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ABSTRACT 

Introduction 

HIV treatment guidelines now recommend antiretroviral therapy (ART) 

initiation regardless of CD4 count to maximise benefit both for the 

individual and society. It is unknown whether the initiation of ART at 

higher CD4 counts would affect adherence levels. We investigated whether 

initiating ART at higher CD4 counts was associated with sub-optimal 

adherence (<95%) during the first 12 months of ART.  

Methods  

A prospective cohort study nested within a two-arm cluster-randomised trial 

of universal test and treat implemented March 2012 - June 2016 to measure 

impact of ART on HIV incidence in rural KwaZulu-Natal. ART was 

initiated regardless of CD4 count in the intervention arm and according to 

national guidelines in the control arm. ART adherence was measured 

monthly using a visual analogue scale (VAS) and pill counts (PC). HIV 

viral load was measured at ART initiation, 3 and 6 months, and six monthly 

thereafter. We pooled participants from both arms and used random-effects 

logistic regression models to examine association between CD4 count at 

ART initiation and sub-optimal adherence, and assessed if adherence levels 

were associated with virological suppression. 

Results 

Among 900 individuals who initiated ART at least ≥ 12 months before 

study end, median (IQR) CD4 at ART initiation was 350 cells/mm3 (234, 

503); median age was 34.6 years (27.4-46.4) and 71.7% were female. 

Adherence was sub-optimal in 14.7% of visits as measured by VAS and 

20.7% by PC.  In both the crude analyses and after adjusting for potential 

confounders, adherence was not significantly associated with CD4 count at 

ART initiation (adjusted OR for linear trend in sub-optimal adherence with 

every 100 cells/mm3 increase in CD4 count: 1.00, 95% CI 0.95-1.05, for 

VAS, and 1.03, 95%CI 0.99-1.07, for PC). Virological suppression at 12 

months was 97%.  Optimal adherence by both measures was significantly 

associated with virological suppression (p<0.001 for VAS; p=0.006 for PC).  

Conclusions 
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We found no evidence that higher CD4 count at ART initiation were 

associated with sub-optimal ART adherence in the first 12 months. Our 

findings should alleviate concerns about adherence in individuals initiating 

ART at higher CD4 counts, however long-term outcomes are needed.  

ClinicalTrials.gov NCT01509508 
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Introduction 

The most recent WHO antiretroviral therapy (ART) guidelines recommend 

ART initiation regardless of CD4 count [1] based on the findings from two 

randomized trials of early ART initiation [2, 3]. This has now been adopted 

by South Africa [4], the country with the biggest HIV burden and treatment 

programme globally. Currently, there is a lack of good quality data on ART 

adherence at high CD4 counts (CD>350 cells/mm3) in the African setting. 

In the TEMPRANO trial conducted in Ivory Coast, virological suppression 

12 months post-ART initiation was achieved in 84% and 80% in the 

immediate (CD4 ≤ 800 cells/mm3) and deferred ART  (initially CD4 < 200 

cells/mm3 until 2013, then 500 cells/mm3 afterwards) arm, respectively [2]. 

These findings would suggest that adherence levels were equal in both 

groups, although adherence as not reported in the trial. Findings from two of 

three studies in the African setting that compared adherence in individuals 

initiating ART at high CD4 count with those initiating at lower CD4 counts 

were contradictory [5, 6]. Furthermore, these two studies evaluated 

adherence in patients who were on an ART regimen based mainly on a 

thymidine analogue backbone (zidovudine or stavudine), known to be less 

tolerable than tenofovir-based regimens [7]. 

ART adherence is critical in order to achieve the third 90 of the UNAIDS 

90-90-90 target: 90% of all people living with HIV being diagnosed, 90% of 

diagnosed individuals being on ART, and 90% of those on ART being 

virologically suppressed [8]. However, concern has been expressed that 

individuals offered ART at higher CD4 counts, with relatively preserved 

immune function, may not be motivated to adhere to ART as most would be 

asymptomatic and healthy, hence may not perceive ART to be of immediate 

benefit to their own health. This could be the case especially in low income 

settings where people often have competing beliefs about medication taking 

as well as priorities around economic resources [9]. 

In this paper we examine ART adherence in a nested cohort study within the 

ANRS Treatment as Prevention Trial. The strength of this design is that 

individuals initiated ART based on the initiation criteria assigned to the 
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cluster in which they were resident rather than self-selecting when to start 

ART. 

We hypothesized that individuals initiating ART at higher CD4 counts 

would be more likely to have sub-optimal adherence than individuals 

initiating ART at lower CD4 counts. We quantified adherence using two 

different adherence measurement tools.  We examined whether CD4 count 

at ART initiation was associated with sub-optimal adherence during the first 

12 months of ART and assessed which measures of adherence adequately 

predicted virological suppression at 12 months.  

 

Methods 

Ethics statement 

The main trial was approved by the Biomedical Research Ethics Committee 

(BFC 104/11) of the University of KwaZulu-Natal and the Medicines 

Control Council of South Africa. (ClinicalTrials.gov: NCT01509508; South 

African National Clinical Trials Register: DOH-27-0512-3974). The nested 

cohort study received additional approval from University College London 

Research Ethics Committee (Project ID: 6604/001). All participants 

provided written or witnessed thumb-print informed consent. 

 

Study design and participants 

The investigations were conducted within a prospective cohort study nested 

within a cluster-randomised trial implemented in 22 clusters (2 x11) from 

March 2012 to June 2016 to investigate the impact of ART on population 

HIV incidence in the Hlabisa sub-district in rural KwaZulu-Natal [10]. This 

is a rural setting with scattered homesteads and an estimated HIV 

prevalence of 30.5% [11].  Control arm participants were offered ART 

according to the South African guidelines (CD4 count ≤350 at trial start, 

then CD4 count ≤500 from January 2015). Those in the intervention arm 

were offered ART regardless of CD4 count. The trial protocol has been 

described previously [12]. In this cohort study sub-optimal adherence was 

examined according to CD4 count at ART initiation, irrespective of arm in 
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trial. Individuals were eligible for inclusion in the cohort if aged ≥16 years, 

and had initiated ART at least 12 months prior to database closure on 30 

June 2016. 

 

Procedures 

Six-monthly home-based HIV counselling and testing (HCT) using rapid 

test technology was offered to resident members of the trial communities 

using a serial testing algorithm [13]. Individuals identified HIV positive 

were referred to trial clinics located in each of the 22 clusters. HIV-positive 

participants enrolled in trial clinics were asked to provide written consent to 

complete case report forms and provide blood specimens for viral load (VL) 

testing. ART was offered according to cluster allocation. All participants 

had point-of-care CD4 measurement (Alere Pima CD4 test, Alere, Waltham, 

MA, US); those eligible for ART attended adherence and ART literacy 

sessions and were offered ART within 2 weeks of the baseline visit, or 

sooner if severely immunocompromised. The single tablet regimen, Atripla 

(comprising tenofovir, emtricitabine & efavirenz) was used for first-line 

ART, except if clinically contraindicated such as in renal disease. Second-

line ART was informed by the results of genotypic resistance tests in 

participants failing first-line ART (VL>1000 copies/mL measured 3 months 

apart after ≥6 months on ART) 

Participants receiving ART were evaluated monthly for adherence 

measurement and ART prescription. Scheduled safety monitoring of blood 

(urea, electrolytes, creatinine, liver function tests, full blood count) and HIV 

VL measurements (Abbott m2000 RealTime System, Abbott Molecular, 

Des Plaines, IL, US) occurred at the first visit, 3 and 6 months after ART 

initiation, and every 6 months thereafter. Participants were also encouraged 

to attend the clinic at unscheduled visits if they had clinical complaints. 

