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Background: There are more than two million people living with HIV (PLH) in India, with more than 
30% on antiretroviral treatment (ART) estimated to be non-adherent. This study aimed to (I) document 
adherence rates and related factors among ART patients in a large ART clinic in India, and (II) pilot test 
daily and weekly interactive voice response (IVR) calls to improve ART adherence and related outcomes. 
Methods: ART patients reporting missing at least one dose in prior 6 months (N=362) were enrolled and 
assessed via self-report and medical record review. Participants were randomized to one of two conditions: 
(I) twice-daily IVR call reminders with self-management support messaging, plus a weekly IVR adherence 
assessment; or (II) an attention control, with only weekly IVR adherence assessment. Participants completed 
study assessments at baseline, 2-, 4-, and 6-months with high retention (88% to 96%).
Results: Intention-to-treat analyses found limited support for intervention effects for improving or 
maintaining ART adherence or CD4 counts between the two study arms over 6-months follow-up. 
Adherence increased significantly in the six months prior to baseline from about 65% to >95% with perfect 
adherence based on pill counts from medical records and consistent with patient self-report measures, which 
presented ceiling effects for detecting improvements in ART adherence in response to IVR intervention 
exposure. There was also limited support for intervention effects on secondary, self-management outcomes.
Conclusions: High levels of adherence were sustained throughout the 6-month RCT. IVR regulation 
changes in India delayed study launch for 6 months, which likely allowed mobilization of improved 
adherence at the clinic, provider and patient levels in anticipation of the study launch. Therefore, ceiling 
effects limited inferences on intervention effects to improve adherence. Results suggest that clinic-level 
adherence monitoring may be sufficient to mobilize adherence improvements by providers and patients.
Trial registration: ClinicalTrials.gov registration #NCT02118454.
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Introduction

India has the third highest number of people living with HIV 
(PLH) in the world (1). Among the 36% of Indian adults 
living with HIV with access to life-saving antiretroviral 
therapy (ART), most access ART through government-
sponsored programs (2). India implemented its free ART 
roll-out program in 2004, with the goal of attaining >95% 
adherence rates (3). As of 2016 there were 528 ART 
Centers in India, serving almost one million PLH (4).  
Yet, non-adherence among PLH remains high and there 
is a paucity of research on interventions to improve ART 
adherence in India. Adherence has been defined as taking 
95% of prescribed ART doses (5,6). One 2020 meta-
analysis estimated 33% of PLH in India do not reach 95% 
adherence (7).

HIV requires lifelong self-management to remain 
adherent. Low adherence and interruptions can lead to viral 
rebound and negative consequences including transmission 
to others (8,9), failure of and potentially resistance to first-
line medication (10), and HIV disease progression (4). 
Improving and sustaining ART adherence is essential to 
both prevention and treatment outcomes. One exploratory 
qualitative study in India found missed appointments, loss 
to follow-up, and forgetting doses to be common barriers 
to ART adherence (11). Forgetfulness is the most common 
barrier to ART adherence reported in literature (12-15) 
highlighting opportunities for mobile medication reminders 
to improve ART adherence.

A systematic literature review with evidence-based 
recommendations suggested reminder devices and use of 
communication technologies with an interactive component 
as a recommended self-management tool for ART 
adherence (16). Short message service (SMS) reminders 
and interactive voice response (IVR) calls have also been 
successful at improving barriers to retention (15,17-22). 
In 2017, India reached nearly 1 billion mobile phone 
subscribers with rates of “teledensity”, or the proportion of 
mobile phones to population, of 172% in urban and 58% in 
rural areas (UCLA) (23). Using mobile phones to support 
ART adherence is a low cost, easily diffused, and potentially 
efficacious intervention strategy (18,24). Two prior studies 
in India demonstrated patient preferences for IVR calls 
over SMS, and that IVR calls alone function as adherence 
reminders (15,25). 

The current study was funded by an Indo-US bilateral 
R21 exploratory/development grant with two broad 
aims: (I) to document ART adherence rates, behaviors, 

and related factors; and (II) to pilot test in a randomized 
controlled trial the efficacy of daily compared to weekly 
automated IVR calls to support adherence and address 
related factors such as social support, depression, coping, 
and self-management. We present the following article 
in accordance with the CONSORT guideline checklist 
(available at http://dx.doi.org/10.21037/mhealth-19-248a).

