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EXECUTIVE SUMMARY
Few studies in Africa have evaluated the difference in antiretroviral (ARV) therapy adherence rates
between patients taking different first line triple ARV therapy prescriptions. Furthermore, while many
adherence studies rely on self-report as a means for data collection on adherence, they mostly focus on
capturing the number of tablets the patient has taken and often do not assess whether those tablets were
taken on schedule or with required food restrictions, despite the fact that these elements of adherence also
can affect the therapeutic effects of ARVs. The first objective of this study was to evaluate adherent
behavior between patients on fixed-dose antiretroviral therapy Triommune and those taking multiple drug
combination antiretroviral regimens. The second was to evaluate differences between patients who were
adherent by the pills-taken-only criterion and those who took their tablets with the correct dosage, on
schedule, and with any food restrictions (“correct use” criteria).
Of patients seen at four health facilities (one urban and three non-urban) in Rwanda between October
2004 and February 2005, 720 were invited to participate in in-person interviews. A detailed questionnaire
assessed current ARV prescription, dosage, and food restrictions; four-day adherence recall; side effects;
psychosocial factors, including patient satisfaction, depression, and social support; and socio
demographic factors. Patients who reported having taken 95–100% of prescribed pills were considered
adherent by the pills-taken criterion, while those who took 95–100% of pills as prescribed, on schedule,
and with the recommended food restrictions were considered adherent by the correct use criteria.
(Patients who took less than 95% or more than 100% of pills prescribed were considered non-adherent.)
Multivariate analyses were performed to identify factors most associated with adherence by either set of
criteria.
Complete data were collected and analyzed for 653 participants. Close to 43% were on Triommune (a
branded, fixed-dose combination of Stavudine [D4T], Lamivudine [3TC], and Nevirapine [NVP]); 26%
on Stavudine (D4T) + Lamivudine (3TC) + Nevirapine (Combination 1a); 13% on D4T + 3TC +
Efavirenz (Combination 1b); 3% on Combivir (a branded, fixed-dose combination of Zidovudine [AZT]
and Lamivudine in a single pill) + Nevirapine (Combination 2a); and 15% on Combivir + Efavirenz
(Combination 2b). Most patients (95%) were treatment naïve at the start of their then-current therapy.
Using the proportion of pills taken as the criterion for measuring adherence, 92% of patients reported
taking at least 95% of their pills, and 98% of all prescribed pills had been taken. Adherence rates were
higher among patients who were on fixed-dose Triommune than among those on multiple drug regimens.
However, a greater proportion of patients on Combinations 1a, 1b, and Triommune were adherent
compared to patients on Combinations 2a and 2b, which contain AZT (p < 0.0001), suggesting that
combination type as opposed to pill burden was more closely associated with adherence. When
adherence was measured not only as the proportion of pills taken but also as the proportion taken on
schedule and following food instructions, only 69% of patients were adherent, and overall adherence rates
fell to 73%. Multivariate analyses revealed that compared to patients on Triommune, those on
Combination 1a were significantly more likely to take at least 95% of prescribed pills (odds ratio [OR] =
2.9; 95% confidence interval [CI] = 1.1 – 7.7; p <0.05), while those on Combination 2b were significantly
less likely to do so (OR = 0.26; 95% CI = 0.1 – 0.5; p <0.0001) in a model that controlled for social
support, length of time one has known of one’s HIV-positive status, and whether or not care is received in
an urban setting. Similarly, multivariate analyses of factors associated with adherence to ARVs using the
correct use criteria revealed big differences in the odds of being adherent, depending on the prescription
type: Compared to those on Triommune, patients on Combination 1a had more than 10 times the odds of
being adherent, while those on Combinations 1b and 2b, which contains Efavirenz, had 93–99% lower
odds of being adherent in a model that controlled for employment status and whether or not one was
receiving care in an urban setting.
Whether on fixed-dose or multiple drug combinations, the vast majority of patients reported taking at
least 95% of prescribed ARVs. However, regimens containing AZT were associated with lower
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adherence than those containing D4T. Furthermore, adherence was lower when correct timing and
recommended food restrictions were taken into account.
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I. BACKGROUND
Adherence to medicines for chronic health conditions in general is not well documented in developing
countries, and what is known is far from encouraging. Results of research on adherence to long-term
medicines in Malaysia revealed that only 44% of patients were adherent, and the issues of overdosing,
underdosing, and wastage were very prevalent1. Studies of hypertensive medications in China, Gambia,
and the Seychelles revealed that only 43%, 27%, and 26%, respectively, of patients were adherent2–4.
However, adherence rates to antiretroviral (ARV) medicines for patients with acquired immunodeficiency
syndrome (AIDS) appear to be a different story. Particularly in Africa, studies have reported very high
levels of adherence, from 85–99%5–11. Adherence to antiretrovirals is contained within a continuum of
total doses, frequency, and timing12. Good adherence is defined as taking one’s medicine as prescribed
and agreed between the patient and provider. Poor adherence includes missing doses completely, as well
as taking drugs inappropriately (taking doses at the wrong times or not adhering to dietary requirements
associated with a drug)13,14. Studies have established a clear association between viral suppression and the
percentage of antiretroviral doses taken as prescribed. Specifically, greater adherence is associated with
better viral suppression15–19. Reviews of numerous studies revealed that 95% or greater adherence is
necessary in order to achieve and maintain undetectable viral loads among most patients treated with
highly active antiretroviral therapy (HAART)18,20–22. Among patients who do achieve this level of
adherence, the virus is suppressed in 78%–100% after six to ten months of therapy18,21,22. The likelihood
of virologic failure increases sharply for patients with adherence rates lower than 90%, although some
patients do reach undetectable viral loads with much lower adherence rates18.
Most studies of ARV adherence in Africa report data from small sample sizes, clinical trials, or other
highly controlled patient environments, such as pilot programs providing antiretroviral therapy (ART).
Few studies have reported on adherence within “normal” clinical settings. As ARVs become available to
more patients, the importance of understanding differences in levels of adherence within the context of
the normal clinical setting becomes more apparent. Additionally, most studies of adherence to ARVs in
Africa that relied on self-report have restricted the definition of adherence to the number of pills taken
versus the number prescribed (“pills-taken adherence”)5,7–9,11. Not taken into consideration is whether
ARVs were taken inappropriately (wrong times, not adhering to dietary requirements, etc.), all of which
affect the absorption and blood levels of the drug. This report uses the term “correct use adherence” to
refer to adherence where pills are taken appropriately. Clay (2005) describes the therapeutic range as the
amount of the drug needed in the body to produce a good therapeutic effect without toxicity22. The
desired therapeutic effect of ART results in increases in CD4, viral load suppression, and prevention of
opportunistic infections22.
For some regimens, such as fixed-dose, triple combination Triommune, where a patient simply takes one
pill twice daily and there are no food restrictions, an assessment of pills taken is a relatively
comprehensive measure of adherence. However, for those on a more complex first line regimen that may
require multiple pills several times a day with certain food restrictions, solely assessing pills taken does
not give a full picture of adherent behavior. Few studies of patients receiving antiretroviral treatment in
Africa have evaluated the difference in adherence between patients on Triommune compared to those on
more complex triple antiretroviral regimes. Similarly, little is known in Africa about socio-demographic
and psychosocial differences between patients who are adherent compared to those who are not. This is
particularly true in Rwanda, where 3.1% of the population is HIV (human immunodeficiency virus) 
positive and where the Ministry of Health has scaled up provision of ART in all parts of the country with
great speed since 200423.
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II. OBJECTIVES
The first objective of this study was to evaluate adherent behavior between patients on fixed-dose
antiretroviral therapy Triommune, compared to patients taking multiple drug combination antiretroviral
regimens. The second was to evaluate differences between patients who were adherent by the “pills
taken” only criterion compared to those who took their tablets with the correct dosage, on schedule, and
with any food restrictions (“correct use”).

