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Abstract

We conducted a cluster-randomized trial to estimate effects of directly observed combination 

antiretroviral therapy (DOT-cART) on retention with viral suppression among HIV-positive adults 

in Peru.

We randomly allocated facilities to receive the 12-month intervention plus the standard of care, 

including adherence support provided through accompaniment. In the intervention arm, health 

workers supervised doses, twice daily, and accompanied patients to appointments.

Among 356 patients, intention-to-treat analyses showed no statistically significant benefit of DOT, 

relative to no-DOT, at 12 or 24-months (adjusted probability of primary outcome: 0.81 vs. 0.73 

and 0.76 vs. 0.68, respectively). A statistically significant benefit of DOT was found in per-
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protocol and as-treated analyses at 12-months (0.83 for DOT vs. 0.73 for no DOT, p-value: 0.02 

per-protocol, 0.01 as-treated), but not 24-months.

Rates of retention with viral suppression were high in both arms. Among adults receiving robust 

adherence support, the added effect of time-limited DOT, if any, is small-to-moderate.

Resumen
Realizamos un estudio clínico aleatorizado por grupos para estimar los efectos que tiene la terapia 

antirretroviral combinada directamente observada (DOT-cART) sobre la retención con supresión 

viral entre adultos VIH-positivos en el Perú.

Cada establecimiento fue aleatorizado para recibir la intervención de 12 meses, adicional a la 

atención estándar, incluyendo acompañamiento como soporte para la adherencia. En el brazo de 

intervención, los trabajadores de salud supervisaron la toma de dosis, dos veces diariamente, 

acompañando a los pacientes a sus citas médicas.

Entre 356 pacientes, el análisis por intención-de-tratar no mostro un beneficio estadísticamente 

significativo del DOT respecto al no-DOT tanto a los 12 como a los 24 meses (probabilidad 

ajustada del indicador primario: 0.81 vs. 0.73 y 0.76 vs 0.68, respectivamente). Un beneficio 

estadísticamente significativo del DOT se encontró en el análisis por-protocolo y en el análisis 

‘tratado en el estudio’ a los 12 meses (0.83 para DOT vs. 0.73 para no-DOT; valor-p: 0.02 por-

protocolo, 0.01 tratado en el estudio), pero no a los 24 meses.

Las tasas de retención con supresión viral fueron altas en los dos brazos del estudio. Entre adultos 

que recibieron un robusto soporte para asegurar la adherencia, el efecto adicional de DOT-cART 

de tiempo-limitado, si lo hay, es menor a moderado.
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INTRODUCTION

Directly observed therapy (DOT), in which a health worker observes the ingestion of 

medications in order to guarantee adherence, has been implemented for combination 

antiretroviral therapy (cART) delivery for HIV with varying success.(1-6) Two meta-

analyses revealed no statistically significant effect of DOT-cART on HIV outcomes in 

randomized trials; however, there was heterogeneity across studies, including differences in 

the target population, duration and site of the intervention, study outcome, and preparation 

for the post-DOT period.(3, 4) When non-randomized studies with control groups were 

included, DOT-cART participants were more likely to experience undetectable viral loads, 

greater increases in CD4 cell count, and optimal adherence.(3) Both meta-analyses 

suggested DOT-cART may be more effective in populations at higher risk of non-adherence.

(3, 4) The few studies exploring whether DOT-cART benefits are sustained beyond the 

intervention suggest a waning effect.(3, 4)
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DOT implementation strategy (e.g., community-based versus clinic-based; DOT delivered 

by nurse versus layperson) may be a critical determinant of success. In community-based 

DOT, home visits by a community health worker (CHW) provide an opening for intensive 

emotional support and follow-up for hard-to-reach patients, which supplements DOT.(7) A 

key foundation of community-based support is the notion of accompaniment, defined by 

Paul Farmer as long-term support to vulnerable patients by CHWs.(8) Accompaniment, 

argues Farmer, is particularly important for individuals living in poverty,(8) who face 

obstacles to accessing and adhering to treatment.(9-11) Financial constraints contribute to 

food insecurity, lack of money for transportation, extended work hours, and an inability to 

negotiate time off for medical appointments—all of which may challenge routine clinic 

visits and daily adherence.

