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Abstract

Little is known about associations between viral suppression, adherence, and duration of prior 

viral suppression in sub-Saharan Africa. Study participants were from the UARTO study in 

Mbarara, Uganda. We fit regression models to characterize relationships between average 

adherence, treatment interruptions, and rebound viremia (>400 copies/mL) following a previously 

undetectable result. Our goal was to understand the impact of prior viral suppression on these 

relationships. 396 participants contributed 2864 quarterly visits. Restricted to periods with average 

adherence <50 %, each 10 % increase in adherence reduced the odds of rebound viremia by 74 % 

[adjusted odds ratio (AOR) = 0.26, P = 0.002] and 29 % (AOR = 0.71, P = 0.057) during the first 

12 months of suppression and beyond 12 months respectively, interaction term P = 0.018. Among 

periods with adherence ≥50 %, the risk of rebound viremia decreased with increasing adherence 

during the first 12 months of viral suppression (AOR = 0.73 for each 10 % increase, P = 0.001), 

but not thereafter (AOR = 1.09, P = 0.67), interaction term P = 0.027. In contrast, 72-h 

interruptions, were associated with increased rebound viremia during the first 12 months (AOR = 

1.30, P = 0.009) and after (AOR = 1.39, P = 0.005), interaction term P = 0.69. Completing 12 

months of viral suppression decreases the impact of average adherence, but not prolonged 

treatment interruptions, on risk of rebound viremia.
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Background

As of 2012, approximately 10 million people living with HIV (PLWH) in sub-Saharan 

Africa had gained access to antiretroviral therapy (ART) [1]. The long-term success of HIV 

care programs, including their impact on the health of those infected and the incidence of 

new infections, will largely depend on maintenance of viral suppression for those in care [2, 

3].

Among the most important determinants of viral suppression for PLWH is ART adherence 

[4–6]. Relationships between adherence and virologic control can vary by duration of 

suppression [7, 8] and regimen [9, 10]. Moreover, specific patterns of adherence can affect 

these relationships; with recent data demonstrating that treatment interruptions are 

independently associated with virologic failure independently of the number of doses taken 

[11–13]. However, relatively few data are available to describe relationships between 

adherence and viremia in sub-Saharan Africa, where regimen options differ [14]. Precise 

understanding of adherence patterns that predict viral suppression are critical to inform 

patients, providers, and public health programmers about the optimal levels of adherence 

required to maintain the direct health and preventative benefits of ART.

We assessed relationships between objectively measured ART adherence and rebound 

viremia among people with HIV in southwestern Uganda. Our primary aim was to assess the 

relationship between adherence and rebound viremia, and particularly how this relationship 

varies with the length of prior viral suppression.

Methods

Study Setting and Participants

ART-naïve participants attending the HIV clinic at the Mbarara Regional Referral Hospital 

were enrolled at ART initiation into the Uganda AIDS Rural Treatment Outcomes (UARTO) 

study, an observational, prospective cohort beginning in 2005 (NCT01596322) [15]. At 

baseline and quarterly intervals thereafter, blood was collected for HIV RNA measurements. 

At each interval, data was collected onto clinical research forms and entered into a study 

database. Adherence was measured from 2005 through 2011 with Medication Event 

Monitoring System monitors (MEMS, Aardex, Sweden), electronic pill bottles that record 

the date and time of each bottle opening. MEMS data was downloaded onto a study 

computer at each study visit.

Statistical Analyses

Our primary outcome of interest was rebound HIV RNA viremia, defined by a detectable 

HIV RNA (>400 copies/mL) following a previously undetectable HIV RNA.

Our primary predictor was ART adherence, measured in two ways:
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1. Average adherence, computed for each participant as the number of MEMS cap 

openings divided by the prescribed number of doses per day averaged across 

each quarterly interval. Daily adherence was capped at 100 %;

2. The total number of 72-h treatment interruptions per quarterly interval for each 

participant, which has been demonstrated to be independently associated with 

risk of viremia [11–13].

We censored the following observation periods: (1) those in which the prior HIV RNA 

measurement was detectable, since these events represent a failure of suppression, a distinct 

clinical phenomenon; (2) those with >150 days between quarterly HIV RNA measurements 

(to maintain homogeneity of observation periods); (3) periods when 30+ days of medication 

interruption detected by MEMS was immediately followed by a suppressed HIV RNA 

(suggesting device non-use [16]); and (4) periods without a corresponding HIV RNA result. 

We also censored days of known MEMS non-usage, such as when participants were 

prescribed medications in sealed packages that prevented insertion of ART into the MEMS 

devices.

To assess the relationship between adherence, rebound viremia and duration of viral 

suppression, we first graphically depicted relationships between adherence and rebound 

viremia over suppression time using lowess plots and noted qualitative changes after 

approximately 12 months of viral suppression. We then estimated the probability of viral 

rebound in average adherence strata (≤50, >50–70, >70–90, and >90 %), and by the presence 

of any treatment interruptions [8, 9, 13]. We used the Z-test of proportions to estimate 

differences in each adherence stratum by duration of viral suppression less than or greater 

than 12 months.