Patients not yet eligible for ART in the control clusters were asked to return 

to the study clinic in 4 to 6 months for reassessment of ART eligibility. A 

participant missing a clinic appointment was contacted by telephone, and, 

when possible, a new appointment was scheduled. Those not contacted by 
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phone were followed up with home visits carried out by trackers. 

Participants who did not attend within 90 days of their last clinic 

appointment and who could not be contacted were considered lost to follow-

up. 

Definition of outcome and exposure variables 

Adherence was measured using both a visual analogue scale (VAS) and pill 

counts (PC) at each scheduled visit. 

The VAS was represented by a horizontal line with ends at 0 and 100. 

Participants were asked to put a mark on the scale which best reflected their 

adherence in the previous four days. Adherence was categorised as sub-

optimal if the VAS was <95%.  

PC adherence was calculated [(N tablets issued – N tablets returned)/N 

tablets expected to have been taken]*100. Adherence was considered sub-

optimal if PC adherence was <95% or >105%.  

CD4 cell count at ART initiation was the primary exposure variable. 

Statistical analysis 

Baseline characteristics were tabulated by sex. 

Adherence at each visit was plotted over the first 12 months after ART 

initiation; during this period, adherence was expected to be documented at 

13 visits (2, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48 weeks post ART 

initiation). Random effects logistic regression was used to examine the 

association between CD4 count at initiation and sub-optimal adherence at 

each visit.  All models included a priori an indicator for trial arm, a fixed 

effect for time since ART start, a random coefficient (slope) for time at the 

individual level, and random intercepts at the both the clinic and the 

individual-within-clinic levels.   

CD4 count at ART initiation was analysed as a continuous covariate.  In 

order to allow for non-linear relationships between CD4 count and 

adherence, we used fractional polynomial (FP) functions [ref] .  Fractional 

polynomials provide a flexible way to model the shape of the relationship of 

a continuous variable with the outcome. We used a set of defined powers (–
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2, –1, –0.5, 0.5, 1, 2 and ln(x)) and a maximum of two power terms in the 

model.  The differences in model deviances were compared; the linear 

model was used if the improvement in fit was not statistically significant at 

p<0.05.  Time in trial and age at ART initiation were handled in a similar 

manner. Other continuous exposure variables (distance to clinic, self-

reported health status) were categorised, a priori, into binary variables above 

and below their median values. We used the validated Patient Health 

Questionnaire (PHQ4) scale published in the literature for screening of 

depression [14]. 

In the final multivariable analysis, we adjusted for potential confounders 

commonly cited in the literature [15, 16]. We tested for interactions between 

CD4 count and trial arm, CD4 count and time in trial, and CD4 count and 

sex, to assess whether the effect of CD4 count on adherence depended on 

trial arm, time or on sex.  Likelihood ratio tests were used to derive p-

values.  

We also assessed whether mean VAS or PC score in each individual during 

the first 12 months of ART was associated with virological suppression at 

12 months. Participants were considered to be virologically suppressed if 

their viral load was below 400 copies/mL; the viral load measurement taken 

closest to the 12-month time point, within a ±3-month window, was used for 

the assessment. Mean adherence scores were calculated for each participant 

by taking the mean of the observed adherence scores at each visit. 

Adherence measures were classified into three (VAS) and four (PC) 

categories to explore relationship with virological suppression.  As a 

sensitivity analysis, we examined the association of mean adherence during 

the first 6 months on ART with virological suppression at 6 months. 

All statistical analyses were undertaken using Stata 15 (StataCorp LLC, 

College Station, Texas 77845, USA). 
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Results 

Cohort characteristics 

1547 ART-naïve (self-reported never being on ART) individuals were 

enrolled in trial clinics, of whom 1198 initiated ART. Of the 926 who 

initiated ART at least 12 months before database closure, 900 had at least 

one adherence measurement (VAS or Pill count) during the 12-month 

period and were included in the analyses (Figure 1).  

 

Figure 1.  Flow chart of cohort 

 

 

 

 

 

 

 

 

 

 

 

 

Of the 900 individuals who were included in the analysis, 72% were female.  

Median age was 34.6 (IQR 27.4-49.5); females were younger than males 

(median 33.3 years vs. 36.7 years, respectively). Educational attainment was 

low, with 42% of women and 45% of men having only primary education. 

A large proportion of the population was unemployed (84% women vs. 73% 

men).  The median CD4 count at ART initiation was 350 (IQR 234-503).  

ART naïve at clinic entry                       

n= 1547 

Initiated ART within 

Trial                      

n=1198 (77.4%) 

Not known to have 

started ART at 

database closure                       

n=349 

At least one adherence 

measurement                

n=900 (97.2%) 

Initiated ART<12 months 

before database closure         

n=272 

Initiated ART ≥12 

months before 

database closure                             

926 (72.3%) 

No adherence 

measurements                

n=26 
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Table 1 Characteristics of individuals included in the analysis during the first 12 

months’ adherence analysis using visual analogue scale and pill count 

 Female  

N= 645 (71.7%) 

n (% of N)                              

Male  

N=255 (28.3%) 

n (% of N) 

Total  

N=900 

Clinical characteristics    

CD4 at initiation Median (IQR) 374 (254, 525) 311 (205, 451) 350 (234, 503) 

≤350 295 (45.7) 154 (60.4) 449 (49.9) 

350-500 166 (25.7) 56 (22.0) 222 (24.7) 

>500 181 (28.1) 45 (17.7) 226 (25.1) 

Missing 3 (0.5) 0 (0.0) 3 (0.3) 

Viral Load at first clinic visit (Log10 

copies/mL) 

   

Median (IQR) 4.4 (3.8, 5.1) 4.8 (4.1, 5.4) 4.5 (3.8, 5.2) 

Age at initiation (Years)    

Median age (IQR) 33.3 (26.0, 45.0) 36.7 (29.9, 49.5) 34.6 (27.4,46.4) 

16-29 254 (39.4) 66 (25.9) 320 (35.6) 

30-39 170 (26.6) 82 (32.2) 252 (28.0) 

40-49 108 (16.7) 45 (17.7) 153 (17.0) 

>50 112 (17.4) 62 (24.3) 174 (19.3) 

Missing 1 (0.2) 0 (0.0) 1 (0.1) 