Prior studies in Peru and Rwanda have reported improved retention and viral load 

suppression with community-based accompaniment including DOT, as compared to a clinic-

based standard of care for cART delivery.(12, 13) These observational studies were unable 

to examine the independent impact of DOT because DOT was included in the community-

based adherence support received by all intervention participants. We conducted a cluster-

randomized control trial to study whether there was an added benefit of DOT on HIV 

treatment outcomes among impoverished adults receiving community-based adherence 

support. The primary outcome was retention with viral load suppression and secondary 

outcomes included change in CD4 cell count from baseline, perceived social support, 

depression, time to attrition, time to HIV-related complication, and time to virologic failure. 

We followed participants for a period of 24 months in order to estimate the immediate and 

longer-term effects of community-based DOT-cART on outcomes among HIV-positive 

adults.

METHODS

Study population

We undertook this study in ten of 43 districts in Lima, Peru, which were selected on the 

basis of their higher burden of HIV. Health facilities in the catchment area were eligible to 

participate if they were not a tertiary referral center. We recruited HIV-positive adults ≥18 

years, who were living in poverty (score < 45 based on Progress Out of Poverty Index(14)), 

starting a new cART regimen (a first or salvage regimen), residing and receiving HIV care 

within the study catchment area and open to receiving CHW visits for DOT-cART. Patients 

who were imprisoned or could not give informed consent due to neuropsychiatric 

impairment were excluded. Eligible participants were selected consecutively from March 

2010 through July 2012, and followed until July 2014.

Study design

The study area contained two tertiary referral hospitals and 90 health centers and posts. 

Health facilities were assigned to the intervention or control arm using a computer-based 

randomization sequence. Intervention assignment was not revealed to the participant until 

after s/he had been enrolled and baseline data collection was completed. Treatment facilities 

were not informed of their study arm. Because the study was not blinded, it is possible that 
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health facility personnel learned of the treatment assignment from patients or DOT workers; 

however, randomization occurred after facilities were recruited, thus study assignment did 

not influence each facility’s decision to participate in the trial. Separate teams were 

responsible for the recruitment, enrollment and data collection for each arm. A baseline 

assessment was performed, and primary and secondary outcomes were assessed after 12 and 

24 months to estimate the immediate and sustained intervention effect.

Standard of care plus accompaniment

All participants received the standard of HIV care, according to national guidelines,(15) 

which included free clinic-based cART and CD4 cell counts and viral loads every six 

months. National guidelines specified that prospective cART patients identify a treatment 

supporter who can offer emotional and adherence support. Additionally, all study 

participants received community-based accompaniment in the form of monthly home visits 

by trained health promoters employed by Socios En Salud, a local non-governmental 

organization. During home visits, health promoters reviewed treatment adherence, reminded 

patients of upcoming medical encounters, and screened patients and family members for 

health problems. Health promoters coordinated with healthcare providers to manage acute 

issues and assisted in hospital navigation.

To our knowledge, there were no changes to national HIV treatment and care guidelines 

during the study period that would have influenced interpretation of our findings. Although 

changes to national guidelines for cART eligibility were updated in 2012, this occurred 

following completion of study enrollment and therefore would not have influenced cART 

initiation among study participants.

DOT-cART intervention

Individuals receiving cART at facilities assigned to the intervention arm received 12 months 

of community-based DOT-cART, delivered by a team of 61 DOT workers selected from the 

Ministry of Health CHW program, which identifies and trains lay health promoters from 

local communities to participate in vaccination campaigns, community-based DOT for TB 

treatment, and health promotion efforts. The DOT-cART workers received four days of 

training about HIV care, adherence, the role of DOT, and factors that could affect patients’ 

adherence and well-being such as domestic violence and substance use. They participated in 

refresher workshops twice a year. Further details regarding the training are found in 

Electronic Supplementary Materials.

Patients selected a DOT worker from those in close proximity to their residence, but were 

not given additional information about the DOT workers aside from his/her name. DOT 

workers’ primary responsibility was the supervision of all cART doses, twice daily, in the 

participant’s home or mutually agreed upon location. Additional responsibilities included 

recording doses and notifying providers of missed or self-administered doses, and 

accompanying patients to medical appointments to relay information, advocate, and help the 

patient understand and complete provider recommendations. During encounters, DOT 

workers triaged for side effects and HIV complications, and identified and notified providers 

of any psychosocial and medical problems. DOT workers were supervised by both the health 
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promoters and a nurse. In addition, a random selection of approximately 7% of patient 

participants and their health promoters and DOT workers were observed and interviewed 

throughout the study period by study staff. After eight months of daily DOT-cART, patients 

began to transition to self-administration, during which time the frequency of DOT visits 

tapered to every other day, weekly, and every two weeks. DOT workers prepared treatment 

supporters to support the patient during the taper and transition to self-administration.