III. METHODOLOGY
This study took place in four Rwandan health facilities, representing one district hospital, a public health
center, a public/private health center, and a university hospital, and located in urban (one) and non-urban
(three) settings. All four had been providing ARVs for at least one year and were active participants in
the Rwandan Ministry of Health’s plan to expand access to ARVs for greater population coverage.
The study examined adherence to five ARV drug combinations (Table 1) that were in use in Rwanda
during the period of study implementation.
Table 1: Antiretroviral regimens examined by the study

Pills per
dose

Doses
per day

Total pills
per day

Fixed-dose combination of Stavudine* (D4T)
+ Lamiduvine** (3TC) + Nevaripine (NVP)

1

2

2

Combination 1a

D4T + 3TC + NVP

3

2

6

Combination 1b

D4T + 3TC + Efavirenz*** (EFV)

2 in am
3 in pm

2

5

2

2

4

1 in am
2 in pm

2

3

Regimen name
Triommune

Combination 2a

Combination 2b

Drugs included

Fixed-dose combination of Zidovudine (AZT)
and 3TC, known by brand name Combivir, +
NVP
Combivir (AZT + 3TC) + EFV

*Also known by the brand name Zerit; **Also known by the brand name Epivir; ***Also known by the brand name
Stocrin.

A. Patient Recruitment
At each study facility, clinicians who treat HIV-positive patients were asked to evaluate each of their
patients for inclusion in this study. Specifically, patients met eligibility criteria if they were:
•
•
•
•
•

HIV-positive,
Currently taking ARVs,
Had been taking ARVs for at least three months,
Were either outpatients or hospitalized patients of the health facility on the day of
recruitment, and
Were able to provide informed consent.

Attempts were made to approach all patients who met inclusion criteria and were seen at the hospital
between the months of October 2004 and February 2005. All reasonable efforts were made to
accommodate the participant, including scheduling or rescheduling the interview up to three times at their
convenience.
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Study aims, interviewing procedures, and methods for maintaining confidentiality were explained to each
potential participant. The interviewer read a prepared script that provided an overview of the study aims
and the risks and benefits to each patient approached for participation. After hearing the script, the
patient was asked to voice any questions and whether or not he/she would consent to participate. Patients
were asked to sign the informed consent form if they agreed to participate in the study. Each
questionnaire and its matching informed consent form were assigned a unique four digit identifier. To
protect patient confidentiality, this number, as opposed to the patient’s name, was used in further
analyses.
Once informed consent was obtained, the interviewer proceeded to conduct a structured interview in a
private location at the health facility. All interviews were conducted by a sensitive, well-trained
interviewer using a semi-structured questionnaire. Interviews were conducted in Kinyarwanda, the local
language of Rwandans. Answers to open-ended questions were later translated back to English to
accommodate appropriate analysis.

B. Data Collection
The types of data collected included socio-demographic information such as age, sex, marital status,
education, employment status, length of time since tested HIV-positive, length of time since first started
ARV treatment, and length of time since receiving care at the facility where the interview occurred.
Participants were also asked to describe their current treatment prescription and whether they were
treatment naïve at the start of this treatment. To assess ARV adherence, patients were asked about all
prescribed ARVs, the number of doses missed, the number of doses not taken on schedule, and the
number of doses not taken with the required food restrictions over the past four days. They were also
asked in general about the number of doses missed per week, the last time they missed a dose, and about
difficulties they may have with taking the medications on time. This questionnaire built on work done by
the New York AIDS Institute and the United States Veterans Administration24,25 and was modified to fit
Rwanda norms. The pills-taken criterion for adherence was defined as having taken 95–100% of
prescribed ARVs during the past four days. The “correct use” criterion was defined as having taken 95–
100% of prescribed ARVs on schedule and with food restrictions, if any, during the past four days.
Participants who reported having missed at least one dose within the past 30 days were asked about
several commonly known reasons for missing doses and to comment on how often these reasons caused
them to miss their treatment. Common reasons included forgetting to take the medicine, being too tired
or too sick to do so, wanting to avoid the medicine’s side effects, and not being at home when scheduled
to take the medicine, among others.
Several psychosocial factors, found to be of importance in relationship with adherence to ARVs among
some HIV/AIDS populations, were explored in this study. They include patient satisfaction with provider
care26–28, depression29,30, and perceived social support from family and friends28,31– 33. To assess patient
satisfaction with the healthcare provider, data were collected on each participant’s perception of the
quality of care provided by his/her doctor. Specifically, participants were asked if the doctor had
adequately explained the progression of the AIDS disease and their prescribed medication, as well as
whether they believed that the doctor treated him/her with respect and maintained confidentiality about
his/her HIV status.
Depression was assessed using seven questions that relate to feeling as if one could not shake off the
blues even with help from family and friends; having trouble keeping one’s mind on what one is doing;
feeling as if everything one did was an effort; having trouble sleeping; feeling lonely; feeling sad; and
feeling as if one just could not get going. For each question, participants were asked to say whether or not
they experienced each situation never, rarely, sometimes, or always within the past week.
Social support was assessed using three questions on: whether or not one’s family was aware of one’s
HIV status, how satisfied one feels with the support from family and friends, and the extent to which
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family and friends reminded one to take the medicines. For each question, participants were provided a
range of answer choices.
Because the literature suggests a relationship between symptoms experienced and medication adherence34,
participants were asked about their experience with side effects and symptoms that are common among
patients on ARVs. Symptoms explored included fatigue, fever, nausea, dizziness or lightheadedness, skin
problems, diarrhea, and nervousness/anxiety, among others.
1.

