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Abstract

Appointment keeping and self-report within 7-day or and 30-days recall periods are non-
objective measures of antiretroviral treatment (ART) adherence. We assessed incidence of
virological failure (VF), predictive performance and associations of these adherence mea-
sures with VF among adults on long-term ART. Data for persons initiated on ART between
April 2004 and April 2005, enrolled in a long-term ART cohort at 10-years on ART (baseline)
and followed until December 2021 was analyzed. VF was defined as two consecutives viral
loads >1000 copies/ml at least within 3-months after enhanced adherence counselling. We
estimated VF incidence using Kaplan-Meier and Cox-proportional hazards regression for
associations between each adherence measure (analyzed as time-dependent annual val-
ues) and VF. The predictive performance of appointment keeping and self-reporting for iden-
tifying VF was assessed using receiver operating characteristic curves and reported as area
under the curve (AUC). We included 900 of 1,000 participants without VF at baseline: median
age was 47 years (Interquartile range: 41-51), 60% were women and 88% were virally sup-
pressed. ART adherence was >95% for all three adherence measures. Twenty-one VF
cases were observed with an incidence rate of 4.37 per 1000 person-years and incidence
risk of 2.4% (95% Cl: 1.6%-3.7%) over the 5-years of follow-up. Only 30-day self-report mea-
sure was associated with lower risk of VF, adjusted hazard ratio (aHR) = 0.14, 95% CI:0.05-
0.37). Baseline CD4 count >200cells/ml was associated with lower VF for all adherence
measures. The 30-day self-report measure demonstrated the highest predictive performance
for VF (AUC = 0.751) compared to appointment keeping (AUC = 0.674), and 7-day self-report
(AUC =0.687). The incidence of virological failure in this study cohort was low. Whilst 30- day
self-report was predictive, appointment keeping and 7-day self-reported adherence mea-
sures had low predictive performance in identifying VF. Viral load monitoring remains the
gold standard for adherence monitoring and confirming HIV treatment response.
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Introduction

The WHO public health approach for scaling up access to anti-retroviral therapy (ART)
expanded following the availability of highly active anti-retroviral medication through stan-
dardized regimes and decentralized care in Low and Middle Income Countries (LMIC) [1]. In
this approach, standardized simplified ART regimens and decentralized treatment delivery
enabled large numbers of people living with HIV (PLHW) to be initiated and followed-up on
treatment through public and private sector health facilities. This approach is centred on “four
Ss”, an acronym for when to Start drug treatment, Substitute for toxicity, Switch after treat-
ment failure, and Stop to enable lower-level healthcare workers to deliver appropriate care [1].

In 2020, an estimated 17 million people were on ART in sub-Saharan Africa (SSA) [2]; in
Uganda, 1,275,000 million persons were estimated to be on ART in 2019 [3]. The 2018 and
2020 HIV treatment guidelines in Uganda recommend ART adherence monitoring using
non-objective measures including pill counts, appointment keeping, visual analogue scales,
and self-reported pill use, used either individually or in combination [4, 5]. The use of these
adherence measures encourages ART adherence discussions with patients and providing
information about the risk of virological failure or to support daily tablet-taking behavior in
settings where viral load testing is limited [6-8]. However, in 2016, the Uganda Ministry of
Health (MoH) HIV treatment guidelines recommended annual plasma HIV viral load for peo-
ple on ART to monitor treatment effectiveness and identify individuals with detectable viral
load [9]. Annual viral load monitoring is recommended due to scarcity of resources in LMIC
[10, 11].

Sustained optimal adherence to ART ensures virological suppression, reduction in HIV-
related morbidity and mortality, and prevents onward transmission [6, 12, 13], popularized by
the Joint United Nations Programme on HIV/AIDS (UNAIDS) as “Undetectable equals
Untransmittable (U = U) [14, 15]. Different ART adherence measurement thresholds used as
categorical or continuous constructs from persons on ART have been used in previous studies
to assess association and predictive performance between ART adherence measurements and
virological failure among PWH on short-time ART [6, 7, 12, 16, 17]. The performance of ART
adherence measurements in predicting virological failure among adult PWH on long-term
ART (i.e., >10 consecutive years of ART use), including the predictors for virological failure
are not well described across ART programs in LMIC. Despite self-reporting being routinely
used as an adherence proxy in clinical care, few studies have evaluated the incidence of virolog-
ical failure, predictive performance, and associations of appointment keeping, self-report
within 7-day or and 30-days recall periods with VF among adults on long-term ART.

