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Abstract
Background/Objective—Antiretroviral therapy (ART) adherence levels of ≥95% optimize
outcomes and minimize HIV drug resistance. As such, identifying barriers to adherence is essential.
We sought to assess travel to point-of-care for ART as a potential barrier to adherence in rural Zambia,
within the context of patient demographics, perceived stigma, and selected clinical indices.

Methods—We studied 424 patients receiving ART from the Macha Mission Hospital (MMH).
Interviews ascertained age, gender, education, perceived stigma, nearest rural health facility (RHF),
and mode/cost/time of transport for each study participant. Motorcycle odometer and global
positioning system way-points measured distance from the MMH to each of the RHFs, estimating
patients’ home-to-MMH travel distances. Body mass index, World Health Organization HIV/AIDS
stage, and pill counts were assessed from review of patients’ medical and pharmacy records.

Results—At least 95% adherence was documented for 83.7% of the patients in their first months
of ART. Travel-related factors did not predict adherence. Adherence was higher for those on ART
for a longer time (odds ratio = 1.04 per day; P = 0.002).

Conclusions—Patients in rural Zambia can achieve adherence rates compatible with good clinical
outcomes despite long travel distances. The MMH was able to provide quality HIV/AIDS care by
implementing programmatic features selecting for a highly adherent population in this resource-
limited setting.
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Zambia is a sub-Saharan African country of 11.7 million people, in which an estimated 17%
of adults (age range: 15 to 49 years old) are infected with HIV.1 The potential for antiretroviral
therapy (ART) to reduce morbidity and mortality attributable to HIV/AIDS is well
documented.2–7 As we strive to prevent new cases, there is a compelling need to expand ART
services. With increasing availability of ART under the auspices of the President’s Emergency
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Plan for AIDS Relief (PEPFAR); the Global Fund to Fight AIDS, Tuberculosis, and Malaria;
and other sources, ongoing assessment of barriers to care is essential. Barriers to ART
adherence are particularly important in that once initiated, adherence levels of ≥95% are
required to optimize measures of patient outcomes8–17 and to prevent the emergence of
antiretroviral drug-resistant strains of HIV.9,18 High levels of adherence to HIV/AIDS care
have validated the benefits of ART in several resource-limited settings, although data on the
effectiveness of ART delivery in rural areas are scarce.19–25 In Zambia, approximately half of
the population lives in rural areas; thus, an assessment of barriers to care in the rural setting is
germane.26

Health care facilities may be underutilized when they are distant or otherwise less accessible
to patients. For example, duration of travel to health care is longer in rural areas as compared
with urban areas.27–31 Longer duration of travel has been identified as a potential barrier to
adherence in some studies32–36 but not in all.37 We conducted a study of HIV-infected persons
receiving ART in rural Zambia, hypothesizing that lower ART adherence would correlate with
longer patient travel duration and distance (home to point-of-care). Furthermore, we predicted
that lower ART adherence would correlate with lack of access to transportation and higher
travel costs.

METHODS
Background

We conducted this study in Zambia’s southern province at the Macha Mission Hospital
(MMH), a 208-bed rural mission hospital that serves a population of approximately 160,000
people. In March 2005, antiretroviral medications (ARVs) became available to the MMH
through the Zambian government, and in August 2005, the program was enhanced by means
of AIDSRelief, a PEPFAR-supported consortium of faith-based institutions. ARVs are ordered
from the Zambian government by means of a consortium partner (Catholic Relief Services),
and other medications are procured through the government medical stores or directly from
in-country pharmaceutic suppliers.

After testing positive for HIV, patients are eligible for enrollment into the MMH ART program.
Before ARVs are initiated, however, patients must first participate in 2 group and 1 individual
counseling sessions and they must demonstrate full adherence to non-ARV medications. On a
patient’s first visit, clinical stage is assessed, blood is taken for screening, CD4 cell count is
measured (if equipment and supplies allow at the time of the visit), and the first group
counseling session takes place. Patients are given multivitamins and cotrimoxazole prophylaxis
as treatment and as a tool to assess adherence. Two weeks later, at the second visit, the patient
must bring a friend or family member (termed a treatment supporter), laboratory findings are
evaluated, adherence is assessed by means of pill count for the multivitamins and
cotrimoxazole, and a second group counseling session takes place. Based on clinician
judgment, a decision is made concerning eligibility for ARVs. If ARVs are approved, the
patient and his or her treatment supporter must return for a third clinic visit 2 weeks later. At
this visit, the patient again has to demonstrate near-full adherence to multivitamins and
cotrimoxazole. Each physician is given a degree of flexibility with regard to initiating ART;
however, typically, treatment is delayed until these adherence requirements are met. The
patient and treatment supporter have an individual counseling session the day the patient starts
ARVs and at any later time as requested by clinic staff.