Pilot testing the questionnaire

The questionnaire was pilot tested in two phases. During the first phase, its content was evaluated for
content validity by five HIV/AIDS clinical experts in Kigali. Suggestions were discussed and
incorporated as necessary. During the second phase of pilot testing, the proposed process for identifying
and interviewing patients was evaluated. Two providers identified five eligible patients. These patients
were then approached by the appropriate research staff for interviews. Based on lessons learned from this
exercise, the data collection process was modified. Any additional necessary changes on the data
collection questionnaire that became evident were also made at the end of this phase. The revised
questionnaire and data collection process were used in subsequent data collection efforts as described.
2.

Data management

To ensure data integrity during the data collection phase, efforts were made to streamline the process and
to maintain confidentiality. All forms necessary for a particular interview (i.e., participant identification,
consent form, data collection tools) were collated and placed in envelops so that interviewers could easily
pick up full and complete interviewing packages. The interviewers were trained to understand the
importance of maintaining confidentiality and were sensitized to the local cultural response to HIV/AIDS.
They used this understanding as appropriate throughout the interviewing process to establish rapport and
help participants feel safe to respond to questions. Interviewers were trained to ensure that each study
participant was asked every question in the questionnaire. Thus, before leaving each interview, the
interviewer double-checked the questionnaire for any accidental omissions. Whenever possible, an
attempt was made to obtain any data that were omitted during the interview from the relevant participants.
The research manager periodically (every two or three days) reviewed data tools from interviews for
completion.
Answers to open-ended questions from the survey instrument were translated from Kinyarwanda into
English. A sub-sample of responses was used to develop codes for open-ended questions, and necessary
additions were made as needed. The data were entered into EPI Info 2000 and stored as an ASCII file
that was later uploaded into secured SPSS master files. To ensure accuracy, the data were double-entered
and hand-checked. In addition, the data were closely monitored for missing data lines, blanks, outliers,
inappropriate or impossible values, and illogical values for logical combinations of variables by
evaluating frequency distributions. Data entry was concurrent with data collection, so that to the extent
possible and necessary, interviewers could be briefed on any noted patterns of data collection errors.

C. Data Analysis
Both sets of criteria for measuring adherence (pills taken and correct use) were analyzed using descriptive
statistics. T tests and F tests were used for comparing continuous variables that followed the normal
distribution, while the Median Test was used for continuous variables that did not. Chi-squared was used
for bivariate analyses of categorical or dichotomous variables.
Descriptive analyses were used to describe the most common reasons for non-adherence and to describe
the sample of participants in terms of socio-demographics, psychosocial factors, and symptoms as
described above.
In addition, scales were created that numerically summarized the extent to which individuals experienced
each psychosocial factor. Coefficient alpha, mean, and standard deviation were also evaluated for
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acceptability. Differences between adherent and non-adherent participants were evaluated using T tests
for independent samples. Where the scale was found to not follow a normal distribution, the median was
used as a measure of central tendency, and the two populations were evaluated using the Median Test.
Multivariate logistic regression models were constructed to calculate adjusted odd ratios and 95%
confidence intervals for factors associated with pills-taken and correct use adherence. All first-order
socio-demographic variables that were found to be significantly associated with adherence in bivariate
analyses were selected for inclusion, as well as all psychosocial factors and the symptoms scale. The
method used was backwards conditional logistic regression. A variable could remain in the model as long
as its adjusted p value (once in the model with all other significant variables) was equal to or less than
0.05. Variables not meeting this criterion were removed from the model one at a time, using the p value
of least significance as a guide. Variables continued to be removed from the model until all factors
remaining in the model had a p value of 0.05 or less. Once a factor was removed from the model, it was
not re-entered. Adjusted odds ratios and 95% confidence intervals were calculated for each factor within
the final model.

