc1510_2008globalreport_en.pdf. 

2. UNAIDS. 2013 Report on the Global AIDS Epidemic. [Accessed January 15 2015] Available at: 
Available at: http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/
epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf. 

3. Fox MP, Rosen S. Patient retention in antiretroviral therapy programs up to three years on treatment 
in sub-Saharan Africa, 2007–2009: systematic review. Trop Med Int Health. 2010; 15(Suppl 1):1–
15. [PubMed: 20586956] 

4. Ryscavage P, Anderson EJ, Sutton SH, et al. Clinical outcomes of adolescents and young adults in 
adult HIV care. J Acquir Immune Defic Syndr. 2011; 58:193–197. [PubMed: 21826014] 

5. Charurat M, Oyegunle M, Benjamin R, et al. Patient retention and adherence to antiretrovirals in a 
large antiretroviral therapy program in Nigeria: a longitudinal analysis for risk factors. PLoS One. 
2010; 5:e10584. [PubMed: 20485670] 

6. UNAIDS. All In to #EndAdolescentAIDS. [Accessed May 14 2015] Available at: Available at: 
http://www.unaids.org/sites/default/files/media_asset/20150217_ALL_IN_brochure.pdf. 

7. UN. Resources for speakers on global issues. [Accessed August 11 2015] Available at: Available at: 
http://www.un.org/en/globalissues/briefingpapers/youth/hivaids.shtml. 

8. WHO. [Accessed June 10 2014] Adolescents: health risks and solutions fact sheet. Available at: 
Available at: http://www.who.int/mediacentre/factsheets/fs345/en/

9. UNESCO. What do we mean by "youth"? [Accessed June 15 2014] Available at: Available at: http://
www.unesco.org/new/en/social-and-human-sciences/themes/youth/youth-definition/. 

10. Lowenthal ED, Bakeera-Kitaka S, Marukutira T, et al. Perinatally acquired HIV infection in 
adolescents from sub-Saharan Africa: a review of emerging challenges. Lancet Infect Dis. 2014; 
14:627–639. [PubMed: 24406145] 

11. Agwu AL, Fairlie L. Antiretroviral treatment, management challenges and outcomes in perinatally 
HIV-infected adolescents. J Int AIDS Soc. 2013; 16:18579. [PubMed: 23782477] 

12. Murphy DA, Wilson CM, Durako SJ, et al. Antiretroviral medication adherence among the 
REACH HIV-infected adolescent cohort in the USA. AIDS Care. 2001; 13:27–40. [PubMed: 
11177463] 

13. Reisner SL, Mimiaga MJ, Skeer M, et al. A review of HIV antiretroviral adherence and 
intervention studies among HIV-infected youth. Topics in HIV medicine : a publication of the 
International AIDS Society, USA. 2009; 17:14–25.

14. UNAIDS. Ensuring that adolescents living with HIV are not left behind. [Accessed August 10 
2015] Available at: Available at: http://www.unaids.org/en/resources/presscentre/featurestories/
2014/april/20140430adolescents. 

15. Idele P, Gillespie A, Porth T, et al. Epidemiology of HIV and AIDS among adolescents: current 
status, inequities, and data gaps. J Acquir Immune Defic Syndr. 2014; 66(Suppl 2):S144–S153. 
[PubMed: 24918590] 

16. Borus JS, Laffel L. Adherence challenges in the management of type 1 diabetes in adolescents: 
prevention and intervention. Current opinion in pediatrics. 2010; 22:405–411. [PubMed: 
20489639] 

17. Naimi DR, Freedman TG, Ginsburg KR, et al. Adolescents and asthma: why bother with our 
meds? The Journal of allergy and clinical immunology. 2009; 123:1335–1341. [PubMed: 
19395075] 

Ahonkhai et al. Page 10

J Adolesc Health. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/dataimport/pub/globalreport/2008/jc1510_2008globalreport_en.pdf
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/dataimport/pub/globalreport/2008/jc1510_2008globalreport_en.pdf
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf
http://www.unaids.org/sites/default/files/media_asset/20150217_ALL_IN_brochure.pdf
http://www.un.org/en/globalissues/briefingpapers/youth/hivaids.shtml
http://www.who.int/mediacentre/factsheets/fs345/en/
http://www.unesco.org/new/en/social-and-human-sciences/themes/youth/youth-definition/
http://www.unesco.org/new/en/social-and-human-sciences/themes/youth/youth-definition/
http://www.unaids.org/en/resources/presscentre/featurestories/2014/april/20140430adolescents
http://www.unaids.org/en/resources/presscentre/featurestories/2014/april/20140430adolescents


18. Anglaret X, Minga A, Gabillard D, et al. AIDS and non-AIDS morbidity and mortality across the 
spectrum of CD4 cell counts in HIV-infected adults before starting antiretroviral therapy in Cote 
d'Ivoire. Clin Infect Dis. 2012; 54:714–723. [PubMed: 22173233] 

19. Federal Ministry of Health, Nigeria. [Accessed November 21 2015] National Guidelines for HIV 
and AIDS Treatment and Care in Adolescents and Adults. 2010. Available at: Available at: http://
www.who.int/hiv/pub/guidelines/nigeria_art.pdf

20. WHO. Geneva, Switzerland: 2013. Consolidated guidelines on the use of antiretroviral drugs for 
treating and preventing HIV infection. 