Methods

Study design overview

PLH in a large government clinic in Kolkata, India were 
recruited from April 2014 to March 2015. Among the 384 
potential participants screened for the study, 362 (94%) 
were eligible and enrolled. Eligibility criteria included: 
18 years of age, on first or second-line ART regimen, 
had a CD4 count in last two months (to collect baseline 
and follow-up CD4 counts prior to the 6-month follow-
up), and reporting one or more missed ART doses in the 
last six month (the research team anticipated strong social 
desirability biases for under-reporting non-adherence based 
on feedback from the pilot study participants). Ineligible 
patients were invited to re-screen when they received their 
next routine semi-annual CD4 results. Participants were 
randomly assigned to an intervention or attention control 
arm, stratified by gender. The intervention arm consisted of 
twice-daily IVR ART reminder calls with self-management 
content, three appointment reminders, and a brief weekly 
IVR adherence and symptom monitoring assessment over a 
6-month period. The attentional control arm received the 
weekly IVR assessment only. The attentional-control design 
was selected due to ethical considerations resulting from 
several RCTs showing that weekly text message reminders 
improved ART adherence (21,26-28). Baseline and follow-
up assessments were conducted with high retention at  
2 months (89%), 4 months (93%), and 6 months (93%). 
Two study participants died during the study, unrelated to 
study procedures. The study protocol was approved by the 
Institutional Review Boards of the University of California, 
Los Angeles and the Durbar Ethical Review Committee and 
was registered with ClinicalTrials.gov (#NCT02118454). 
Figure 1 shows the study design and participant flow.

Recruitment procedures

Participants were primarily recruited from the ART Centre 
at the Calcutta School of Tropical Medicine (STM), which 

http://dx.doi.org/10.21037/mhealth-19-248a
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hosts the largest ART center in the Northeast Region of 
India and had over 3,000 active patients on first line ART. 
Participants were also recruited from the Mamata Care and 
Treatment Center (MCTC) and the associated Mamata’s 
Network of Positive Women (MNPW), which provides 
HIV testing and treatment linkage and support for sex 
workers and their male partners and social networks. A 
research team member administered a verbal introduction 
script to patients in clinic waiting areas. Interested 
participants were screened in a private area. 

Fol lowing recrui tment  and informed consent , 
participants were randomized within site to either the 
control or intervention group. Randomization was balanced 

by gender using an algorithm designed by the UCLA 
team and implemented in real-time in the mobile phone 
screening and assessment application by Dimagi Inc. 
(described below). Interviewers were blind to randomization 
assignment during the baseline interview. Participants 
without a personal mobile phone were provided one with 
service coverage. Participants received a brief training on 
how to respond to queries from IVR calls. 

Intervention piloting and development

Mixed-methods formative research, including a community 
advisory board (CAB), pilot testing and focus group 

Screened

Enrollment

Allocation

Follow-Up

Assessed for eligibility (n=384)

Consented and 

Randomized (n=362)

2-month 

Follow-up

 (n=161, 88%)

2-month 

Follow-up

 (n=160, 89%)

4-month 

Follow-up

 (n=168, 94%)

6-month 

Follow-up

 (n=171, 96%)

4-month 

Follow-up

 (n=167, 91%)

6-month 

Follow-up

 (n=168, 92%)

Allocated to Intervention-Daily IVR (n=183)

• Received allocated intervention (n=183)

• Did not receive allocated intervention (n=0)

Allocated to Control-Weekly IVR Survey (n=179)

• Received allocated intervention (n=179)

• Did not receive allocated intervention (n=0)

Reason for Exclusion (n=22)

• Not meeting inclusion criteria (n=22)

• Declined to participate (n=0)

• Other reasons (n=0)

Figure 1 The mobile-messaging adherence and support for health RCT study design.
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discussions, informed IVR message development and 
delivery (26). The CAB refined the secondary aims of the 
intervention, shifting the focus from drug and alcohol 
abuse—not considered major problems in the community—
to nutrition, hygiene and depression. Focus group 
discussions highlighted privacy and disclosure-related 
concerns. Participants expressed concern about involuntary 
disclosures to others with access to their mobile phones, and 
did not want messages with HIV or STI-specific content. 
Similarly, some participants did not want adherence 
messages to mention ART explicitly and felt that calls alone 
served as medication reminders. Almost all participants 
requested messages on general health and wellness (26).