IV. RESULTS
A. Demographic Characteristics of the Sample
Of the patients seen at the four facilities during the study period, 670 (93%) consented to be interviewed.
Those not interviewed came from two facilities and either refused outright or were not contacted by the
interviewer. After data cleaning, another 17 participants were dropped from analysis because of
incomplete prescription data, leaving a total of 653 interviews for the analysis.
Of the patient data analyzed, almost three-quarters (72%) were female, and the average age of
respondents was 38.7 years +/- 7.9 years. The youngest participant was 19 years old, while the oldest was
73. Only 27.9% of participants were educated beyond primary level. Slightly more than a third were
married or living with a partner common law, and most (65.7%) were employed. Participants had known
of their HIV status for a median of 36 months (three years), had been on ARV for a median of six months,
and had been seeking care at the current facility for a median of 10 months. On the day they were
interviewed, most participants had come to the health facility to pick up their ARV refills (87.6%), though
some had also come for counseling (7.4%). Very few were there because of illness (4.5%) or side effects
(0.5%). Almost half were on Triommune (42.8%), while a quarter were on D4T + 3TC + NVP first line
treatment (hereafter, Combination 1a); 13.1% were on D4T + 3TC + EFV first line treatment
(Combination 1b); 3.4% were on Combivir + NVP first line treatment (Combination 2a); and 14.9% were
on Combivir + EFV first line treatment (Combination 2b).
These prescriptions were five of the potential antiretroviral triple therapy prescriptions for first line
treatment of AIDS in Rwanda as per Ministry of Health guidelines at the time. About 41 participants
(6.3% of the original 653 participants) reported being on non-specific ARV combinations and were
excluded from further analyses. Ninety-five percent of all participants were ARV treatment-naïve at the
start of their current treatment.
A little more than 25% of participants were receiving care within Kigali (urban), while 75% were
receiving care outside the capital (non-urban). These two populations were similar in terms of marital
status and employment status. Both urban and non-urban patients had been receiving care at the facility
where their interview took place for a median of 10 months, and their reasons for the visit did not differ
significantly, as the vast majority came to pick up their periodic supply of ARVs. However, there were
some significant differences between the two groups. The proportion of women receiving services in
Kigali was significantly greater than that of women receiving services outside the capital (p = 0.02).
Additionally, a greater proportion of those receiving care outside of Kigali had secondary education or
higher, compared to those receiving care in the capital (p < 0.001). On average, patients receiving care in
the urban setting had known of their HIV status almost a year longer than those receiving care in non-
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urban settings (52.3 months versus 41.6 months; p < 0.002). Significant differences were noted among
patients with regard to their length of time on ARV: Those receiving care in Kigali had been on ARVs for
a median 10 months (3–60), while those outside Kigali had been on ARVs for a median six months (3–
48) (p < 0.0001).
All patients on Triommune were receiving care in non-urban health facilities, while most patients on
another combination were receiving services in Kigali (p < 0.0001). It should be noted that Triommune
was not provided at facilities supported by the President’s Emergency Plan for AIDS Support (PEPFAR)
at the time of data collection, but it was supported by other donors such as the World Bank and the Global
Fund to Fight AIDS, Tuberculosis and Malaria, whose programs were then mostly outside Kigali. A
larger proportion of patients in non-urban facilities, compared to those in Kigali, was treatment naïve (p =
0.007). These data are shown in Table 2.
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Table 2: Demographic characteristics of the population interviewed
Receiving care
Total
Patient characteristics

(n = 653)

In Kigali
(n = 164; 25.1%)

Outside Kigali
(n = 489; 74.9%)

Gender*

0.02

Male

183 (28%)

35 (21.3%)

148 (30.3%)

Female

470 (72%)

129 (78.7%)

341 (69.7%)

38.7+/-7.9

38.6+/-8.4

38.6 +/- 7.8

19–73

19–60

19–73

Mean age (year +/- SD)
Range (years)
Highest education achieved***

182 (27.9%)

20 (11.9%)

162 (33.1%)

Lower than secondary

471 (72.1%)

144 (88.1%)

327 (66.9%)

Marital status

0.52

Yes (married or common law)

232 (35.5%)

58 (35.4%)

174 (35.6%)

No

421 (64.5%0

106 (64.6%)

315 (64.4%)

Work status

0.50

Employed

429 (65.7%)

104 (63.4%)

325 (66.5%)

Unemployed

224 (34.3%)

60 (36.6%)

164 (33.5%)

3–216

52.3 (43.4)
3–144

41.6 (35.4)
3–216

6
3–60

10
3–60

6
3–48

10
1–180

10
1–132

10
1-180

Length of time on ART
(median months)***
Range (months)
Time seeking care at current facility
(median months)
Range (months)

0.002

0.000

0.37

Reason for today’s visit
Counseling
Illness
Picking up ARVs
Side effects
Current ARV treatment***
Triommune
Combination 1a: D4T + 3TC + NVP
Combination 1b: D4T + 3TC + EFV
Combination 2a: Combivir + NVP
Combination 2b: Combivir + EVF

0.40
48 (7.4%)
29 (4.5%)
569 (87.6%)
3 (0.5%)

17 (10.3%)
7 (4.3%)
139 (84.8%)
1 (0.6%)

31 (6.3%)
22 (4.5%)
430 (87.8%)
2 (0.4%)

612†

141

471

263 (42.8%)
157 (25.7%)
80 (13.1%)
21 (3.4%)

0 (0%)
73 (46.5%)
36 (45%)
15 (71.4%)

263 (55.6%)
84 (53.5%)
44 (55%)
6 (28.8)

91 (14.9%)

17 (12.1%)

74 (15.7%)

124 (90.5%)
13 (9.5%)

459 (96.4%)
17 (3.6%)

Treatment naïve at start of current ARV treatment?**
Yes
No

0.1

<0.001

Secondary level or higher

Length of time since tested HIV-positive
Mean months**
Range (months)

p value

583 (95.5%)
30 (4.9%)

<0.0001

0.007

SD = standard deviation.
*p<0.05; **p<0.01; ***p<0.001; †41 patients with non-descript antiretroviral prescriptions not included.
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B. Assessment of Adherence
Adherence rates were calculated using two criteria: the pills-taken criterion, for which the ratio of the
total number of pills prescribed versus total number of pills taken within the past four days was
calculated, and correct use criteria, which focused on how closely patients followed their ARV
prescription and calculated adherence as 95% pills taken on the recommended schedule and following any
food instructions. (As noted 41 patients reported taking ARV combinations that were not triple therapy
combinations and were excluded from these analyses, leaving 612 patients whose data were analyzed.)
1.

Pills-taken adherence

A patient was considered adherent to the pills-taken criterion if he/she reported taking 95–100% of
prescribed ARV tablets during the past four days. Patients who reported taking less than 95% or more
than 100% of prescribed pills were deemed non-adherent.
Overall 92%, or 566 patients, reported being adherent as measured by this criterion. Of the 8%, or 46
patients, who were found to be non-adherent, overdosing (taking 100–150% of prescribed medicines) was
reported by 16; the remainder took less than 95% of the pills prescribed. It is important to note that while
underdosing occurred among all prescription types, only patients on Combinations 2a or 2b reported
overdosing.