Outcomes

Primary and secondary outcomes were determined at 12 and 24 months following cART 

initiation, reflecting the times at which the intervention was discontinued in DOT-cART 

patients and one year of post-intervention follow-up, respectively. The primary outcome was 

retention with HIV viral load suppression (<400 copies/mL). Individuals who died, became 

lost to follow-up, or defaulted from treatment were not considered retained. Death was 

defined as death from any cause. Loss to follow-up and default were established after an 

individual missed 60 consecutive days of treatment. Virologic failure was defined as two 

consecutive detectable viral loads (≥400 copies/mL) after achieving virologic suppression or 

cART change due to virologic failure. Individuals for whom we were unable to obtain 

primary outcome data (i.e., due to a missing viral load result or withdrawal from the study) 

but who remained on treatment according to health facilities records were not considered 

lost in primary endpoint analyses. Rather, their primary outcome data was considered 

missing, and we conducted sensitivity analyses to examine the impact of these missing data. 

Participants who were lost to follow-up or discontinued cART were visited monthly, if 

possible, to assess clinical status and encourage cART re-initiation.

Secondary outcomes included change in CD4 cell count from baseline, perceived social 

support, depression, time to attrition, time to HIV-related complication, and time to virologic 

failure. Social support and depression were assessed via face-to-face interviews using an 

adapted version of the Duke UNC Social Support Questionnaire,(16) and the Hopkins 

symptom checklist, respectively.(17) The Duke UNC questionnaire consists of 14 items with 

a 5-point Likert scale (1= much less than I would like, to 5 = as much as I would like) that 

was originally developed among patients attending a family medicine clinic in the United 

States. Time to attrition was the number of days from cART initiation to death, loss to 

follow-up, or default. Time to HIV-related complication was the number of days from cART 

initiation to new opportunistic infection, HIV-related hospitalization, or HIV-related death. 

Time to virologic failure was the number of days from cART initiation to the first of two 

consecutive detectable viral loads after achieving virologic suppression or the date of cART 

change due to virologic failure, whichever occurred first.

Data collection

Outcome and covariate data were collected using standardized forms, via medical chart 

review and face-to-face interviews with participants. Alcohol and drug use disorders were 

measured at baseline and monthly using the 20-item alcohol and drug modules of the Mini 

International Neuropsychiatric Interview, which has previously been validated in Spanish.

(18) These modules consist of yes or no questions that can be summed to determine whether 

the participant meets DSM-IV criteria (The Fourth Edition of the Diagnostic and Statistical 
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Manual of Mental Disorders) for alcohol and/or substance abuse or dependence. HIV-related 

stigma was measured using an abbreviated version of the Berger HIV Stigma Scale.(19) The 

original English-language version of this stigma scale contains 40 items that used a four-

point likert scale and covers the following domains: personalized sigma, disclosure 

concerns, negative self - image, and concern with public attitudes toward people with HIV. It 

was originally developed and validated in an adult HIV-infected population in the United 

States. Members of our study team subsequently translated the scale to Spanish, 

demonstrated its internal reliability and construct validity in an urban Spanish-speaking 

population in Peru, and created an abridged 21-item version of the scale.(19)

Sample size calculations

Sample size calculations were based on the primary outcome, using estimates of intra-cluster 

correlation (0.05) from other precedents.(20) Based on this and an average cluster size of 7.4 

(standard deviation, 10.7) in a pilot study,(12) we estimated an inflation factor of 2.09 for 

cluster randomization. A detectable risk difference of 0.15 with 80% power and a two-sided 

alpha-test of 0.05 required a sample of 340 HIV patients. Estimating fewer than 5% missing 

outcomes, we increased this estimate to 356.

Statistical analyses

Primary analyses were intention-to-treat. To estimate the effect of DOT-cART on the 

primary outcome as well as binary secondary outcomes (depression versus no depression), 

we constructed separate marginal models for 12- and 24-month outcomes using generalized 

estimating equations with a binary response, logit link, and robust standard errors. We used 

an exchangeable correlation matrix, which presumes individuals are uncorrelated across 

clusters, while individuals within the same cluster share a correlation coefficient. For 

continuous secondary outcomes (change in CD4 cell count, social support) we used 

generalized estimating equations with a normal distribution and identity link. To quantify 

differences in time to attrition, HIV-related complication, and virologic failure, we used 

marginal Cox models and maximum partial likelihood estimates under an independent 

working assumption and robust sandwich covariance matrix estimate to account for the 

intra-cluster dependence. We conducted multivariable analyses in which we adjusted for 

baseline variables that appeared imbalanced across the study arms. Because neither the 

primary outcome nor its inverse were rare events, the odds ratio did not approximate the risk 

ratio, and we therefore reported predicted probabilities and 95% confidence intervals.