Thus, this study aimed to describe the incidence of virological failure, compare the predic-
tive performance of three ART adherence measures (7-days and 30-days self-reported pill use,
and appointment keeping) and assess factors associated with virological failure among PWH
on long-term first-line ART.

Methods
Study design and setting

This study was conducted at the HIV Centre of Excellence at the Infectious Diseases Institute
(IDI) located in the Mulago Teaching Hospital in Kampala, the capital city of Uganda. The IDI
clinic is a large out-patient clinic that currently serves over 8,000 PLWH in five municipalities
in Kampala.

This was a secondary analysis of a longitudinal cohort data of patients enrolled in the Long-
Term ART cohort. The ART Long-Term cohort is an observational cohort of 1,000 patients

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000569 December 30, 2022 2/12


https://doi.org/10.1371/journal.pgph.0000569

PLOS GLOBAL PUBLIC HEALTH Adherence monitoring methods to measure virological failure among people living with HIV

who had been on ART for at least 10 years and were enrolled between May 2014 and Septem-
ber 2015 to be followed up for an additional 10 years [18]. PLWH) were eligible and enrolled
in the cohort if they were >18-years, were willing to participate in the cohort visits and comply
with the study procedures, and were in their 10th consecutive year of WHO standard ART at
IDI regardless of the combination of drugs for first-line ART. First-line ART regimens include
two nucleoside reverse inhibitors (NRTT) combined with a non-nucleoside reverse inhibitor;
patients who fail first-line ART receive a second-line combination which includes two NRTIs
and a protease inhibitor for second-line ART. Ten-year consecutive ART use was determined
using data collected in the IDI electronic database, known as the Integrated Clinic Enterprise
Application (ICEA). This is an in-house built system based on Microsoft technologies [18].
This interim analysis describes the first five years of follow-up.

Data collection. General medical history, physical examination, adherence to ART, and
prescription of drugs were performed at enrolment and all study visits. Follow-up visits were
scheduled once a year for 10-years. In addition to study visits, the participants attended the
general clinic every 3-months to pick up their ART and concomitant medications. Antiretrovi-
ral drugs were prescribed according to the WHO guidelines; PLWH with two consecutive viral
loads >1000 copies/ml after enhanced adherence counselling were considered for treatment
switch. Enhanced adherence counselling is a targeted counselling offered to PLWH on ART
with non-suppressed viral load, done every month for at least 3-months before the next viral
load test [5]. At each study visit, real-time data entry into ICEA is performed by the respective
providers [18]. Laboratory results performed in the IDI Core Laboratory are automatically
downloaded daily into the ICEA database. The questionnaires administered at each visit
include basic demographic and epidemiological data, clinical history, adherence to ART, qual-
ity of life, and sexual behavior. Clinical data collected at each visit included vital signs and
body weight, hematological and chemistry laboratory results, medications and ART regimen,
and drug toxicities. All the data collected into ICEA was validated by a quality control and
assurance officer who ensures that the data are complete and consistent.

Adherence measures. The primary outcome was virological failure defined as two conse-
cutive plasma HIV RNA viral load measurements >1000 copies/ml at least within 3-months
after receiving enhanced adherence counselling following the first viral load measurement.
The exposure was ART adherence assessed using 3 different measures: self-reported pill use in
the last 7 days, self-reported pill use in the last 30 days, and appointment keeping. The 30-day
and 7-day self-report of pill use ART adherence measure was assessed on a scale of 1-100 by
asking the patient to recall the numbers of missed doses in the last 30-days and 7-days and
then calculating, what percentage of ART doses were taken. Good adherence was determined
as having a score >95%. Appointment keeping was defined as returning for a scheduled cohort
clinic visit appointment or within a 7-day window after a missed clinic visit. Questions were
assessed throughout the entire 5-year follow-up period. Additional co-variates included; age,
sex, marital status, employment status, HIV disclosure status, household level of income, and
body mass index.