Bivariate analyses were conducted to evaluate adherent behavior between patients on fixed-dose
antiretroviral Triommune and those on multiple drug combination ARV. Results (Table 3) show
that a greater proportion of patients on Triommune were adherent than those on other drug
regimens (p = 0.004).
Table 3: Adherence among patients on fixed-dose versus combination ARV therapy

Adherent
(>/= 95% of
pills taken)

Non-adherent (<
95% of pills
taken)

p value
0.004

Fixed-dose ARV (Triommune)

252 (95.8%)

11 (4.2%)

Free drug ARV combination (Combinations 1a, 1b,
2a, 2b)

314 (89.5%)

37 (10.5%)

Further analysis elucidated these results and showed that adherence was similar among patients taking
Triommune or Combinations 1a or 1b, but rates were significantly lower among those on Combinations
2a and 2b. Almost 30% of those taking Combination 2a and 20.9% of those on Combination 2b took less
than 95% of their prescribed pills, compared to 3.8% of patients on Combination 1a, 5% on Combination
1b, and 4.2% on Triommune (p < 0.0001). Among those who took less than 95% of pills prescribed, the
adherence rate was 77%. These results are in Table 4.
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Table 4: Bivariate analysis of patient adherence by ARV prescription type

Adherent
(95–100%
of pills taken)

Non-adherent
(< 95% or > 100%
of pills taken)

p value

TOTAL

566 (92.5%)

46 (7.5%)

< 0.0001

Combination 1a: D4T + 3TC + NVP

151 (96.2%)

6 (3.8%)

Combination 1b: D4T + 3TC + EFV

76 (95%)

4 (5%)

Fixed-dose Triommune

252 (95.8%)

11 (4.2%)

Combination 2a: Combivir + NVP

15 (71.4%)

6 (28.8%)

Combination 2b: Combivir + EFV

72 (79.1%)

(20.9%)

99.9%

77%

Cumulative adherence rates (overall
adherence = 98.7%)

Other significant differences between adherent and non-adherent patients were revealed in descriptive
analyses of the sample. Adherent patients had known of their HIV status for a shorter period of time than
non-adherent patients (median 36 months versus 48 months, p = 0.02). Differences between facilities
were also significant, with a larger proportion of adherent patients receiving care in non-urban settings (p
= 0.002). Adherent patients tended to be younger and not as well educated as non-adherent patients. A
greater proportion of adherent patients was treatment naïve at the start of their current ARV regimen and
also had been on ART for less time. These differences, though important, only approached statistical
significance with p values below 0.1. These results are in Table 5.
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Table 5: Descriptive characteristics of adherent and non-adherent patients by pills-taken criterion

Patient characteristics
Total

Patient adherent by pills taken
Yes
No
(n = 566; 92%)
(n = 48; 8%)

Gender
Male
Female
Mean age (Yrs +/- SD)~
Range (years)
Highest education achieved~
Secondary education or higher
Less than secondary education
Marital status
Yes (officially married or common law)
No
Work status~
Employed
Unemployed
Length of time since tested HIV-positive
(median months)*
Range (months)
Length of time on ART (median months)~
Range (months)
Length of time seeking care at current
facility (median months)
Range (months)

p value

0.34
155 (27.4%)
411 (72.6%)
38.6+/-7.9
19–73

15 (31.3%)
33 (68.7%)
40.9+/-8.6
23–64

167 (29.5%)
399 (70.5%)

39 (81.3%)
9 (18.8%)

0.06
0.07

0.45
201
365

16
32
0.09

380 (67.1%)
186 (32.9%)

27 (56.3%)
21 (43.8%)

36
3–216
6
3–60

48
6–180
7
3–48

0.02
0.058
0.94

10
1–180

Treatment naïve at start of current ARV treatment?~
Yes
541 (95.6%)
No
25 (4.4%)
Facility**
Urban (inside Kigali)
121 (85.8%)
Non-urban (outside Kigali)
445 (94.1%)

10
1–132
0.08
43 (89.6%)
5 (10.4%)
0.002
20 (14.2%)
28 (5.9%)

~p < 0.1, approaches significance; *p < 0.05; **p < 0.01.
2.

Correct use adherence

Using the correct use criteria to define adherence to ARVs, a patient was considered to be adherent if
he/she took 95–100% of prescribed ARVs in correct doses, as scheduled, and with recommended food
restrictions, if any, during the previous four days. Percentage of prescribed pills taken was calculated as
follows:
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[# pills x # taken on schedule x # taken with required food restrictions]
[# pills prescribed x # to be taken on schedule x # to be taken with food restrictions]

x 100

When adherence was thus analyzed, the proportion of patients adherent to ARV treatment dropped
considerably. Only 68.6%, or 420 patients, reported taking their ARVs on schedule and following
recommended food restrictions. Overall adherence rates were 73%. The most adherent patients were on
Combination 1a, followed closely by those on Triommune. Only 67% of patients on Combination 2a
were adherent, and adherence was worse for those on Combinations 1b and 2b: Only 23% and 8.5% of
patients with those prescriptions, respectively, took all prescribed pills on schedule and with food
restrictions. These low proportions largely reflect the fact that Combinations 1b and 2b include
Efavirenz, an ARV that has specific food instructions. These results are shown in Table 6.
Table 6: Bivariate analysis of patient adherence by correct use for patients on fixed-dose
Triommune versus free-drug combination ART
95–100% of pills

Taken

On schedule

Following
food
instructions

TOTAL

566 (92.5%)

550 (89.9%)

24 (14%)

420 (68.6%)

Combination 1a: D4T + 3TC + NVP

151 (96.2%)

148 (3.8%)

N/A

148 (94.3%)

Combination 1b: D4T + 3TC + EFV

76 (95%)

75 (96.3%)

18 (23%)

18 (23%)

Fixed-dose Triommune

252 (95.8%)

242 (92%)

N/A

234 (88.9%)

Combination 2a: Combivir + NVP

15 (71.4%)

14 (67%)

N/A

14 (67%)

Combination 2b: Combivir + EFV

72 (79.1%)

71 (78.8%)

6 (8.5%)

6 (8.5%)

Number (%)
correct use

N/A = Not applicable.