To assess potential bias due to missing outcome data, we examined whether the rates of 

missing outcome data varied by study arm. We also conducted sensitivity analyses where 

participants who were missing primary outcome data were considered (1) not retained with 

viral load suppression and; (2) retained with viral load suppression. Because there were 

some missing covariate data and complete case analyses may be biased if data are not 

missing completely at random, we performed sensitivity multivariable analyses on data sets 

multiply imputed (N=5) using covariate and outcome data. Imputation was conducted using 

the Markov Chain Monte Carlo methods, and effect estimates were pooled across data sets.
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Fourteen participants never initiated DOT although they received cART at a DOT health 

facility. Reasons included concern that others would discover their diagnosis, perceived 

inconvenience of DOT, and employment scheduling conflicts. Nine individuals incompletely 

followed their allocated treatment because they changed residences during the 12-month 

intervention period and began receiving care at a health facility assigned to the other study 

arm. Four of these individuals moved from a DOT to a no-DOT health facility, and five 

moved from a no-DOT to a DOT health facility. To account for infidelity to allocated study 

arm, we conducted a per-protocol analysis in which we excluded patients who did not follow 

their intervention assignment; and an as-treated analysis in which patients were assigned the 

exposure they received for the majority of the 12-month intervention period. From the latter, 

we excluded two people in the DOT arm who never initiated DOT due to hospitalization and 

early death. We considered this to be a conservative approach because these patients would 

have been counted as deaths in the control arm. Because perceived HIV-related stigma might 

contribute to DOT refusal, we adjusted for HIV stigma score in multivariable per-protocol 

and as-treated analyses.

SAS version 9.3 (SAS Institute, Inc., Cary, NC) was used for statistical analyses. Study 

procedures were approved by Partners Healthcare Human Research Committee and the 

Ethics Committee of the Peru National Institute of Health. This trial is registered at 

ClinicalTrials.gov, NCT01070017.

RESULTS

Health facility allocation and inclusion

Of 92 health facilities assessed for eligibility, two tertiary hospitals were excluded and one 

health facility elected not to participate. Of the 89 health facilities randomized, 72 enrolled 

one or more HIV-patients and were subsequently included for analysis (39 DOT sites and 33 

no-DOT sites; Figure 1). The median cluster size was four participants, with a range from 

one to 18. Thirteen clusters included only one participant.

Baseline characteristics and treatment allocation

Of 670 individuals screened for inclusion, over half (n=356) enrolled (Figure 2). Of those 

enrolled, 200 (56.2%) belonged to DOT facilities and 156 (43.8%) belonged to no-DOT 

facilities. Baseline characteristics of participants are shown in Table 1. Although the two 

groups were generally similar, patients in the DOT arm were more often originally from 

Lima, had a higher median CD4 count, more depression, fewer substance use disorders, less 

unemployment and less severe food insecurity. Levels of perceived HIV-related stigma were 

comparable in the two groups.

Fidelity to allocated intervention

Nine individuals changed residences during the 12-month intervention period, resulting in a 

new health facility that was randomized to an arm differing from their initial assignment. 

Four of these individuals moved from a DOT to a no-DOT health facility, and five moved 

from a no-DOT to a DOT health facility.
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Intention to treat analyses

The primary outcome of retention with viral load suppression tended to be more common 

among individuals in the DOT arm at both 12 and 24 months (80% versus 73% and 74% 

versus 68%, respectively). These differences were not significant in univariable or 

multivariable analyses (Table 2). Secondary outcomes were similar across the intervention 

and control groups at 12 and 24 months (Electronic Supplementary Materials Tables S1 and 

S2). Virologic failure was rare, occurring in three participants (1.5%) in the DOT arm and 

one participant (0.64%) in the no DOT arm, and therefore was not analyzed using regression 

methods. Only 4.8% and 3.8% of participants were missing primary outcome data at 12 and 

24 months, respectively, and study arm did not predict missing primary or secondary 

outcome data. Some clusters were dropped from the analyses due to missing outcomes. For 

the primary outcome this occurred only among cluster sizes of one.