Dimagi, Inc., a social enterprise mobile health technology 
company with field offices in Delhi, developed and managed 
the integrated study screening, randomization, assessment, 
follow-up, and IVR mobile technology platform. Dimagi’s 
CommCare platform is a HIPAA compliant, cloud-
based mobile phone data collection and case management 
platform. The IVR calls were implemented in India by a 
gateway provider (Koo Koo). Upon completion of the study, 
all data was downloaded from CommCare’s server for data 
analysis and permanently deleted from Dimagi’s servers. 

Intervention

Participants randomized to the intervention arm received 
two IVR calls per day, once in the morning and another 
in the evening between 9 am and 9 pm to comply with 
India’s regulations for IVR and SMS gateway providers. 
Participants were able to choose the times that they would 
receive calls, ideally to coincide with when they typically 
took their ART medication to function as an alarm. The 
IVR message set included 120 messages, each lasting less 
than 60 seconds, broadly categorized into three domains: 
medically-related, health promotion, and mental health. 
Medically-related messages focused on self-management 
of treatment (adherence, provider communication), 
symptoms (nausea, dehydration), and co-infections 
(tuberculosis). Health promotion messages focused on diet, 
nutrition, and hygiene. Mental health messages focused 
on self-management strategies for stress reduction, mood 
improvement, positive cognitions, and social support. 
Cognitive-behavioral messages were adapted from two 
RCTs on depression (27) and co-morbid depression and 
alcohol use (28). 

Messages  served mult ip le  funct ions  inc luding 
engagement, intervention framing, information, motivation, 

and behavioral cues. Message lists were randomized within 
each category, then domain, and then formed into a queue 
alternating medically-related, health promotion, and 
mental health messages so that none of the 120 messages 
were repeated in a single 2-month period. Messages were 
available in Bengali and Hindi and in male and female 
voices to match the participant’s gender to avoid negative 
reactions from spouses. At the end of each message, 
participants were asked if they liked the message by pressing 
1 (yes) or 2 (no) to assess participant engagement and to 
inform future intervention content. In the event that a call 
was unanswered, two more attempts were made (at 5-minute 
intervals). In addition, three appointment reminder 
messages were sent at 7-, 2- and 1-day prior to participants’ 
scheduled HIV appointments, generally monthly or every 
two months. 

Intervention and attention control participants received 
weekly monitoring IVR calls, which consisted of four 
questions querying if any ART doses were missed, physical 
symptoms (side effects), and mental health symptoms 
(sadness, worry/anxiety) in the last week. Participants 
responded by pressing 1 (yes) or 2 (no) on their phone’s 
keypad. In the event of nonresponse to two consecutive 
weekly IVR assessment calls, follow-up by an interviewer 
was triggered to maximize retention and simulate clinic staff 
follow-up. If requested, participants could opt-out of IVR 
message and/or assessment calls. CommCare also recorded 
whether IVR calls were answered and their duration.

Assessments

Participants completed assessments at baseline, 2-, 4- 
and 6-months follow-up using structured questionnaires 
administered by interviewers using the CommCare platform 
on mobile phones. Generally, follow-up assessments were 
scheduled on the same day as ART center visits. Data was 
also collected from participant medical records for up to 
18 months prior to baseline and at each follow-up. ART 
patients in India are provided an “ART card” to carry to 
their appointments that include information related to HIV 
outcomes, including CD4 cell count (conducted once every 
6 months) and ART pill counts.