Educational attainment    

Primary or less 274 (42.5) 116 (45.5) 390 (43.3) 

Some Secondary 344 (53.3) 127 (49.8) 471 (52.3) 

Completed secondary or higher 23 (3.6) 12 (4.7) 35 (3.9) 

Missing 4 (0.6) 0 (0.0) 4 (0.4) 

Marital status    

Never married 564 (87.4) 215 (84.3) 779 (86.6) 

Married 45 (7.0) 33 (12.9) 78 (8.7) 

Divorced/Separated 33 (5.1) 7 (2.8) 40 (4.4) 

Missing 3 (0.5) 0 (0.0) 3 (0.3) 

Employment status    

Employed 75 (11.6) 62 (24.3) 137 (15.2) 

Student 29 (4.5) 6 (2.4) 35 (3.9) 

Unemployed 540 (83.7) 186 (72.9) 726 (80.7) 
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 Female  

N= 645 (71.7%) 

n (% of N)                              

Male  

N=255 (28.3%) 

n (% of N) 

Total  

N=900 

Missing 1 (0.2) 1 (0.4) 2 (0.2) 

Trial arm    

Intervention 278 (43.1) 110 (43.1) 388 (43.1) 

Control 367 (56.9) 145 (56.9) 512 (56.9) 

Food insecurity    

Yes 420 (65.1) 149 (58.4) 569 (63.2) 

No 210 (32.6) 101 (39.6) 311 (34.6) 

Don’t Know 

Missing 

6 (0.9) 

9 (1.4) 

4 (1.6) 

1  (0.4) 

10 (1.1) 

10 (1.1) 

 

Comparison of adherence measurements 

Of the 7945 visits where participants had both VAS and PC measurements, 

the two measurements were concordant in 6493 (81.7%) of visits, with 

adherence classified as optimum according to both measures in 73.5% of 

visits, and suboptimal in 8.2% of visits. VAS and PC were discordant in 

18.3% of visits; adherence was optimal on PC but sub-optimal on VAS in 

5.8% of visits, and sub-optimal on PC but optimal on VAS in 12.5% of 

visits. 

 

Association between CD4 count at initiation and visual analogue scale 

adherence <95% during the first 12 months 

The 900 participants had 8874 (75.8%) visits with VAS adherence 

measurements, of the 11,700 expected visits in the 12-month period.  VAS 

adherence was optimal (≥95%) in 7566 (85.3%) of these 8874 visits 

(Supplementary Figure 1). The median number of visits per individual was 

11 (IQR 10-12). 

In the crude analysis, and after adjusting for potential confounders, there 

was no evidence of an association between CD4 count at ART initiation and 

sub-optimal VAS adherence during the first 12 months on ART (adjusted 

(a)OR for linear trend in sub-optimal adherence with every 100 cells/mm3 
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increase in CD4 count=1.00, 95%CI 0.95-1.05, p=0.96; Table 2).  The 

results of the FP models showed that the linear model adequately described 

the relationship between CD4 count and VAS adherence.  There was no 

evidence that the effect of CD4 count on VAS adherence differed between 

trial arms, with between men and women, or with time in the trial (p-values 

for interaction=0.06, 0.17, and 0.29, respectively) 

In the final model, there was strong evidence of an association of male sex 

with sub-optimal VAS adherence (aOR 2.29, 95% CI 1.80-2.90, p<0.001).  

Being on a single tablet ART regimen was associated with a lower 

probability of sub-optimal adherence (aOR 0.40, 95%CI 0.24-0.67, 

compared with those on separate tablet regimen; p<0.001). In addition, there 

was some evidence that individuals who did not have food insecurity were 

less likely to have sub-optimal adherence (aOR 0.76, 95%CI 0.60-0.97, 

p=0.06).  There was no evidence of association of time on ART (p=0.54), or 

of trial arm (p=0.51), with sub-optimal adherence as measured by VAS. 
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Table 2 Association between CD4 count at initiation and other factors with <95% visual analogue scale adherence during the first 12 months of ART 

Characteristics Adherence <95% 

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

CD4 at Initiation (cells/mm3)   n =8866      

≤350 679/4432 (15.3)     

350-500 318/2231 (14.3) 0.97 (0.93-1.02)* 0.204 1.00 (0.95-1.05)* 0.963 

>500 308/2203 (14.0)     

Age at initiation   n= 8864      

16-29 476/2847 (16.7)     

30-39 355/2520 (14.1) 1.01 (0.97-1.05)# 0.625 0.98 (0.93-1.04)# 0.464 

40-49 222/1654 (13.4)     

>50 255/1843 (13.8)     

Sex n=8874   <0.0001  <0.0001 

Female 811/6500 (12.5) 1  1  

Male 497/2374 (20.9) 2.21 (1.76-2.77)  2.29 (1.80-2.90)  

Education n=8830     0.983 

Primary or less 563/4045 (13.9) 1  1  
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Characteristics Adherence <95% 

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Some Secondary 693/4441 (15.6) 1.01 (0.81-1.26)  1.00 (0.76-1.30)  

At least completed secondary 46/344 (13.4) 0.92 (0.51-1.65)  0.94 (0.51-1.75)  

Marital status n= 8841   0.417  0.303 

Never been married 1150/7616 (15.1) 1  1  

Married 106/818 (13.0) 0.90 (0.60 -1.33)  0.73 (0.48-1.12)  

Divorced/Separated 46/407 (11.3) 0.71 (0.41-1.22)  0.79 (0.45-1.39)  

Employment status n= 8852   0.743  0.810 

Employed 217/1396 (15.5) 1  1  

Student 54/309 (17.5) 1.02 (0.55-1.89)  1.23 (0.65-2.33)  

Unemployed 1033/7147 (14.5) 0.90 (0.67-1.21)  1.03 (0.77-1.39)  

First line Regimen n= 8835   <0.0001  0.0005 

Separate tablet regimen 91/382 (23.8) 1  1  

Single tablet regimen 1204/8453 (14.2) 0.72 (0.61-0.85)  0.40 (0.24-0.67)  

ART treatment perception      

Agree that ART will improve health n=8760   0.854  0.641 

Yes 1227/8395 (14.6) 1  1  
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Characteristics Adherence <95% 

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

No 22/128 (17.2) 1.20 (0.52-2.79)  1.22 (0.49-3.01)  

Don’t know 40/237 (16.9) 1.14 (0.59-2.21)  1.41 (0.65-3.04)  

Worried about side effects of ART n=8703   0.599  0.859 

Yes 1075/7409 (14.5) 1  1  

No 65/433 (15.0) 1.08 (0.65-1.80)  0.96 (0.54-1.69)  

Don’t know 138/861 (16.0) 0.84 (0.57-1.22)  0.89 (0.60-1.33)  

Agree that ART will reduce transmission n=8626   0.193 - - 

Yes 889/6627 (13.4) 1    

No 120/705 (17.0) 1.37 (0.91-2.06)    

Don’t know 245/1294 (18.9) 1.26 (0.90-1.77)    

