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Abstract  
Introduction: In randomized controlled trials, short message service (SMS) programs 

have improved adherence to HIV antiretroviral therapy (ART). In response, the World 

Health Organization recommended use of SMS programs to support ART. However, 

there is limited data on real-world implementations of SMS programs. 

 

Methods: We conducted two studies to assess the acceptability and impact of an SMS 

program implementation into clinical care at an HIV clinic in KwaZulu-Natal, South 

Africa. Study 1 included structured interviews with a cross-sectional convenience sample 

of 100 adult patients who were invited to join the program, 88 of whom had received a 

program SMS. 

Study 2 was a retrospective cohort study. We analyzed data from all adult patients 

who 1) enrolled at the clinic before the observation period (July 2013 through June 

2014), 2) had ≥1 ART prescriptions in the observation period, and 3) had data on phone 

number availability (N = 2,255). Our primary exposure was whether or not the patient 

had been sent SMS, which was based on availability of phone numbers recorded at the 

patients’ initial clinic enrollments. Our main outcome measure was prescription coverage, 

defined as the presence of a valid ART prescription for each day observed. Using an 

intention-to-treat approach, we fit generalized linear mixed models adjusted for pre-

program prescription coverage, demographics, and ART duration, dosing, and regimen. 

 

Results: In study 1, 81 (92%) of respondents who had received an SMS would 

recommend the program to a friend. Sixty-eight (77%) felt the program helped them 

remember clinic appointments, a response associated with male gender [adjusted odds 

ratio (AOR) 5.88, 95% confidence interval (CI) 1.52 – 23.26, P=0.011] and HIV 

disclosure outside the home [AOR 3.40, 95%CI 1.00 – 11.60, P=0.050].  

In study 2, exposure to the SMS program was independently associated with 

greater prescription coverage (AOR = 1.23, 95%CI 1.13 – 1.34, P<0.001) compared with 

non-exposure, although the absolute increase in prescription coverage was small (4.7 

days of ART prescription coverage per average patient per year). Among a subset of 

patients (n=725) whose pre-program prescription coverage was <100%, the 
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corresponding mean expected absolute increase in prescription coverage was 8.2 days per 

year. 

 

Conclusions: This clinical SMS adherence program was found to have high patient-

perceived usefulness and a positive impact on prescription coverage of uncertain clinical 

significance. 
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Glossary of abbreviations 
 

AIDS = Acquired Immune Deficiency Syndrome 

AOR = Adjusted Odds Ratio 

ART = Antiretroviral Therapy 

CD4 = Cluster of Differentiation 4 (T-cells) 

CI = Confidence Interval 

HIV = Human Immunodeficiency Virus 

MEMS = Medication Event Monitoring System 

RCT = Randomized Controlled Trial 

SD = Standard Deviation 

SMS = Short Message Service 

WHO = World Health Organization		 	
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Introduction 
Antiretroviral therapy (ART) can restore health and prevent ongoing transmission 

among individuals infected with HIV (1, 2). Viral suppression depends on consistently 

high adherence – i.e., consistent ingestion of prescribed medication on schedule – to ART 

and is critical to achieving optimal clinical outcomes, but a systematic review indicated 

that only 63% of patients in sub-Saharan Africa demonstrate viral suppression at 2 years 

after ART initiation (3).  

Adherence to ART requires retention in care to access therapy, as well as 

consistent taking of medication. The obstacles to ART adherence are many and complex 

(4, 5). Given these multiple challenges, and the growing prevalence of mobile phone 

usage in the developing world, organizations and researchers have launched pilot projects 

and studies using text messaging (SMS) and other mobile technologies to support 

adherence.  

SMS programs generally target forgetfulness (6-9), but may also overcome other 

adherence barriers such as low self-efficacy (4), low motivation, and poor understanding 

of intended benefits of ART. SMS interventions for improving adherence to HIV 

treatment have been quite variable but overall successful (10). Such programs generally 

fall into the following categories: appointment reminders (11-13), daily dose reminders 

(14, 15), and weekly messaging aimed at providing information, adherence support, or 

both (15-18). 

Adherence metrics 
 Before discussing the details of SMS interventions for ART adherence, it is 

important to summarize the various measures of adherence. Patient-reported adherence is 

frequently employed. Within this category, a commonly used approach is the AIDS 

Clinical Trials Group (ACTG) adherence questionnaire, which takes ten minutes to 

complete and is primarily based on the patient recalling their pill-taking behavior for the 

past 4 days (19). The Visual Analog Scale (20) is a single-question approach where a 

patient is presented with a demarcated spectrum from 0 to 100% and asked to mark an 

“X” to denote their adherence over the past month (21). There are several other self-

reported metrics with significant inter-questionnaire variability (21). In addition, SMS is 

being explored for self-reported adherence (22). Notably, all self-reported adherence 
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metrics are subject to social desirability bias. 

A Medication Event Monitoring System (MEMS) uses an electronic bottlecap to 

detect pill bottle openings as a surrogate of pill ingestion (23). A study in Kenya 

prospectively followed participants in an RCT of SMS interventions to determine the 

relationship between self-reported (by monthly 7-day recall) and MEMS adherence (24). 

Compared to MEMS, self-report over-estimated adherence, but the absolute degree of 

over-estimation was generally consistent for a large range of adherence (24). Benefits of 

MEMS include avoiding the social desirability bias of self-report, providing a sense that 

the clinic is watching and caring, and offering real-time intervention in cases of missed 

doses (25, 26). Limitations of MEMS include patients taking multiple doses at a time 

during a single bottle opening, cost of the equipment, equipment malfunctions, and the 

Hawthorne effect.  

The third major category of adherence metrics involves pharmacy-based 

approaches. These look at whether the patient has been refilling their medications on 

schedule to indirectly assess whether the patient has been ingesting their medication on 

schedule. Pill counts are based on patients bringing their remaining pills to their clinic 

visits for tabulation (27). Simply calculating the number of monthly refills obtained over 

number of months on treatment was found to effectively predict virologic suppression 

(28). Another metric using renewals, rather than refills, of prescriptions – described as 

“drug coverage” – was also independently associated with virologic suppression (29). 

Benefits include overall good prediction of clinical outcomes (27, 30), use of routinely-

collected pharmacy data, and avoidance of the Hawthorne effect and social desirability 

bias. Limitations include lack of day-to-day resolution, which is important because both 

average adherence and the pattern of missed doses impact risk of viral rebound (31, 32). 

Objective assessments of SMS program outcomes 
A Cochrane meta-analysis found that SMS appointment reminders, across a 

variety of clinic types, improved appointment attendance compared to no reminders (12). 

With regard to HIV in particular, a program in Botswana that used SMS for antiretroviral 

refill reminders was found to be acceptable (13). One randomized controlled trial (RCT) 

in Cameroon that examined SMS appointment reminders for caregivers of children living 
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with HIV found that the SMS significantly improved appointment attendance compared 

to standard of care (11). 

Daily dose SMS reminders did not have a positive impact on self-reported 

adherence in a network meta-analysis (33). Despite this, a small RCT in Brazil found that 

82% of recipients of the daily messages felt the SMS helped with ART adherence (14), 

though social desirability bias may have played a role. Indeed, a larger RCT in Kenya 

found that daily SMS had no effect on electronically-monitored adherence (15). 

Weekly SMS has been found to improve adherence in multiple meta-analyses 

(33-35). However, there has been significant heterogeneity in program specifics and 

results. Two RCTs of weekly SMS programs in Kenya, using local languages for newly-

initiating ART patients, demonstrated effectiveness of the SMS programs using 

electronically-monitored adherence or self-report and viral suppression, respectively (15, 

16). An RCT of adherence counseling plus twice-weekly SMS in Nigeria among initially 

non-adherent subjects found a significant improvement in self-reported adherence (17).  

An important source of variation was whether the patient was encouraged to 

communicate with the clinic in reply to the SMS, called “two-way SMS”. One of the 

weekly SMS programs from Kenya simply asked the patients “How are you?” in the local 

language; the patients knew the clinic expected a response (16). Based on these findings, 

an author of that article argued for a “Ask, don’t tell” approach to SMS programs (36). 