Measures

Three primary outcome measures on antiretroviral 
medication adherence were assessed, including: 

(I)	 ART adherence based on pill counts from the 
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ART card, including 6 months of monthly ART 
pill counts prior to baseline and through 6-month 
follow-up. Physician-reported pill counts ranged 
from 0 to 60 pills, with a higher value indicating 
worse ART adherence; 

(II)	 Self-reported adherence from the AIDS Clinical 
Trials Group (ACTG) measures (12) (ex. Did you 
miss your dose 3 days ago?), including ART self-
efficacy (ex. In the last 2 months, when you feel better, 
have you sometimes stopped taking your medicine?), 
and beliefs about medication effectiveness (ex. Do you 
think the HIV in your body will become resistant to 
ART if you do not take them as prescribed?). Self-
reported time since last missed dose was measured 
using an ordinal variable from the ACTG measure 
(0 = never or not applicable, 1 = more than 3 months 
ago, 2 = 1–3 months ago, 3 = 2–4 weeks ago, 4 = 
1–2 weeks, 5 = within the past week), which was 
dichotomized for this analysis into missed last dose 
within 1 month = 1 versus missed last dose more than 
1 month ago =0; and,

(III)	 ART Card-verified CD4 cell counts, including 
up to three CD4 counts to baseline for up to 
18-months pre-baseline.

Secondary outcomes were assessed by self-report, 
including:

(I)	 Alcohol  Use—the Alcohol  Use  Disorders 
Identification Test (AUDIT-C), a brief three-item 
measure on hazardous alcohol use scored on a scale 
of 0–12 with a higher score indicative of hazardous 
drinking habits (29); 

(II)	 Anxiety and Depressive Symptoms—measured 
by the 8-item depression subscale of the Hospital 
Anxiety and Depression Scale (HADS) that has 
high concurrent validity with diagnostic tools such 
as the CESD (30). The HADS-D has been used 
throughout India and translated to Bengali for 
use with PLH in Kolkata (31). Example survey 
questions include, “I feel as if I am slowed down,” 
“I still enjoy the things I used to enjoy,” and “I 
can sit at ease and feel relaxed”. Responses are 
reported on a Likert-scale ranging from 0 “Not 
at all” to 3 “Most of the time” and reverse coded 
for negatively-framed items. The HADS-D has 
four scoring levels generated based on the sum of 
the responses: none [0–7], mild [8–10], moderate  
[11–14], and severe [15+]. One pilot study with 
PLH for the current study using this measure 

found high rates of depression but low rates of 
anxiety (26). Therefore, the anxiety subscale was 
excluded in this study to reduce assessment burden; 

(III)	 Coping Skills—measured by the self-report Brief 
COPE (32) applied to coping with HIV/AIDS 
and taking ART. Fourteen domains were assessed 
with sub-scales consisting of two items each with 
responses ranging from 0 “Not doing this at all” to 
3 “Doing this a lot” and summed to a 0–6 score for 
each sub-scale domain: self-distraction, active coping, 
denial, substance use, use of emotional support, use 
of instrumental support, behavioral disengagement, 
venting, positive reframing, planning, humor, 
acceptance, religion, and self-blame. For example, 
self-distraction is assessed with the items: “I’ve been 
turning to work or other activities to take my mind 
off things” and “I’ve been doing something to think 
about it less, such as going to movies, watching TV, 
reading, daydreaming, sleeping, or shopping.”

More detailed descriptions of psychosocial measures and 
secondary outcomes used in this study are presented in a 
prior publication (26,33). Demographic characteristics of 
study participants included age, gender, income, educational 
attainment, profession, number of dependents, relationship 
status, and HIV status of partner. Age is a continuous 
variable measured in years. Gender is a dichotomous 
variable with responses 1 “Woman” versus 0 “Man”. Two 
transgender women were included in the “Woman” category 
since they identified as women and mirrored cisgender 
women on all measured demographic variables. Income 
is a continuous variable of household monthly income 
categorized in 100 Indian rupee (INR) increments for 
analyses.  Educational attainment is an ordinal categorical 
variable measured as highest education level completed with 
responses 0 “No formal education and illiterate”, 1 “No 
formal education but literate”, 2 “Class 5”, 3 “Class 10”, 4 
“Class 12”, 5 “Graduate”, and 6 “Post-graduate”. Number 
of dependents is a continuous variable for total number of 
people relying on the respondent’s financial support ranging 
from zero to ten people. Relationship status is a nominal 
variable with responses “Never Married”, “Married”, 
“Divorced”, “Widowed”, or “Separated”. HIV status of 
partner is a dichotomous variable with responses 0 “HIV-
negative” versus 1 “HIV-positive or not sure”. 

