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The association between hunger and adherence to antiretroviral therapy (ART) is less

known especially in vulnerable populations receiving HIV care and treatment services.

Caregivers of orphans and vulnerable children (OVC) are vulnerable and likely to

experience hunger due to additional economic pressure in caring for OVC. Using data

from the community–based, USAID–funded Kizazi Kipya project, this study assesses

the association between hunger and ART adherence among caregivers of OVC in

Tanzania. HIV positive caregivers enrolled in the project from January to July 2017

were analyzed. The outcome variable was adherence to ART, defined as “not having

missed any ART dose in the last 30 days,” and household hunger, measured using

the Household Hunger Scale (HHS), was the main independent variable. Data analysis

included multivariable logistic regression. The study analyzed 11,713 HIV positive

caregivers who were on ART at the time of enrollment in the USAID Kizazi Kipya project

in 2017. Aged 48.2 years on average, 72.9% of the caregivers were female. While

34.6% were in households with little to no hunger, 59.4 and 6.0% were in moderate

hunger and severe hunger households, respectively. Overall, 90.0% of the caregivers

did not miss any ART dose in the last 30 days. ART adherence rates declined as

household hunger increased (p < 0.001). Multivariable analysis showed that the odds

of adhering to ART was significantly lower by 42% among caregivers in moderate

hunger households than those in little to no hunger households (OR = 0.58, 95% CI

0.50–0.68). The decline increased to 47% among those in severe hunger households

(OR = 0.53, 95% CI 0.41–0.69). Hunger is an independent and a significant barrier

to ART adherence among caregivers LHIV in Tanzania. Improving access to adequate

food as part of HIV care and treatment services is likely to improve ART adherence in

this population.
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INTRODUCTION

Adherence to antiretroviral therapy (ART) is key to viral
suppression for better health outcomes among people living with
the Human Immunodeficiency Virus (PLHIV) (1–3). Research
shows that adherence to ART improves immune recovery,
decreases the incidence of non-AIDS events, comorbidities,
and mortality, and reduces chances for HIV transmission (4–
7). Adherence to ART also reduces rates of mother-to-child
transmission (MTCT) of HIV (8–11). Suboptimal adherence
to ART is detrimental: it is associated with virologic failure
(12–19), drug resistance (12, 20–23), and ultimately death
(24–30). In 2014, the United Nations Program on HIV/AIDS
(UNAIDS) launched the 90-90-90 global targets for HIV and
AIDS programming. The aim of the targets was that by 2020,
90% of all people living with HIV will know their status, 90%
of people diagnosed with the HIV infection will be on ART, and
90% of people on ART will be virally suppressed (31). The targets
were extended to 95-95-95 to be achieved by 2030 (32). Based on
the principal of universal HIV testing and treatment of PLHIV,
UNAIDS’ theory is that HIV epidemic control is attainable when
the 95-95-95 goals are reached. The central theme of the test
and treat approach is that if people can be identified early on
in their infection, start and stay on treatment (adherence) to
achieve viral suppression, the onward transmission of HIV will
be prevented, thus impacting HIV incidence at a population level
(33). This is demonstrated by a large and growing body of clinical
evidence showing that if an HIV positive person adheres to ART,
the amount of HIV in the body (viral load) declines to a very low
level, and when they are below 200 copies per milliliter of blood,
a condition called “an undetectable viral load” (34), transmission
of the HIV to others through sex or syringe sharing, and from
mother to child during pregnancy, birth, and breastfeeding is
prevented (34–37). In this context, undetectable HIV is said to
be untransmittable (U= U).

Global estimates show that in 2017, there were 36.9 million
PLHIV, 59.0% (21.7 million) of whom were accessing ART. Of
those accessing ART, 81.0% had achieved viral suppression (i.e.,
fewer than 1,000 copies of HIV per milliliter of blood) (38).
The same report also showed that in 2017, Africa accounted
for 25.7 million of all PLHIV on the globe and only 61% were
on treatment (38). In Tanzania, 1.4 million people aged 15
years and older were living with HIV in 2016/17. Of these,
60.6% knew their HIV status; 93.6% of those who knew their
status self-reported being on ART; and 87.0% of those who
reported being on ART were virally suppressed (39). This
national viral load suppression achievement may have been
contributed to by higher adherence rates which the country and
development partners have continued to pursue. However, in
view of the global emphasis of leaving no one behind in the
HIV response (40), more efforts are still needed to achieve 100%
ART adherence rate in all PLHIV. This is very crucial especially
today when HIV treatment takes significant visibility in the HIV
prevention strategies through the U=U (41). This study expands
the evidence base by identifying barriers to ART adherence,
which is one of the necessary components to achieving viral
suppression (42, 43).