Descriptive analyses revealed that those who took their medicines correctly were more likely to be female
(p < 0.0001), younger (p = 0.02), and treatment naïve at the start of their current treatment regimen (p =
0.04). In addition, a greater proportion had been on ARVs longer (p = 0.002) and were receiving care in
non-urban settings (p < 0.0001). Education level, marital status, employment status, length of time since
tested HIV-positive, and length of time since receiving care at the facility where interviews took place
were not significantly associated with taking medicines correctly. These results are shown in Table 7.
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Table 7: Descriptive characteristics of adherent and non-adherent patients by correct use
adherence criteria

Patient characteristics

Gender***
Male
Female
Mean age (years +/- SD)*
Highest education achieved
Secondary education or higher
Lower than secondary education
Marital status
Yes (married or common law)
No
Work status
Employed
Unemployed
Treatment naïve*
Yes
No
Length of time since tested HIV-positive (median
months, range)
Length of time on ART (median months, range)**
Length of time since receiving care at this facility
(median months, range)
Facility***
Urban
Non-urban

95% of doses taken correctly
No
Yes
(n = 192;
(n = 420;
31.4%)
68.6%)

p value

<0.0001
96
324
37.8 +/- 7.3

75
117
40.1 +/- 8.5

121
297

57
135

148
272

69
123

0.03
0.84

0.49

0.26
282
138

123
69
0.04

405
15

177
15

36 (3–216)
6 (3–60)

36 (3–192)
6 (3–48)

0.16
0.002

10 (1–180)

10 (1–132)

0.75
<0.0001

74
346

62
130

*p < 0.05; **p < 0.01; ***p < 0.001.

C. Reasons for Non-adherence
1.

Missing doses

All patients who either missed doses within the past four or 30 days were asked why; 26.5%, or 163
patients, fell in this category. The top three reasons for missing doses were forgetting (30%), being away
from home (25%), and being busy with other things (11%). Less commonly mentioned reasons were that
the patient ran out of pills (8%), felt sick or ill (7%), or had a change in daily routine (5%). No patient
said he/she missed taking medicines due to having too many pills to take. No one reported missing doses
because of lack of money to buy drugs, unavailability of medicines at the pharmacy, or not wanting others
to notice their taking the medicine.
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2.

Following the schedule

Participants who took the correct number of doses but not according to schedule within the past four days
were asked for a reason. Almost 6% (5.7%, n = 35) of participants fell in this category. The most
common reason for taking doses off schedule was simply forgetting (44%). The data were analyzed to
see which doses patients were more likely to miss: Evening doses made up the majority of doses missed
(59%), although a quarter (26%) of participants reported missing morning doses. Two patients who did
not provide a reason for not taking doses as scheduled, and three did not tell when they were most likely
to take a dose off schedule.
3.

Following food restrictions

There are no food restrictions with Triommune and Combinations 1a and 2a, but patients taking
Combination 1b or 2b with EFV are advised to avoid oily or fatty foods when taking their medicines35– 37.
Approximately 171 patients interviewed were on Combination 1b or 2b. Of those, 81% reported not
following any food restrictions while taking their ARVs. A small minority (9.8% or 43 patients) whose
prescription did not require food restrictions, such as those on Triommune or Combinations 1a or 2a,
reported following food restrictions, but this was not included in the analysis. While most patients (92%)
took the correct number of pills, resulting in overall proportion of pills taken to be 98%, these rates
dropped dramatically to 73% when schedule and food restrictions were taken into consideration as part of
the definition and calculation of adherence rates. The percentage of patients who were adherent also
dropped—to 68.6%—when these criteria for calculating adherence were applied.

D. Physical and Psychosocial Factors Associated with Adherence to
Antiretrovirals
1.

Symptoms burden

Patients were asked to describe how bothered they were by each of 20 possible symptoms they might
have experienced within the past four weeks. Answers to these items were summarized to create a
symptoms scale and obtain a symptoms burden score for each patient. The correlation matrix alpha for
the scale was 0.74. Overall scores ranged from 0–51, with a mean score of 12.7 +/- 9.3. As the scores
did not follow the normal distribution, the mean could not be used as a measure of central tendency, and
the median was relied upon instead (median = 11). This scale was subsequently evaluated for differences
by adherence status for both pills-taken and correct use criteria for measuring adherence in bivariate
analyses. No significant differences were found in scores between patients who took 95–100% pills
versus those who did not. However, patients who took their medicines in accordance with the correct use
criteria also had a significantly higher burden of symptoms compared to those who did not (median score
= 12 versus 9, p = 0.002).
2.

Patient satisfaction

In order to identify the role, if any, of patient satisfaction and adherence status, all of the responses to the
patient satisfaction questions were used to create a patient satisfaction scale. The alpha correlation of this
scale was 0.70. Scores on this scale ranged from 0–12, with 0 being not satisfied at all, and 12 being very
satisfied. The mean and standard deviation were 11.3 +/- 1.5. The F test was used in bivariate analyses
to compare satisfaction levels for adherent and non-adherent patients. For both adherence criteria,
patients who were non-adherent reported slightly greater satisfaction with their provider than to those who
were adherent. This was statistically significant with the correct use criteria (p = 0.01), but not for the
proportion of pills-taken criterion.
3.

Depression

Depression was measured using a seven-question scale that explored patients’ experiences and feelings in
the past week, such as feeling blue, having trouble concentrating, feeling that everything one did was an
effort, having trouble sleeping, feeling lonely, sad or just couldn’t “get going.” Answers to the depression
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items were summarized to create a depression scale and obtain a depression score for each patient. The
correlation matrix alpha was 0.70. The mean depression score was 2.96 +/- 3.7, and scores ranged from 0
to 19, with 0 being “not depressed at all” and 19 being “very depressed.” The scores did not follow the
normal distribution, so the mean could not be used as a measure of central tendency. Thus, comparisons
for adherent versus non-adherent patients for both pills-taken and correct use adherence were done using
the Median Test. Results indicate that patients who were adherent by the pills-taken criterion or by
correct use criteria had a significantly higher median depression score compared to patients who were not
adherent by either measure (p = 0.04 for pills taken; p = 0.002 for correct use).
4.