Implementation delay and protocol change

A critical challenge and delay in the RCT launch was the 
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change in India’s IVR regulations in September 2013,  
1 month before the scheduled launch of this study in 
October 2013. The Telecom Regulatory Authority of 
India’s (TRAI) “do not disturb” regulation is a consumer 
protection measure implemented to limit text-messages and 
IVR calls from commercial providers to the hours of 9 am 
to 9 pm. This regulation also includes an “opt-in” or “opt-
out” mechanism to be managed by the Telecom providers. 
The original protocol allowed patients to set their IVR call 
times outside the 9 am to 9 pm window. Therefore, the 
study protocol had to be revised and resubmitted to the 
Institutional Review Boards to accommodate 9 am to 9 pm 
call times and to incorporate procedures for participants to 
opt-in or opt-out of IVR calls through their mobile phone 
service providers. Approvals were received in March 2014, 
and the study was launched in April 2014, 6 months after 
the ART clinics expected to start the study.

Statistical data analysis

Baseline descriptive analyses were conducted with simple 
frequency distribution methods (means, ranges, standard 
deviations for continuous variables and proportions for 
categorical variables). Differences between intervention 
and control groups at baseline were assessed using pooled 
t-tests for continuous variables and chi-squared tests for 
categorical variables. 

To assess pre-baseline correlates of non-adherence, we 
examined self-reported time since last missed dose and 
physician-reported pill counts recorded on patient ART 
cards prior to baseline. Zero-inflated negative binomial 
regression was used to model the pill counts to account for 
over-dispersion and excess zeros. 

To assess intervention effects over time unadjusted and 
adjusted longitudinal analyses were conducted with random 
coefficient models, a specific subset of the more general 
multilevel modeling framework, to assess intervention 
effects for primary adherence outcomes. Coefficient 
estimates were fit on the logit scale. All statistical analyses 
were conducted using SAS 9. The sample size supports 
statistical power to detect responses to intervention (i.e., 
effect size) of a mean change of 0.40 from baseline to 
follow-up. A P value of <0.05 was considered to denote 
statistical significance. 

Results

Tab l e  1  p rov ides  a  summary  o f  s ample  base l ine 

characteristics. The majority of the sample was male 
(66.3%) with mean age of 39 years. Approximately 33% 
of participants had no formal education and 17% were 
illiterate. The mean number of dependents was two. 
Approximately 53% of participants had a partner living 
with HIV. Among those with an HIV-positive partner, 95% 
reported their partner/spouse knew their HIV-positive 
status. The mean AUDIT-C score was 0.4 on a 0–12 scale, 
confirming the CAB’s feedback that alcohol abuse was not a 
major concern in this community.

There were modest imbalances between intervention and 
control groups in a few of the self-reported ART adherence 
variables at baseline: missing an ART dose last weekend 
(13.7% intervention vs. 5.6% attention control, P=0.012); 
missing an ART dose past 3 days (14.2% intervention vs. 
7.3% attention control P=0.041); and missing last ART 
dose within the past week (22.9% intervention vs. 11.9% 
attention control, P=0.019). Overall, 46% reported last 
missing dose more than three months ago, 21% reported 
missing 1–3 months ago, 15% reported missing 1–4 weeks 
ago, and 17% reported missing any medications within 
the past week. One in 3 reported finding it difficult to 
remember whether they took their medication (0= No, 1= 
Yes). The most common reasons for a missed dose in the 
past two months were being busy with other things (50%), 
a change in daily routines (44%), and out of the home (36%).  
Less than 1% reported missing a dose due to a lack of 
medication or because they felt like the drug was harmful.  
More than 60% reported that their friends and family 
members helped them remember to take their medication.

Baseline correlates of non-adherence

Self-reported missing a dose within one month before baseline 
was associated with: coping via venting (OR=1.316, 95% CI: 
1.084–1.598, P=0.006), coping via self-blame (OR=1.257, 
95% CI: 1.001–1.579, P=0.049), severe depression measured 
by HADS-D score >15 (OR=1.807, 95% CI: 1.023–3.192, 
P=0.042), AUDIT-C score (OR=1.217, 95% CI: 1.013–1.463, 
P=0.036), and difficulty remembering to take medication 
(OR=1.696, 95% CI: 1.037–2.773, P=0.035).