Population Sample
There were 542 people who had received ART from the MMH ART clinic as of June 6, 2006.
Of these patients, 501 had initiated treatment at the MMH and 41 had initiated treatment
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elsewhere and then “transferred in” to continue their treatment at the MMH. We excluded
persons who could not provide consent: those who had initiated care at the MMH and then
“transferred out” to receive care elsewhere (n = 11); those who were confirmed dead before
June 6, 2006 (n = 58); and those who had been lost to follow-up before June 6, 2006 (n = 17).
Those who were <18 years old (n = 23) were also excluded. Nine patients did not consent to
participation in the study. The remaining 424 patients (78.2% of the 542 patients placed on
ARVs at the MMH) were recruited to the study during one of their regularly scheduled
appointments from June to October 2006 (Fig. 1). Verbal informed consent was in the language
of patient preference: Chitonga or English.

Survey
Each patient was interviewed by 1 of 2 study staff members (using an interpreter when
necessary) at one of his or her regularly scheduled appointments. A standardized survey was
used to collect information on age, gender, tribal group/chiefdom, education, perceived sources
of stigma, nearest rural health facility (RHF), mode and cost of transport, and home-to-MMH
travel duration. Mode, cost, and duration of travel were queried for the dry and rainy seasons.

Chart Review
World Health Organization (WHO) stage, body mass index (BMI), and data used to calculate
adherence to ART were extracted from each patient’s medical record.

BMI was calculated from heights and weights measured at patients’ initial clinic visits. WHO
stage was assessed by ART clinic physicians at patients’ initial clinic visits.38 Thus, BMI and
WHO stage at onset of treatment were considered proxy measures of baseline nutritional status
and overall health, respectively.

Adherence was defined as the number of doses taken out of the number of doses prescribed;
optimal adherence was defined as ≥95% scheduled doses taken.8,11 Beginning in March 2006,
the MMH began using pill counts in conjunction with pharmacy records to assess adherence
at every clinic visit.39 Patients were required to bring their medications to all their ART clinic
appointments. To determine the percent adherence to each ARV since the patient’s previous
appointment, each ARV from a patient’s individualized multiple-drug regimen was counted
and the number of remaining pills was compared with the number of pills that should have
been remaining (Fig. 2). If adherence to any of the ARVs was <100%, a physician would probe
into the frequency and reasons for the patient having missed doses and would counsel the
patient about the ill effects of nonadherence. Calculations revealing adherence of >100%
resulted occasionally when the number of remaining pills was less than the number of pills that
should have been remaining based on pharmacy records. When this occurred, adherence was
considered 100% and the patient was probed about the source of the discrepancy. When
calculations revealed different adherence percentages for the various ARVs in an individual’s
regimen, the drug to which the patient had the lowest percent adherence was used as a
conservative estimate of the patient’s adherence for that interval of time over which the
calculation was made. To determine overall percent adherence throughout the course of a
patient’s treatment, an average was calculated using the most conservative estimates of percent
adherence from each appointment and then adjusted for the total number of days over which
the series of adherence calculations were made. We were unable to calculate adherence for 15
(3.5%) of the 424 patients because of insufficient pill count data. Patients were also asked to
self-report missed doses; however, because of the paucity and subjectivity of the self-reported
data, we decided to include only adherence as determined by pill counts in our final analyses.

The number of days over which adherence was measured was also considered for each of the
409 patients for whom we were able to calculate adherence. For patients initiating ART at the
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MMH after March 2006, the total days over which adherence was measured was the same as
their total days on ART (n = 155). For patients initiating ART at the MMH before March 2006,
the total days over which adherence was measured was less than their total days on ART; these
patients had been receiving ART for ≥2 months at the onset of this study (n = 224). The
remaining 30 patients transferred in to receive ART from the MMH, and as such, the total
number of days over which their adherence was measured was at least as long as their total
number of days on ART.