HIV status disclosure to anyone n= 8739   0.891  0.368 

Yes 1108/7485 (14.8) 1  1  

No 189/1254 (15.1) 0.98 (0.72-1.34)  0.86 (0.63-1.19)  

HIV status disclosure to current partner n=8574   0.05 - - 

Yes 724/4739 (15.3) 1    

No partner disclosure 351/2487 (14.1) 0.84 (0.66-1.08)    
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Characteristics Adherence <95% 

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

No partner 195/1348 (14.5) 0.91 (0.67-1.24)    

Food insecurity n= 8783   0.639  0.057 

Yes 912/5668 (16.1) 1  1  

No 377/3025 (12.5) 0.89 (0.71-1.14)  0.76 (0.60-0.97)  

Don’t know 10/90 (11.1) 0.84 (0.27-2.61)  2.95 (0.21-41.94)  

Psychological distress (PHQ4) n=8597   0.547  - 

None 997/7023 (14.2) 1  -  

Mild  244/1337 (17.7) 1.11 (0.79-1.56)    

Moderate 18/103 (17.5) 1.34 (0.52-3.39)    

Severe 21/94 (22.3) 1.86 (0.70-4.95)    

Self-reported health status n= 8863   0.535  0.975 

≤80 801/5474 (14.6)  1  1  

>80 506/3389 (14.9) 0.93 (0.74-1.17)  1.00 (0.79-1.27)  

Distance from home to trial clinic (Km) n= 8874   0.804  0.607 

≤1.3 683/4433 (15.4) 1  1  

>1.3 625/4441 (14.1) 1.03 (0.82-1.29)  0.94 (0.75-1.18)  



18 
 

Characteristics Adherence <95% 

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Time in study (months) n=8874      

≤6 711/4927 (14.4) 1.01 (0.99-1.03) 0.284 1.01 (0.98-1.03)β 0.536 

>6 597/3947 (15.1)     

Trial arm n=8874   0.452  0.506 

Control 617/3852 (16.0) 1  1  

Intervention 691/5022 (13.8) 0.79 (0.43-1.45)  0.82 (0.45-1.49)  

¥ORs estimated from random effects logistic regression, with a fixed effect for time, a random coefficient for time at the individual level, and random intercepts at both the cluster and the individual-within-cluster level. 

&adjusted for age, sex, marital status, employment, whether on fixed dose combination of ART, food insecurity, distance to clinic, worried about side-effects, agree that ART will improve health, status disclosure to 

anyone and self-reported health status and trial arm. *Odds ratio for linear trend in sub-optimal adherence with every 100-unit increase in CD4 count at initiation. #Odds ratio for linear trend in in sub-optimal adherence 
with every 5-year increase in age. βOdds ratio for linear trend in sub-optimal adherence with every month on ART. Distance to the nearest TasP clinic: obtained by measuring the distance as the crow flies from the 

participant’s home (GPS coordinates) to the trial clinic (GPS coordinates) in their cluster. Depression (assessed using the PHQ-4 scale rated as normal (0-2), mild (3-5), moderate (6-8) and severe (9-12), [14]. Self-

reported health status (as measured using a scale ranging from 0 to 100% in which 0 represents poor health and 100% represents excellent health). Food insecurity (as measured by whether skipped meals in last 12 
months or not). ART treatment perception (through three questions concerning the participant’s attitudes about ART).   
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Association between CD4 count at initiation and sub-optimal pill count adherence 

during the first 12 months 

 

Of the 900 participants in the current study, 4 had no pill count adherence measurements.  

The 896 participants had PC adherence measurements at 8014 (68.8%) of the 11,648 

expected visits in the 12-month period.  PC adherence was optimal in 6352 (79.3%) of these 

visits, and was >105% in 5.9% of visits (Supplementary Figure 2). The median number of 

visits with PC adherence data per individual was 11 (IQR 9-12). 

In the crude analysis, and after adjusting for potential confounders, there was no evidence of 

an association between CD4 count at ART initiation and sub-optimal adherence as measured 

by PC during the first 12 months on ART (aOR for linear trend in sub-optimal adherence 

with every 100 cells/mm3 increase in CD4 count = 1.03, 95%CI 0.99-1.07, p=0.21).  The 

results of the FP models showed that the linear model adequately described the relationship 

between CD4 count and PC adherence.  There was no evidence that the effect of CD4 count 

on PC adherence differed between trial arms, with between men and women, or with time in 

the trial (p-values for interaction=0.26, 0.09, and 0.22, respectively) 

In the final model, as with VAS adherence, there was strong evidence of an association of 

male sex with sub-optimal PC adherence.  Similarly, being on a single tablet ART regimen 

was associated with a lower probability of sub-optimal adherence.  Unlike with VAS 

adherence, there was strong evidence that sub-optimal PC adherence increased with 

increasing time on ART (aOR for linear trend in sub-optimal adherence with every month on 

ART=1.04, 95%CI 1.02-1.06, p<0.001).  However, there was no evidence of an association 

with trial arm (p=0.17). 

Relationship between adherence and virological suppression at 12 months  

Of 664 individuals with viral load data at 12 months, 644 (97%) achieved virological 

suppression. Of the 568 individuals with mean VAS adherence ≥95%, 557 (98%) achieved 

virological suppression at 12 months compared to 86/94 (91%) in those with <95% adherence 

(p<0.001; Figure 2). When adherence was measured by PC, optimal adherence (95-105%) 

was also predictive of higher probability of virological suppression (98%) compared to those 

with lower levels of adherence (Figure 2). Of note, only 83% with adherence ≥105% as 

measured by PC achieved virological suppression at 12 months.  Similar patterns were seen 

with virological suppression at 6 months (Supplementary Figure 3).
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Table 1 Association between CD4 count at initiation and sub-optimal pill count adherence during the first 12 months of ART 

Characteristics Adherence 

<95%/>105                     

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

CD4 at Initiation (cells/mm3)   n =8006      

≤350 851/4016 (21.2)     

350-500 400/2009 (19.9) 1.00 (0.96-1.03)* 0.830 1.03 (0.99-1.07)* 0.205 

>500 407/1981 (20.6)     

Age at initiation   n= 8005      

16-29 580/2559 (22.7)     

30-39 464/2313 (20.1) 0.99 (0.96-1.03)# 0.632 0.96 (0.91-1.01)# 0.085 

40-49 286/1482 (19.3)     

>50 330/1651 (20.0)     

Sex n=8014   <0.0001  <0.0001 

Female 1057/5962 (17.7) 1  1  
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Characteristics Adherence 

<95%/>105                     

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Male 605/2052 (29.5) 2.23 (1.83-2.71)  2.41 (1.95-2.97)  

Educational attainment n=7972   0.469  0.218 

Primary or less 732/3682 (19.9) 1  1  

Some Secondary 868/3974 (21.8) 1.06 (0.87-1.29)  0.98 (0.77-1.24)  

At least completed secondary 51/316 (16.1) 0.78 (0.47-1.31)  0.62 (0.35-1.08)  