The only significant correlate of physician-reported pill 
count on patient ART card was difficulty remembering to 
take medication (b=0.235, 95% CI: 0.075–0.394, P=0.004).

Intention-to-treat analyses

Overall, participants in both intervention and attention 
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Table 1 Baseline sample characteristics of antiretroviral treatment patients in Kolkata, India (n=362)

Variable
Total (n=362) Control (n=179) Intervention (n=183)

N % N % N %

Age in years (mean, SD) 39 8.6 39 8.6 40 8.7

Gender (female) 122 33.7 66 36.9 56 30.6

Household monthly income (rupees) (median, range) 4,000 0–60,000 4,000 0–50,000 4,000 0–60,000

Educational attainment [highest grade]

No formal education, illiterate [0] 62 17.1 33 18.4 29 15.9

No formal education, literate [1] 49 15.5 24 13.4 25 13.7

Class 5 [2] 119 32.9 58 32.4 61 33.3

Class 10 [3] 86 23.8 42 23.5 44 24.0

Class 12 [4] 25 6.9 11 6.2 14 7.7

Graduate [5] 16 4.4 9 5.0 7 3.8

Post graduate [6] 5 1.4 2 1.1 3 1.6

Profession            

Unemployed [0] 30 7.8 11 5.8 19 9.8

House wife [1] 41 10.7 29 15.3 12 6.2

Student [2] 1 0.3 0 0.0 1 0.5

Teacher [3] 3 0.8 0 0.0 3 1.5

Professional [4] 17 4.4 9 4.7 8 4.1

Sex worker [5] 36 9.4 17 8.9 19 9.8

Daily labourer [6] 45 11.7 29 15.3 16 8.2

Trucker [7] 15 3.9 9 4.7 6 3.1

Other [8] 196 51.0 86 45.3 110 56.7

Number of dependents (mean, SD) 2 1.9 2 2 2 1.8

Relationship status            

Never married 53 14.6 24 13.4 29 15.9

Married 219 60.5 117 65.4 102 55.7

Divorced 8 2.2 3 1.7 5 2.7

Widowed 46 12.7 21 11.7 25 13.7

Separated 36 9.9 14 7.8 22 12.0

Spouse/partner is HIV+ (yes) 125 53.4 67 53.6 58 53.2

Spouse/partner know HIV+ (yes) 223 95.3 120 96.0 103 94.5

Table 1 (continued)
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Table 1 (continued)

Variable
Total (n=362) Control (n=179) Intervention (n=183)

N % N % N %

How long to travel from home to ART center            

Less than 30 min [0] 56 15.5 34 19.0 22 12.0

30–60 min [1] 96 26.5 47 26.3 49 26.8

1–2 h [2] 162 44.8 78 43.6 84 45.9

Greater than 2 h [3] 48 13.3 20 11.2 28 15.3

How often go to ART center            

Monthly [0] 191 52.8 87 48.6 104 56.8

Every two months [1] 156 43.1 84 46.9 72 39.3

Every three months [2] 15 4.1 8 4.5 7 3.8

Barriers [“Difficulties”] collecting medicine      

None [0] 148 33.4 69 31.8 79 35.0

Long waiting hours in the hospital [1] 194 43.8 103 47.5 91 40.3

Cost of travel [2] 31 7.0 15 6.9 16 7.1

Attitude of medical doctor [3] 9 2.0 5 2.3 4 1.8

Attitude of other health personnel [4] 4 0.9 3 1.4 1 0.4

Fear of being identified [5] 32 7.2 12 5.5 20 8.8

Other [6] 25 5.6 10 4.6 15 6.6

Antiretroviral treatment adherence and related behaviors

Skipped or missed dose last weekend 35 9.7 10 5.6 25 13.7

Missed any ART doses in past 3 days [1] 39 10.8 13 7.3 26 14.2

Last time missed taking any medications

Never skipped medications or not applicable [0] 3 0.9 1 0.6 2 1.1

More than 3 months ago [1] 163 46.2 84 48.3 79 44.1

1–3 months ago [2] 74 21.0 43 24.7 31 17.3

2–4 weeks ago [3] 36 10.2 21 12.1 15 8.4

1–2 weeks ago [4] 16 4.5 5 2.9 11 6.2

Within the past week [5] 61 17.3 20 11.5 41 22.9

Missed dose in past two months because:        