As ART adherence constitutes a precondition to viral
suppression (44–46), client barriers to adherence should be
assessed and addressed prior to starting a regimen (2). In this
context, reports from many studies have identified predictors of
poor adherence to ART such as financial constraints, forgetting
to take the prescribed medications, lack of support from family
members, as well as depression, alcohol consumption, social
stigma and negative side effects of ART (47–55). Poor access
to services, complex drug regimens, pregnancy, mental health
disorders, substance abuse, weak social support networks and
incarceration have also been identified (56). Other important
factors associated with adherence to ART are reported to
include sex (57), age, education, region of residence, episodic
treatment, CD4 cell count, and the use of other prescribed drugs
(58). In Tanzania, younger age, unemployment among adults
aged 18 or more years (59), lack of bus fare for ART clinic
attendance, alcohol use, and dissatisfaction with health providers
(60) predicted non-adherence to ART.

While existing literature has suggested a possible link between
food security and ART adherence, the relationship has not
yet been rigorously examined or tested (61–64). A qualitative
study in Uganda for example, observed five mechanisms through
which food insecurity may contribute to ART non-adherence:
(a) ART increases appetite, thus in the absence of food it leads
to intolerable hunger; (b) in the absence of food, ART side
effects heighten; (c) ART doses are skipped or not started at
all if individuals believe that they cannot afford additional food
costs; (d) competing demands between costs of food and medical
expenses lead people either to default from treatment, or to give
up food and wages to get medications; and (e) people sometimes
forget to take their ART doses while working for food for long
time in the fields (64).

Additionally, the evidence base for the relationship between
food security and ART adherence is limited by small sample
sizes and exclusion of vulnerable populations such as orphans
and vulnerable children (OVC), and their caregivers (47, 50,
55, 57, 61, 65). Caregivers of OVC are also vulnerable and
likely to experience food insecurity due additional economic
pressure in caring for and meeting the needs of OVC (66).
Therefore, studies that do not include OVC fail to examine the
health, wellbeing, and skills of the caregivers, upon whom their
health and wellbeing is highly dependent (67). Similarly, food
security has not been sufficiently analyzed to clearly understand
its relationship with ART adherence in this population.

To achieve control over the HIV epidemic, it is worthwhile to
advance the evidence base for addressing barriers to service use
in different populations. This study was undertaken to narrow
the evidence gap by assessing the association between household
hunger and adherence to ART among HIV positive caregivers of
OVC receiving ART in Tanzania.

MATERIALS AND METHODS

Data Source
This is a secondary analysis of data from Pact’s community-
based, USAID Kizazi Kipya project in Tanzania, with funding
from the U.S. President’s Emergency Plan for AIDS Relief

Frontiers in Public Health | www.frontiersin.org 2 February 2022 | Volume 9 | Article 719485

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Exavery et al. Hunger and Adherence to Antiretroviral Therapy

(PEPFAR). The USAID Kizazi Kipya project (2016–2021) sought
to increase the uptake of HIV services, other health, and social
services by OVC and their caregivers. Data were collected during
screening and enrollment of beneficiaries which was conducted
by community case workers (CCWs) and lead case workers
(LCWs) using the project’s screening, enrollment, and Family
and Child Asset Assessment (FCAA) tools between January–
July 2017. Beneficiaries were enrolled in the project if their
household met one or more enrollment criteria. The criteria are
14 HIV-related vulnerabilities published elsewhere (68).