Marital status n= 7983   0.886  0.543 

Never been married 1435/6872 (20.9) 1  1  

Married 142/753 (18.9) 0.93 (0.67 -1.30)  0.87 (0.61-1.25)  

Divorced/Separated 74/358 (20.7) 0.93 (0.59-1.48)  1.17 (0.73-1.88)  

Employment status n= 7992   0.391  0.956 

Employed 297/1258 (23.6) 1  1  

Student 56/274 (20.4) 0.97 (0.56-1.69)  1.01 (0.57-1.80)  



22 
 

Characteristics Adherence 

<95%/>105                     

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Unemployed 1300/6460 (20.1) 0.84 (0.65-1.09)  0.97 (0.75-1.25)  

First line Regimen n= 7977   0.013  0.019 

Separate tablet regimen 74/285 (26.0) 1  1  

Single tablet regimen 1581/7692 (20.6) 0.82 (0.70-0.96)  0.56 (0.34-0.90)  

ART treatment perception      

Agree that ART will improve health n=7908   0.589  0.499 

Yes 1567/7569 (20.7) 1  1  

No 29/111 (26.1) 1.44 (0.68-3.03)  1.61 (0.73-3.54)  

Don’t know 51/228 (22.4) 1.13 (0.64-1.98)  1.09 (0.56-2.15)  

Worried about side effects of ART n=7858   0.779  0.202 

Yes 1383/6644 (20.8) 1  1  

No 74/400 (18.5) 0.94 (0.60-1.48)  0.69 (0.42-1.13)  
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Characteristics Adherence 

<95%/>105                     

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Don’t know 178/814 (21.9) 1.11 (0.80-1.54)  1.15 (0.81-1.63)  

Agree that ART will reduce transmission n=7781   0.778 - - 

Yes 1225/5922 (20.7) 1    

No 132/646 (20.4) 1.13 (0.78-1.62)    

Don’t know 256/1213 (21.1) 1.07 (0.80-1.43)    

HIV status disclosure to anyone n= 7888     0.247  0.603 

Yes 1386/6752 (20.5) 1  1  

No 259/1136 (22.8) 1.17 (0.90-1.54)  1.08 (0.82-1.42)  

HIV status disclosure to current partner n=7743         

Yes 893/4277 (20.9) 1  -  

No 450/2240 (20.1) 0.91 (0.73-1.13)    

Not applicable (No partner) 272/1226 (22.2) 1.10 (0.84-1.45)    
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Characteristics Adherence 

<95%/>105                     

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Food Insecurity n= 7035   0.860  0.440 

Yes 1076/5090 (21.1) 1  1  

No 561/2764 (20.3) 1.02 (0.83-1.25)  0.87 (0.71-1.07)  

Don’t know 14/81 (17.3) 0.78 (0.30-2.01)  0.99 (0.09-11.43)  

Psychological distress (PHQ4) n=7758   0.108   

None 1301/6432 (20.2) 1    

Mild  281/1147 (24.5) 0.91 (0.67-1.23)  - - 

Moderate 19/94 (20.2) 1.07 (0.46-2.47)    

Severe 27/85 (31.8) 2.84 (1.20-6.74)    

Self-reported health status n= 8003   0.916  0.843 

≤80 1004/4917 (20.4) 1  1  

>80 653/3086 (21.2) 1.01 (0.83-1.23)  1.02 (0.83-1.26)  
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Characteristics Adherence 

<95%/>105                     

N visits/Total visits 

¥Crude odds ratio           

(95% CI) 

P value &Adjusted odds ratio        

(95% CI) 

P value 

Distance from home to trial clinic (Km) n= 8014   0.634  0.396 

≤1.3 864/3923 (22.0) 1  1  

>1.3 798/4091 (19.5) 0.95 (0.78-1.16)  0.92 (0.75-1.12)  

Time (months) n=8007      

≤6 854/4494 (19.0) 1.04 (1.02-1.06) <0.001 1.04 (1.02-1.06)β <0.001 

>6 805/3513 (22.9)     

Trial arm n=8014   0.246  0.173 

Control  779/3384 (23.0) 1  1  

Intervention 883/4630 (19.1) 0.77 (0.49-1.20)  0.74 (0.48-1.13)  

¥ORs estimated from random effects logistic regression, with a fixed effect for time, a random coefficient for time at the individual level, and random intercepts at both the cluster and the individual-
within-cluster level. &adjusted for age, sex, marital status, employment, whether on fixed dose combination of ART, food insecurity, distance to clinic, worried about side-effects, agree that ART will 
improve health, status disclosure to anyone and self-reported health status and trial arm. *Odds ratio for linear trend in sub-optimal adherence with every 100-unit increase in CD4 count at initiation. 
#Odds ratio for linear trend in in sub-optimal adherence with every 5-year increase in age. βOdds ratio for linear trend in sub-optimal adherence with every month on ART. Distance to the nearest 
TasP clinic: obtained by measuring the distance as the crow flies from the participant’s home (GPS coordinates) to the trial clinic (GPS coordinates) in their cluster. Depression (assessed using the 
PHQ-4 scale rated as normal (0-2), mild (3-5), moderate (6-8) and severe (9-12), [14]. Self-reported health status (as measured using a scale ranging from 0 to 100% in which 0 represents poor 
health and 100% represents excellent health). Food insecurity (as measured by whether skipped meals in last 12 months or not). ART treatment perception (through three questions concerning the 
participant’s attitudes about ART).   
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Figure 2 Relationship between mean adherence levels over 12 months measured by 

visual analogue scale (upper panel) and pill count (lower panel) and virological 

suppression at 12 months  
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Discussion 

 

In this cohort analysis of participants enrolled in a cluster randomised trial, the majority of 

whom were female, we found no evidence of a significant association between CD4 count at 

ART initiation and sub-optimal adherence measured by either VAS or PC during the first 12 

months of ART. Adherence measured by VAS and PC was sub-optimal in 15% and 21% of 

visits respectively during the first 12 months of ART. Virological suppression was high 

overall with optimal adherence by both measures being associated with virological 

suppression at 12 months.  

We identified only two studies in the African setting, the first a retrospective and the other a 

cross sectional study that [5, 6] assessed risk factors for adherence in individuals who 

initiated ART at CD4 count >350 cells/mm3 compared to those with lower CD4 counts. The 

retrospective study [5] reported an association between higher CD4 count at initiation and 

adherence <95% whilst the cross-sectional study [6] found no association between CD4 

count at initiation and adherence. In both studies, the reference group comprised individuals 

with advanced HIV disease based on the reported median CD4 count at ART initiation. Our 

cohort comprised individuals with a higher median CD4 count at ART initiation than in those 

studies and findings corroborate that seen in high income countries reported in the systematic 

review by Bock et al [17]. WHO recommends universal test and treat for HIV [1]; South 

Africa has already adopted this recommendation  [4] but there are no data on adherence in 

people initiating ART at high CD4 counts (CD4>350) in the African setting. With the new 

treatment guidelines, the median CD4 count at which individuals initiate ART is likely to rise 

to levels observed in our cohort.  However, a meta-analysis covering the period from January 

2002 to Dec 2013 showed that the CD4 count at presentation for HIV care has increased in 

South Africa but the CD4 count at ART initiation has remained unchanged at a mean of 123 

cells/mm3 [17]. 