The RCT in Nigeria similarly encouraged patients to respond to the SMS, and provided 

telephone counseling to those in need (11). One meta-analysis concluded that two-way 

SMS had a greater adherence benefit compared to one-way SMS (37). However, no 

included study directly compared the two strategies, and thus this conclusion was highly 

confounded by other differences among the studies (37). One RCT among patients on 

anti-hypertensive therapy in South Africa directly compared standard of care with a one-

way and two-way SMS (38). It found that both SMS interventions were equally effective 

at reducing blood pressure compared to standard of care (38). It is notable that additional 

costs may be incurred in two- vs. one-way SMS due to the human resources requirement 

of the former.  

Other studies have found no effect of weekly SMS. An RCT in Cameroon, using 

weekly SMS for ART-experienced patients, found no significant benefit on multiple 
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adherence metrics (18).  An RCT in India found that automated voice calls and pictorial 

messages had no significant effect on adherence (measured by pill counts) compared to 

standard of care (39). Out of concern for reminder fatigue, limiting the SMS to triggered 

occurrences, e.g. a missed dose, was examined. One pilot RCT in Uganda found that 

participants who were only sent triggered SMS had similar electronically-monitored 

adherence to those who were not sent any SMS (25). In contrast, the participants who 

were sent scheduled SMS (daily, then weekly) for three months had significantly 

improved adherence compared to the control group. 

Patient opinions on SMS programs 
While overall positive, these inconsistent results raise questions about how best to 

conduct an effective SMS program (37). Several feasibility surveys have been done with 

ART patients to inquire about a proposed SMS program. In these, patients have 

expressed an interest in such a program, so long as it did not explicitly mention HIV or 

antiretrovirals (8, 9, 40, 41). One study that included focus groups of young people aged 

15-24 in Uganda found that the youths preferred that any messages not even mention 

drugs or pills (42). Post hoc evaluations of SMS programs in India (43), Kenya (16), and 

Botswana (13) have reported an overall positive impression tempered by concerns about 

privacy. In contrast, the Cameroon RCT with non-significant results (18, 44) found that 

35% of SMS recipients did not want the program to continue after 6 months. Based on 

these findings, patient-reported opinions have a general association with objective 

impact. 

In the post hoc evaluation of a pharmacy refill reminder SMS program in 

Botswana, patients who received the SMS expressed preference for morning messages 

compared to other times (13). Interestingly, those who had been randomized to receive 

the SMS (9.5%) were less likely than those in the control group (56.1%) to perceive an 

SMS program as a risk to the confidentiality of their HIV status (13). This highlights the 

limitations of the pre-exposure assessments of acceptability that have formed the bulk of 

the existing literature; it appears that opinions are affected by actual experience with the 

SMS. 

The mechanism of action of SMS programs 
Identifying and optimizing the mechanism by which SMS programs affect 
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adherence will be crucial to adapting the intervention to widely varying clinical realities. 

However, compared to objective data on adherence outcomes, there are fewer qualitative 

studies on the mechanisms by which SMS programs affect adherence.  

One study in Lesotho used daily SMS and conducted qualitative interviews of the 

participants during the study (45). During these interviews, multiple participants reported 

that the daily SMS served as reminders to take their medication, while others already 

used alternative daily reminder systems, such as marking a calendar or using a phone 

alarm (45). The RCT of an SMS system in Uganda using a mix of daily and weekly 

messages, noted above, also conducted qualitative interviews of the participants (26). 

These participants also identified the reminder component of daily SMS as helpful and 

noted a habit-forming element. For these daily SMS, any effect on adherence is likely 

mediated by the direct reminder function and consequent habituation. 

However, the mechanism is less clear among weekly SMS programs. In the 

Uganda study noted above, participants further reported that the SMS made them feel 

cared for (26). The RCT in Cameroon, discussed earlier, conducted pre-intervention 

focus groups to examine potential mechanisms of effect. Certain participants felt that 

timed medication reminders could improve their adherence (9). The two-way weekly 

SMS system in Kenya, mentioned above, was translated to a Canadian setting and 

evaluated with qualitative interviews (46). While only 15% of participants felt the 

intervention enhanced the importance they placed on taking their ART, “many” felt that 

“somebody cares” (46). This type of social support – which both daily and weekly SMS 

may provide – could be especially important in overcoming feelings of shame or reprisal 

by clinic staff for missed doses or missed appointments, which can contribute to 

disengagement from care (47).  

Implementation of SMS into routine care 
Despite the inconsistent results, the World Health Organization has recommended 

mobile phone text messages as an adherence support intervention for people on ART 

(48). However, to our knowledge all previous publications report on SMS interventions 

implemented as part of research studies. Research studies typically provide significant 

resources to clinical infrastructure and participants directly, such as mobile phones (15) 

or airtime credits (45), and intensive follow-up may alter behavior compared to routine 
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clinical care. Moreover, it is difficult to assess an SMS program’s impact on adherence in 

the context of payments or other incentives provided for each study visit attended (15, 

49). Indeed, even participant-reported experiences with SMS programs may conflate the 

SMS with the additional supervision and resources of the clinical trial itself. 

One major implementation challenge identified was turnover of mobile phone 

numbers (40). It is possible that this process could mitigate the real world effectiveness of 

SMS programs, or it could require such intensive human resources so as to render the 

programs too costly. Therefore, there is an urgent need for further research on 

implementations of SMS programs in real world clinical circumstances.  

Overview of present work 
This thesis presents the results of two studies of a clinical program of weekly 

SMS adherence reminders at an HIV clinic near Durban, South Africa. Study 1 aimed to 

determine the patient-reported acceptability and perceptions of the SMS program. 

Secondary objectives included identifying areas for improvement and factors associated 

with perceived usefulness of the SMS program. Study 2 used a retrospective cohort 

design to assess the impact of the SMS program on an adherence metric by comparing 

those who were or were not sent the SMS. 

Common Methods 

Ethical Approval 
 Ethical approval for both studies was obtained from the Durban University of 

Technology Institutional Research Ethics Committee (REC 15/14) and the Partners 

Human Research Committee (2014P000944/MGH). Permission was obtained from the 

KwaZulu-Natal Department of Health, Office of Health Research and Knowledge 

Management (HRKM 111/14). 

Study Population 
The study was conducted at the Ethembeni HIV Clinic, located approximately 40 

kilometers from Durban, South Africa. Ethembeni is a government-run antiretroviral 

clinic with an on-site pharmacy, which provides ART free of charge to more than 3,000 

patients in care. Nearly all adult patients at Ethembeni speak isiZulu as their first 

language. 
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SMS Program 
In September 2013, the clinic launched an SMS-based ART adherence support 

program. The program was developed by clinic staff in collaboration with Sawubona 

Health (Malden, MA), a US-based non-governmental organization. The clinic SMS 

program is based on a weekly SMS program found to be effective in the Kenyan RCT 

noted above (15) and modified for the clinic’s purposes. The program consists of a clinic 

computer that hosts the local database of patient names and their phone numbers. A 

secure server, hosted by Sawubona Health, synchronizes with the local database. Each 

week, the server uses PHP scripts (commonly used for web development) to 

automatically generate the messages and pass them and the corresponding phone 

numbers to a BulkSMS service provider (Celerity Systems LTD, South Africa) for 

distribution. The cost of the program, $1 USD per patient per year, is covered by 

Sawubona Health; the clinic itself bears no cost. There is also no cost to patients to 

receive the messages or participate in the program, and patients are able to opt-out at any 

time. For the first four months, the opt-out process was sending a free “Please Call Me” 

message to a dedicated clinic cell phone. The method was thereafter changed to sending a 

reply SMS of “yima” (isiZulu for “end”) or “end” in English, subject to standard SMS 

charges. Throughout, the patient can also opt-out by informing a clinic staff member. 