Were busy with other things 180 49.7 87 48.6 93 50.8

Had a change in daily routines 158 43.7 72 40.2 86 47.0

Because you were out of home 130 35.9 70 39.1 60 32.8

Did not want others to notice you taking medication 16 4.4 9 5.0 7 3.8

You had no medicine 3 0.8 1 0.6 2 1.1

Felt like the drug was harmful 2 0.6 1 0.6 1 0.6

Table 1 (continued)
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control groups improved adherence in the six months 
before baseline. Figure 2 shows the proportion of patients 
with perfect adherence from ART cards increased from 
about two thirds of the sample having “perfect” adherence 
6-months prior to baseline, to about 90% at baseline, and 
then sustained throughout follow-up periods. We tested 
intervention effects and adjusted for small imbalances at 
baseline. Mixed models for ART card-based outcomes show 
very slight negative slopes for intervention by CD4 count 
(B=−0.000, SE=0.000, P=0.034), percent adherence as a 
binary variable (B=−0.016, SE=0.002, P<0.001), and perfect 
adherence (Yes/No) (B=−0.017, SE=0.003, P<0.001). Mixed 
models for ART card outcomes based on pill counts with 
covariates show a negative slope for CD4 count and being 
male (B=−0.352, SE=0.056, P<0.001). The models show 

a positive slope for percent adherence (binary) and being 
male (B= 0.670, SE=0.212, P=0.002) and perfect adherence 
(Yes/No) and being male (B=0.887, SE=0.218, P<0.001). 
Although estimates may be statistically significant, the 
small coefficients show the results may not be clinically 
significant, as evident in Figure 2 by showing the slight 
decline in adherence from baseline to 6-month follow-up. 

Figure 3 shows similar trends for patient self-reported 
adherence. At baseline, about half in both groups reported 
last missing a dose within past three months, decreasing to 
about 10% of the sample by 6-months. Mixed models show 
a negative slope for skipping an ART dose in past three 
months (B=−0.000, SE=0.002, P=0.878; not statistically 
significant) and for days missed last week measured as 
binomial distribution (B=−0.001, SE=0.003, P=0.853; not 

Table 1 (continued)

Variable
Total (n=362) Control (n=179) Intervention (n=183)

N % N % N %

Difficult to remember whether you have taken 
medicine (yes)

137 37.8 70 39.1 67 36.6

To what extent do friends and family members help 
you remember to take your medication

           

Not at all [0] 129 35.6 69 38.6 60 32.8

A little [1] 46 12.7 26 14.5 20 10.9

Somewhat [2] 72 19.9 30 16.8 42 23.0

A lot [3] 115 31.8 54 30.2 61 33.3

Think HIV in your body will become resistant if not 
adherent

           

No [0] 6 1.7 2 1.1 4 2.2

Do not know or not sure [excluded] [2] 24 6.6 15 8.4 9 4.9

Yes [1] 332 91.7 162 90.5 170 92.9

How sure ART has positive effect on health      

Not at all [0] 6 1.7 2 1.1 4 2.2

A little [1] 23 6.4 14 7.8 9 4.9

Somewhat [2] 80 22.1 37 20.7 43 23.5

A lot [3] 253 69.9 126 70.4 127 69.4

Suffered side effects from medications recently (yes) 55 15.2 25 14.0 30 16.4

Secondary outcomes            

Alcohol use      

AUDIT-C score (mean, SD) 0 1.3 1 1.1 0 1.2
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statistically significant). 

Discussion

This study aimed to examine the efficacy of automated 
twice-daily ART reminder calls with health messages 
compared to once weekly calls to improve or sustain ART 
medication adherence. Retrospective medical chart data 
suggest that anticipation of the study and the adherence 
monitoring involved in the study in conjunction with the 
6-month study launch delay may have provided incentives 
and an opportunity for physicians, nurses, clinic counselors, 
and patients to increase ART adherence prior to study 
launch. The high adherence rates at baseline of the RCT 
resulted in a ceiling effect in which there was little room for 
further adherence improvements. However, the results do 
demonstrate adherence improvements were sustained over 
six months in both groups. 