21. Chi BH, Yiannoutsos CT, Westfall AO, et al. Universal definition of loss to follow-up in HIV 
treatment programs: a statistical analysis of 111 facilities in Africa, Asia, and Latin America. 
PLoS Med. 2011; 8:e1001111. [PubMed: 22039357] 

22. Nachega JB, Hislop M, Nguyen H, et al. Antiretroviral therapy adherence, virologic and 
immunologic outcomes in adolescents compared with adults in southern Africa. J Acquir Immune 
Defic Syndr. 2009; 51:65–71. [PubMed: 19282780] 

23. Fox MP, Rosen S. Systematic review of retention of pediatric patients on HIV treatment in low and 
middle-income countries 2008–2013. AIDS. 2015

24. Auld AF, Agolory SG, Shiraishi RW, et al. Antiretroviral therapy enrollment characteristics and 
outcomes among HIV-infected adolescents and young adults compared with older adults--seven 
African countries, 2004–2013. MMWR Morbidity and mortality weekly report. 2014; 63:1097–
1103. [PubMed: 25426651] 

25. Evans D, Menezes C, Mahomed K, et al. Treatment outcomes of HIV-infected adolescents 
attending public-sector HIV clinics across Gauteng and Mpumalanga, South Africa. AIDS Res 
Hum Retroviruses. 2013; 29:892–900. [PubMed: 23373540] 

26. Weigel R, Estill J, Egger M, et al. Mortality and loss to follow-up in the first year of ART: Malawi 
national ART programme. AIDS. 2012; 26:365–373. [PubMed: 22095194] 

27. Wilson CM, Wright PF, Safrit JT, et al. Epidemiology of HIV infection and risk in adolescents and 
youth. J Acquir Immune Defic Syndr. 2010; 54(Suppl 1):S5–S6. [PubMed: 20571423] 

28. Nglazi MD, Kranzer K, Holele P, et al. Treatment outcomes in HIV-infected adolescents attending 
a community-based antiretroviral therapy clinic in South Africa. BMC Infect Dis. 2012; 12:21. 
[PubMed: 22273267] 

29. Kranzer K, Ford N. Unstructured treatment interruption of antiretroviral therapy in clinical 
practice: a systematic review. Trop Med Int Health. 2011; 16:1297–1313. [PubMed: 21718394] 

30. Moore DM, Zhang W, Yip B, et al. Non-medically supervised treatment interruptions among 
participants in a universally accessible antiretroviral therapy programme. HIV medicine. 2010; 
11:299–307. [PubMed: 20002777] 

31. Mugglin C, Estill J, Wandeler G, et al. Loss to programme between HIV diagnosis and initiation of 
antiretroviral therapy in sub-Saharan Africa: systematic review and meta-analysis. Trop Med Int 
Health. 2012; 17:1509–1520. [PubMed: 22994151] 

32. Ahonkhai AA, Banigbe B, Adeola J, et al. High rates of unplanned interruptions from HIV care 
early after antiretroviral therapy initiation in Nigeria. BMC Infect Dis. 2015; 15:397. [PubMed: 
26424505] 

33. Akinbami A, Dosunmu A, Adediran A, et al. CD4 Count Pattern and Demographic Distribution of 
Treatment-Naive HIV Patients in Lagos, Nigeria. AIDS research and treatment. 2012; 
2012:352753. [PubMed: 23056931] 

34. Kumarasamy N, Venkatesh KK, Cecelia AJ, et al. Gender-based differences in treatment and 
outcome among HIV patients in South India. Journal of women's health (2002). 2008; 17:1471–
1475.

35. Bharucha KE, Sastry J, Shrotri A, et al. Feasibility of voluntary counselling and testing services for 
HIV among pregnant women presenting in labour in Pune, India. International journal of STD & 
AIDS. 2005; 16:553–555. [PubMed: 16105190] 

36. Haberer JE, Cook A, Walker AS, et al. Excellent adherence to antiretrovirals in HIV+ Zambian 
children is compromised by disrupted routine, HIV nondisclosure, and paradoxical income effects. 
PLoS One. 2011; 6:e18505. [PubMed: 21533031] 

Ahonkhai et al. Page 11

J Adolesc Health. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/hiv/pub/guidelines/nigeria_art.pdf
http://www.who.int/hiv/pub/guidelines/nigeria_art.pdf


37. Agwu AL, Siberry GK, Ellen J, et al. Predictors of highly active antiretroviral therapy utilization 
for behaviorally HIV-1-infected youth: impact of adult versus pediatric clinical care site. The 
Journal of adolescent health : official publication of the Society for Adolescent Medicine. 2012; 
50:471–477. [PubMed: 22525110] 