Clinic staff and Sawubona Health volunteers manually entered mobile phone 

numbers from the charts of adult patients into the SMS program database over two 

discrete periods: July-August 2012 and June 2013. Notably, the clinic routinely asked 

each patient for a contact phone number at clinic enrollment, which was an average of 3.3 

(SD 1.5) years prior to the SMS program launch date (of September 2013). Patients were 

not re-approached by staff to add a phone number for capture into the SMS program 

database due to program resource limitations. Moreover, patients enrolling at the clinic 

after the data collection periods were not added to the SMS program database. At launch, 

explanatory posters were placed in the clinic. The first SMS sent to patients also explains 

the program and how to opt-out. Enrolled patients receive SMS messages in isiZulu every 

Monday afternoon stating: 
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Hi (First name), this is your clinic. Remember to take your pills on schedule in 

order to (One of: be strong or live a long life or feel well; in rotating order). 

Thank you. 

For the first few months of the program, patients who were more than 30 days late for a 

scheduled appointment were sent the following message, if such lateness was captured to 

the SMS program by clinic staff: 

Hello (First name), this is your clinic. We are concerned about you. Remember 

that visiting your clinic on schedule helps keep you healthy. 

These late appointment SMS were not maintained due to staffing limitations. Starting on 

January 13, 2014, the program server began receiving delivery status reports of 

confirmed receipt of the SMS on the patient’s registered phone number. The program 

pauses the SMS sending for three weeks before trying again for patients from whom it 

receives 10 consecutive delivery failure reports. 

Study 1: Patient-reported acceptability of the SMS program 

Methods 
We assessed the acceptability of the SMS program with structured interviews 

among a cross-sectional convenience sample of patients who had been invited to join the 

SMS program at Ethembeni Clinic. Patients were eligible to participate if they were HIV-

infected, 18 years or older, had a mobile phone number recorded in their chart at the start 

of the SMS program, and had been on ART at Ethembeni Clinic for at least six months 

prior to the start of the SMS program.  

Eligible patients were recruited via a convenience sampling process. A sample 

size of 100 participants was based on the resources available for this exploratory study. 

We aimed to achieve balance between genders and age groups (older and younger than 

35) because males have been found to differ from females in terms of engagement with 

care (50-52) and mobile phone use (40), and experience with technology may differ by 

age. If a patient presenting to clinic for scheduled care was eligible, a clinic nurse 

directed them to a private room where the research assistant obtained informed consent. 

The age and gender balancing was achieved by temporarily not offering invitations to 

patients in the demographic groups with greatest representation in the sample. Consenting 
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participants were then interviewed in their preferred language (English or isiZulu) using a 

standardized questionnaire. A single research assistant, who was not on the clinic staff, 

conducted all interviews. Up to 10 interviews could be conducted per day. The survey 

was based on questions used in assessing feasibility of a similar SMS program in Uganda 

(53). We assessed educational attainment, socioeconomic status, cell phone usage, and 

experience with and perceptions of the SMS program. Demographic and clinic data, 

including age, most recent CD4 count, and date of ART initiation were extracted from the 

participant’s medical records. Participants were given 100 Rand (~$9 USD at the time of 

the study) for their participation. 

All data was entered into an online RedCap database (54). All statistical analyses 

were performed with SAS University Edition (SAS Institute, Cary, NC). Using 

univariable logistic regression, we tested for associations between participant 

characteristics and interview responses. Our outcomes of interest were participant reports 

(yes or no) of the following: 1) receiving at least one SMS from the program; 2) finding 

that the SMS program helped with remembering clinic appointments; 3) being late to an 

appointment in the past year; 4) finding that the SMS program helped with adherence. 

Because nearly all participants reported that the SMS program helped with adherence, 

regression analysis was not pursued for outcome 4. For each of the other outcomes, we 

ran separate univariable regression analyses using gender and age because prior studies 

have demonstrated their effects on engagement with care (50-52), mobile phone use (40), 

and experience with clinical SMS (55). Additional predictors were selected based on 

hypothesized relationships or prior studies suggesting relevance, as follows: 

1. SMS receipt (outcome 1):  whether a phone had been replaced due to theft, 

ownership of an unshared mobile phone, SMS use frequency (more than once per 

month), and literacy (dichotomized at ability to read complete sentence) (55) 

2. Whether the SMS program helped remind patients about appointments 

(outcome 2):  ART duration (per year) (16, 18), HIV disclosure outside the home 

(56), educational attainment (dichotomized at primary school), and SMS use 

frequency (more than once per month) (55) 

3. Being late to an appointment in the past year (outcome 3): ART duration (per 

year) (16, 18), HIV disclosure outside the home (56), employment (dichotomized 
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at part-time), and transport method to clinic (dichotomized as public transport vs. 

other) (57).  

For each outcome, we then ran multivariable logistic regression analyses including those 

variables found to have a P<0.20 on univariable analysis (58). Goodness of fit was 

indirectly assessed by the significance of the estimated parameters. Results with P<=0.05 

were considered statistically significant. All individuals missing data in a regression were 

excluded. The presentation of results from this study reflects guidance from the STROBE 

statement (59). 

Results 

Characteristics of interviewed participants 
From July through September 2014, we conducted 16 interview days in order to 

recruit and interview 100 patients who met the study inclusion criteria. All participants 

chose to be interviewed primarily in isiZulu. The characteristics of the participants are 

summarized in Table I. The overall adult clinic population is approximately 67% 

(~1800/2700) female and has a median age of 37 years old; our sample of 100 

participants had a slightly lower proportion of females at 59% by study design and had a 

similar median age of 39.5 years. Respondents had a median of 3.3 years of prior ART 

use and all of them had disclosed their HIV status to at least one other person. Seventy of 

interviewed patients had achieved at least a secondary education and 56 reported some 

form of employment. Phone access was high, with 97 participants owning their own 

mobile phone. Of these, 12 (12.4%) participants reported that they shared their mobile 

phone with another person. Phone turnover was also common, with 59% of the 

participants having to replace their phone in the past year, most commonly due to theft or 

damage. 

 Among the 100 interviewed participants, all of whom had phone numbers 

recorded in the SMS program database by study design, 88 reported receiving at least one 

SMS from the program. As shown in Table II, receiving at least one SMS was negatively 

associated with a participant having his/her phone stolen in the past year [adjusted odds 

ratio (AOR) 0.22, 95% confidence interval (CI) 0.06 – 0.85, P=0.027]. Notably, no 

significant associations were found with a literacy metric or SMS use frequency. 
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Acceptability of the SMS program 
 The remainder of the results are limited to the 88 participants who reported 

receiving at least one SMS from the program, and are shown in Table III. Among them, 

81 (92.0%) said they would recommend the SMS program to a friend and 80 (90.9%) 

described the weekly SMS frequency as “just right.” Nine (10.2%) participants reported 

that at some point, they did not receive an expected weekly SMS. 

Three (3.4%) respondents reported that an SMS led to an inadvertent disclosure of 

their HIV status. In all three cases, the respondent explained that they were planning to 

eventually discuss their status with the individual. Two of these participants reported that 

they felt the SMS program violated their privacy “a little” and the third one opted out, but 

all three still stated they would recommend the program to a friend. 

Perceptions of the impact of the SMS program 
Eighty-six (97.7%) participants reported that the SMS helped them remember 

their medication and 68 (77.3%) of the participants agreed that the SMS helped them 

remember their appointments. As shown in Table IV, male participants [AOR 5.88, 95% 

CI 1.52 – 23.26, P=0.011] and those having disclosed their HIV statuses outside the 

household [AOR 3.40, 95% CI 1.00 – 11.60, P=0.050] were more likely to report that the 

SMS helped them remember their appointments. Fourteen (15.9%) participants reported 

that the SMS were reminders that the clinic cares about them. Without direct prompting, 

9 (10.2%) participants added that they considered the SMS to be encouraging. 