Two other studies in India that were rated as strong 
quality studies in a systematic review (34) tested the efficacy 
of mobile phone call reminders to improve ART adherence 
and found no significant effects. An RCT with HIV-positive 
patients in south India (n=631) aimed to assess whether 
weekly IVR reminders improved ART adherence and 
found no observed differences between the two arms, and 
suboptimal adherence was similar between both groups at 
the end of 2 years. Another RCT (n=196) utilizing 3-minute 
bi-weekly mobile phone calls to improve ART adherence 
found no significant effect on adherence to treatment 
or clinical outcomes (35). The lack of significant results 
suggests the existing national ART roll-out program, system 
of counselling and clinical management, and adherence 
monitoring at the clinic-level may be sufficient to mobilize 
adherence improvements by providers and patients. The 
high follow-up rates in the current study suggest automated 
phone calls can be harnessed to help maintain patient 
follow-up visits and ART adherence.

Limitations and strengths

We acknowledge several limitations inherent in this study. 
First, based on priorities expressed by the grant peer 
reviewers and clinic partners in India to assess overall 
adherence and related factors, and concerns expressed 
by the field team for under-reporting of non-adherence 
at screening, the screening criteria threshold was very 
low at one or more missed dose in the past 6 months. 
This, combined with increased adherence rates in the 6 
months prior study launch associated with delays due to 
telecom regulatory changes, resulted in a high proportion 
of participants with near perfect adherence at baseline 
resulting in ceiling effects with little room for improvement 
based on intervention exposure. Thus, the results are 
limited by confounding factors of an attention control, 
ceiling effects of high baseline adherence rates, Hawthorne 
effect where patients may have modified their behavior in 
response to being under observation, and historical bias 
at the clinical recruitment site in which adherence rates 
improved significantly over the 6-month period prior to the 
launch of the study. Lastly, there was an insufficient budget 
to incorporate biomarkers for adherence or viral load 
measures (despite requests to NIH and ICMR). In addition 
to self-reported adherence, the current study utilized pill 
counts from ART cards, a method with economic and 
clinical advantages in resource-limited settings; however, 
this method may be subject to social desirability bias (i.e., 

Figure 2 Proportion with perfect ART adherence based on pill 
counts from ART cards.

Figure 3 Self-reported past 3-month adherence in intervention 
and attention control groups.
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pill dumping). The budget also did not allow us to increase 
sample size for statistical power to include additional study 
arms (e.g., no call control, twice daily calls without weekly 
IVR assessments).

This study also had several notable strengths. Follow-up 
retention rates were very high, between 88% to 96%, which 
strengthen the study design, feasibility of the research, 
and the capacities of the field team and clinic partners 
in conducting high quality research in resource limited 
settings and difficult to reach populations. More broadly, 
this study further elucidates adherence self-management 
related factors for PLH in India. Furthermore, the simple 
and broadly scalable design of this study creates opportunity 
for equitable delivery to the large numbers of PLH on ART 
in India with limited technical and functional literacy. It 
is our hope that these findings may guide the tailoring of 
future interventions to incorporate an IVR intervention 
more directly into ART treatment settings and link data for 
healthcare providers or peer counselors to follow up when 
participants are nonresponsive to calls or weekly queries. 
Future research should screen for higher risk, non-adherent 
patients for targeted intervention, and work to integrate 
mobile phone adherence and self-management support 
interventions into clinical care to inform provider follow-up 
with patients. 

Conclusions

Mobile health technology has garnered increasing interest 
as a pioneering tool for improving ART adherence. This 
study has built upon a collective body of work highlighting 
the utility of mobile phone technologies to positively 
influence ART adherence more widely and equitably, but 
the best evidence to date suggests that mobile health tools 
used in conjunction with healthcare provider follow-up 
are more effective than automated messaging alone (22).  
Testing innovative, scalable, robust,  and low-cost 
interventions that will facilitate participant monitoring and 
follow-up is an important step to improving ART adherence 
and health outcomes for PLH in India. The results from 
this study contribute to an empirical foundation for future 
mobile ART adherence interventions.
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