Finally, we fitted regression models with each period as a unit of observation, using 

generalized estimating equations (with robust standard errors) to account for within 

participant correlation. In the first model, we selected each 10 % stratum in average 

adherence as the main predictor of interest. In the second and third models, we repeated this 

analysis but restricted it to periods with an average adherence ≤50 and >50 % respectively, 

because previous research has shown substantive differences in the risk of rebound viremia 

at this threshold [8], In the fourth model, the number of 72-h treatment interruptions was the 

primary predictor. The 72-h threshold was chosen based on previous data, which showed 

that each day beyond two missed days increases the odds of virologic breakthrough [13, 17]. 

For each model, we also tested the significance of an interaction term between the primary 

predictor and duration of viral suppression. We included hypothesized confounders in the 

model, including age, gender, nadir CD4 T+ lymphocyte count, baseline HIV RNA and ART 

regimen. Regimens were categorized as one of the following: AZT/3TC/NVP, D4T/3TC/

NVP, and AZT/3TC/EFV, which accounted for approximately 98 % of the regimens in use. 

Statistical analyses were performed using Stata version 13.0 (Statacorp, College Station, TX, 

USA).
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Results

Three hundred and ninety-six participants were observed for a median of 2.8 years 

[interquartile range (IQR) 1.6–3.7]. Participants were 70 % female, with a median age at 

enrollment of 35 years (IQR 29–39), median nadir CD4+ T-lymphocyte count of 135 

cells/mm3 (IQR 78–198), and median baseline log10 pre-treatment HIV RNA of 5.1 

copies/mL (IQR 4.6–5.6). At enrolment, 311 (79 %) were literate, 301 (76 %) had some 

form of employment while 163 (41 %) were married. The most common ART regimens at 

initiation were AZT/3TC/NVP, D4T/3TC/NVP, and TDF/3TC/EFV, used by 62, 26 and 

10 % of participants, respectively.

Of 4063 observation quarters during follow-up, 1199 (30 %) were censored because: 608 

(15 %) had a prior detectable HIV RNA, 303 (8 %) quarters were >150 days, 248 (6 %) had 

an undetectable HIV RNA immediately following a MEMS interruption of 30+ days, and 40 

(1 %) had a missing HIV RNA, leaving a total of 2864 periods included in the analysis. 

Most quarters (n = 1867, 65 %) were classified by >90 % average adherence, whereas 613 

(21 %) had >70–90 % average adherence, 210 (7 %) had >50–70 %, and 174 (6 %) had 

≤50 % adherence. Six hundred and fifty-six quarters (23 %) had one or more 72-h treatment 

interruptions. Of these, 234 (36 %) had 2 or more interruptions. The mean (SD) number of 

interruptions per quarterly interval was 0.38 (0.91). The median (IQR) gap length before and 

after the first 12 months of suppression was 135 h (94–135), and 105 h (81–122), 

respectively, P = 0.12. One hundred and one quarters (4 %) concluded with a detectable HIV 

RNA > 400 copies/mL.

Having ≥12 months of prior suppression was associated with significantly lower odds of 

rebound viremia than <12 months of suppression [crude OR = 0.51, 95 % CI (0.34, 0.77), P 
= 0.001]. In adjusted models, each 10 % increase in adherence was associated with a 26 % 

reduction in the odds of rebound viremia during the first 12 months of suppression [adjusted 

odds ratio (AOR) = 0.74, 95 % CI (0.66–0.84), P < 0.001] and 17 % reduction thereafter 

[AOR = 0.83,95 % CI (0.74–0.92), P < 0.001], interaction term P = 0.17 (Table 1). 

Restricted to periods with average adherence ≤50 % (174 of 2684 [6 %]), each 10 % 

increase in adherence reduced the odds of rebound viremia by 74 % [AOR = 0.26, 95 % CI 

(0.11, 0.62), P = 0.002] and 29 % [AOR = 0.71, 95 % CI (0.50, 1.01), P = 0.057] during the 

first 12 months of suppression and beyond 12 months respectively, interaction term P = 

0.018. However, when we restricted to periods with average adherence >50 % [2690 of 2864 

(94 %) quarters], each 10 % increase in adherence yielded a 27 % reduction in the odds of 

rebound viremia during the first 12 months of viral suppression [AOR = 0.73, 95 % CI 

(0.61, 0.88), P = 0.001], but there was no evidence of an association with rebound viremia 

beyond 12 months [AOR = 1.09, 95 % CI (0.78, 1.53), P = 0.67], interaction term P = 0.027.

In contrast to average adherence, the association between treatment interruptions and 

rebound viremia did not depend on duration of prior viral suppression. The presence of any 

72-h treatment interruptions increased the odds of rebound viremia during the first 12 

months of viral suppression [AOR = 1.30, 95 % CI (1.07, 1.59), P = 0.009] and after [AOR 

= 1.39, 95 % CI (1.09, 1.70), P = 0.005], interaction term P = 0.69. Although statistically 

significant in adjusted models, the absolute difference in risk of rebound viremia between 
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those who had 72-h treatment interruptions and those who did not in the first 12 months (6.3 

vs 3.9 %) and after 12 months (4.6 vs 2.0 %), was relatively small (Fig. 1).