 Almost 40% of the participants reported not attending a clinic appointment on its 

scheduled date (“being late to an appointment”) in the past year, most of which 

corresponded to time after the SMS program started. Late appointments were rarely 

(5.9%) due to forgetting the appointment date, and mostly (52.9%) due to travel for work. 

As shown in Table V, younger respondents were more likely to report being late to an 

appointment in the past year [AOR per 10 years 0.60, 95% CI 0.37 – 0.97, P=0.037]. 

Among those who were late to a scheduled appointment, the delays had a median of 7 

days (IQR 2 – 7 days), and three (8.8%) did not return within four weeks of the scheduled 

date. Five participants reported receiving a program SMS after their scheduled 

appointment date but before returning to clinic; all five endorsed that the SMS 

“encouraged [them] to return.” 
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Desired modifications to the SMS program 
Nearly 90% of the participants expressed a desire to use the SMS as a two-way 

communication channel with the clinic. These participants stated that they would like to 

speak with a doctor, counselor, or nurse. Physical concerns, such as illness, were cited as 

the main reason for seeking to communicate. 

In addition, participants generally desired more customizability in terms of SMS 

delivery time: 40 (45.5%) preferred to receive the messages at a time other than the 

afternoon, which is the program’s standard time. In addition, 38 (43.2%) reported a desire 

to have greater variety in the message content, among whom 29 (76.3%) would like more 

information about HIV medications in the messages. 

Discussion 
Participant-reported experiences with a clinically-implemented SMS program 

were overall positive. The program’s technical reliability was high, as evidenced by only 

10% of recipients reporting that they had not received an expected SMS at some point 

during the study period. The SMS program was also commonly reported to help 

respondents remember their medications (98%) and appointments (77%). These findings 

of patient-reported benefit are consistent with reports on other SMS adherence programs 

(13, 16, 43) and compare favorably to a weekly SMS trial in Cameroon, where 65% of 

participants wanted to continue receiving the SMS (18), versus 97% in this study. 

Participants favored the weekly frequency of the messaging program over either greater 

or lesser frequencies, which is consistent with the finding from a meta-analysis that 

weekly SMS are better than daily SMS at improving self-reported adherence (33). 

We found that males and those who had disclosed their HIV status outside the 

home were more likely to find the SMS program helpful. Males typically have a lower 

baseline retention in care (51, 52), whereas there may have been a ceiling effect for 

female patients. An RCT in Kenya found a non-significant trend of males gaining greater 

benefit from an SMS program (16). It is possible that the SMS partially addresses an 

unmet need in men’s engagement with HIV care. Patients who have already disclosed 

their status may perceive the SMS program as more helpful because they are less worried 

about the SMS contributing to inadvertent disclosure. 
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Strengths and limitations 
This study benefited from representation from a sample with age and gender 

balance and from interviewing recipients with a median of 10 months of experience with 

the clinical SMS program. This is an advantage over others in which patients were asked 

about hypothetical SMS programs (9, 40, 41).  

Our analysis was limited by a small sample size (N=100) that may have been 

affected by sampling bias. Interviews were conducted on a convenience sample of 

longstanding patients who were attending their clinic appointments, which may lead to 

over-estimation of program acceptability. In addition, the program’s patient-reported 

impact on retention in care may have been influenced by social desirability bias (i.e., 

patients may have wanted to appear appreciative of the clinic’s services). Furthermore, 

our questions did not illuminate the mechanisms by which the SMS program’s patient-

reported impact was brought about.  

The generalizability of these results to other clinics, especially those outside of 

KwaZulu-Natal, is uncertain as patients experience an SMS program in the context of 

their clinical and social worlds. Importantly, this study is limited to self-reported opinions 

and does not include objective data on adherence or retention in care. Additionally, the 

SMS program did not supply any mobile phones, as has been done in some research 

studies (15, 39), because of cost. Most government-run clinics would face similar 

economic challenges, and so we do not believe that this significantly limits the 

generalizability of the results. 

Study 2: Retrospective cohort analysis of SMS program impact on adherence 

Methods 

Data sources 
Data for this analysis was extracted from routinely collected pharmacy and 

medical record data, as well as the SMS program data. We utilized data from November 

4, 2012 through June 26, 2014, the time period for which prescription data were 

available. The dates, duration, and medications of each prescription were extracted for all 

patients at the clinic during this period. The electronic medical record extraction included 

age, gender, ART start date, and date of transfer out (if applicable). The SMS program 
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data included the availability of a valid mobile phone number, date the phone number 

was available, date of opt-out (if applicable), and delivery status reports (from January 13 

through June 26, 2014). The datasets were de-identified except for dates and collated by 

linking each patient to a unique study identifier (ID). An indicator variable was created 

which was set to one for patients with any missing values for any non-prescription 

covariates, and set to zero otherwise. Missing values for non-prescription covariates were 

replaced with the mean of all corresponding available values in the cohort. 

Statistical methods 
Figure 1 presents a visual timeline of important time periods related to this 

analysis. All patients satisfying the following criteria were included in the study cohort: 

1. 18 years or older; 

2. At least one ART prescription during the time for which both pharmacy and 

mobile phone data were available – the “observation period” (July 1, 2013 to June 

26, 2014); 

3. Enrolled at the clinic on or before July 1, 2013; 

4. Phone number availability assessed prior to the observation period. 

Our primary exposure of interest was inclusion in the SMS program. Clinic 

patients were assigned to one of the following analysis groups based on whether data 

from their chart had been captured into the SMS program database and on potential 

exposure to the SMS program (i.e., those who were and were not sent messages) via an 

intention-to-treat approach. That is, group assignment disregarded whether the patients 

who were sent messages opted-out or failed to receive the messages due to phone number 

change or technical difficulties.  

1. “Exposed”: Patients who had a valid mobile phone number in their chart during 

the SMS program data capture process. 

2. “Unexposed”: Patients who had a chart available for review but for whom a valid 

mobile phone number was not identified in the chart. This could be because they 

did not have, or did not choose to provide, a mobile phone number at the time of 

clinic enrollment; rare instances of erroneous recording of the phone number were 

also noted. 
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3. “Unknown”: All remaining patients in the cohort, for whom the presence or 

absence of a mobile phone number was not determined due to missing charts. 

Common reasons for missing charts were use of the chart elsewhere in clinic or 

loss to follow-up. 

Each patient was observed for a specific subset of the observation period, as 

determined by the following censoring criteria. The first day of the observation period 

was July 1, 2013. Within this period, observations began at the earliest of: 1) the day after 

the end of the patient's first recorded prescription during the pharmacy data availability 

period (November 2012 through June 2014), or 2) the day of the patient's second 

recorded prescription (to avoid including patients who had not clearly established care in 

the clinic). We right-censored patients on the earlier of their transfer-out date or June 26, 

2014 (i.e., the last available day of pharmacy data). For baseline characteristics, 

continuous values were compared with ANOVA; categorical values were compared with 

the Chi-squared test. 

Our primary outcome was ART prescription coverage. A day was defined as 

covered if the patient had valid prescriptions that, if filled and taken as prescribed, 

allowed the patient to possess sufficient medication for the intended three-drug ART 

regimen on that day; otherwise, the day was considered not covered. This approach is 

similar to the “drug coverage” approach discussed earlier (29). Each day during the study 

period was a unit of observation, and thus each patient was weighted by their length of 

observation. The rates of patients achieving > 95% coverage before versus during the 

SMS program were compared using the one-sample McNemar’s test. 

The daily unit of observation was chosen because: 1) several covariates and the 

outcome varied through time, and thus averaging these values across extended time 

periods would obscure the temporal relationship between covariates and the outcome; 

and 2) averages across longer time periods were heavily skewed to the right and thus 

could not be adequately modeled by standard distributions.  

If a patient had days of prescription coverage remaining at the time of a new 

prescription, the remaining days of coverage were carried over to the next prescription, 

up to a maximum of 30 days per clinic policy, if there was no change in the 

antiretrovirals. For example, if a patient had 15 days of prescription coverage remaining, 



	 22 

and came early to an appointment at which they received a 30-day prescription for the 

same antiretrovirals, they would have 45 days of prescription coverage available. Any 

records of prescriptions that simply re-recorded the remaining balance of a 6-month 

prescription (e.g., a 3-month prescription recorded 3 months after a 6-month prescription) 

were treated as duplicates. 