Social support

Three questions were asked to assess participants’ perception of their social support. They related to: (1)
whether one’s family was aware of one’s HIV status, (2) feeling satisfied with support obtained from
family and friends, and (3) whether family and friends remind them to take their medicines. “Good social
support” was defined as saying “yes” to all three questions. Results show that a significantly greater
proportion of patients who took at least 95% of their prescribed ARVs had good social support compared
to those who did not (64% versus 48%, p = 0.03). However, this difference is washed out when the
correct use criteria are used to establish adherence status; close to two-thirds of both adherent and nonadherent patients reported good social support, and no significant differences were noted. These results
are shown in Table 8.
Table 8: Physical and psychosocial factors associated with adherence to ARVs

Pills taken

Correct use

Factor

Adherent

Non-adherent

p value

Adherent

Non-Adherent

p value

Symptoms burden
(median, range)

11 (0–51)

10 (0–29)

0.30

12.0 (0–51)

9.0 (0–39)

< 0.002

Patient satisfaction
(mean, SD)

11.3 +/- 1.6

11.5 +/- 0.9

0.06

11.2 +/- 1.6

11.4 +/- 1.1

< 0.01

Depression (median,
range)

2.0 (0–19)

1.0 (0–10)

0.04

2.0 (0-19)

1.0 (0-15)

< 0.002

Good social support
(% yes)

64.0%

48%

0.03

62.4%

65.1%

0.53

E. Multivariate Models of Adherence
Multivariate logistic regression models were used to identify all factors significantly related to adherence
as defined firstly by the pills-taken criterion and secondly by correct use criteria. All potentially
important variables were evaluated, including demographic variables, ARV prescription type, and
psychosocial factors. Of note, Triommune was used as the comparison group for the other ARV
combinations and was therefore not included in the model. Thus, odds ratios (ORs) obtained for the drug
combinations are in comparison to Triommune. Two such models were created: one that evaluated
factors associated with proportion of the pills-taken criterion and the other that evaluated factors
associated with correct use criteria.
Table 9 displays the best multivariate model of factors associated with taking 95–100% pills. Factors that
significantly enhanced patients’ odds of being adherent were being on Combination 1a (OR = 2.88; 95%
confidence interval [CI] = 1.08–7.69; p = 0.04) and having good social support (OR = 1.94; 95% CI =
1.02–3.60; p = 0.04). Factors that significantly decreased one’s odds of being adherent were being on
Combination 2b (OR = 0.26; 95% CI = 0.13–0.53; p < 0.0001), receiving care in an urban setting (OR =
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0.31; 95% CI = 0.16–0.63; p = 0.001), and having known of one’s HIV status for longer (OR = 0.99; 95%
CI = 0.98–0.99; p = 0.02).
Table 9: Multivariate logistic regression model of factors associated with taking 95–100% of
prescribed ARVs

Factor

Adjusted OR

95% CI

p value

Combination 1a

2.88

1.08–7.69

0.04

Combination 2b

0.26

0.13–0.53

< 0.0001

Receiving care in urban setting

0.31

0.16–0.63

0.001

Months HIV-positive

0.99

0.98–0.99

0.02

Good social support

1.94

1.02–3.60

0.04

Similarly, Table 10 displays the best multivariate model of factors associated with taking 95–100% of
pills on schedule and following food instructions. Factors that significantly enhanced patients’ odds of
being adherent were being on Combination 1a (OR = 10.49; 95% CI = 3.95–27.89; p < 0.0001) and being
employed (OR = 1.7; 95% CI = 0.99–2.7), though this only approached statistical significance (p = 0.05).
Factors that significantly decreased one’s odds of being adherent were being on Combination 1b (OR =
0.07; 95% CI = 0.04–0.15; p < 0.0001) or Combination 2b (OR = 0.01; 95% CI = 0.01–0.03; p < 0.0001)
and receiving care in an urban setting (OR = 0.31; 95% CI = 0.16–0.63; p = 0.001). None of the physical
and psychosocial variables remained in this final model.
Table 10: Multivariate logistic regression model of factors associated with taking 95–100% of
prescribed ARVs on schedule and following food instructions