One of the WHO’s early warning indicators for development of HIV drug resistance is the 

proportion of pills picked up on time during the first 12 months of ART which serves as a 

proxy for adherence. The proportion of study visits with optimal adherence during the first 12 

months of ART falls just under the >90% WHO recommendation [18] despite the high 

proportion of participants who were virologically suppressed.  
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Using either adherence measure, men had more than double the odds of sub-optimal 

adherence compared with women, similar to findings reported in two studies in Tanzania [19] 

and South Africa [20]. We observed a high out-migration rate which was cyclical in nature 

within the TasP trial. In the population adjacent to the TasP communities, a higher 

outmigration rate has been reported for men compared to women [21]. This could have 

contributed to the poorer adherence seen in men than women in our study. The majority of 

studies have reported no sex difference with respect to adherence [22-27], with one meta-

analysis reporting a marginal association of male sex with higher adherence [16]. 

Individuals who were on a single tablet ART regimen (fixed dose combination of tenofovir, 

emtricitabine and efavirenz) compared to those taking separate tablet regimen (mainly 

zidovudine, lamivudine and efavirenz) had a lower probability of sub-optimal adherence. 

This could be due to the better tolerability profile of tenofovir-based ART regimen than 

zidovudine-based ART combination [7] Furthermore, the once daily tenofovir based ART 

combination could have made adherence easier than zidovudine-based ART which had to be 

taken twice daily. 

We found that food insecurity was associated with sub-optimal adherence, similar to findings 

in Namibia amongst individuals attending a public ART programme [28]. The relationship 

between food insecurity and poor adherence has also been reported in high-income countries 

[29, 30]. Patients who have missed doses have often cited not having food at home as a 

reason for missing doses because of the prevailing perception that it is bad to take their drugs 

on an empty stomach. This anecdotal observation has been confirmed in formal qualitative 

studies [31, 32] and should be discussed when preparing patients for ART initiation. 

Although there is no gold standard measure of adherence [38], we found both VAS and Pill 

count adherence to be predictive of virological suppression. However, there were differences 

between both tools. Although we found high agreement between the two measures, overall 

adherence as measured by PC was lower than that of VAS suggesting there is an intrinsic 

error associated with the use of each tool [39]. PC adherence was missing in 31% of visits 

whilst 24% of visits had missing VAS adherence. Participants frequently forgot to bring in 

their pill bottles, or the health care provider did not take the measure.  Pill count adherence 

was >105% in 6% of visits; this apparent ‘over-adherence’ predicted poor virological 

suppression so may likely have been owing to participants discarding pills prior to their clinic 

appointment [39]. The ease of use of the VAS would suggest it is preferable in the busy 
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clinical setting of HIV clinics in South Africa and elsewhere. However, unlike with VAS 

adherence, we found an association between increased time on ART and higher probability of 

suboptimal adherence when using PC adherence in the relatively short duration of our study.   

A recent multicentre prospective study showed that good adherence during the first four 

months of ART made undetectable viral load more than three times likely over a 12 year 

period [40]. This highlights that adherence support needs to start as soon as individuals 

initiate ART and continue lifelong. 

This research study has a few limitations. We included all individuals who would have been 

on ART for 12 months by the time of database closure, rather than restricting our analyses to 

only those individuals who remained in the trial for the 12-month period. This reduces the 

likelihood of selection bias.  The downside, however, was the large numbers of missing visits 

observed as individuals only contributed data for the duration they were present in the study. 

If disengagement from care was related to poor adherence, then we could have overestimated 

adherence and virological suppression in the trial. We also examined adherence for only a 

small fraction of the time that individuals need to be ART. 

The main strength of our analysis is that it was nested within a cluster-randomised trial, so 

that individuals initiated ART based on the initiation criteria assigned to the cluster in which 

they were resident, rather than self-selecting when to start ART. This could have mitigated 

against any bias that might be introduced if individuals choosing to start ART at higher CD4 

counts were more motivated and hence more likely to adhere. To our knowledge, this is the 

first study examining the association between CD4 count at ART initiation and sub-optimal 

adherence in individuals initiating ART at higher CD4 counts in the African Setting. 

 

Conclusions 

We found no evidence of a significant relationship between CD4 count at ART initiation and 

sub-optimal adherence during the first 12 months of ART, using two different measurements 

of adherence. With two large trials showing individual health benefits of initiating ART early 

[2, 3] and the WHO 2015 ART guidelines recommending HIV treatment regardless of CD4 

count [1], a policy already adopted by South Africa [4], this result should alleviate any 

concern about adherence in individuals initiating ART at higher CD4 counts, at least during 

the first 12 months after ART initiation.  This study also provides much needed evidence on 
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the relationship between adherence and virologic suppression in this setting and supports the 

UNAIDS 90-90-90 target. 

 

Competing interests 

CI received honoraria for consulting services rendered to Gilead Sciences. All other authors 

declare that they have no conflicts of interest. 

 

Acknowledgements and funding 

We thank the study volunteers for allowing us into their homes and participating in this trial 

and the Department of Health of South Africa for their support of the main trial. Special 

thanks to Claire Rekacewicz, Brigitte Bazin for their support during this research and 

Professor Jean-François Delfraissy, Director of ANRS. 

The French National Agency for Aids and Viral Hepatitis Research (ANRS) is the sponsor of 

the TasP trial. The trial was co-funded by the ANRS, the Deutsche Gesellschaft für 

Internationale Zusammenarbeit (GIZ) and the International Initiative for Impact Evaluation, 

Inc (3ie) with support from the Bill & Melinda Gates Foundation. The content is solely the 

responsibility of the authors and does not represent the official views of 3ie or the Bill & 

Melinda Gates Foundation. 

The trial is conducted with the support of Merck & Co. Inc and Gilead Sciences that provided 

the Atripla® drug supply. The Africa Health Research Institute receives core funding from the 

Wellcome Trust, which provides the platform for the population- and clinic-based research at 

the Centre. Collins Iwuji also received additional funding from the People Programme (Marie 

Curie Actions) of the European Union’s seventh Framework Programme FP7/2007-2013 under 

REA grant agreement n° 612216. 

 

Author contributions 

CI designed and implemented the study. CI did the statistical analyses with support from KB 

and KP. CI wrote the initial draft of the manuscript. CI, KB, NM, AC, FD, DP, MLN and KP 

contributed to the interpretation and presentation of the findings. All authors approved the final 

version of the manuscript for submission.  

 



31 
 

References 

1. World Health Organisation. Guideline on when to start antiretroviral therapy and on pre-

exposure prophylaxix for HIV 2015 [9/11/2016]. Available from: 

http://apps.who.int/iris/bitstream/10665/186275/1/9789241509565_eng.pdf. 