Discussion

In a cohort of PLWH in southwestern Uganda taking NNRTI-based ART, the risk of rebound 

viremia decreased appreciably with increasing duration of viral suppression. This was most 

pronounced among study participants with greater than 12 months of prior viral suppression, 

among whom we found no evidence of an impact on rebound viremia, from increasing 

average adherence over 50 %. Of note, whereas risk of rebound viremia decreased with 

duration of viral suppression, the risk remained significant even after 12 months of 

suppression for those with ≤50 % adherence and those with one or more 72-h treatment 

interruption.

These data have three important implications for HIV practitioners and PLWHs in sub-

Saharan Africa. First, the first 12 months of sustained viral suppression is the least forgiving 

of poor adherence. Similar patterns have been demonstrated in the United States and Canada 

in populations taking primarily unboosted or boosted protease inhibitor-based regimens [7, 

8]. Our data add to this literature by showing similar relationships for those taking almost 

exclusively NNRTI-based regimens, which are commonly used in sub-Saharan Africa. These 

data reinforce the value of adherence interventions, particularly early after treatment 

initiation, when drug adherence has the greatest impact on suppression. Second, whereas 

prior data on NNRTIs have demonstrated appreciable risk for rebound viremia with 

diminishing adherence <90 % [10], our data suggest that this effect diminishes with 

increasing duration of suppression. While perfect adherence should be the goal for every 

patient, average adherence as low as 50 % might be sufficient to maintain suppression for 

NNRTI-based regimens after achieving at least 12 months of durable viral suppression [18]. 

Lastly, our data contribute to a growing literature demonstrating that treatment interruptions 

are an important risk factor for rebound viremia regardless of the duration of prior viral 

suppression [10]. In our cohort, although risk of viremia decreased over time, an increasing 

number of treatment interruptions were independently associated with rebound viremia even 

after 12 months of suppression. Interventions to decrease risk of prolonged treatment 

interruptions might protect against this risk.

That average adherence and treatment interruptions impacted rebound viremia differently 

may be attributed to disparities in therapeutic coverage arising from the differences in the 

patterns of missed doses. Unlike treatment interruptions, average adherence assumes a 

consistent drug exposure; that is, that the missed doses are spaced uniformly over the 

adherence period. As has been previously shown [13], different patterns of missing the same 

number of doses can impact a drug's therapeutic coverage, and thereby rebound viremia 

differently. A single 7-day interruption in 1 month will result in lower therapeutic coverage 

compared to 7 single-day interruptions spread out across the month. Therefore, adequate 

therapeutic drug levels are likely to be less affected by interspaced interruptions as with 

average adherence than by a lone, prolonged interruption.
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The physiologic basis of our primary finding, that prolonged duration of viral suppression 

decreases the risk of viral rebound, might be explained by properties of virologic decay after 

initiation of effective ART. Rapid decreases in HIV RNA are observed during the first 6–9 

months of treatment through activity against plasma virions and productively infected cells 

[19]. After approximately 1 year of effective therapy, virologic decay slows to the rate of 

latently infected cell death. Similarly, risk of rebound viremia with poor ART adherence is 

highest relatively early after suppression, when activated infected lymphocytes are more 

likely to be present, enabling ongoing viral replication during periods with low drug levels. 

Once activated cells are eliminated of HIV, latently infected cells must be newly activated to 

cause viral rebound, which might explain persistent viral suppression with relatively low 

levels of active drug. Extreme examples of this phenomenon include the re-emergence of 

detectable viremia after months or years off of therapy in patients with very low numbers of 

latently infected cells after bone marrow transplantation [20].

This study has a number of limitations. MEMS is an imperfect adherence measure and is 

subject to misclassification (e.g., device non-usage and openings without pill removal). We 

attempted to mitigate these effects by censoring periods of known non-MEMS usage, and 

those suggestive of non-usage in which long interruptions did not predict viremia. Second, 

our data are largely restricted to common first-line treatment regimens in resource-limited 

settings and have limited generalizability either to commonly used first-line regimens in 

resource-rich areas or second line regimens in sub-Saharan Africa. Third, findings from the 

post hoc stratified analyses may be an artifact of the data due to a cohort effect, and should 

be interpreted with caution. Lastly, as with all observational studies, there is risk of residual 

or unmeasured confounders, which could alternately explain the relationships we detected.

In summary, in a long-term study of objective ART adherence among people on NNRTI-

based regimens in rural Uganda, increasing duration of viral suppression significantly 

decreases risk of rebound viremia for those with >50 % adherence. Importantly, the risk of 

rebound viremia persists for those with average adherence ≤50 % and for 72-h treatment 

interruptions, independent of prior suppression time. To optimize the benefits of ART in the 

region, adherence interventions should focus on early periods of treatment and resuppression 

and measures to limit prolonged treatment interruptions.
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Fig. 1. Crude risk of rebound viremia, stratified by duration of viral suppression by average 
adherence (a) or number of 72-h treatment interruptions (b)
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