38. Rao D, Kekwaletswe TC, Hosek S, et al. Stigma and social barriers to medication adherence with 
urban youth living with HIV. AIDS Care. 2007; 19:28–33. [PubMed: 17129855] 

39. Veinot TC, Flicker SE, Skinner HA, et al. "Supposed to make you better but it doesn't really": HIV-
positive youths' perceptions of HIV treatment. The Journal of adolescent health : official 
publication of the Society for Adolescent Medicine. 2006; 38:261–267. [PubMed: 16488824] 

40. Lowenthal ED, Marukutira T, Tshume O, et al. Parental absence from clinic predicts human 
immunodeficiency virus treatment failure in adolescents. JAMA pediatrics. 2015; 169:498–500. 
[PubMed: 25822083] 

41. Heise L, Lutz B, Ranganathan M, et al. Cash transfers for HIV prevention: considering their 
potential. J Int AIDS Soc. 2013; 16:18615. [PubMed: 23972159] 

42. Cluver LD, Hodes RJ, Sherr L, et al. Social protection: potential for improving HIV outcomes 
among adolescents. J Int AIDS Soc. 2015; 18:20260. [PubMed: 26639115] 

43. Dowshen N, Kuhns LM, Gray C, et al. Feasibility of interactive text message response (ITR) as a 
novel, real-time measure of adherence to antiretroviral therapy for HIV+ youth. AIDS Behav. 
2013; 17:2237–2243. [PubMed: 23546844] 

44. Hightow-Weidman LB, Muessig KE, Bauermeister J, et al. Youth, Technology, and HIV: Recent 
Advances and Future Directions. Curr HIV/AIDS Rep. 2015; 12:500–515. [PubMed: 26385582] 

45. Cowan F, Pettifor A. HIV in adolescents in sub-Saharan Africa. Current opinion in HIV and AIDS. 
2009; 4:288–293. [PubMed: 19532066] 

Ahonkhai et al. Page 12

J Adolesc Health. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Implications and Contributions Statement

This study highlights important differences in clinic use and virologic outcomes between 

AYA and older adults in Nigeria, home to 10% of HIV-infected AYA. The findings 

underscore both the importance of reporting AYA-specific outcomes, and of considering 

age-appropriate interventions to eliminate unacceptable disparities in clinical outcomes.
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Figure 1. Schematic of Adolescents and Young Adults Included in Study Cohort Assessing Risk 
of Inconsistent Care and Rates of Viremia in First Year After ART Initiation
Entire cohort (in care* and inconsistent care patients+) used to determine risk of inconsistent 

care in the first year on ART

Subset of patients in care* used to determine rates of viremia in the first year on ART
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Figure 2. Patterns of Care Use in a cohort of HIV-infected Nigerian adolescents and young adults 
compared to older adults
UCI: Unplanned care interruption
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Table 2

Relative risk of inconsistent care* in the first year on ART among Nigerian adolescents and young adults 

compared to older adults in a cohort initiating ART 2009–2011

Bivariate
Analysis

Multivariate
Analysis

RR p value RR p value

Age Category

Older Adult 1 1

Adolescent or Young Adult 1.15 0.008 1.11 0.033

Sex

Female 1 1

Male 1.14 <0.003 1.23 <0.001

Educational Level

None 1 1

Any 0.91 0.039 0.92 0.058

Employment Status

Unemployed 1

Employed 0.97 0.464

Student 1.17 0.029

Marital Status

Married 1 1

Single 1.17 <0.001 1.18 <0.001

Baseline TB Diagnosis+

No 1

Yes 1.20 0.038

Baseline CD4

<100 1 1

100–200 0.85 0.026 0.86 0.045

201–350 0.73 <0.001 0.75 <0.0001

>350 1.36 <0.001 1.42 <0.0001

Missing 1.33 <0.001 1.35 <0.0001

*
Inconsistent Care: time between any two consecutive clinic, laboratory, or pharmacy visits was >3 months

+
Baseline TB diagnosis was not included in the multivariate model because of low TB prevalence of the cohort, leading to a failure of model 

convergence.

J Adolesc Health. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahonkhai et al. Page 19

Table 3

Relative risk of viremia 12-months after starting ART among Nigerian adolescents and young adults compared 

to older adults in a cohort starting ART 2009–2011

Bivariate Analysis

RR p value

Age Category

Older Adult 1

Adolescent or Young
Adult

1.52 <0.001

Sex

Female 1

Male 0.94 0.551

Educational Level

None 1

Any 0.91 0.11

Employment Status

Unemployed 1

Employed 0.92 0.434

Student 0.91 0.654

Marital Status

Married 1

Single 1.02 0.877

Baseline TB
Diagnosis

No 1

Yes 1.04 0.884

Baseline CD4

<100 1

100–200 0.80 0.143

201–350 0.98 0.884

>350 1.18 0.263

Missing 0.99 0.932
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