Sensitivity analyses

Estimates and p-values from multiply-imputed datasets were consistent with adjusted 

analyses without imputation. When we treated individuals lacking primary outcome data as 

not retained with viral load suppression, we found that individuals in the DOT arm were 

more likely to be retained at 12 months, even after adjustment for baseline differences 

between the two groups (predicted probability [pp] DOT: 0.79; 95% confidence interval 

[CI]: 0.66 – 0.87; pp no DOT: 0.69; 95% CI: 0.53 – 0.82; p-value: 0.04); however the 

difference at 24 months was not statistically significant (pp DOT: 0.72; 95% CI: 0.57 – 0.83; 

pp no DOT: 0.64; 95% CI: 0.49 – 0.78; p-value: 0.27). In contrast, when we assumed that 

those lacking primary outcome data were suppressed, the predicted probability was not 

statistically significant at 12 months (pp DOT: 0.82; 95% CI: 0.69 – 0.90; pp no DOT: 0.75; 

95% CI: 0.59 – 0.86; p-value: 0.12) or 24 months (pp DOT: 0.77; 95% CI: 0.63 – 0.87; pp 

no DOT: 0.70; 95% CI: 0.54 – 0.83; p-value: 0.21).

Per-protocol and as-treated analyses

In per-protocol and as-treated analyses in which individuals who did not fully comply with 

their initial treatment assignment were excluded or reclassified, respectively, the mean 

predicted probability of retention with viral load suppression for the DOT arm was 0.02 to 

0.03 higher than those observed in the intention-to-treat analysis. At 12 months, the per-

protocol and as-treated adjusted predicted probabilities were 0.83 for the DOT arm and 0.73 

for the no DOT arm (p-value for per-protocol analysis: 0.02; p-value for as-treated analysis: 

0.01; Table 2). While DOT recipients continued to have a higher probability of the primary 

outcome at 24 months in both the per-protocol and as-treated analyses, this difference was 

not statistically significant (Table 2). When we repeated these analyses on multiply imputed 

datasets, we observed estimates and p-values consistent with the adjusted per-protocol and 

as-treated analyses without imputation with one exception. In the adjusted multiply imputed 

per-protocol analysis at 12-months, the difference in the probability of retention with viral 

load suppression in the DOT (0.82) versus no DOT arm (0.73), was only borderline 

statistically significant (p=0.06).
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DISCUSSION

We observed high rates of retention with viral load suppression in both arms of a cluster 

randomized trial of HIV-positive adults living in poverty and receiving cART and adherence 

support provided through accompaniment. Intention-to-treat analyses showed no statistically 

significant benefit of DOT, when added to this standard of care. Per-protocol and as-treated 

analyses, and sensitivity analyses imputing missing outcomes as unfavorable endpoints, 

suggested the possibility of a modest statistically significant benefit of DOT at 12-months. 

Importantly, the differences across study arms in predicted probabilities for the primary 

outcome were qualitatively similar in intention-to-treat and per-protocol and as-treated 

analyses, ranging from 0.07 to 0.10. The discordancy in statistical significance at a strict 

0.05 threshold is not surprising given the biases inherent to intention-to-treat and per-

protocol and as-treated analyses. Intention-to-treat analyses are a conservative approach for 

analyzing randomized superiority trial data because significant non-adherence to the 

allocated intervention may attenuate effect estimates, decreasing power.(21) Per-protocol 

and as-treated analyses may be biased by confounding and patient selection; however, we 

sought to limit these biases through statistical adjustment. Taken together, we conclude that 

the added value of DOT-cART on retention with viral load suppression, if any, is small to 

moderate in the presence of robust adherence support, such as accompaniment. We did not 

find evidence that DOT-cART influences outcomes of social support, depression, CD4 cell 

count, HIV-related complications or attrition from care in this context.

This study differs from prior analyses of DOT-cART in several key ways. First, DOT was 

provided in patients’ homes or another mutually agreed upon location, rather than requiring 

participants travel to a health facility. Second, by including a robust model of community-

based accompaniment in our control group, our study isolated the effect of DOT alone, 

disentangled from other elements of community-based support. Third, our primary outcome 

was retention with viral load suppression, representing the ultimate goal for all HIV 

treatment programs: to keep patients alive and on treatment with an unsuppressed viral load. 

Finally, we studied post-intervention outcomes one year after DOT discontinuation and 

tapered DOT in order to prepare participants for the post-DOT period.