To account for repeated measures within an individual, we used mixed effects 

multivariable logistic regression models. No univariable results were determined; our a 

priori interest was in the adjusted results as described below. All models were fit using 

Stata version 13.1 (StataCorp, College Station, TX, USA). 

In the regression model, we determined if SMS program exposure was associated 

with ART prescription coverage. Fixed effects were study group (i.e., Exposed, 

Unexposed, and Unknown), time period (i.e., pre-program versus during program), and 

factors available in the database that have been shown to influence adherence. 

Specifically, these factors were age (60), gender (60), prior duration of ART (60), 

prescription duration, first or second-line ART regimen (61), and fixed-dosed 

combination ART (62). The “pre-program period” was defined as the two months prior to 

the start of the SMS program (i.e., July 1 through September 9, 2013), which served as a 

baseline level of adherence. We used an interaction term between study group and time 

period to determine the effect of exposure to the SMS program. The model included a 

random intercept at the patient level. We used stepwise backward elimination (threshold 

P = 0.25) (63), with the program groups, time period, and their interactions retained a 

priori, to select the covariates for the executed model.  

To estimate the absolute risk reduction of SMS program, the model calculated the 

time-averaged prescription coverage for the Exposed patients in the during-program 

period. We then applied the odds ratio of coverage given non-exposure during the 

program (comparing the Unexposed and Exposed groups). This calculation yielded the 

hypothetical coverage that an average patient would have had if they had not been 

exposed to the SMS program. The difference between the actual coverage and the 

hypothetical non-exposure coverage equaled the absolute risk reduction for a patient with 

average coverage. 
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Given the WHO emphasis on providing differentiated care (48) as well as the 

possibility that SMS interventions would need to be targeted to at-risk populations to 

achieve cost-effectiveness, we examined two subsets of patients using the same method 

as that used for the full cohort. 

1. The <100% baseline coverage subset: patients with pre-program prescription 

coverage < 100%, suggesting at least one missed prescription or visit during that 

period. 

2. Recent ART initiators subset: patients who initiated ART within 2 years of the 

start of the SMS program, because such patients have an accelerated rate of 

attrition compared to patients with longer treatment histories (64). 

Results 

Full cohort 

Patient characteristics 
A total of 2,920 patients received ART during the pharmacy data availability 

period of November 4, 2012 to June 26, 2014. Of these, 665 did not meet our inclusion 

criteria for the following reasons: age <18 years (N=458), no ART prescription in the 

observation period (N=33), not enrolled at Ethembeni prior to the observation period 

(N=160), delayed capture of phone number into the SMS program (N=1), and no 

observation time (e.g. patient transferred out before end of first prescription) (N=13). The 

study cohort therefore consisted of 2,255 patients: 1,771 (78.5%) in the Exposed group, 

316 (14.0%) in the Unexposed group, and 168 (7.5%) in the Unknown group. The 

introductory SMS was sent to all 1,771 patients in the Exposed group. Among these 

patients, 1,287 (72.7%) had at least one confirmed successful SMS delivery (during the 

time this data were available, January 13 through June 26, 2014) and among these, 1,044 

(81.1%) remained subscribed to the program for their entire time of observation.  

Patients included in the full cohort analysis were similar to the general clinic 

population in terms of age and gender (Table VI). The full cohort Exposed and 

Unexposed groups were similar except that the Exposed group was younger and had a 

greater proportion of females compared to the Unexposed group. The Unknown group 

significantly differed from the Exposed and Unexposed groups in terms of several 

variables. Additionally, missing data was higher in the Unknown group compared to the 
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Exposed and Unexposed groups. Of note, rates of fixed dose combination use increased 

for all groups during the observation as part of a nationwide rollout of the formulation.  

Prescription coverage for the full cohort 
The distribution of prescription coverage by patient before and during the 

program period is shown in Figure 2. Prescription coverage was right-skewed, with the 

majority of patients achieving >95% coverage in both periods. For all three groups, this 

proportion of patients with coverage >95% decreased from the pre- to during-program 

period; this decrease was 2% (P=0.277) for the Exposed group, compared with 6% 

(P=0.118) and 13% (P=0.038) for the Unexposed and Unknown groups, respectively. 

Effect of SMS program exposure on prescription coverage in the full cohort 
After adjusting for age, gender, prescription lengths, regimen type, fixed dose 

combination, and pre-program prescription coverage, patients in the Exposed group had 

greater odds of daily prescription coverage during the SMS program (AOR 1.23, 95% CI: 

1.13 – 1.34, P<0.001) compared to those in the Unexposed group. For an Exposed patient 

at an average level of adherence (94.1% during the program), the absolute risk reduction 

of exposure to the SMS program was 4.7 days of ART prescription coverage missed per 

year compared to the Unexposed group. 

Full cohort patients in the Unknown group (compared to those in the Unexposed 

group) had higher odds of pre-program coverage (AOR 1.60, 95% CI: 1.022 – 2.51, 

P=0.040), but after adjustment for this factor, had lower odds of coverage during the 

program (AOR 0.47, 95% CI: 0.41 – 0.54, P<0.001). As shown in Table VII, increasing 

age, female gender, longer prescription length, use of a first line regimen, and use of a 

fixed dose combination were also associated with increased prescription coverage in the 

full cohort.  

Subset analyses 
The subset of patients with <100% baseline coverage consisted of 576, 104, and 

45 patients for the Exposed, Unexposed, and Unknown groups, respectively. The baseline 

characteristics for the Exposed and Unexposed subgroups did not demonstrate any 

statistically significant differences; the Unknown subgroup differed from the others in 

having a lower prevalence of first line regimen use at study baseline (84.4% compared to 

95.0% and 92.3% for the Exposed and Unexposed, respectively) and a higher proportion 
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of missing data (8.9% compared to 0.4% and 1.0% for the Exposed and Unexposed, 

respectively). The subset of patients who initiated ART within two years of the SMS 

program start date consisted of 333, 41, and 42 patients for the Exposed, Unexposed, and 

Unknown groups, respectively. There were no statistically significant differences in the 

baseline covariates among these groups (data not shown). 

For the <100% baseline coverage subset, the SMS program was associated with 

an increase in prescription coverage when comparing the Exposed and Unexposed 

subgroups (AOR 1.29, 95% CI: 1.17 – 1.43, P<0.001). The corresponding absolute risk 

reduction of exposure to the SMS program for an Exposed patient with average coverage 

in this subset was 8.2 days of ART prescription coverage missed per year compared to 

the Unexposed group. For the recent ART initiator subset, no statistically significant 

differences were seen in prescription coverage between the Exposed and Unexposed 

subgroups	(AOR 1.17, 95% CI: 0.97 – 1.42, P=0.101). As shown in Table VII, increasing 

age, longer prescription length, use of a first line regimen, and use of a fixed dose 

combination were also associated with increased prescription coverage in both subsets.  

Discussion  
 Using routinely collected pharmacy data, we found that a weekly SMS program 

had a positive effect on ART adherence in a real world setting; however, the magnitude 

of this effect was small (average of 4.7 days per year). The effect for an average patient 

with <100% baseline prescription coverage was 8.2 days per year, but there was no 

significant effect for patients who had initiated ART within two years of the SMS 

program, possibly due to the relatively small size of the subset. 

A notable characteristic of this SMS program was that at the time of its 

implementation, the patient population had an average of 3.3 years of prior ART. This 

degree of ART experience was similar to that of the RCT in Cameroon that showed no 

benefit from scheduled weekly SMS (18). In contrast, several of the prior trials that 

showed a benefit from weekly SMS only included patients who were newly initiating 

ART (15, 16, 25). Thus, our study generates an important finding that an SMS program 

can improve adherence even among patients with significant prior ART experience.  