We extracted cohort data from 10 to 15 years on ART follow-up (or enrollment in the
cohort and five years of follow-up). When the required data were missing, patient charts were
retrieved and reviewed to supplement the data in the databases. We extracted clinical data
including ART start dates and regimens, socio-demographics at cohort enrolment, behavioral
data, CD4 cell counts, plasma HIV viral load measurements for the follow-up period using
Roche Cobas AmpliPrep/Cobas Tagman platform using viral load 20 copies/ml as a cut of. We
also extracted data on deaths, transferred out, and lost to follow-up.

Statistical analysis. Statistical analysis was performed using STATA 16.1 (StataCorp, Col-
lege Station, Texas). We described cohort participants using frequencies and percentages for
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categorical variables, continuous variables using means and standard deviations and medians
and interquartile ranges. Adherence measures were described using frequency and percentages
across calendar year. Kaplan-Meier methods were used to estimate incidence risk and inci-
dence rate of virological failure. Associations between virological failure and ART adherence
was examined using Cox-proportional hazards regression (Cox-PH) models. ART adherence
measures were entered into the model as time-dependent covariates measured at annual
cohort visits. The Schoenfeld residuals test was used to assess for violation of the Cox-PH
assumption. Two sensitivity analyses were performed, by refitting the model when: 1) missing
values on covariates were imputed by multiple imputation using chained equations (MICE), 2)
considering all censored patients i.e., deaths and losses to follow-up as virological failure
(worst-case scenario), Performance of ART adherence measures—appointment keeping,
30-days and 7-days self-report of pill use for predicting virological failure was evaluated using
receiver operating characteristic curve analysis. All hypothesis tests were performed as 2-tailed
tests at a 5% significance level.

Ethical approval

This study was approved by the Infectious Diseases Institute Research Ethics Committee (ref-
erence number; IDI REC-041/2021) and the Uganda National Council for Science and Tech-

nology (reference number; HS1896ES). The IDIREC committee granted a waiver of informed
consent since secondary data were retrieved and analysed.

Results
Study profile

We retrieved data for 1,000 PLWH adults enrolled in the long-term ART cohort who started
ART between April 2004 and April 2005 and were followed up until December 2021. Of the
1,000 participants, 100 (10%) had a viral load (VL) >1000 copies/ml documented at cohort
enrolment and were therefore excluded from the study. Nine hundred participants were
included in the analysis, of whom 10 had transferred to other health facilities, 45 were lost to
follow-up and 41 had died before reaching 15 years on ART (Fig 1).

Participant characteristics

Participants’ description. Of the 900 cohort participants analyzed, at cohort enrollment:
the median age was 46 years (IQR 41-51); 59.8% were females, 82.1% were employed, 43.9%
lived <1 US dollar per day, median body mass index (BMI) was 22.4 (IQR 19.8-25.4), 51.3%
were married or cohabiting, and 88.4% had viral load <50 copies/ml (10 years on ART),
(Table 1).

The virological failure incidence rate was 4.37 (95% CI: 2.85-6.70) per 1000 person-years
and the probability of virological failure was 2.4%, (95% CI: 1.6% - 3.7%) over 15 years, (Fig
2). ART adherence was very high (>95%) over the 7-calendar years studied on all adherence
measures, except appointment keeping declined in 2019 and 2020 (42.0% and 72.7%, respec-
tively) (Table 2).

Associations between virologic failure and ART adherence measures

Table 3 shows that after adjusting for other patient factors, ART adherence assessed using
30-day self-report was associated with lower risk of virological failure (adjusted hazard ratio
[AHR] 0.14; 95% CI: 0.05-1.37). However, the relationship was not significant when ART
adherence was measured using 7-day self-report or appointment keeping (AHR 0.36; 95% CI:
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Enrolled into cohort (at 10
years of ART):
N=1000

Prevalent 1* virologic failure

v

Remainder:
n =900

at cohort enrollment:
n = 100/1000 (10.0%)

L !

y

Actively in care at 15 years of ART, n=804
Virologic failure, n=21
Non virologic failure, n=783