2. Group TAS, Danel C, Moh R, Gabillard D, Badje A, Le Carrou J, et al. A Trial of Early 

Antiretrovirals and Isoniazid Preventive Therapy in Africa. N Engl J Med. 2015;373(9):808-22. doi: 

10.1056/NEJMoa1507198. PubMed PMID: 26193126. 

3. Group ISS, Lundgren JD, Babiker AG, Gordin F, Emery S, Grund B, et al. Initiation of 

Antiretroviral Therapy in Early Asymptomatic HIV Infection. N Engl J Med. 2015;373(9):795-807. 

doi: 10.1056/NEJMoa1506816. PubMed PMID: 26192873; PubMed Central PMCID: PMC4569751. 

4. National Department of Health SA, ,. Implementation of the universal test and treat strategy 

for HIV positive patients and differentiated care for stable patients 2016 [cited 2016, 17 Dec]. 

5. Charurat M, Oyegunle M, Benjamin R, Habib A, Eze E, Ele P, 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(5):e10584. doi: 10.1371/journal.pone.0010584. PubMed 

PMID: 20485670; PubMed Central PMCID: PMC2868044. 

6. Memiah P, Shumba C, Etienne-Mesubi M, Agbor S, Hossain MB, Komba P, et al. The effect 

of depressive symptoms and CD4 count on adherence to highly active antiretroviral therapy in sub-

Saharan Africa. J Int Assoc Provid AIDS Care. 2014;13(4):346-52. PubMed PMID: 25513032. 

7. Gallant JE, DeJesus E, Arribas JR, Pozniak AL, Gazzard B, Campo RE, et al. Tenofovir DF, 

emtricitabine, and efavirenz vs. zidovudine, lamivudine, and efavirenz for HIV. N Engl J Med. 

2006;354(3):251-60. doi: 10.1056/NEJMoa051871. PubMed PMID: 16421366. 

8. UNAIDS. 90-90-90. An ambitious treatment target to help end the AIDS epidemic,  2014 

[cited 2017, 14 March]. Available from: http://www.unaids.org/en/resources/documents/2014/90-90-

90. 

9. Izugbara CO, Wekesa E. Beliefs and practices about antiretroviral medication: a study of poor 

urban Kenyans living with HIV/AIDS. Sociol Health Illn. 2011;33(6):869-83. doi: 10.1111/j.1467-

9566.2010.01328.x. PubMed PMID: 21371051. 

10. Iwuji C, Orne-Gliemann J, Balestre E, Larmarange J, Thiebaut R, Tanser F, et al. The impact 

of universal test and treat on HIV incidence in a rural South African population: ANRS 12249 TasP 

trial, 2012-2016.  International AIDS Conference; July 18-22; Durban, South Africa 2016. 

11. Iwuji CC, Orne-Gliemann J, Larmarange J, Okesola N, Tanser F, Thiebaut R, et al. Uptake of 

Home-Based HIV Testing, Linkage to Care, and Community Attitudes about ART in Rural KwaZulu-

Natal, South Africa: Descriptive Results from the First Phase of the ANRS 12249 TasP Cluster-

Randomised Trial. PLoS Med. 2016;13(8):e1002107. doi: 10.1371/journal.pmed.1002107. PubMed 

PMID: 27504637; PubMed Central PMCID: PMC4978506. 

12. Iwuji CC, Orne-Gliemann J, Tanser F, Boyer S, Lessells RJ, Lert F, et al. Evaluation of the 

impact of immediate versus WHO recommendations-guided antiretroviral therapy initiation on HIV 

incidence: the ANRS 12249 TasP (Treatment as Prevention) trial in Hlabisa sub-district, KwaZulu-

Natal, South Africa: study protocol for a cluster randomised controlled trial. Trials. 2013;14:230. 

Epub 2013/07/25. doi: 10.1186/1745-6215-14-230. PubMed PMID: 23880306; PubMed Central 

PMCID: PMC3750830. 

13. World Health Organisation. Consolidated Guidelines on HIV Testing Services 

 2015 [cited 2017, 8 June]. Available from: 

http://apps.who.int/iris/bitstream/10665/179870/1/9789241508926_eng.pdf?ua=1&ua=1. 

14. Kroenke K, Spitzer RL, Williams JB, Lowe B. An ultra-brief screening scale for anxiety and 

depression: the PHQ-4. Psychosomatics. 2009;50(6):613-21. doi: 10.1176/appi.psy.50.6.613. PubMed 

PMID: 19996233. 

15. Chesney MA. Factors affecting adherence to antiretroviral therapy. Clin Infect Dis. 2000;30 

Suppl 2:S171-6. doi: 10.1086/313849. PubMed PMID: 10860902. 

16. Langebeek N, Gisolf EH, Reiss P, Vervoort SC, Hafsteinsdottir TB, Richter C, et al. 

Predictors and correlates of adherence to combination antiretroviral therapy (ART) for chronic HIV 

http://apps.who.int/iris/bitstream/10665/186275/1/9789241509565_eng.pdf
http://www.unaids.org/en/resources/documents/2014/90-90-90
http://www.unaids.org/en/resources/documents/2014/90-90-90
http://apps.who.int/iris/bitstream/10665/179870/1/9789241508926_eng.pdf?ua=1&ua=1


32 
 

infection: a meta-analysis. BMC Med. 2014;12:142. doi: 10.1186/PREACCEPT-1453408941291432. 

PubMed PMID: 25145556; PubMed Central PMCID: PMC4148019. 

17. Bock P, James A, Nikuze A, Peton N, Sabapathy K, Mills E, et al. Baseline CD4 Count and 

Adherence to Antiretroviral Therapy: A Systematic Review and Meta-Analysis. J Acquir Immune 

Defic Syndr. 2016;73(5):514-21. doi: 10.1097/QAI.0000000000001092. PubMed PMID: 27851712. 

18. World Health Organisation. GLOBAL REPORT ON EARLY WARNING INDICATORS OF 

HIV DRUG RESISTANCE 2016 [cited 2017, 15 Feb]. Available from: 

http://www.who.int/hiv/pub/drugresistance/ewi-hivdr-2016/en/. 

19. Muya AN, Geldsetzer P, Hertzmark E, Ezeamama AE, Kawawa H, Hawkins C, et al. 

Predictors of Nonadherence to Antiretroviral Therapy among HIV-Infected Adults in Dar es Salaam, 

Tanzania. J Int Assoc Provid AIDS Care. 2015;14(2):163-71. doi: 10.1177/2325957414539193. 

PubMed PMID: 24966305. 

20. Maqutu D, Zewotir T, North D, Naidoo K, Grobler A. Factors affecting first-month adherence 

to antiretroviral therapy among HIV-positive adults in South Africa. Afr J AIDS Res. 2010;9(2):117-

24. Epub 2011/07/23. doi: 10.2989/16085906.2010.517478. PubMed PMID: 21779200; PubMed 

Central PMCID: PMC3137932. 