 The clinical significance of the measured benefit of the SMS program among the 

full cohort is unclear. Notably, there may have been dilution of effect due to only around 
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73% of Exposed patients having a confirmed SMS delivery. Although CD4 counts and 

viral loads were not consistently available for comparison in this cohort, prescription 

coverage has been shown to predict virologic suppression (29). Prescription coverage is 

conceptually the ceiling on pill-taking adherence, the true value of which may be lower 

than the measured prescription coverage.  

Moreover, both the pattern and average level of adherence impact clinical 

outcomes. Despite the relatively long half-life of efavirenz, which is in the first-line 

regimen in South Africa, increasing duration of treatment interruption, even on the order 

of a few days, can increase risk of viral rebound (31, 65). Many of the recorded lapses in 

prescription coverage may represent treatment interruptions, highlighting the potential 

clinical significance of the measured program effect. Future study of the downstream 

effects of real-world SMS programs on viral suppression and other clinical outcomes will 

help clarify the broader public health impact of such programs. 

The exact mechanism of the improvement in prescription coverage is not known, 

but may reflect perceptions of social support and encouragement to remain in care. 

Indeed, as reported previously in Uganda (26), patients may have felt “cared for” by the 

Ethembeni clinic. Study 1 offers some evidence that this mechanism was at play, because 

approximately 27% of respondents said that the SMS encouraged them or that the SMS 

reminded them that the clinic cares. Compared to that of the full cohort, the SMS 

program effect size was possibly stronger among patients in the <100% baseline coverage 

subset, who likely had missed at least one prescription and/or appointment during their 

pre-program period. Missed appointments have been found to initiate a cascade of 

disengagement from care (47), and the SMS program’s mechanism could partially be via 

interruption of this process. Notably, the SMS program did not show a significant 

positive benefit among the recent ART initiators subset, suggesting that the intervention’s 

effect is not primarily via helping new patients to establish care. Further exploration of 

the meaning of SMS in this and other populations is needed. 

Strengths and limitations 
The Unknown group (approximately 7% of the cohort) had a disproportionate 

share of patients with adherence challenges. It included patients whose charts were 

outside the file room during the period of data capture (June 2013), typically due to one 
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of two reasons. First, the patient is attending a clinic visit, which involves carrying the 

file to the various buildings of the clinic. Because patients who are having clinical 

challenges are required to attend clinic more frequently, they are relatively more likely to 

be assigned to the Unknown group compared to those who have stabilized on treatment 

(and have clinic appointments every three to six months). This enrichment of 

appointments around June 2013 also explains the Unknown group’s higher prescription 

coverage in the pre-program period (July through August 2013). Second, when a patient 

has been lost to follow up for a long time, their file may be removed from the file room 

for counselors (who are stationed elsewhere in the clinic) to attempt to re-establish 

contact. Given these idiosyncratic aspects of the Unknown group, we do not believe it is 

an unbiased comparator to the Exposed group. 

While this study was not a randomized controlled trial, we believe the Unexposed 

group is a reasonable comparator to the Exposed group and adds value in assessing the 

impact of the SMS program on ART adherence. One potential source of confounding is 

differential phone ownership in the Unexposed Group, which was not assessed at the time 

of the SMS program implementation. Rather, patients were asked for their contact phone 

numbers at clinic enrollment, which was on average 3.3 years prior to SMS program 

launch. However, we believe this possibility was unlikely to confound our results 

because, during this time, the prevalence of mobile phone ownership among South 

African adults was increasing and reached 90% in 2013 (66). Thus, we anticipate most of 

the patients in the Unexposed group had mobile phones, but they were not known to the 

clinic. We also believe patients were unlikely to have withheld their phone numbers as 

another study from an HIV clinic in the region (albeit one that charged state-subsidized 

clinic fees) found that 99% of individuals with cell phones were willing to be contacted 

by the clinic on these phones (40). 

That study also showed that age and employment were socio-economic factors 

associated with mobile phone ownership (40). In our study, we were able to control for 

age. While we could not directly control for employment, we used the pre-program 

prescription coverage and patient-level random intercept to adjust for confounders of the 

effect of the SMS program on ART prescription coverage. Importantly, this pre-program 

period occurred an average of 3 years after the clinic enrollment of cohort patients. Meta-
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analyses have found that the rate of virologic suppression and retention in care had 

mostly stabilized by around the third year of treatment (3, 64). Thus, this period 

essentially captured a “steady state” of the two groups, increasing its usefulness for the 

zero-ing out the intrinsic differences in adherence. Moreover, Table VI demonstrates the 

similarity between the Exposed and Unexposed groups in terms of several indicator 

values of clinical engagement, including duration of prior ART and baseline use of first 

line regimens and fixed dose combinations. 

 This analysis has other limitations. First, the unit of observation of each day was 

powered to detect small effects. We addressed the repeated measures aspect of this 

approach by using a mixed model. Second, the prescription lengths were long (up to 6 

months) relative to the observation time (up to about 12 months), thus limiting our ability 

to identify lapses in prescription coverage. Third, any errors in clinical data collection 

may have incorrectly identified patients as non-covered, including patients who 

transferred out but did not receive the appropriate documentation from the clinic. 

Overall Discussion 
These studies assessed a weekly SMS program implemented by a government-run 

clinic in rural South Africa with limited outside funding, no incentives to encourage 

participation, and no dedicated research staff, setting it apart from prior research studies 

reported in the literature. Overall, the study 1 interviews demonstrated that the program 

was widely perceived as helpful, with 92% of participants reporting that they would 

recommend it to a friend. Study 2 found that program had a positive effect on ART 

adherence in a real world setting; however, the magnitude of this effect was modest. 

Areas for improvement of the SMS program 
Privacy concerns must be considered, given that three patients in Study 1 reported 

that an SMS led to a disclosure of their HIV status. Importantly, all three added that they 

had been planning on eventually disclosing to the individuals, although we cannot be 

certain of the precise circumstances. This finding, in addition to the association of HIV 

status disclosure with helpfulness of the SMS program, suggests that the program is 

better suited for patients for whom disclosure is less of a concern. It is notable that the 

messages do not mention “HIV” or “antiretrovirals”, and that many other chronic 



	 29 

diseases are treated with long-term medication in South Africa. Even so, the SMS 

program messages may be too direct. A direct message was found acceptable and helpful 

for reporting abnormal lab results in Uganda (53, 55). However, other approaches seem 

feasible, given that some SMS programs have used coded messages, such as “This is your 

reminder” (15) or even “ABCDEFG” (55), with good effect when communicating with 

patients regarding clinical matters. Overall, both direct and coded messages seem to be 

acceptable, and options may be appealing to individual patients.   

Appointment attendance remains challenging, with nearly 40% of participants 

reporting being late to an appointment in the past year. Notably, this rate was derived 

from participants who were attending a clinic visit at the time of interview, so the clinic-

wide no-show rate may be higher. This finding is important as prior research has shown 

that even a single late appointment risks initiating a disengagement from care (47). Work 

travel was cited in the majority of cases. Interestingly, younger age, but not employment, 

was found to be an independent predictor of missing an appointment. The association 

between younger age and HIV clinic nonattendance has been seen elsewhere (67). 

Messages encouraging advance planning, especially for work travel and for young 

patients, may thus be beneficial to maintaining continuity of care. 

The results of these studies highlighted other possible targets for optimizing SMS 

adherence programs. Three further areas of enhancement would not require additional 

human resources at the clinic: 1) greater customizability in terms of SMS delivery time; 

2) more variety and personalization of the SMS content, including information about new 

HIV medications and nutrition; 3) targeting SMS to patients with pre-existing adherence 

challenges, such as patients in the <100% baseline coverage subset from Study 2. In 

contrast, the following suggestions might require partial reallocation of clinic staff, but 

the benefits may outweigh the costs. Consistent with previous findings at a nearby HIV 

clinic (40), phone turnover was high. While a lost phone does not necessarily translate to 

a changed number, this is a strong indication for frequently updating patient phone 

numbers. Also, nearly all patients desired two-way communication with the clinic staff 

via SMS, primarily about physical concerns (such as illness or side effects). Trials in 

Kenya (16) and Cameroon (44) found two-way communication to be similarly desired 

and also feasible; a SMS program trial in Kenya used two-way communication with a 
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nurse and found that only 3.3% of patients per week actually requested follow-up (16). It 

may be possible to specifically target the two-way communication to patients with sub-

optimal adherence based on their digital pharmacy records. This could improve the cost-

effectiveness of the intervention. 

 In evaluating this clinical program, several lessons were learned. First, scarcity of 

human resources limited updating of patient phone numbers, as well as adding data on 

new enrollments into the program. As standard clinical record keeping becomes 

increasingly digital, better integration of SMS programs may reduce the human resource 

requirement. Importantly, the automated nature of the program enabled continued 

provision of the program to subscribed patients despite human resource limitations. 

Conclusions 
A cross-sectional structured interview study and a retrospective cohort study of an 

SMS program implemented as part of routine clinical care found high levels of 

acceptability and positive perceptions of the program, as well as a small positive impact 

on prescription coverage. There is possibly a stronger beneficial effect among patients 

with imperfect pre-program prescription coverage. 

To our knowledge, this work is one of the first to examine an SMS program that 

had been implemented outside of the resource-intensive context of a research study. 

These findings suggest that a clinical SMS program can offer both a perceived and 

objective benefit to adherence. Generalizability to similar government ART clinics in this 

region, hard-hit by the HIV pandemic, is likely high. 

Suggestions for Future Research 
In addition to implementing the improvements discussed above, we believe five 

primary avenues of future work should be pursued. First, additional studies should further 

explore the mechanisms by which SMS programs affect adherence, particularly their 

effects on social support (26, 46). Second, long-term follow-up studies on the durability 

of impact would be informative for the return on investment in this type of intervention. 

Third, additional cohort studies of other clinical SMS programs should assess the 

reproducibility of the results in routine clinical settings. Fourth, studies should examine 
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clinical outcomes such as virologic failure. Finally, a synthesis of the above data could 

clarify the cost-effectiveness of SMS programs. The programs, if optimized, hold the 

promise to be overall cost-savings given their low cost ($1 per patient per year for the 

Ethembeni program) and potential ability to prevent virologic failure and opportunistic 

infections via improved adherence. 

Summary 
There is substantial evidence that SMS programs improve adherence to ART in 

randomized controlled trials, but a dearth of literature on how best to adapt and 

implement these programs in realistic clinical settings. 

We studied an SMS program implemented at a free government-run HIV clinic in 

rural South Africa. We used cross-sectional interviews and a retrospective cohort study. 

We found that the SMS program was highly acceptable and perceived to be useful, but 

contributed to a few cases of HIV disclosure. The retrospective cohort study found that 

the SMS program was independently associated with a small increase in prescription 

coverage for those sent vs. not sent the messages, with a possibly larger benefit among 

patients with baseline adherence difficulties. 

Our studies identified several areas for improving the SMS program: 1) enhance 

confidentiality of the messages; 2) add more variety to the messages; 3) build 

functionality for two-way communication between patient and clinician via the SMS 

program; 4) augment the system for capturing and updating patient mobile phone 

numbers; 5) consider targeting and tailoring the SMS programs for patients with 

adherence difficulties. 
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SMS program to promote HIV antiretroviral medication adherence in KwaZulu-Natal, 

South Africa. AIDS and Behavior, 20(11), pp.2629-2638. DOI:10.1007/s10461-016-

1287-z 
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Table I 
Participant characteristics (N=100) 
Variable n* or median (IQR) 
Gender 
    Female 
    Male 

 
59 
41 

Age (years) 39.5 (34.0 – 49.0) 
Duration of HAART prior to SMS program (years) 3.3 (2.5 – 4.8)  
Highest level of education  
    Primary or less 
    Secondary 
    University 

 
30  
68  
2    

Literacy 
    Unable to read complete sentence 
    Able to read only parts 
    Able to read complete sentence 

 
3 
10 
87 

Employment 
    None 
    Part-time 
    Full-time 

 
44 
20 
36 

Transport to clinic (day of the interview) 
    Walked 
    Minibus (public transit) 
    Dropped off by friend 
    Drove self 

 
12 
80 
5 
3 

HIV disclosure 
    Both inside and outside of household 
    Only inside household 
    Only outside household 
    Neither 

 
73 
23 
4 
0 

Personal mobile phone ownership (not shared) 
    Yes 
    No 

 
85 
15 

Frequency of using SMS on phone 
    Once a month or less 
    Once a week or more 

 
26 
74 

Replaced phone in past year 
    Yes 
        Due to theft 
        Due to damage 
        Due to another reason  
    No 
    (no response recorded) 

 
59 
    16 (27.1%) 
    20 (33.9%) 
    23 (39.0%) 
40 
1 

Received > 1 SMS from program 
    Yes 
    No 

 
88 
12 
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Table II 
Factors potentially affecting receipt of one or more SMS (N=100*). 

 
OR=odds ratio; CI = Wald confidence interval 
*Event count = 12 
  

Variable Univariable analysis 
OR (95% CI); P-value 

Multivariable analysis 
OR (95% CI); P-value 

Female gender 1.51 (0.45 – 5.08); 0.501 --- 
Age (per 10 years) 1.57 (0.78 – 3.18); 0.210 --- 
Does not own private phone 0.29 (0.07 – 1.11); 0.070 0.33 (0.08 – 1.37); 0.128 
Phone stolen in past year 0.20 (0.05 – 0.74); 0.016 0.22 (0.06 – 0.85); 0.027 
SMS use more than once per 
month  

1.50 (0.41 – 5.47); 0.539 --- 

Able to read entire sentence 0.58 (0.07 – 4.87); 0.612 --- 
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Table III 
Acceptance and perceptions from participants who received at least one SMS from the 
program (N=88). 
Variable n(%)* 
Would recommend SMS program to a friend 
    Yes 
    No 
    (no response recorded) 

 
81 (92.0%) 
5 (5.7%) 
2 (2.3%) 

The SMS program helped me remember…1 

    To take my medicines 
    My appointments 
    That the clinic is a resource for me 
    That the clinic cares for me 

 
86 (97.7%) 
68 (77.3%) 
23 (26.1%) 
14 (15.9%) 

The weekly message frequency is… 
    Just right 
    Not often enough 
    Too often 
    (no response recorded) 

 
80 (90.9%) 
6 (6.8%) 
1 (1.1%) 
1 (1.1%) 

Ever did not receive an expected SMS 
    Yes 
         Phone was off / No signal 
         Unsure of reason 
    No 

 
9 (10.2%) 
     6 (66.7%) 
     3 (33.3%) 
79 (89.8%) 

The SMS violated my privacy… 
    None 
    A little 
    A lot 

 
86 (97.7%) 
2 (2.3%) 
0 (0.0%) 

An SMS led to an HIV disclosure 
    Yes 
    No 
    (no response recorded) 

 
3 (3.4%) 
82 (93.2%) 
3 (3.4%) 

Opted out of the SMS program 
    Yes 
    No 

 
3 (3.4%) 
85 (96.6%) 

Delete the program SMS… 
    Never 
    Sometimes 
    Every time 

 
9 (10.2%) 
60 (68.2%) 
19 (21.6%) 

Desire to use the SMS program to talk with the clinic    
    Yes1 

        To a doctor 
        To a nurse 
        To a counselor      
    No  

 
79 (89.8%) 
    40 (50.6%) 
    13 (16.5%) 
    24 (30.4%) 
9 (10.2%) 

Desire for the SMS program to have more variety 

    Yes1 
 
38 (43.2%) 
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         Such as information on new HIV medications 
         Such as news, weather, jokes, or sports 
         Such as diet/nutrition tips 
    No 
    (no response recorded) 

     29 (76.3%) 
     2 (5.3%) 
     5 (13.2%) 
49 (55.7%) 
1 (1.1%) 

Preferred time of day for receiving the SMS is… 
    Morning 
    Afternoon 
    Evening 
    Night 

 
19 (21.6%) 
48 (54.5%) 
9 (10.2%) 
12 (13.6%) 

At least a day late to an appointment in the past year 
    Yes1 

        Because I forgot 
        Because I could not afford transport to clinic 
        Because something came up 
        Because I was travelling for work 
        Because I was not feeling well 
    No 
    (no response recorded) 

 
34 (38.6%) 
    2 (5.9%) 
    4 (11.8%) 
    6 (17.6%) 
    18 (52.9%) 
    5 (14.7%) 
53 (60.2%) 
1 (1.1%) 

*Some percentages do not add up to 100 due to missing responses and/or the ability to 
select multiple responses. 
1Multiple responses were allowed 
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Table IV 
Factors potentially associated with participants finding the SMS program helpful with 
appointment attendance (N=88*). 

 
OR=odds ratio; CI = Wald confidence interval. 
*Event count = 22 
  

Variable Univariable 
OR (95% CI); P-value 

Multivariable 
OR (95% CI); P-value 

Female gender 0.20 (0.05 – 0.74); 0.016 0.17 (0.04 – 0.66); 0.011 
Age (per 10 years) 0.98 (0.58 – 1.63); 0.928 --- 
ART duration (per year) 1.09 (0.81 – 1.45); 0.583 --- 
HIV disclosure outside of home 2.74 (0.89 – 8.43); 0.079 3.40 (1.00 – 11.60); 0.050 
Educated beyond primary school 1.50 (0.52 – 4.34); 0.459 --- 
SMS use more than once per month 1.90 (0.64 – 5.62); 0.244 --- 
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Table V 
Factors potentially affecting whether participants exposed to the SMS program were late 
to an appointment in the past year (N=87*). 

OR=odds ratio; CI = Wald confidence interval. 
*Event count = 34 
 

	
  

Variable Univariable 
OR (95% CI); P-value 

Multivariable 
OR (95% CI); P-value 

Female gender 0.63 (0.26 – 1.51); 0.300 --- 
Age (per 10 years) 0.59 (0.36 – 0.95); 0.030 0.60 (0.37 – 0.97); 0.037 
ART duration (per year) 0.99 (0.78 – 1.26); 0.922 --- 
HIV disclosure outside of home 1.32 (0.44 – 3.93); 0.622 --- 
Any employment 0.54 (0.23 – 1.29); 0.164 0.56 (0.23 – 1.39); 0.212 
Public transport used to get to clinic 0.57 (0.20 – 1.62); 0.290 --- 
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Table VI 
Characteristics of patients included in the retrospective full cohort.  

Variable Exposed 
(n=1771) 

Unexposed 
(n=316) 

Unknown 
(n=168) 

P-value 
for all 

P-value for 
Exposed vs. 
Unexposed 

Age in years (IQR) 37.7 
(32.4 – 43.9) 

38.9 
(33.1 – 46.6) 

37.7 
(31.7 – 42.9) 

0.015 0.006 

Female 1,253 
(70.8%) 

203 
(64.2%) 

117 
(69.6%) 

0.068 0.020 

ART duration in 
years (IQR) 

2.4 
(1.5 – 3.3) 

2.5 
(1.6 – 3.5) 

2.5 
(1.2 – 3.4) 

0.270 0.120 

Prescription length 
in days (IQR) 

180 
(65 – 180) 

180 
(66 – 180) 

90 
(36 – 180) 

<0.001 
 

0.846 
 

Patients (%) 
with… 

   <0.001 0.710 

1-month 
prescriptions 

227 (12.8%) 43 (13.6%) 
 

48 (28.6%) 
 

  

2-month 
prescriptions 

282 (15.9%) 
 

48 (15.2%) 
 

24 (14.3%) 
 

  

3-month 
prescriptions 

234 (13.2%) 35 (11.1%) 
 

18 (10.7%) 
 

  

6-month 
prescriptions 

1028 (58.0%) 190 (60.1%) 78 (46.4%)   

First line regimen 1,675 
(94.6%) 

295 
(93.4%) 

151 
(89.9%) 

0.041 0.383 

Fixed dose 
combination  

28 
(1.6%) 

5 
(1.6%) 

9 
(5.4%) 

0.002 0.999 

No pre-program 
observation time  

93 
(5.3%) 

22 
(7.0%) 

25 
(14.9%) 

<0.001 0.220 

Transfer out 
during observation 

61 
(3.4%) 

8 
(2.5%) 

9 
(5.4%) 

0.269 0.507 

IQR = interquartile range 
Values reflect data collection on November 4, 2012 (for age and ART duration) or as of 
first statistical observation (for all others). Bold indicates statistical significance 
(P<=0.05). 



Table VII 
Pre- versus during-SMS program differences in prescription coverage.  
 

 
Full Cohort, 

N=2255 
<100% Baseline Coverage 

Subset, N=725 
Recent ART Initiators 

Subset, N=416 

Covariate 
 

Adjusted Odds Ratio (95% CI); P-value 
Age (per year) 1.03 (1.01 – 1.04); P<0.001 1.02 (1.01 – 1.03); P=0.001 1.03 (1.01 – 1.06); P=0.016 

Female gender 1.55 (1.26 – 1.90); P<0.001 1.32 (1.03 – 1.68); P=0.027 0.92 (0.54 – 1.56); P=0.751 

Prior ART duration (per 30 days) -- -- -- 

Prescription length (per 30 days) 1.28 (1.27 – 1.29); P<0.001 1.17 (1.16 – 1.19); P<0.001 1.31 (1.28 – 1.34); P<0.001 

First line regimen 2.70 (2.33 – 3.12); P <0.001 4.30 (3.62 – 5.11); P<0.001 5.52 (3.92 – 7.77); P<0.001 

Fixed dose combination 2.71 (2.62 – 2.81); P<0.001 3.51 (3.33 – 3.70); P<0.001 2.88 (2.67 – 3.10); P<0.001 

During-program period 0.61 (0.56 – 0.66); P < 0.001 1.56 (1.42 – 1.71); P<0.001 0.53 (0.45 – 0.63); P<0.001 

Pre-program period coverage (by Group): 

   Exposed vs. Unexposed 1.05 (0.79 – 1.39); P=0.732 1.00 (0.72 – 1.39); P=0.992 2.53 (1.11 – 5.77); P=0.028 

   Unknown vs. Unexposed 1.60 (1.022 – 2.51); P=0.040 1.48 (0.85 – 2.57); P=0.166 3.07 (1.01 – 9.35); P=0.049 

Program Effect (= During-program period coverage, by Group, adjusting for the variables above): 

   Exposed vs. Unexposed 1.23 (1.13 – 1.34); P<0.001 1.29 (1.17 – 1.43); P<0.001 1.17 (0.97 – 1.42); P=0.101 

   Unknown vs. Unexposed 0.47 (0.41 – 0.54); P<0.001 0.67 (0.57 – 0.80); P<0.001 0.33 (0.24 – 0.45); P<0.001 

This table presents output from the mixed effects logistic regression on prescription coverage for a given day. The Groups are as 
follows: “Exposed” patients were sent the SMS; “Unexposed” patients did not have mobile phone numbers and thus were not sent 
SMS; “Unknown” patients had unknown phone number statuses due to missing charts, and thus also were not sent SMS. The “<100% 
Baseline Coverage Subset” includes patients with coverage < 100% in the pre-program period. The “Recent ART Initiators Subset” 
includes patients who initiated ART within 2 years of the SMS program start. The backward stepwise selection process of model 
parameters led to the omission of prior ART duration. CI = confidence interval. Bold indicates statistical significance at P<=0.05.	

Nathan Georgette
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Figure 1 
Key dates used to define the analysis periods of the retrospective cohort study. 
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Figure 2 
Distribution of per-patient prescription coverage in the full retrospective cohort.  

	
Pre-program refers to the two months prior to the start of the SMS program.	