Not reached 15 years (Censored), n=96
Died, n=41
Lost to follow-up, n=45
Transfer-out, n=10

Number included in the analysis, n=900

Fig 1. Cohort data flow diagram. Description of study participants analyzed.
https://doi.org/10.1371/journal.pgph.0000569.9001

0.05-2.75 and AHR 2.27; 95% CI: 0.27-18.83), respectively. Among other patient factors, only
baseline CD4 >200 cells/ml was associated with lower risk of virological failure in models
including all three adherence measures: 30-day self-report (AHR 0.24; 95% CI: 0.07-0.85),
7-day self-report (AHR 0.26; 95% CI: 0.08-0.91) and appointment keeping (AHR 0.22; 95%

CI: 0.06-0.76).

In sensitivity analyses, when imputing missing covariate data, the association between
adherence and virological failure only remained for 30-day ART self-report (AHR 0.14; 95%
CI: 0.05-0.35). There was no significant association with 7-day self-reported or appointment

keeping measures (S1 File).

Adherence predictive performance of virologic failure

In the receiver operating characteristics curve (ROC) analysis for predictivity ability of adher-
ence measures for virological failure, 30-day self-report best predicted virological failure (area
under the curve [AUC] 0.751; 95% CI: 0.66-0.90) versus appointment keeping (AUC 0.674;
95% CI: 0.53-0. 81) and 7-day self-report (AUC 0.687; 95% CI: 0.51-0.82) (Fig 3).

Discussion

Overall, we found that unlike 30-day self-report, appointment keeping and 7-day self-reported
adherence measures had low predictive performance in identifying virological failure. We also
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Table 1. Baseline characteristics (at 10 years on ART).

Variables

Sex

Male

Female

Age (years) at cohort 2 registration
Median (IQR)

Age categories

28-44

45-54

>55

BMI at baseline (cohort registration)
Median (IQR)

BMI <18kg/m’, N (%)

VL at cohort 2registration (c/ml)
Median (IQR)

Baseline VL categories (copies/ml), N (%)
<50

>50

CD4 at cohort2registration (cells/ml)
Median (IQR)

CD4 <200 cells/ml, N (%)

Marital status, N (%)
Single/Separated/Divorced/Widowed
Married/Cohabiting

Employed, N (%)

No

Yes

Household monthly income (as <30$ vs >30$), N (%)

<30$ per month

>30$ per month
Disclosure status, N (%)
No

Yes

Statistics N = 900

362 (40.2)
538 (59.8)

46.0 (41.0, 51.0)
388 (43.1%)
368 (40.9%)

144 (16.0%)

22.4(19.8,25.4)
108 (12.6)

20.0 (20.0, 20.0)

635 (88.4)
83 (11.6)

491.0 (347.0, 662.0)
36 (4.4)

438 (48.7)
462 (51.3)

160 (17.9)
735 (82.1)

374 (43.9)
477 (56.1)

830 (92.2)
70 (7.8)

SD denotes standard deviation, IQR interquartile range, BMI body mass index. Missing values: BMI (n = 42, 5%),
Baseline VL (n = 182, n = 20%), CD4 count (n = 81, 9%), employed (n = 5, 0.6%), household monthly income

(n =49, 5%)

https://doi.org/10.1371/journal.pgph.0000569.t1001

found a low incidence of virological failure among person living with HIV in this long-term
ART study cohort. Our finding of low incidence of virological failure is consistent with an

observational cohort analysis conducted in Uganda at The AIDS Support Organization among
3,340 persons who initiated ART from 2004-2009 and followed-up for a median of 5.7 years
(IQR, 4.1-7.2 years) which found a low rate of virological failure among adult PLWH on first-
line antiretroviral therapy [19]. Our study reports a low incidence of virological failure compa-
rable to 7.4% reported among participants in the first Infectious Diseases Institute cohort fol-
lowed up-to 10 years on ART [20]. The lower incidence of virological failure observed in our
study could be attributed to the longer duration on ART and the fixed dose once-daily therapy
which was introduced around the time of cohort enrollment [18, 21, 22]. Participants on long-

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000569 December 30, 2022

6/12


https://doi.org/10.1371/journal.pgph.0000569.t001
https://doi.org/10.1371/journal.pgph.0000569