Factor

Adjusted OR

95% CI

p value

Combination 1a

10.49

3.95–27.89

< 0.0001

Combination 1b

0.07

0.04–0.15

< 0.0001

Combination 2b

0.01

0.01–0.03

< 0.0001

Employed

1.7

0.99–2.7

0.05

Receiving care in urban setting

0.12

0.05–0.25

< 0.0001

V. DISCUSSION
When this study took place, Rwanda was in the beginning stages of its expansion of ARVs. Within a
year, the Rwandan Government and international donors ensured a five-fold increase in the number of
facilities providing ARVs, from four mostly urban facilities in 2003 to 20 countrywide in 2004.
Triommune also became available in 2004 through the World Bank Multi-Country HIV/AIDS Program
for Africa (MAP). This study captures the early stages of this expansion and was the first to compare
ARV adherence rates between urban and non-urban populations in Rwanda. As such, it captures a good
cross-section of people on ART at the time. However, it should be stressed that the data reported here,
while a good reflection of the situation in 2004, may not be a good reflection of what is happening now.
Participants came from four types of facilities: a district hospital, a public health center, a public/private
health center, and a university hospital. Three were located outside the capital city of Kigali and one
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within it. While significant differences were noted in several demographic factors, of most interest is the
fact that there were no patients on Triommune in the urban health facility. ART was being provided in
these facilities by PEPFAR, and at that time Triommune was not FDA-approved and was therefore not
part of the regimen offered to clients receiving ART through PEPFAR programs. Most of these patients
were instead on ARV combination D4T + 3TC + (Efavirenz or Nevirapine) (Combinations 1a or 1b).
Patients on ARV combination Combivir + (Efavirenz or Nevirapine) (Combinations 2a or 2b) were well
spread throughout the four institutions.
This study is also one of the first to evaluate adherence both in terms of the ratio of pills taken versus
prescribed (“pills-taken” adherence) as well as the ratio of pills taken exactly as prescribed versus not
(“correct use” adherence) in a developing country setting. Most other studies of ARV adherence in such
countries have defined adherence only within the context of pills taken5–11. Yet ARVs are required to be
taken on a specific schedule. Failure to do so can have pharmacokinetic implications, because the amount
of drug in the body must remain constant at all times to most successfully fight off the virus and prevent
the development of resistance38. Also, food can either enhance or inhibit ARV efficacy by affecting
absorption, metabolism, distribution, and excretion39. One study found that the half-life can be reduced
by as much as 25% in patients who do not follow dietary restrictions with certain ARVs40. Patients who
take their medicines off schedule or without required food restrictions may not be getting the full benefits
of the medicine and could experience treatment failure39. Triommune is the simplest triple antiretroviral
therapy, as it minimizes pill burden and has no food restrictions. As such, it is promoted as first line
therapy in many developing countries for treatment-naïve patients.
Similar to other studies of adherence to antiretroviral therapy in Africa, a high proportion of the sample
(92%) reported taking at least 95% of prescribed ARVs, and overall adherence rates were also very high.
Using this criterion, adherence rates were extremely high for patients who were adherent (99.9% pills
taken) and relatively poor for patients who reported missing pills (77% pills taken). Demographic factors
most strongly associated with adherence were whether or not care was received in urban versus non-urban
settings, with a greater proportion of patients seen in non-urban settings adherent (p = 0.002), and
knowing one’s HIV-positive status for a shorter period of time (median 36 versus 48 months, p = 0.02).
The literature shows that fixed-dosed combinations significantly decrease the risk of non-compliance with
medicines for other chronic conditions such as hypertension and diabetes. In a recently published meta
analysis, where nine studies were reviewed by Bangalore et al. (2007), including one HIV/AIDS study,
the risk for non-compliance was found to be 24% lower among patients on fixed-dose regimens41. Results
of this study indicate that 95.8% of those on Triommune reported having taken at least 95% of prescribed
pills. Yet similar proportions of patients on triple therapy combinations, D4T + 3TC + NVP or EFV
(Combinations 1a or 1b), were adherent by this criterion as well. Furthermore, multivariate results
suggest significantly greater odds of taking at least 95% of prescribed ARVs if patients are on
Combination 1a, compared to those taking Triommune (OR = 2.88; 95% CI = 1.08–7.69; p = 0.04),
despite the fact that patients on Combination 1a have three times the pill burden, when factors such as
social support and urban care setting are controlled in the analysis. In comparison, a lower proportion of
patients on Combivir (AZT + Lamivudine) + NVP or EFV (Combinations 2a or 2b) were found to be
adherent, yet the pill burden for patients on these combinations is less than that for patients on
Combinations 1a or 1b. This finding clearly suggests that specific regimens, such as those containing
AZT, and not pill burden, are more important in predicting adherence to ARVs.
Concern is growing over the long-term adverse events associated with D4T, particularly metabolic
abnormalities and lipoatrophy. A recent study in Rwanda showed a three-fold increase in the prevalence
of lipoatrophy among patients taking D4T versus those on AZT-containing regimens42. However, results
from this study suggests that adherence to AZT-containing regimens might be harder for patients, which
could lead to treatment failure. While current thought is to recommend AZT instead of D4T as part of
first therapy, results here suggest that both potential complications and potential for adherence must be
weighed if such a strategy is adopted. The majority of patients in this study had been on ARVs for a short
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period, and other data show that AZT is less well tolerated in the short term43. Additional studies to
assess adherence to these combinations over longer periods are required.
The results here further demonstrate that while most patients reported missing very few ARV tablets, they
were not necessarily taking them as scheduled or following specified food restrictions. We find that when
adherence is measured using the correct use criteria, this population reported taking only 73% of their
ARV tablets correctly. Almost a third (31.4%) of study participants was non-adherent by these criteria.
Lower proportions of patients on Combinations 1b, 2a, and 2b were adherent, compared to those on other
combination therapy. The data here highlight the fact that correctly taking one’s ARVs may have less to
do with pill burden than with following specific additional instructions, such as taking them on a specified
schedule and with certain food restrictions. Patients whose ARV combination included Efavirenz should
be avoiding fatty or oily foods before taking this drug, but the results indicate that 86% of patients on
ART combinations with EFV were not following these instructions. The data from this study do not help
explain reasons why patients might have been unaware of this aspect of their treatment.
Within a few months to a few years, many patients who start with Triommune will be put on alternative
first line therapies or may even start second line therapies that are not as simple to take. A study by
Richard et al. (2004) reported that up to 52% of ARV-experienced individuals in Uganda developed
resistance within eight months of treatment initiation43. A more recent study by Shekelle et al. (2007) on
a worldwide ART resistance surveillance program reported that 5.5% of treatment-naïve patients in
Africa had developed resistance to at least one drug during a relatively short period after starting
treatment44. Depending on the type of resistance developed, patients are either switched to alternative
first line therapies that are not fixed-dose combinations or moved on to second line treatments that also
contain multiple tablets. Particularly in East Africa, the demand for second line ART is noted in the
literature45. Such combination antiretroviral therapies can include some nucleoside reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase inhibitors, and protease inhibitors that have specific food
restrictions. These restrictions, when followed appropriately, can play a major role in ensuring the
therapeutic range that will produce the greatest therapeutic effect39. Thus, following food restrictions
becomes a particularly important aspect of adherence to ARVs as the treatment becomes more
complicated. Results of this study highlight a potential adherence problem that is currently receiving
limited attention.
This study is one of the few to clearly identify factors associated with good versus poor adherence.
Results of the multivariate analyses show that compared to those on Triommune, being on Combination
1a enhanced one’s odds of taking at least 95% of ARVs, while being on Combination 2b decreased such
odds. Furthermore, results highlight the fact that patients in urban areas have lower odds of being
adherent that those in non-urban areas. This finding is particularly interesting, as it begs the question.
Patients receiving care outside Kigali were more likely to be male, to be better educated, to have been on
ART for less time, to be on different ARV prescriptions, and to be treatment naïve. However, none of
these other factors remained in the multivariate model, and it is not clear whether or how much they
contribute to the overall relationship between receiving care in an urban setting and resulting adherence
rates.
This study suffers from the same weakness as many others that have evaluated adherence in Africa: It
relied on self-report alone and did not compare self-report adherence to more objective measures, such as
viral load and CD4 counts. Literature has reported that patients tend to overestimate their adherence in
self-reports. By comparing urine assays with self-reports for short-term assessment of adherence to AZT,
Demas et al. found that 29% of participants had not taken the last dose that they reported taking32.
Furthermore, it has been suggested that patients in developing countries may feel unable to tell a provider
that they have not been taking all of their ARVs45. Even taking this into consideration, the data here
suggest that patients are taking a high percentage of their pills, and this is in line with other studies that
have evaluated patient adherence to ARVs in Africa. While these results are encouraging, they do
highlight potential problems with patients taking more complicated regimens correctly. Inevitably, a
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great number of patients now on first line therapy will need more complex regimens within two years.
These more complex regimens will have to be taken correctly to ensure good therapeutic effect. Thus, a
major conclusion is that as patients in Africa move from uncomplicated first line ARV therapies such as
Triommune to alternate therapies that require specific food and dosing schedule restrictions, providers
will need to be more vigilant in ensuring good adherence.
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