Mapping of Rural Health Facilities
We approximated the distance that a patient had to travel to the MMH by using the distance
from the patient’s nearest RHF to the MMH. Two different approximations of this distance
were recorded: the distance by road/trail between the RHF and the MMH (“actual distance”)
and the straight-line global positioning system (GPS)–derived distance between the 2 facilities
(“linear distance”).

Actual Distance
A total of 66 RHFs were identified in patient interviews. Fifty-five of the RHFs were within
60 km of the MMH. For these 55 RHFs, the distance between the MMH and RHF was measured
by odometer using the shortest path accessible by motorcycle. The motorcycle odometer was
verified by the GPS device odometer to ensure accuracy. The remaining 11 RHFs were too far
away to be visited within the practical constraints of this study. Distances for 10 of them were
estimated indirectly using existing maps belonging to the Malaria Institute at Macha (MIAM).
The distance for 1 RHF was not measured because it could not be found on a detailed map or
visited by motorcycle.

Linear Distance
Garmin GPS 72 and Garmin 60CS (Garmin International, Olathe, KS) devices were used to
collect way-points at each of the 55 RHFs accessible by motorcycle. Way-points for 2 of the
11 RHFs not visited during this study were obtained from prior MIAM staff visits to these
sites. Way-points for the remaining identified RHFs were estimated using the nearest RHF (in
the direction of the MMH) in relation to the RHF in question to estimate a patient’s linear
distance from the MMH conservatively. Linear distances for 2 of the RHFs could not be
measured: one was neither visited by motorcycle nor located on a map, whereas the other was
visited by motorcycle; however, a GIS way-point was not collected for either, and we were not
able to locate either on a map. ArcGIS Desktop 9.1 (Environmental Systems Research Institute,
Redlands, CA) used the RHF way-points to construct a map of the Macha catchment, from
which linear distances between each RHF and the MMH were extrapolated (Fig. 3), with
chiefdoms superimposed.

Statistical Methods
Continuous variables, including age, actual distance, linear distance, home-to-MMH travel
duration (dry and rainy seasons), days on ART, and BMI, were compared between optimal
adherers (≥95%) and suboptimal adherers (<95%) using the Wilcoxon rank sum test. Possible
associations between adherence and categoric variables, including gender, education, mode
and cost of transport (dry and rainy seasons), stigma, and WHO stage, were tested using the
Pearson χ2 test. Multivariable logistic regression was used to determine the effects (magnitude
and direction) of these categoric and continuous variables on adherence.

Based on our qualitative interviews and preliminary data analysis, home-to-MMH travel
duration, actual distance, and linear distance were all used in separate multivariable models.
Home-to-MMH travel duration had the advantage of measuring the full effort required by a
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patient to reach the clinic, considering modes and availability of transportation, road obstacles,
and distances.

RESULTS
Of the 409 patients for whom pill counts were available, 83.7% had optimal (≥95%) adherence
(mean adherence = 96.6%, median adherence = 98.7%). In the complete cohort, no significant
associations (P < 0.05) were found between adherence and any of the continuous or categoric
variables tested. Among the 155 patients for whom complete adherence data were available
for their total days on ART, those who were optimally adherent were more likely to have been
on ART for more days than those who had suboptimal adherence (median: 73 vs. 56 days on
ART; P = 0.005). None of the distance measures were associated with adherence (Table 1).

The primary multivariable model, including home-to-MMH travel duration (dry season), WHO
stage dichotomized into stages 1 and 2 versus stages 3 and 4, BMI, perceived stigma, and cost
of transport (dry season) dichotomized into no cost or some cost, did not demonstrate any
significant (P < 0.05) predictors of adherence (Table 2).

Home-to-MMH travel duration was correlated with linear and actual distance (Spearman rank
correlation = 0.56 and P < 0.0001 for both). For completeness, identical models substituting
the distance measures for travel duration were also analyzed. Neither linear distance (odds ratio
[OR] = 0.96 per 10 km, 95% confidence interval [CI]: 0.80 to 1.15; P = 0.6) nor actual distance
(OR = 0.97 per 10 km, 95% CI: 0.85 to 1.11; P = 0.7) was a predictor of adherence.

The primary model using home-to-MMH travel duration in the dry season was also fit,
including age, gender (with male as the reference group), and the dichotomous education
variable (with primary school or less as the reference group). None of these demographic
variables added useful information to the model (OR = 0.87 per 10 years, 95% CI: 0.64 to 1.17;
P = 0.4 [OR = 0.87 for females, 95% CI: 0.44 to 1.7; P = 0.7 and OR = 1.1 for more than
primary school, 95% CI: 0.55 to 2.0; P = 0.9]).

The primary model was also modified to include total days on ART, including only the 155
subjects for whom the total days over which adherence was measured equaled total days on
ART. First, “total days on ART” was dichotomized at 30 days. When controlling for all other
variables in the model, those patients observed >30 days had 3.1 times the odds of ≥95%
adherence compared with those whose adherence had been measured for ≤30 days (95% CI:
1.0 to 9.4; P = 0.04). The model was refit with days on ART left as a continuous variable using
restricted cubic splines in the event that the relation between days on ART and adherence was
not linear. Results showed the nonlinear portion to be nonsignificant (P = 0.35). Therefore, the
model was fit assuming linearity between days on ART and adherence. Odds of adherence
increased with days on ART when controlling for all other variables in the model (OR = 1.04
per day, 95% CI: 1.01 to 1.06; P = 0.002; Fig. 4).

DISCUSSIN
High Rates of Adherence

In the face of considerable challenges, including lengthy travel, variable modes and costs of
transport, and advanced disease, patients in rural Zambia can achieve adherence rates to ART
compatible with good clinical outcomes, despite dire predictions of the nonfeasibility of ART
in rural settings.40 We believe that the MMH’s prescreening efforts succeeded in identifying
highly adherent individuals; as such, we acknowledge that our results might not be
generalizable to programs that are more permissive in ART initiation.
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Predictors of Adherence
Travel duration and distance were not predictive of adherence. Most patients traveled 3 or more
hours each way, often on foot; yet, most were able to achieve optimal adherence in their first
months of therapy. It is likely that the rural and predominantly agricultural lifestyle of this
population involves and allows burdensome travel, whether it is to sell products, obtain water,
or facilitate access to health care. Those individuals who successfully fulfilled prescreening
demands despite these travel burdens were likely to be highly motivated. In addition, there are
no reasonable alternatives to securing HIV care in this region of rural Zambia. The MMH is
in the process of expanding its field outreach for HIV care to reduce travel burden and make
effective ART possible for persons unable to access care at present.

For at least the first several months of treatment, the number of days a patient was on ART
was highly predictive of ART adherence (see Fig. 4). In this real-world setting, ART adherence
was higher for people who had been on treatment longer. Programmatic strategies should focus
on maintaining high levels of adherence through ongoing education and interventions to make
programs more convenient for rural residents, especially within the first months on ART.

Programmatic Features
In settings in which material and human resources are limited, rationing of care continues to
be a reality.41,42 In the context of HIV/AIDS care, rationing is often based on pragmatic
considerations. Not only is there concern about individuals failing treatment as a result of poor
adherence but there is the risk of poor adherence contributing to drug resistance. To diminish
this possibility, the MMH program maintains strategies that promote adherence by selectively
granting access to patients who have demonstrated adherence to appointments and non-ARV
medications. Only patients demonstrating excellent adherence to a multiweek course of
multivitamins and cotrimoxazole are initiated into an ARV regimen. The results of our study
provide evidence for the utility of rationing care in this way. Only a fraction of persons infected
with HIV in this rural area of Zambia were receiving ARVs at the time of this study, however.
Even if only 8% of the people living within the MMH catchment area of 160,000 people are
infected with HIV, the MMH ART clinic covered <4% of the infected population in 2006.
Whether a program ensuring adherence through a “vetting” process that reduces the risk of
emergence of drug-resistant HIV or whether a program with more permissive enrollment
criteria that allows rapid benefit to numerous individuals is the better approach is a subject for
further investigation.

Research Strengths and Limitations
Problems with adherence are not likely to be random events; individuals’ adherence rates
correlate across visits.43 As such, a program that filters out nonadherers is likely to enhance
adherence-dependent outcomes. Regarding these potential nonadherers, we, unfortunately, do
not have data on the extent of unmet need (or mortality) among other HIV-infected persons.
We also cannot comment on whether the MMH method of rationing care has led any specific
groups—socioeconomic, geographic, age, gender, or otherwise—to have differential access to
care. Ideally, increased supply (from increased programmatic resources) and decreased
demand (from successful prevention programs) would eliminate the need for rationing care;
however, until then, programmatic strategies must be used to maximize benefit and to minimize
harm.

The major strengths of this study include the fact that we were able to enroll nearly four-fifths
of the persons receiving ART in this rural Zambian setting. Also, we had multiple measures
of travel burden, such that multiple approaches could be assessed in case one or another
approach might be superior. Furthermore, our data set was remarkably complete, given its
reliance on review of medical and pharmacy records.

Carlucci et al. Page 6

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 September 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



A limitation is that we were unable to include those individuals who initiated ART at the MMH
but died before the study.44 Such persons may have been so seriously ill that they died despite
adhering to ART, or, in contrast, they might have been nonadherent and died as a consequence.
In addition, we have no adherence data for the 17 patients lost to follow-up before the study.
Hence, we may have slightly overestimated the actual adherence levels of this population.
Furthermore, using pill counts and pharmacy records to measure adherence has limitations.
This method likely overestimates adherence; there is no way to guarantee that missing pills
were actually taken by the patient.39 Those patients with fewer pills in their bottles than they
should have had (ie, had >100% adherence according to the calculation) were considered to
have had 100% adherence; it is conceivable that some of them took extra doses to compensate
for side effects (eg, vomiting), gave their ARVs to others, or may have discarded pills. The
relatively short duration of this study is another limitation, and we hope to mount a follow-up
study in 2008. It may be that highly adherent people need to be observed over a longer period
to reveal whether distance has a long-term effect on adherence.

Implementation research is a vital component of the expansion of ARTwithin developing
countries because there is little experience with lifelong administration of medications in the
world’s poorest rural settings. As urban areas are covered with HIV care and treatment services,
we need new models of care for rural areas that take into account serious travel, financial,
cultural, and infrastructural challenges. In a few years, one hopes that African HIV programs
may further inform care and adherence for other lifelong therapy needs.
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FIGURE 1.
Volunteers and population of origin for the rural Zambian study of predictors of adherence to
ART (final study: n = 409).
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FIGURE 2.
Form used to calculate patient adherence. The form utilizes pill counts (A and G) and pharmacy
records (B) to determine the percentage of doses taken out of the number of doses prescribed
for a given interval of time for a particular drug regimen. The lowest adherence percentage
calculated for a single review was considered as a conservative estimate of a patient’s overall
adherence. In this example, adherence was calculated for a 30-day period between clinic visits,
and overall adherence for this period would be considered 70%. NVP indicates nevirapine;
3TC, lamivudine; ZDV, zidovudine.
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FIGURE 3.
The number of patients per RHF per chiefdom. The map was created from GPS way-points of
RHFs nearest to patients’ homes, as indicated by patient interviews.
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FIGURE 4.
Odds of adherence across the total days over which pill counts were measured (days on ART),
adjusted for home-to-MMH travel time, WHO stage, BMI, perceived stigma, and cost of
transportation at their median values.
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TABLE 2
Primary Multivariable Model: Relation of Adherence to Home-to-MMH Travel Duration (Dry Season), WHO Stage
Dichotomized Into Stages 1 and 2 Versus Stages 3 and 4, BMI, Patient-Perceived HIV Stigma, and Cost of Transport
(Dry Season) Dichotomized Into No Cost or Some Cost

Parameter OR 95% CI P

Home-to-MMH travel duration, h (dry season) 1.0 (0.91 to 1.1) 0.9

WHO stage 3 or 4 1.9 (0.98 to 3.7) 0.06

BMI 1.1 (0.96 to 1.3) 0.2

Stigma: had perceived vs. none 1.1 (0.55 to 2.1) 0.8

Cost of transport (dry season):some cost vs. none 0.7 (0.35 to 1.4) 0.3
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