PLOS GLOBAL PUBLIC HEALTH

Adherence monitoring methods to measure virological failure among people living with HIV

0.10 0.15 0.20

Probability of Virologic failure
0.05

Probability of VF at 15 years
2.4% (95%CI 1.6%, 3.7%)

Incidence Rate (per 1000 person-years)
4.37 (95%CIl 2.85, 6.70)

0.00

10

Number at risk

631

11

886

12

I
13

1

Days since ART initiation

871

863

T

4

854

15

834

Fig 2. Probability and incidence rate of virological failure among persons on long-term ART. Kaplan-Meier indicates the probability of virologic failure
and incidence rate at 15 years of follow-up among long-term persons on ART.

https://doi.org/10.1371/journal.pgph.0000569.g002

Table 2. ART Adherence measures (7 and 30 self-reported adherence and appointment keeping during 2014-2020.

2014 2015 2016 2017 2018 2019 2020
(N =104) (N =295) (N =871) (N = 866) (N = 850) (N =807) (N =298)
7-day self-reported adherence
No 3 (2.9%) 8 (2.7%) 35 (4.0%) 24 (2.8%) 17 (2.0) 8 (1.0%) 5(1.7%)
Yes 101 (97.1%) 287 (97.3%) 836 (96.0%) 842 (97.2%) 833 (98.0%) 799 (99.0%) 293 (98.3%)
30-day self-reported adherence score >95%)
No 1(1.0%) 1(0.3%) 208 (25.0%) 162 (18.8%) 66 (7.8%) 35 (4.4%) 8 (2.8%)

Yes

102 (99.0%)

294 (99.7%)

623 (75.0%)

702 (81.2%)

780 (92.2%)

767 (95.6%)

277 (97.2%)

Appointment keeping adherence measure

No

2 (1.9%)

18 (6.2%)

61 (7.1%)

42 (4.9%)

59 (7.2%)

356 (57.2%)

77 (27.9%)

Yes

102 (98.1%)

271 (93.8%)

803 (92.9%)

811 (95.1%)

766 (92.8%)

266 (42.8%)

199 (72.1%)

Missing data: Self-reported (0,0,1,1,0,2,9 for 2014, 2015, 2016, 2017, 2018, 2019, 2020 respectively), Appointment keeping (0,6,12,18,27,201,39 for 2014, 2015, 2016,
2017, 2018, 2019, 2020 respectively), 30-day self-reported adherence score >95% (1,1,45,4,4,7,22 for 2014, 2015, 2016, 2017, 2018, 2019, 2020 respectively)

https://doi.org/10.1371/journal.pgph.0000569.t002
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Table 3. Associations of ART adherence and virologic failure, adjusting for baseline and time-dependent patient characteristics.

Factor Model 1 Model 2 Model 3
30-day self-report ART adherence | 7-day self-report ART adherence ART adherence measure
measure (as main exposure) measure (as main exposure) Appointment keeping (as main
(n = 800) (n = 800) exposure) (n = 795)

ART adherence (time-updated) aHR (95% CI) P value aHR (95% CI) P value aHR (95% CI) P value

Non-adherent 1 1 1

Adherent 0.14 (0.05-0.37) <0.001 0.36 (0.05-2.75) 0.325 2.27 (0.27-18.83) 0.447
Other factors adjusted
Sex

Male 1 1 1

Female 2.29 (0.74-7.07) 0.149 2.46 (0.81-7.50) 0.133 2.84 (0.80-10.06) 0.106
CD4 count at cohort registration (cells/mL)

<200 1 1 1

>200 0.24 (0.07-0.85) 0.027 0.26 (0.08-0.91) 0.035 0.22 (0.06-0.76) 0.017
Employment status

Unemployed 1 1 1

Employed 0.57 (0.21-1.55) 0.275 0.57 (0.22-1.53) 0.267 0.60 (0.21-1.76) 0.353

ART adherence modelled as time-dependent covariates in all models. Analysis performed on complete cases for all covariates adjusted in the model: 11% (100/900)
missing in model 1 and 2, whereas 12% (105/900) missing in model 3. aHR denotes adjusted hazard ratio from Cox proportional hazard regression models, CI denotes
confidence interval. Apart from adherence (the main exposure), in the adjusted models we Included only covariates with P value<0.2 at unadjusted model. Age groups,
marital status and household monthly income had P values>0.2 in unadjusted Cox models, and thus were excluded from adjusted models.

https://doi.org/10.1371/journal.pgph.0000569.t003

term ART have received many ART adherence counselling sessions that should increase
awareness about the importance of ART adherence and possibly drug side effects [20, 21]. Fur-
thermore, this is a survivor cohort of persons who have been on ART for at least ten years;
there is evidence that shorter ART duration is conversely associated with increased risk of viro-
logical failure [22]. This is due to the recent policy of universal test and treat, which increase
the likelihood that patients with a new diagnosis of HIV tend to be unprepared to start ART as
they have had limited psychosocial support due to rapid initiation [22, 23]. The issues of
stigma, sero-status disclosure to people close to them and discrimination is another concern
among people on ART as it increases non-adherence to treatment [22, 23].

We found that baseline CD4 cells >200 cells/ml was associated with lower risk of develop-
ing virological failure in models using each of the three adherences measures. Our finding is
similar to several studies both in developed and LMIC that have reported low baseline CD4
count have increased risk of developing virological failure [24]. This finding is supported by
other studies which recommended closer monitoring and ART adherence counselling for per-
sons who commence ART with low CD4 count [24, 25].

We also found that all the three adherence measures had low predictive performance in
identifying virological failure. However, the 30-day self-report adherence measure was most
able to predict virological failure. Our finding that 30-day self-report predicted virological fail-
ure is consistent with a study by Minyi et al., 2008 [26] who found that 1-month self-report
ART adherence was more accurate in measuring ART adherence and predicating virological
failure than 3-day or 7-day self-reported ART adherence [26, 27]. Other studies conducted in
sub-Saharan Africa have found that self-report adherence measures have low predictive per-
formance in detecting virological failure among participants on long and short-term ART
[27]. This could be because each of these adherence measures has inherent weakness such us
their accuracy and precision due to recall and social desirability in different settings [28].
Therefore, viral load monitoring as per WHO, remains the gold standard for identifying
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Fig 3. Roc curves for the three ART adherence measures in predicting virological failure. Predictivity ability of three adherence measure in predicating
virological failure among long-term ART person.

https://doi.org/10.1371/journal.pgph.0000569.9003

virological failure, monitoring ART adherence, and confirming treatment failure among peo-
ple on ART even if its scale-up in resource-limited setting is hindered by financial and techni-
cal constraints [29].

To improve ART adherence, HIV care programs in LMIC should continue to educate peo-
ple living with HIV on the importance of reporting accurate and consistent ART adherence,
keeping dosing schedules, and explaining adverse effects. National ART guidelines should pay
particular attention to monitoring virological failure and supporting ART adherence among
persons who initiate ART with lower CD4 count. Monitoring viral load helps identify PLWH
on ART who have sustained long-term viral load suppression and is crucial in HIV prevention
efforts given that national programs are promoting the UNAIDS slogan of undetectable equals
to untransmissible (U = U). As we disseminate and implement the UNAIDS policy, programs
should integrate objective methods of measuring adherence like medication event monitoring
systems, and biologic measures like point of care tenofovir testing that best predict virological
failure.

The key strength of our study is the prospective data collection design among long-term
ART persons, large sample size, long duration of follow-up, and objective ascertainment of
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virological failure. However, our study has limitations. These findings may not be generaliz-
able because persons were from an HIV centre of excellence, which may not be representative
for smaller centres or primary care settings, social desirability bias, immortal time bias could
have affected the study findings. Also, this is a non-randomized comparison and is subject to
unmeasured confounding. Twenty percent of viral load data were missing but we used multi-
ple imputation in the sensitivity analysis.

Conclusion

The incidence of virological failure among PWA on long-term ART in this cohort study was
low. Unlike the 30-day self-report, appointment keeping and 7-day self-reported ART adher-
ence measures had low predictive performance in identifying virological failure. Routine
plasma viral load monitoring remains the gold standard for adherence monitoring and con-
firming HIV treatment response.
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