Observed differences in the primary outcome were smaller than those used for pre-

enrollment sample size calculations. Therefore, the study was likely underpowered to detect 

statistically significant differences of the observed magnitude. The control arm, which 

included accompaniment, likely contributed to this smaller-than-expected difference. We 

designed this robust control group with input from patients, DOT workers and staff with 

experience providing community-based care and support for patients with HIV and 

tuberculosis in Lima.(7, 12, 22) Monthly visits by study workers to conduct research 

interviews may also have improved outcomes in both arms. Neither per-protocol and as-

treated analyses analysis accounted for day-to-day fidelity to DOT by participants or DOT 

workers. Consideration of missed DOT encounters or DOT discontinuation by study 

participants would likely further strengthen observed associations between DOT and the 

primary outcome in per-protocol and as-treated analyses. Last, while we expect results are 

generalizable to HIV-positive adults living in poverty in urban Latin American settings and 

beyond, they likely only apply to individuals open to receiving visits for DOT, a factor that 
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may vary across settings. In this study only a small percentage (7%) of eligible DOT 

candidates opted out of DOT after randomization, and concerns of stigma and unintended 

disclosure were alleviated once the community health worker was able to establish a trusting 

rapport.

In conclusion, we observed high rates of retention with viral load suppression among HIV-

positive adults living in poverty and receiving cART and accompaniment. Although time-

limited DOT-cART did not improve retention with viral load suppression in conservative 

intention-to-treat analyses, per-protocol and as-treated analyses suggested the possibility of a 

small-to-modest benefit. Future analyses will include subgroup analyses to determine 

whether some groups (e.g., patients with a substance use disorder, patients with higher levels 

of perceived HIV-related stigma) benefit more from DOT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cluster randomization of health establishments to DOT-cART intervention or control in 

Lima, Peru
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Figure 2. 
Allocation status and follow-up of 356 HIV-positive adults enrolled in a cluster randomized 

trial of DOT-cART

* Virologic failure was defined as two consecutive detectable viral loads after achieving 

virologic suppression or cART change due to virologic failure.

** Among 180 and 138 participants alive and on treatment at 12-months in the DOT and 

No-DOT centers, respectively.
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Table I

Baseline characteristics of participants, by study arm

Characteristic N DOT-HAART group (n=200)
N (%), mean ± SD, or

median [IQR]

Control group (n=156)
N (%), mean ± SD, or

median [IQR]

Socio-demographic characteristics

Female 356 71 (36) 57 (37)

Age (years) 356 33 [27, 40.5] 32.5 [26, 40]

Originally from Lima 356 119 (60) 86 (55)

Married or living with partner 356 70 (35) 51 (33)

Number of children 356 1 (0, 2) 1 (0, 3)

Did not complete high school 353 102 (52) 79 (51)

Poverty score 356 36 (30, 41) 35 (29.5, 41)

Food insecurity status 348

 Food secure 37 (19) 26 (17)

 Mildly insecure 18 (9) 11 (7)

 Moderately insecure 64 (33) 42 (27)

 Severely insecure 75 (39) 75 (49)

No full-time employment* 356 118 (59) 103 (66)

Difficulty accessing health services 350 177 (90) 138 (90)

Clinical characteristics

Months with diagnosis at cART initiation 355 3.6 [1.8, 12.0] 2.6 [1.4, 13.9]

BMI (kg/m2) 355 22.4 ± 3.8 22.2 ± 3.7

CD4 (cells/μL) 337 174 [69, 262] 128.5 [57, 254]

Viral load (copies/ml) 336 145511 [40103, 356193] 143571 [36121, 437653]

Prior HAART 356 12 (6) 6 (4)

Co-morbidities

Any substance use disorder 340 54 (28) 52 (35)

TB disease 356 38 (19) 33 (21)

Psychosocial variables

Social support score 349 27.3 ± 6.1 27.2 ± 6.2

Perceived HIV-related stigma 350 52.4 ± 9.8 54.3 ± 12.0

Depression 340 25 (13) 11 (7)

The following responses were classified as not having full-time employment: house-wife, student, seasonal employees or unemployed.

Individuals were defined as having difficulty accessing health services if they reported any of the following on a standardized Likert-type scale: 
never being admitted to a hospital without difficulty when in need of hospital services; never easily able to get to places where s/he could receive 
health services; always or sometimes having to solve own health problems without medical services because they were too expensive; always or 
sometimes having difficulty accessing health services in case of an emergency; or needing health services in the six months prior to interview but 
unable to get them.
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