21. Camlin CS, Snow RC, Hosegood V. Gendered Patterns of Migration in Rural South Africa. 

Popul Space Place. 2014;20(6):528-51. doi: 10.1002/psp.1794. PubMed PMID: 25332690; PubMed 

Central PMCID: PMCPMC4201383. 

22. Lima VD, Reuter A, Harrigan PR, Lourenco L, Chau W, Hull M, et al. Initiation of 

antiretroviral therapy at high CD4+ cell counts is associated with positive treatment outcomes. AIDS. 

2015;29(14):1871-82. doi: 10.1097/QAD.0000000000000790. PubMed PMID: 26165354; PubMed 

Central PMCID: PMC4573912. 

23. Chi BH, Cantrell RA, Zulu I, Mulenga LB, Levy JW, Tambatamba BC, et al. Adherence to 

first-line antiretroviral therapy affects non-virologic outcomes among patients on treatment for more 

than 12 months in Lusaka, Zambia. Int J Epidemiol. 2009;38(3):746-56. Epub 2009/02/19. doi: 

10.1093/ije/dyp004. PubMed PMID: 19223334; PubMed Central PMCID: PMC2689395. 

24. O'Connor JL, Gardner EM, Mannheimer SB, Lifson AR, Esser S, Telzak EE, et al. Factors 

associated with adherence amongst 5295 people receiving antiretroviral therapy as part of an 

international trial. J Infect Dis. 2013;208(1):40-9. doi: 10.1093/infdis/jis731. PubMed PMID: 

23204161; PubMed Central PMCID: PMC3666133. 

25. Haubrich RH, Little SJ, Currier JS, Forthal DN, Kemper CA, Beall GN, et al. The value of 

patient-reported adherence to antiretroviral therapy in predicting virologic and immunologic response. 

California Collaborative Treatment Group. AIDS. 1999;13(9):1099-107. PubMed PMID: 10397541. 

26. Oyugi JH, Byakika-Tusiime J, Ragland K, Laeyendecker O, Mugerwa R, Kityo C, et al. 

Treatment interruptions predict resistance in HIV-positive individuals purchasing fixed-dose 

combination antiretroviral therapy in Kampala, Uganda. AIDS. 2007;21(8):965-71. doi: 

10.1097/QAD.0b013e32802e6bfa. PubMed PMID: 17457090. 

27. Paterson DL, Swindells S, Mohr J, Brester M, Vergis EN, Squier C, et al. Adherence to 

protease inhibitor therapy and outcomes in patients with HIV infection. Ann Intern Med. 

2000;133(1):21-30. Epub 2000/07/06. PubMed PMID: 10877736. 

28. Hong SY, Fanelli TJ, Jonas A, Gweshe J, Tjituka F, Sheehan HM, et al. Household food 

insecurity associated with antiretroviral therapy adherence among HIV-infected patients in Windhoek, 

Namibia. J Acquir Immune Defic Syndr. 2014;67(4):e115-22. doi: 10.1097/QAI.0000000000000308. 

PubMed PMID: 25356779; PubMed Central PMCID: PMC4215168. 

29. Weiser SD, Fernandes KA, Brandson EK, al. e. The association between food insecurity and 

mortality among HIV-infected individuals on HAART. J Acquir Immune Defic Syndr. 

2009;52(3):342-9. 

30. Weiser SD, Frongillo EA, Ragland K, al. e. Food insecurity is associated with incomplete 

HIV RNA suppression among homeless and marginally housed HIV-infected individuals in San 

Francisco. J Gen Intern Med. 2008;24:14-20. 

31. Sanjobo N, Frich JC, Fretheim A. Barriers and facilitators to patients' adherence to 

antiretroviral treatment in Zambia: a qualitative study. SAHARA J. 2008;5(3):136-43. PubMed 

PMID: 18979047. 

http://www.who.int/hiv/pub/drugresistance/ewi-hivdr-2016/en/


33 
 

32. Unge C, Johansson A, Zachariah R, Some D, Van Engelgem I, Ekstrom AM. Reasons for 

unsatisfactory acceptance of antiretroviral treatment in the urban Kibera slum, Kenya. AIDS Care. 

2008;20(2):146-9. doi: 10.1080/09540120701513677. PubMed PMID: 18293122. 

33. Lankowski AJ, Siedner MJ, Bangsberg DR, Tsai AC. Impact of geographic and 

transportation-related barriers on HIV outcomes in sub-Saharan Africa: a systematic review. AIDS 

Behav. 2014;18(7):1199-223. doi: 10.1007/s10461-014-0729-8. PubMed PMID: 24563115; PubMed 

Central PMCID: PMC4047127. 

34. Plazy M, Farouki KE, Iwuji C, Okesola N, Orne-Gliemann J, Larmarange J, et al. Access to 

HIV care in the context of universal test and treat: challenges within the ANRS 12249 TasP cluster-

randomized trial in rural South Africa. J Int AIDS Soc. 2016;19(1):20913. doi: 

10.7448/IAS.19.1.20913. PubMed PMID: 27258430; PubMed Central PMCID: PMC4891946. 

35. Sanders R. Equity and Access to ART in Ethiopia: Activity Report. Washington DC: 2010. 

36. Mahler HR, Kileo B, Curran K, Plotkin M, Adamu T, Hellar A, et al. Voluntary medical male 

circumcision: matching demand and supply with quality and efficiency in a high-volume campaign in 

Iringa Region, Tanzania. PLoS Med. 2011;8(11):e1001131. doi: 10.1371/journal.pmed.1001131. 

PubMed PMID: 22140366; PubMed Central PMCID: PMC3226544. 

37. Gilbert L, Walker L. ‘My biggest fear was that people would reject me once they knew my 

status…’:stigma as experienced by patients in an HIV⁄AIDS clinic in Johannesburg, South Africa. 

Health and Social Care in the Community. 2010;18(2):139-46. 

38. WHO. Adherence to long term therapies. Evidence for action 2003 [cited 2013 22/09/2013]. 

Available from: http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf. 

39. Berg KM, Arnsten JH. Practical and conceptual challenges in measuring antiretroviral 

adherence. J Acquir Immune Defic Syndr. 2006;43 Suppl 1:S79-87. doi: 

10.1097/01.qai.0000248337.97814.66. PubMed PMID: 17133207; PubMed Central PMCID: 

PMC2866146. 

40. Protopopescu C, Carrieri MP, Raffi F, Picard O, Hardel L, Piroth L, et al. Brief Report: 

Prolonged Viral Suppression Over a 12-Year Follow-up of HIV-Infected Patients: The Persistent 

Impact of Adherence at 4 Months After Initiation of Combined Antiretroviral Therapy in the ANRS 

CO8 APROCO-COPILOTE Cohort. J Acquir Immune Defic Syndr. 2017;74(3):293-7. doi: 

10.1097/QAI.0000000000001249. PubMed PMID: 27861235. 

 

http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf

