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Abstract

Background: As antiretroviral therapy (ART) for HIV becomes increasingly available in low and middle income countries
(LMICs), understanding reasons for lack of adherence is critical to stemming the tide of infections and improving health.
Understanding the effect of psychosocial experiences and mental health symptomatology on ART adherence can help
maximize the benefit of expanded ART programs by indicating types of services, which could be offered in combination
with HIV care.

Methodology: The Coping with HIV/AIDS in Tanzania (CHAT) study is a longitudinal cohort study in the Kilimanjaro Region
that included randomly selected HIV-infected (HIV+) participants from two local hospital-based HIV clinics and four free-
standing voluntary HIV counselling and testing sites. Baseline data were collected in 2008 and 2009; this paper used data
from 36 month follow-up interviews (N =468). Regression analyses were used to predict factors associated with incomplete
self-reported adherence to ART.

Results: Incomplete ART adherence was significantly more likely to be reported amongst participants who experienced a
greater number of childhood traumatic events: sexual abuse prior to puberty and the death in childhood of an immediate
family member not from suicide or homicide were significantly more likely in the non-adherent group and other negative
childhood events trended toward being more likely. Those with incomplete adherence had higher depressive symptom
severity and post-traumatic stress disorder (PTSD). In multivariable analyses, childhood trauma, depression, and financial
sacrifice remained associated with incomplete adherence.

Discussion: This is the first study to examine the effect of childhood trauma, depression and PTSD on HIV medication
adherence in a low income country facing a significant burden of HIV. Allocating spending on HIV/AIDS toward integrating
mental health services with HIV care is essential to the creation of systems that enhance medication adherence and
maximize the potential of expanded antiretroviral access to improve health and reduce new infections.
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Introduction Emergency Plan for AIDS Relief (PEPFAR), and the World Bank
Multi-Country AIDS Program, the number of people receiving

Globally, an estimated 33.4 million people are living with HIV antiretroviral therapy (ART) in less wealthy nations has increased
infection, with over two-thirds living in sub-Saharan Africa (SSA). from roughly 400,000 in 2003 to more than 8 million in 2012 [1].
With the allocation of donor resources through the Global Fund to In Tanzania, about 370,000 people, or 20% of the estimated

Fight AIDS, Tuberculosis, and Malaria, the US President’s 1.4 million people eligible for ART, are receiving treatment [2].
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Recent guidelines, which recommend earlier initiation of ART at
a CD4 cell count of 350 cells/mm®, are expected to rapidly
increase the number of persons on ART over the next several
years. The recent Institute of Medicine (IOM) evaluation of
PEPFAR, while lauding many successes of the program, identified
as an essential need the focus on improved medication adherence
among patients [3].

Crucial to the success of ART is strict adherence to prescribed
medication regimens. Incomplete adherence leads to drug
resistance [4,5] immunologic decline [6], faster progression of
disease [7], and death [8]. Incomplete adherence has been a major
challenge in HIV treatment worldwide, with adherence in the US
estimated at 55% and, in SSA approximately 77% [9]. Higher
adherence rates in SSA have dispelled doubts that AR'T would not
be feasible in such resource-constrained settings and have pointed
to the importance of tight social relationships in mediating
adherence [10]. However, longitudinal data are sparse, and
existing adherence studies are primarily among relatively new
mnitiates of ART [7,8]. Longer time on medication has been
correlated with declining adherence in SSA [11]. In the
Kilimanjaro region, Ramadhani et al. demonstrated that despite
relatively high rates of adherence among patients who had been
receiving ART for 6 months or longer, lack of complete virologic
suppression was identified in 32% and ART resistance was
identified in 10% of 150 patients [12].

In wealthier nations, psychosocial characteristics including
having experienced past potentially traumatic events, life events,
depression, anxiety, stress, beliefs about the efficacy of therapy,
and patient-provider relationships are highly correlated with
adherence [12,13,14]. Our own work has highlighted the
importance of past traumatic events, depression and anxiety on
ART adherence in the United States [15]. A recent qualitative
study, in which 61 Tanzanian adults prescribed ART were
interviewed about determinants of adherence found that psycho-
social characteristics including religious beliefs, support from
family and friends, and stigma influenced patients’ beliefs and
motivation about ART adherence [16]. Baseline findings from the
CHAT study found high rates of exposure to potentially traumatic
events [17].

This study examines associations among stressful and potentially
traumatic events, current depressive symptoms and post-traumatic
stress symptomatology, resource constraints as measured by
having to make trade-offs between health care and other needs,
social support, demographics, and adherence to ART among
HIV+ clients in care at two regional hospitals and in four
voluntary HIV counselling and testing sites. While adherence to
ARTs in less wealthy nations is possible and high rates can be
achieved, the authors hypothesize that, as in wealthy nations, the
experience of potentially traumatic events and the mental health
symptomatology of depression and anxiety will be associated with
higher likelihood of incomplete adherence over time.

Methods

This study and all study activities were approved by the
Institutional Review Boards at Duke University in Durham, North
Carolina, USA, the Kilimanjaro Christian Medical College and
the National Medical Research Institute in Tanzania, and written
consent was obtained from all participants.

CHAT is a longitudinal cohort study with the primary aim of
understanding if, and to what extent, self-reported HIV medica-
tion adherence in a low income country is related to psychosocial
factors such as potentially traumatic experiences, depression, post-
traumatic stress symptomatology, and social support, as well as
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other socioeconomic and demographic factors. CHAT partici-
pants were enrolled in the study beginning in November 2008.
Enrolment included 499 randomly selected HIV+ persons from
the two local hospital-based HIV clinics and 267 newly diagnosed
HIV+ persons randomly selected from four free-standing volun-
tary HIV counselling and testing (VCT) sites. These analyses
included those interviewed at 36 months: 438 from the HIV
clinics and 183 newly diagnosed HIV+ at baseline. Of those, 364
participants from the hospital-based clinics were taking ART and
completed questions needed for this analysis, as were 104 from
four free-standing voluntary HIV counselling and testing sites and
completed questions needed for this analysis. Three of the latter
tested HIV- at baseline, but seroconverted and started taking
medication prior to the 36-month interview.

Participants completed detailed interviews with trained, field-
certified interviewers at six-month intervals. The 36-month survey
was used in these analyses because it included the most extensive
measurements relevant to the research question.

Measures

Potentially traumatic events

The number of types of lifetime potentially traumatic events is a
widely used trauma assessment that has been associated with
multiple negative health outcomes [18,19,20,21,22]. The Life
Events Checklist is used in conjunction with the system checklist
described below to screen for and diagnosis anxiety and PTSD.
The assessment measured 15 types of experiences including sexual
and physical abuse, childhood physical and emotional neglect, and
11 other potentially traumatic childhood and adulthood experi-
ences [23,24,25,26]. The score ranges from 0 to 15, reflecting the
number of types of potentially traumatic events experienced in the
participant’s lifetime.

Sexual abuse is defined in the scales to include sexual
experiences (e.g., touching, intercourse) where force or threat of
force was used; additionally, in children before the age of puberty
the threat of force or harm was implied by a 5-year age difference
between victim and perpetrator. Physical abuse was defined as
incidents separate from sexual abuse in that they (1) were
perceived to be life threatening (being physically attacked with
the intent to kill or seriously injure), or (2) identified as other
physical attacks in which victims were being beaten, hit, kicked,
bit, or burned. Childhood physical and emotional neglect were
measured with the Childhood Trauma Questionnaire and scored
using cut-offs suggested by Bernstein and Fink for moderate
physical neglect (=9) and moderate emotional neglect (=12) [26].
Additional childhood trauma assessments included the following
events prior to age 18: (1) parental alcohol/drug abuse, (2)
parental mental illness or parental suicide/attempted suicide, (3)
imprisonment of a parent, (4) domestic violence/threat in the
home, (5) child was placed in reform school/foster care/
orphanage or was put up for adoption, (6) imprisonment of child,
(7) homicide of a close family member/friend, (8) death of an
immediate family member not due to homicide or suicide, and (9)
child suffered from a life-threatening illness/injury not related to
HIV. Additional potentially traumatic events assessed from
adulthood included (1) homicide of a close family member/friend,
(2) non-homicidal death of a child, and (3) non-homicidal death of
a spouse/partner.

Post-traumatic stress disorder symptoms

Post-traumatic stress disorder (PTSD) symptom severity was
assessed with the PTSD Symptoms Checklist (PCL) based on
DSM-1V criteria that include re-experiencing a traumatic event,
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numbing/avoiding, and hyperarousal symptoms. The scale is
scored on a range of 0-68 with higher scores indicating greater
PTSD symptomatology; it has strong reliability and correlation
with a clinician-administered PT'SD measure [27,28].

Depression

Depressive severity was measured using the Patient Health
Questionnaire (PHQ) -9, a depression case identification tool that
has been widely used and validated, including in SSA. The scale’s
total score can range between 0 and 27 with a higher score
indicating greater depressive severity [29, 30]. The PHQ-9 is used
by clinicians to monitor depression treatment over time.

Sociodemographic characteristics
Age, gender, level of education, and marital status, were
measured via self-report.

Household wealth

A wealth index was calculated for each household consisting of
assets and living environment characteristics, including rural vs.
urban living status, by applying to each component variable its
estimated contribution to the 2010 Tanzania Demographic and
Health Survey (DHS) wealth index [31]. A linear regression
model predicted DHS wealth scores as a function of indicator
variables for the presence of electricity, radio, television,
motorbike, car, clock/watch, refrigerator, mobile phone, and/
or non-mobile phone in the household; pipe-borne drinking
water on the property, variables describing the toilet facility (flush
toilet vs. other), natural vs. rudimentary floor construction, and
whether the household is located in a rural or urban area.
Parameter estimates were used to predict a wealth score for each
CHAT household as a linear combination of the parameters for
each covariate.

Economic difficulties related to health care

We assessed the economic burden of ART, which was
previously shown to affect adherence to ART in Tanzania [12].
Participants were asked whether they had to go without necessities
such as food, clothes, or housing in order to use the money for
health care or medications. To understand the burden of travel to
care, participant’s current address was used to generate a binary
variable that indicates rural residence in contrast to urban
residence or mixed area. For 60 participants for whom address
was not available at 36 months, records at 42 months were used
instead. Participants rarely moved during the study period.

Adherence to ART medication

Among study participants prescribed ART, adherence was
assessed with three self-report questions. First, each participant
was asked a single item from the AIDS Clinical Trial Group
adherence assessment [32], namely when the last time was that
s/he had missed a dose of his/her antiretrovirals, with response
options of never, within the past week, 1-2 weeks ago, 3—4 weeks
ago, 1-3 months ago, or more than 3 months ago. Next, the
participant was asked to show, on a 0-100% visual analog scale,
(1) the percentage of their antiretroviral drugs they had taken in
the last month and (2) the percentage of their antiretroviral drugs
they had missed in the last month. Participants were classified as
adherent if they reported not missing doses (1 and 2).
Participants with strongly inconsistent answers to the questions
on doses taken and doses missed in the last month were excluded

N=7).
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Variables Not Included

The CHAT study collected information on other variables that
have been seen in other studies to predict non-adherence;
however, there was too little variation to be included in these
analyses.

Pill Burden. Most participants took one or two pills per day
and there was not a statistically significant difference in pill
burden. In absolute numbers, those who reported perfect
adherence had a higher pill burden than those who reported
non-adherence. For example, 58% of those reporting perfect
adherence took 1 or 2 pills per day relative to 54% of those
reporting non-adherence. Eleven percent of perfect adherers took
5 or more pills per day compared to 6% of non-adherers.

Negative Side Effects. Only 6 participants reported missing
medication doses due to negative side effects from medications,
precluding the use of the variable as a predictor.

Alcohol Abuse. Reported alcohol use was quite low in this
HIV+ population on treatment. Only 2% (1% of the adherence
group, 10% of the non-adherent group) reported drinking more
than once per week. The mean AUDIT score was 0.5 on a scale of
0-10 (0.4 for adherent group, 1.1 for non-adherent group).

Statistical Analysis

Means or proportions were compared between established and
newly diagnosed HIV patients and between those with complete
and incomplete adherence using the Student’s ¢ test or the chi-
square test respectively. A multivariate Poisson regression model
was constructed using potential predictors of adherence, identi-
fied a priori based on those characteristics demonstrated to be
predictive of medication adherence in previous research and
based on the study hypotheses. With the binary outcome
variable, exponentiated coefficients from the Poisson model are
interpretable as risk ratios [33]. Log-binomial models were tested,
but did not converge due to small numbers. In addition to
demographic and socioeconomic characteristics (age, gender,
marital status, education, household wealth, sacrifice of other
necessities for healthcare, and rural vs. urban residence), the
multivariate regression model included the experience of
traumatic events in childhood and separately in adulthood,
recent stressful life events, post-traumatic stress symptomatology,
depression, social support, time since ART initiation, and a
binary variable indicating established vs. newly diagnosed HIV
patients. For multivariate regression, we rescaled age so that risk
ratios reflected the predicted differences between 5 year age
increments. Due to small numbers, childhood traumatic experi-
ences were grouped together in the multivariate model as were
adult experiences. The multivariate model was run with and
without PT'SD as a variable in order to tease out the effect of
childhood trauma as mediated by PTSD.

Statistical analyses were conducted using Stata software, version
11.2 (StataCorp).

Results

Of 547 established and newly diagnosed patients who reported
valid answers regarding all covariates used in this analysis, 468
(85.6%) were prescribed ART (Table 1). Approximately three-
quarters (78%) were prescribed ART regimens considered first-
line therapy according to the 2009 Tanzanian treatment
guidelines with once or twice daily dosing [34]. Among those on
ART, 82.7% reported complete adherence to ART regimen, and
17.3% reported incomplete adherence. There were no statistically
significant differences in demographic and economic characteris-
tics between those adherent and non-adherent to medications: the
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average age was 41.8; males comprised 29.5% of the population;
38.9% of participants were married or cohabitating, 30.3% were
widowed, and 19.0% divorced or separated; 5.8% of participants
reported no formal education, 77.1% received only primary school
education, and 17.1% had attended secondary school or higher;
53.0% of participants resided in rural area; and average housechold
wealth estimated 9.8 on a scale from to —7.2 to 30, with a higher
score indicating a wealthier household.

Statistically significant differences were found in the percent
reporting that they sacrificed other necessities for health care needs
(24.5% vs. 13.6%: p-value <0.05) and the mean time since ART
initiation (55 months vs. 44 months: (p-value <0.01) between
those reporting medication adherence and those reporting
incomplete adherence.

Table 2 reports the distribution of types of traumatic events,
post-traumatic stress symptomatology, depressive symptom sever-
ity, recent stressful life events, and social support. Those not
completely adherent to ART reported a mean of 2.5 types of
potentially traumatic events, compared with a mean of 2.1 in the
completely adherent group. In particular, those with incomplete
adherence to ART were more likely than those who were
completely adherent to have experienced sexual abuse prior to
puberty (17.5% vs. 6.8%: p-value <0.01) and the death of an
immediate family member not due to homicide or suicide (64.2 vs.
51.7%: p-value <0.05). In addition, those who were incompletely
adherent had higher post-traumatic stress (p-value <0.01) and
depressive symptomatology (p-value <0.01) scores and less social
support (p-value <0.01) than those who reported complete
adherence. Twenty-five percent of the non-adherent group had
PHQ-9 scores of 5 or more (compared to a score of 2 for the
adherent group), an indication of “mild depression,” with the
highest score for this group being 23.

Incomplete Adherence to ART in Tanzania

Multivariate Analysis

In a multivariate Poisson regression model (see Table 3) that
controlled for each participant’s gender, age, marital status,
education, household wealth, rural vs. urban residence, status as
an established vs. newly diagnosed HIV patient, time since ART
initiation, number of types of adulthood traumatic experiences,
number of recent stressful life events, PI'SD symptomology, and
social support, we found that incomplete ART adherence was
statistically significantly positively associated with the experience of
childhood traumatic events and PHQ-9 depressive symptom
severity. Incomplete adherence showed a trend toward negative
association with sacrifice of other necessities for health care needs
(meaning those with complete adherence were more likely to
report making such sacrifices).

Each additional childhood traumatic experience was associated
with a 13% increase in the risk of incomplete ART adherence
(risk ratio =1.13; p-value <0.05). Each additional I-unit
increase on the 27-point PHQ-9 depressive symptom severity
score was associated with a 9% increase in the risk of incomplete
ART adherence (risk ratio =1.09; p-value <0.01). Conversely,
sacrifice of other necessities for health care was associated with a
48% decrease in the risk of incomplete ART adherence (risk
ratio =0.52; p-value =0.06), suggesting a protective association
between such financial sacrifice and ART adherence.

When the model excluded PTSD, the risk ratio for childhood
trauma changed only marginally, indicating that PTSD mediated
little or none of the relationship between childhood trauma and
incomplete adherence. These results suggest that childhood
trauma influences incomplete adherence independently of PTSD
symptomatology.

Alternate regression models alternatively included binary
variables for: childhood sexual abuse, an immediate family
member of participant’s died not due to human action during
participant’s childhood, and a refined continuous variable that
indicates the number of types of traumas participant experienced
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Table 1. Sociodemographic Sample Description.
HIV + Sample on HIV Medications
Total Adherent Non-Adherent p-value
N=468 N=387 N=81

Age, Mean (SD) 41.8 (8.4) 42.0 (8.4) 40.7 (8.3) 0.215
Male gender 29.49% 29.72% 28.40% 0.813
Marital status

Married/cohabitating 38.89% 39.53% 35.80% 0.532

Never married 11.75% 11.63% 12.35% 0.856

Widowed 30.34% 29.97% 32.10% 0.706

Divorced/separated 19.02% 18.86% 19.75% 0.853
Highest level of education achieved

None 5.77% 6.20% 3.70% 0.382

Primary school (1-6 years) 77.14% 76.49% 80.25% 0.465

Secondary school or higher 17.09% 17.31% 16.05% 0.784
Sacrifice of other necessities for healthcare 22.44% 24.29% 13.58% 0.036
Rural residence 52.99% 54.52% 45.68% 0.148
DHS wealth index, Mean (SD) 9.8 (9.5) 9.8 (9.5) 9.8 (9.5) 0.952
Time in months since ART initiation, Mean (SD) 52.8 (22.6) 54.7 (22.6) 44.1 (20.7) 0.000
Established (vs. recently diagnosed) HIV patient 77.78% 81.65% 59.26% 0.000
doi:10.1371/journal.pone.0074771.t001
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Table 2. Life Events, Mental Health Symptomatology and Social Support.

HIV+ Sample on HIV Medications

Total Adherent Non-Adherent p-value
N=468 N=387 N=81

Traumatic events

Childhood trauma category
Mean experienced (SD) 2.2 (1.5) 2.1 (1.5) 2.5 (1.4) 0.061
Sexual abuse before puberty 8.66% 6.81% 17.50% 0.002
Physical abuse or assault before 13 years old 3.63% 3.36% 4.94% 0.491
Parental alcoholism or use of drugs 59.62% 60.98% 53.09% 0.189
Parental mental illness, suicide, or suicide attempt 9.83% 9.30% 12.35% 0.404
Parent or caregiver went to prison 9.40% 8.79% 12.35% 0319
Parental fighting and threats 31.20% 31.52% 29.63% 0.738
Emotional neglect 8.97% 9.04% 8.64% 0.909
Physical neglect 20.30% 19.12% 25.93% 0.167
In orphanage/foster care/reformatory/put up for adoption 1.71% 1.55% 2.47% 0.563
Imprisonment for one week or longer 2.99% 2.84% 3.70% 0.680
Life-threatening illness or injury 6.62% 5.68% 11.11% 0.074
Death of immediate family member not due to human action 53.85% 51.68% 64.20% 0.040
Death of a close person due to other person 1.92% 2.07% 1.23% 0.621

Adulthood trauma category

Mean experienced (SD) 1.0 (0.9 1.1 (0.9) 1.0 (0.9) 0.652
Sexual abuse since puberty 13.42% 13.09% 15.00% 0.649
Physical abuse or assault since 13 years old 7.26% 6.98% 8.64% 0.600
Death of a close person due to other person 14.32% 14.73% 12.35% 0.579
Death of a child 33.12% 34.11% 28.40% 0.321
Death of spouse or partner 36.32% 36.43% 35.80% 0.915

Lifetime trauma category 33 (2.0 33 (2.0 3.5(1.8) 0.405

Incident stress category, Mean experienced (SD) 2.3 (2.1) 2.3 (2.1) 2.3 (2.1) 0.824

Mental Health Symptomatology

PTSD symptomology (Scale range: 0-68), Mean (SD) 11.2 (9.0) 10.5 (8.0) 14.9 (11.9) 0.000

PHQ-9 depressive severity (Scale range: 0-27), Mean (SD) 2.0 (2.9) 1.8 (2.6) 33 (4.1) 0.000

Social Support (Scale range: 0-76), Mean (SD) 57.5 (18.8) 58.6 (18.8) 52.3 (18.3) 0.006

doi:10.1371/journal.pone.0074771.t002

among the other types of childhood trauma. The direction and
scale of coefficients were intuitively right but due to the small
sample size, two of three did not have enough statistical power to
show significance. Childhood sexual abuse was positively associ-
ated with incomplete adherence to ART with a trend towards
statistical significance (RR =1.57, p<0.1), an immediate family
member of participant’s died not due to homicide or suicide
during participant’s childhood was statistically significantly posi-
tively associated with incomplete adherence to ART (RR =1.50,
p<<0.05), and the number of other types of trauma participant
experienced during childhood was positively associated with
incomplete adherence to ART (RR =1.05) but was not statistical
significant.

Discussion

This study indicates that mental health symptomatology and the
sequelae of past trauma are associated with non-HIV medication
adherence: conditions which could be treated in conjunction with
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Note: Incident stress category excludes (1) those overlapping with adulthood trauma and (2) income or employment-related stress.

HIV. With the estimated $16.8 billion being spent globally on HIV
in 2011 and a goal of increasing spending to $22 to $24 billion by
2015 [35] there is growing recognition that we need to focus not just
on availability of medications, but also on adherence to medications
and retention in care [3]. This study indicates that expanding HIV
services to include mental health services would result in higher
levels of medication adherence. Relatively inexpensive and
manualized mental health treatment protocols for depression and
anxiety are being developed and tested in low income countries and
could be feasibly integrated with HIV care.

People non-adherent to medications were on HIV medications
for a shorter period of time and this variable was significant in one of
the two multivariable models. The reason for this difference may be
because people who have been on treatment and engaged in care
for a longer period of time are more likely have gained a trusting
relationship with providers, or, as others have hypothesized,
because those who were the first to have access to ART in low
income countries were those who were most motivated to adhere to
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the medications and were secking the medications. As medications
become more widely available, non-adherence may increase.

Those individuals with incomplete adherence had greater
depressive symptoms as measured by the PHQ-9. Similar to
findings from our studies in the U.S., people reporting incomplete
adherence endorsed prior exposure to more types of childhood
potentially traumatic experiences, notably childhood sexual abuse
[22]. In multivariable models, childhood trauma and depressive
symptom severity were highly significant predictors of incomplete
ART adherence.

In interpreting the results of this study, we note several
limitations. Many of the measured variables, including ART
adherence and exposure to traumatic events symptoms, were
measured by self-report. These reports may have been subject to
recall bias since most traumatic events occurred years prior to the
study interviews. Further, traumatic events may have been under-
reported due to reluctance to mention difficult experiences.
Conservative cut-off points were used in defining ART adherence.
The observational design of the study limits the causal interpre-
tation of these results.

Limitations notwithstanding, it is impressive that mental health
symptomatology and trauma sequelea are more predictive of HIV
medication adherence than the sociodemographic and economic
barriers. While HIV related services are still being created in
LMICs, we have a window of opportunity to integrate HIV
services with mental health related services. Our findings suggest
that exposure to potentially traumatic events and severity of
depressive symptoms negatively affect ART adherence in a sub-
Saharan African population. There are effective intervention
strategies in the U.S. that improve outcomes in HIV+ individuals
who have been exposed to traumatic events [36,37,38]. Further,
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Table 3. Multivariate Poisson regression of incomplete ART adherence in 468 Tanzanian Adults.
Incomplete Adherence without PTSD Incomplete Adherence with PTSD

Independent Variables IRR 95% CI p value IRR 95% CI p value
Childhood trauma category (per additional category) 1.15 1.03, 1.28 0.010 1.13 1.02, 1.26 0.026
Adulthood trauma category (per additional category) 0.86 0.66, 1.11 0.247 0.86 0.67, 1.1 0.256
Time since ART initiation 0.99 0.98, 1.00 0.030 0.99 0.98, 1.00 0.064
PHQ-9 depressive severity (per additional unit) 1.12 1.08, 1.17 0.000 1.09 1.04, 1.15 0.001
Incident stress category (per additional category) 0.96 0.86, 1.08 0.518 0.96 0.86, 1.08 0.487
PTSD symptomology (per additional unit) N/A N/A N/A 1.02 1.00, 1.04 0.107
Male gender 1.02 0.63, 1.63 0.940 1.05 0.65, 1.68 0.848
Age in 5 years 0.97 0.86, 1.10 0.663 0.97 0.86, 1.10 0.642
Marital status (ref = married/cohabitating)

Never married 0.88 0.46, 1.67 0.688 0.87 0.45, 1.67 0.676

Widowed 1.23 0.72, 2.10 0.447 1.16 0.67, 2.01 0.605

Divorced/separated 0.98 0.56, 1.70 0.942 0.92 0.52, 1.62 0.763
Highest education level achieved (ref = primary school)
None 0.40 0.15, 1.05 0.064 0.45 0.18, 1.12 0.087

Secondary school or more 1.00 0.61, 1.64 0.986 1.00 0.61, 1.63 0.996
Sacrifice of other necessities for healthcare 0.51 0.26, 1.03 0.061 0.52 0.26, 1.03 0.062
DHS wealth index (per additional unit) 1.01 0.98, 1.03 0.647 1.01 0.98, 1.03 0.554
Rural (vs. urban/mixed area) residence 0.72 0.49, 1.06 0.098 0.71 0.48, 1.06 0.091
Established (vs. newly diagnosed) HIV patient 0.67 0.42, 1.07 0.094 0.62 0.38, 1.02 0.059
Social support (per additional unit) 0.99 0.98, 1.00 0.159 0.99 0.98, 1.00 0.201
doi:10.1371/journal.pone.0074771.t003

treatments for depression,
pharmacologic interventions, have proven effective in improving
ART adherence in a number of studies in the US and Switzerland.
Small studies of psychotherapeutic interventions in similarly
resource-constrained sub-Saharan African settings have demon-
strated that interventions for depression are acceptable and
effective [39,40,41,42]. As treatment interventions for HIV
continue to be rolled out in sub-Saharan Africa, and as the
burden of mental illness is increasingly recognized both in its own

including psychotherapeutic and

right and as it relates to prognosis and management of other
illnesses, it is essential to understand barriers to care and to identify
potential areas for intervention that would facilitate more effective
HIV care for millions of people. Allocation of funding in HIV
programs such as PEPFAR and the Global Fund to integrate
evidence-based interventions to reduce the impact of psychosocial
stressors, in particular trauma-related stress, has the potential to
greatly impact ART adherence and overall health in HIV-infected
individuals.

Acknowledgments

This manuscript was made possible by the wonderful and essential work of
the CHAT interviewers and data entry staff: Beatrice Lema, Yombya
Madukwa, Restituta Mvungi, Amiri Mrema, Wendy Ricky, Ludovic
Samora, and Blandina Zenze. We also thank Kyle Hamilton for his editing
and research skills.

Author Contributions

Conceived and designed the experiments: KW JO NT RW BWP.
Performed the experiments: CBA ER DI VM AH. Analyzed the data: JY
JO KW KS BWP NT RW JA BA KO.

October 2013 | Volume 8 | Issue 10 | e74771



References

1.

20.

UNAIDS (2012) World AIDS Day Report: Results. Available: http://www.
unaids.org/en/media/unaids/contentassets/documents/epidemiology/2012/
gr2012/JC2434_WorldAIDSday_results_en.pdf. Accessed 2013 May 15.

. UNAIDS and Tanzanian Commission on AIDS (2008) UNGASS Country

Progress Report, Tanzania Mainland. Available: http://data.unaids.org/pub/
Report/2008/tanzania_2008_country_progress_report_en.pdf. Accessed 2011
August 1.

. National Research Council (2013) Evaluation of PEPFAR. Washington, DC:

The National Academies Press. 814 p.

. Bangsberg DR, Hecht FM, Charlebois ED, Zolopa AR, Holodniy M, et al.

(2000) Adherence to protease inhibitors, HIV-1 viral load, and development of
drug resistance in an indigent population. AIDS 14(4): 357-66.

. Bangsberg DR, Charlebois ED, Grant RM, Holodniy M, Deeks SG, et al. (2003)

High levels of adherence do not prevent accumulation of HIV drug resistance

mutations. AIDS 17(13): 1925-32. doi: 10.1097/01.aids.0000076320.42412.fd.

. Wood E, Hogg RS, Yip B, Harrigan PR, O’Shaughnessy MV, Montaner JS

(2004) The impact of adherence on CD4 cell count responses among HIV-
infected patients. ] Acquir Immune Defic Syndr 35(3): 261-268.

. Bangsberg DR, Perry S, Charlebois ED, Clark RA, Roberston M, et al. (2001)

Non-adherence to highly active antiretroviral therapy predicts progression to
AIDS. AIDS Jun 15;15(9): 1181-3.

. Wood E, Hogg RS, Yip B Harrigan PR, O’Shaughnessy MV, et al. (2003) Is

there a baseline CD4 cell count that precludes a survival response to modern
antiretroviral therapy? AIDS 17(5): 711-20. doi: 10.1097/
01.aids.0000050854.71999.d8.

. Edward J, Mills EJ, Nachega JB, Buchan I, Orbinski J, et al. (2006) Adherence to

Antiretroviral Therapy in Sub-Saharan Africa and North America: A Meta-
analysis. JAMA 296(6): 679-690. doi:10.1001/jama.296.6.679.

. Ware NC, Idoko J, Kaaya S, Biraro IA, Wyatt MA, et al. (2009) Explaining

adherence success in sub-Saharan Africa: an ethnographic study. PLOS Med
6(1): €1000011. doi:10.1371/journal.pmed.1000011.

. Gill ¢J, Hamer DH, Simon JL, Thea DM, Sabin LL (2005) No Room for

Complacency about adherence to antiretroviral therapy in sub-Saharan Africa.

AIDS 19(12): 1243-1249.

. Ramadhani HO, Theilman NM, Landman KZ, Ndosi EM, Gao F, et al. (2007)

Predictors of incomplete adherence, virologic failure, and antiviral drug
resistance among HIV-infected adults receiving antiretroviral therapy in
Tanzania. Clinical Infectious Diseases 45(11): 1492-1498. doi:10.1086/522991.

. Chesney M (2003) Adherence to HAART Regimens. AIDS Patient Care and

STDs 17(4): 169-77. doi: 10.1089/108729103321619773.

. Do NT, Phiri K, Brussman H, Gaolathe T, Marlink RG, et al. (2010)

Psychosocial factors affecting medication adherence among HIV-1 infected
adults receiving combination antiretroviral therapy (cART) in Botswana. AIDS

Res Hum Retroviruses 26(6): 685-91. doi: 10.1089/aid.2009.0222.

. Mugavero M, Ostermann J, Whetten K, Leserman J, Swartz M, et al. (2006)

Barriers to antiretroviral adherence: the importance of depression, abuse, and
other traumatic events. AIDS Patient Care STDS 20(6): 418-428. doi:10.1089/
apc.2006.20.418.

. Lyimo RA, de Bruin M, van den Boogaard J, Hospers HJ, van der Ven A, et al.

(2012) Determinants of antiretroviral therapy adherence in northern Tanzania: a
comprehensive picture from the patient perspective. BMC Public Health 12:
716. doi: 10.1186/1471-2458-12-716.

. Pence BW, Shirey K, Whetten K, Agala B, Itemba D, et al. (2012) Prevalence of

Psychological Trauma and Association with Current Health and Functioning in
a Sample of HIV-infected and HIV-uninfected Tanzanian Adults. PLOS ONE
7(5): €36304. doi: 10.1371/journal.pone.0036304.

. Felitt VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, ct al. (1998)

Relationship of childhood abuse and household dysfunction to many of the
leading causes of death in adults. The Adverse Childhood Experiences (ACE)
Study. Am J Prev Med 14(4): 245-258.

. Liebschutz JM, Feinman G, Sullivan L, Stein M, Samet J (2000) Physical and

sexual abuse in women infected with the human immunodeficiency virus:
increased illness and health care utilization. Arch Intern Med 160(11): 1659—
1664. doi:10.1001/archinte.160.11.1659.

Dube SR, Felitti V], Dong M, Chapman DP, Giles WH, et al. (2003) Childhood
abuse, neglect, and household dysfunction and the risk of illicit drug use: the
adverse childhood experiences study. Pediatrics 111(3): 564-572. doi:10.1542/
peds.111.3.564.

. Leserman J, Whetten K, Lowe K, Stangl D, Swartz MS, et al. (2005) How

trauma, recent stressful events, and PTSD affect functional health status and
health utilization in HIV-infected patients in the south. Psychosom Med 67(3):
500-507. doi: 10.1097/01.psy.0000160459.78182.d9.

PLOS ONE | www.plosone.org

22.

23.

24.

29.

30.

31.

32.

36.

37.

38.

39.

40.

41.

42.

Incomplete Adherence to ART in Tanzania

Mugavero M, Ostermann J, Whetten K, Leserman J, Swartz M, et al. (2006)
Barriers to antiretroviral adherence: the importance of depression, abuse, and
other traumatic events. AIDS Patient Care STDS 20(6): 418-428. doi:10.1089/
apc.2006.20.418.

Koss MP, Gidycz CA (1985) Sexual experiences survey: reliability and validity.
Journal of Consulting Clinical Psychology 53(3): 422-423.

Kilpatrick D, Resnick HS (1993) A description of the posttraumatic stress
disorder field trial. Posttraumatic Stress Disorder: DSM-IV and Beyond.
Washington DC: American Psychiatric Press.

. Leserman J, Li Z, Drossman DA, Toomey TC, Nachman G, et al. (1997) Impact

of sexual and physical abuse dimensions on health status: development of an
abuse severity measure. Psychosom Med 59(2): 152-160.

. Bernstein D, Fink L (1998) Childhood Trauma Questionnaire Manual. San

Antonio: The Psychological Corporation.

. Weathers FF (1996) J Psychometric properties of the PT'SD Checklist (PCL-C,

PCL-S, PCL-M, PCL-PR). In: Stamm B, editor. Measurement of stress, trauma,
and adaptation. LuthervilleMD: Sidran Press. 445 p.

. Blanchard EB, Jones-Alexander J, Buckley TC, Forneris CA (1996) Psychomet-

ric properties of the PT'SD Checklist (PCL). Behav Res Ther 34(8): 669-673.
Kroenke K, Spitzer RL, Williams JB (2001) The PHQ-9: validity of a brief
depression severity measure. Journal of General Internal Medicine 16(9): 606
13.

Lowe B, Uniitzer J, Callahan CM, Perkins AJ, Kroenke K (2004) Monitoring
depression treatment outcomes with the patient health questionnaire-9. Medical
Care 42(12): 1194-1201.

Measure Demographic and Health Surveys (DHS) (2012) Tanzania: Standard
AIS, 2011-12. Available at: http://www.measuredhs.com/what-we-do/survey/
survey-display-393.cfm. Accessed 2012 December 15.

Chesney MA, Ickovics JR, Chambers DB, Gifford AL, Neidig J, et al. (2010)
Self-reported adherence to antiretroviral medications among participants in
HIV clinical trials: the AACTG Adherence Instruments. AIDS Care:
Psychological and Socio-Medical Aspects of AIDS/HIV 12(3): 255-266. doi:
10.1080/09540120050042891.

Spiegelman D, Hertzmark E (2005) Easy SAS Calculations for Risk or
Prevalence Ratios and Differences. American Journal of Epidemiology 162(3):
199-200. doi:10.1093/aje/kwil 88.

. The United Republic of Tanzania Ministry of Health and Social Welfare

Tanzania Mainland (2009) National Guidelines For the Management of HIV
and AIDS. National AIDS Control Programme (NACP). Available: http://
www.who.int/hiv/pub/guidelines/tanzania_art.pdf. Accessed 2011 August 1.

. Joint United Nations Programme on HIV/AIDS (UNAIDS) (2012) Global

Report: UNAIDS Report the Global AIDS Epidemic. Available: http://www.
unaids.org/en/media/unaids/contentassets/documents/epidemiology/2012/
¢r2012/20121120_UNAIDS_Global_Report_2012_en.pdf. Accessed 2013 May
21.

Basu S, Chwastiak LA, Bruce RD (2005) Clinical management of depression and
anxiety in HIV-infected adults. AIDS 19(18): 2057-2067.

Crepaz N, Passin WF, Herbst JH, Rama SM, Malow RM, et al. (2008) Meta-
analysis of cognitive-behavioral interventions on HIV-positive persons’ mental
health and immune functioning. Health Psychology 27(1): 4-14. doi: 10.1037/
0278-6133.27.1.4.

Scott-Sheldon LA, Kalichman SC, Carey MP, Fielder RL (2008) Stress
management interventions for HIV+ adults: a meta-analysis of randomized
controlled trials, 1989 to 2006. Health Psychology 27(2): 129-139. doi: 10.1037/
0278-6133.27.2.129.

Bolton P, Bass ], Neugebauer R, Verdeli H, Clougherty KF, et al. (2003) Group
Interpersonal Psychotherapy for Depression in Rural Uganda: A Randomized
Controlled Trial. Journal of the American Medical Association 289(23): 3117~
3124. doi: 10.1001/jama.2011.1060.

Chibanda D, Mesu P, Kajawu L, Cowan F, Araya R, et al. (2011) Problem-
solving therapy for depression and common mental disorders in Zimbabwe:
piloting a task-shifting primary mental health care intervention in a population
with a high prevalence of people living with HIV. BMC Public Health 11(1):
828. doi: 10.1186/1471-2458-11-828.

Adams J, Almond M, Ringo E, Shangali W, Sikkema K (2012) Feasibility of
nurse-led antidepressant medication management of depression in an HIV clinic
in Tanzania. International Journal of Psychiatry in Medicine 43(2): 105-117.
doi: 10.2190/PM.43.2.a.

Papas RK, Sidle JE, Martino S, Baliddawa JB, Songole R, et al. (2010)
Systematic cultural adaptation of cognitive-behavioral therapy to reduce alcohol
use among HIV-infected outpatients in western Kenya. AIDS Behav 14(3): 669—
78. doi: 10.1007/510461-009-9647-6.

October 2013 | Volume 8 | Issue 10 | e74771