Following beneficiary screening and enrollment, the USAID
Kizazi Kipya project through its CCWs and LCWs developed a
care plan for each OVC and the caregiver in the household. The
care plan, among other things, constituted specific needs of each
enrollee in the household. The project then provided or linked
caregivers as well as OVC to health and social services including
HIV, nutrition, education, child protection, social protection,
and economic strengthening. The project directly provided
psychosocial support, nutrition assessments, counseling, and
support, referrals and linkages, and care plan monitoring (69).
The project also tracked ART use and adherence among its HIV
positive beneficiaries.

Study Area
This study is based on enrollment data that were collected
in 64 district councils in 19 regions of Tanzania where the
USAIDKizazi Kipya project conducted beneficiary screening and
enrollment activities during January–July 2017. The regions were:
Dar es Salaam, Dodoma, Geita, Iringa, Kagera, Katavi, Mara,
Mbeya, Mjini Magharibi, Morogoro, Mtwara, Mwanza, Njombe,
Pwani, Rukwa, Ruvuma, Singida, Tabora, and Tanga.

Study Design
This is a cross–sectional secondary analysis of existing
enrollment data of the USAID Kizazi Kipya project described
above. FCAA data were collected during screening and
enrollment of beneficiaries. Beneficiaries from households
meeting at least one of the enrollment criteria and consented
to participate, were enrolled in the program. After enrollment,
beneficiaries were followed up by the project team over time
with provision of a variety of health, education, and other
social services.

Study Population
We analyzed data on 11,713 HIV-positive OVC caregivers who
were living with HIV and on ART at the time of enrollment in
the program. A caregiver is defined by the project as a guardian
who has the greatest responsibility for the daily care and rearing
of one ormore OVC in a household. A caregiver is not necessarily
a biological parent of the OVC in the household.

Variables
Defined as not having missed any ART dose in the last 30
days preceding enrollment, adherence to ART was the only
primary outcome investigated by the current study. It was self-
reported by the respective caregiver, whereby, after establishing
that the caregiver was LHIV and on ART, inquiries followed

about whether the caregiver missed any dose in the previous 30
days. Ultimately, the variable was coded as “0” if the caregiver
missed one or more doses of ART in the previous 30 days, and
“1” if the caregiver did not miss any ART dose in the same period.
This definition of adherence to ART as taking all pills prescribed,
has been applied in another study (58).

Household hunger was the main independent variable for this
study. The variable was constructed from the Household Hunger
Scale (HHS), which was designed by the Food and Agriculture
Organization (FAO) and the Tufts University through the Food
and Nutrition Technical Assistance III Project (FANTA) (70).
The HHS originates from the Household Food Insecurity Access
Scale (HFIAS). It is a validated scale for cross-cultural use in
food insecure settings. The HHS groups household hunger in
three categories based on household hunger score: (a) little to no
hunger, (b) moderate hunger, and (c) severe hunger (70).

Several other independent variables were collected, including
caregiver’s sex, level of formal education attained, marital status,
family size, whether one or more family members has health
insurance, whether the caregiver was physically or mentally
disabled, place of residence (rural/urban), and household
wealth quintile. Wealth quintile was constructed using principal
component analysis (PCA) of household assets to obtain
household socio–economic status (71). Five wealth quintiles
were formed, ranging from the lowest quintile (Q1) for the
poorest households, to the highest quintile (Q5) for the wealthiest
households. Household assets included in the PCA process were:
dwelling materials (brick, concrete, cement, aluminum, and/or
other material), livestock (chicken, goats, cows, and others),
transportation assets (bicycle, motorcycle/moped, tractor, motor
vehicle, and others), and productive assets (sewing machine,
television, couch or sofa, cooking gas, hair dryer, radio,
refrigerator, blender, oven, and others).

Data Analysis
An exploratory analysis was conducted through one-way
tabulations of each variable to obtain distributional features of
the data. Then, cross-tabulations of adherence to ART by each
of the independent variables was conducted. For each pair of
variables cross-tabulated, the purpose was to assess the variability
in the rate of adherence to ART by levels of the independent
variables. Since all variables were categorical, Chi-Square test
was used to assess the significance of association between
adherence to ART and each of the independent variables. Finally,
binary logistic regression model was applied in the multivariable
analysis to examine the association between household hunger
on ART adherence, while adjusting for appropriate independent
variables. Variables were considered eligible to be independent
variables if their relevance with respect to ART adherence was
justified in the literature, or if considered important at the
program level. Then, apart from household hunger which was
the main independent variable, other independent variables were
included in the multivariable analysis if each one’s presence
improved the overall model. In all these analyses, cases of missing
data were rare, hence excluded. Stata statistical software (version
14.0) was used for all the analyses, and all statistical inferences
were made at the significance level of 5% (α = 0.05).
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Ethical Considerations
Ethics approval was received from the Medical Research
Coordinating Committee (MRCC) of the National
Institute for Medical Research (NIMR) in Tanzania
(NIMR/HQ/R.8a/Vol.IX/3024). Enrollment of beneficiaries
in the USAID Kizazi Kipya project was entirely voluntary. The
FCAA tool was completed only after each participant signed a
statement of informed consent. The USAID Kizazi Kipya project
data are handled and stored very securely and confidentially.

RESULTS

Respondents’ Characteristics
The analysis was based on 11,713 HIV-positive caregivers aged
at least 19 years (mean = 48.2) who were already on ART at the
time of enrollment in the project. Of these, 72.9% were female
and the rest were male.With respect to food security, while 34.6%
were in households with little to no hunger, 59.4 and 6.0% were
in moderate hunger and severe hunger households, respectively.
In terms of marital status, 41.9% of the caregivers were widowed
and 38.4% were married or living together. Primary education
represented majority of the caregivers (78.8%). Majority of
the caregivers (80.8%) did not have health insurance. Also,
majority (75.8%) of the caregivers resided in rural areas. Further
background details of the respondents are presented in Table 1.

Adherence to ART by Level of Hunger and
Other Characteristics
Overall, 90.0% of the caregivers were adherent to ART—that is,
they had not missed any ART dose in the last 30 days preceding
enrollment. The level of adherence to ART was constantly
declining as household hunger increased: the highest adherence
level was 93.3% among caregivers from households with little to
no hunger, declined to 88.4% among caregivers in households
with moderate hunger, and further declined to the lowest level
of 86.8% among those who were in severe hunger households
(p < 0.001) (Figure 1). Other factors which were significantly
associated with ART adherence among OVC caregivers were:
marital status (p < 0.001), age group (p < 0.001), wealth quintile
(p= 0.001), place of residence (p< 0.001), education (p= 0.004),
and ownership of health insurance (p= 0.002) (Table 2).

Results From Multivariable Analysis
Results from multivariable analysis (Table 3) showed that
the odds of being adherent to ART was significantly and
independently lower by 42% among the caregivers from
moderate hunger households than those in little to no hunger
households (OR = 0.58, 95% CI 0.50–0.68, p < 0.001).
Caregivers from severe hunger households were 47% less likely
to be adherent to ART than those from little to no hunger
households (OR = 0.53, 95% CI 0.41–0.69, p < 0.001). These
observations were adjusted for caregiver age, sex, marital status,
education, family size, place of residence, health insurance, and
wealth quintile.

Also, Table 3 revealed other factors with significant
association with adherence to ART among OVC caregivers
in Tanzania. This included age, whereby the likelihood of

TABLE 1 | Profile of respondents (n = 11,713).

Variable Number of

respondents

(n)

Percent of

respondents

(%)

Level of household hunger

Little to no hunger 4,055 34.6

Moderate hunger 6,953 59.4

Severe hunger 705 6.0

Caregiver sex

Female 8,535 72.9

Male 3,178 27.1

Age group

18–29 years 337 2.9

30–39 years 2,241 19.1

40–49 years 4,385 37.4

50–59 years 2,890 24.7

60+ years 1,860 15.9

Mean = 48.2, SD = 11.5 — —

Marital status

Married or living together 4,500 38.4

Divorced or separated 1,646 14.1

Never been married 658 5.6

Widowed 4,909 41.9

Education attained

Never been to school 2,183 18.6

Primary 9,232 78.8

Secondary or higher 298 2.6

Family size

2–3 people 4,416 37.7

4–6 people 5,386 46.0

7+ people 1,911 16.3

Wealth quintile

Lowest (Q1) 3,296 28.1

Second 937 8.0

Middle 1,928 16.5

Fourth 2,482 21.2

Highest (Q5) 3,070 26.2

Place of residence

Rural 8,882 75.8

Urban 2,831 24.2

Mentally or physically disabled?

No 11,353 96.9

Yes 360 3.1

Family has health insurance (CHF/TIKA)

No 9,465 80.8

Yes 2,248 19.2

adhering to ART was significantly higher among older caregivers
(for each of the age categories) than those aged 18–29 years (30–
39 years: OR = 1.76, 95% CI 1.28–2.42, p = 0.002; 40–49 years:
OR= 1.92, 95% CI 1.41–2.61, p< 0.001; 50–59 years: OR= 1.97,
95% CI 1.43–2.71, p < 0.001; and 60+ years: OR = 1.71, 95% CI
1.23–2.38, p = 0.004). With respect to marital status, caregivers
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FIGURE 1 | ART Adherence rate by level of household hunger among HIV

positive OVC caregivers receiving ART in Tanzania (n = 11,713).

who were divorced or separated were significantly 26% less likely
to be adherent to ART than those who were married or living
together with their spouses (OR = 0.74, 95% CI 0.61–0.89, p =

0.009). Adherence among the rest of the marital categories were
not significantly different from those who were married. The
likelihood of adherence to ART among the caregivers increased
with increasing levels of formal education attained compared to
no education (primary education: OR = 1.30, 95% CI 1.12–1.52,
p = 0.011; secondary or higher education: OR = 1.53, 95% CI
1.01–2.33, p = 0.040). Caregivers with health insurance were
33% less likely to be adherent to ART than those without (OR =

0.67, 95% CI 0.57–0.77, p < 0.001). Geographical variability in
the adherence to ART was also observed, in which the likelihood
of adherence to ART was 40% lower in urban than in rural areas
(OR= 0.60, 95% CI 0.52–0.70, p < 0.001).

DISCUSSION

This study assessed the association between hunger and
adherence to ART among HIV positive OVC caregivers receiving
ART in Tanzania. As highlighted before, adherence to ART is
a prerequisite for viral suppression and achieving better health
outcomes among PLHIV (1, 3). In the current population,
adherence to ART which was defined as not having missed any
ART dose in the last 30 days, stood at 90.0%. This proportion
was comparable with the 94.1% observed in another study in
Tanzania that took place at an urban, faith-based clinic that was
providing free ART to patients with a CD4 < 200 (72). The
recent Tanzania HIV Impact Survey found that 87.0% of PLHIV
in Tanzania who are aged 15 years and older who self-report
being on ART are virally suppressed (39). While much work has
been done to achieve high rates of ART uptake and viral load
suppression, a gap remains in attaining the UNAIDS 95-95-95

TABLE 2 | Caregivers’ adherence to ART by background characteristics

(n = 11,713).

Characteristic % Caregivers

adherent to ART

p-value*

Overall 90.0 —

Caregiver sex 0.555

Female 89.9

Male 90.3

Age group <0.001

18–29 years 82.8

30–39 years 89.7

40–49 years 90.5

50–59 years 90.7

60+ years 89.2

Marital status <0.001

Married or living together 90.6

Divorced or separated 87.1

Never been married 88.3

Widowed 90.6

Education attained 0.004

Never been to school 88.0

Primary 90.4

Secondary or higher 90.6

Family size 0.409

2–3 people 90.2

4–6 people 89.6

7+ people 90.5

Wealth quintile 0.001

Lowest (Q1) 88.1

Second 90.4

Middle 91.1

Fourth 90.7

Highest (Q5) 90.7

Place of residence <0.001

Rural 91.1

Urban 86.5

Mentally or physically disabled? 0.112

No 90.1

Yes 87.5

Family has health insurance (CHF/TIKA) 0.002

No 90.4

Yes 88.2

*p-values are based on Pearson’s Chi-Square test.

goals which must be met and maintained in order to achieve
control of the HIV epidemic.

Multivariable analysis in the current study revealed declining
likelihoods of ART adherence as the level of household hunger
increased. Specifically, caregivers inmoderate hunger households
were 42% less likely than those in little to no hunger households
to be adherent to ART (OR = 0.58, 95% CI 0.50–0.68). This
increased to 47% among caregivers in severe hunger households
than those in little to no hunger households (OR = 0.53,
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TABLE 3 | Multivariable logistic regression of the association between hunger and adherence to ART among HIV positive caregivers of orphans and vulnerable children

receiving ART in Tanzania, 2017 (n = 11,713).

Covariate Adjusted odds ratio (OR) 95% Confidence interval p-value

Lower limit Upper limit

Level of household hunger

Little to no hunger 1.00 — — —

Moderate hunger 0.58 0.50 0.68 <0.001

Severe hunger 0.53 0.41 0.69 <0.001

Caregiver sex

Female 1.00 — — —

Male 0.89 0.77 1.04 0.827

Age group

18–29 years 1.00 — — —

30–39 years 1.76 1.28 2.42 0.002

40–49 years 1.92 1.41 2.61 <0.001

50–59 years 1.97 1.43 2.71 <0.001

60+ years 1.71 1.23 2.38 0.004

Marital status

Married or living together 1.00 — — —

Divorced or separated 0.74 0.61 0.89 0.009

Never married 0.96 0.73 1.26 0.713

Widowed 1.00 0.86 1.17 0.987

Education attained

Never been to school 1.00 — — —

Primary 1.30 1.12 1.52 0.011

Secondary or higher 1.53 1.01 2.33 0.040

Family size

2–3 people 1.00 — — —

4–6 people 0.91 0.80 1.05 0.899

7+ people 1.00 0.83 1.20 0.996

Wealth quintile

Lowest (Q1) 1.00 — — —

Second 1.08 0.85 1.39 0.127

Middle 1.22 1.01 1.49 0.038

Fourth 1.13 0.95 1.36 0.115

Highest (Q5) 1.07 0.90 1.28 0.331

Place of residence

Rural 1.00 — — —

Urban 0.60 0.52 0.70 <0.001

Mentally or physically disabled?

No 1.00 — — —

Yes 0.84 0.61 1.16 0.077

Family has health insurance (CHF/TIKA)

No 1.00 — — —

Yes 0.67 0.57 0.77 <0.001

95% CI 0.41–0.69). This observation is consistent with one
systematic review (73), as well as other studies conducted among
the general population in the Democratic Republic of Congo
(74) and Cameroon (75). In all these studies, it was found
that a lack of regular meals predicts non-adherence to ART
(74, 75). Three studies in the systematic review observed that
ART adherence was significantly better among recipients of food

assistance than non-recipients (73). Therefore, to increase rates
of ART adherence for better health outcomes among PLHIV,
hunger or food insecurity should be appropriately addressed as
an imperative element in HIV care and treatment programs.

Qualitative literature suggests that food security and
adherence to ART may be related through several pathways,
including the reasons that ART increases appetite and causes
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hunger (61–64, 76, 77), in the absence of food, antiretrovirals’
side effects become intense (61, 64, 78), ART costs reduce
household budgets available for food or nutritional needs (64),
and forgetting to take antiretrovirals while working to meet
food needs (64). Although the literature reveals these linkages,
further research is needed to explore which of these pathways, or
a combination of factors is most relevant to OVC caregivers and
other vulnerable populations.

In addition, this study identified other factors (i.e.,
confounders) with a significant association with ART adherence
among the caregivers. Age played a significant role, in which
the likelihood of adherence to ART increased with age. This
finding was consistent with another study in Ethiopia (79) and
a collection of findings from one systematic review that found
that older adults (age 50 years and above) living with HIV have
a reduced risk of non-adherence to ART compared to younger
adults (80). In the current study, adherence was lowest at 82.8%
among younger adults under 30 years of age, suggesting the need
to target this group with additional support to enhance ART
adherence among them. The positive association between ART
adherence and age has been shown in other studies, including
longitudinal studies (81, 82). A possible explanation for this
observation may be that people need time to comprehend the
value of ART for them to maintain adherence. Alternatively, it
may be that those individuals who do not adhere to treatment
are more likely to be lost to follow-up from studies or die
from AIDS-related illness, and thus by older ages only those
who have maintained higher adherence rates remain in the
sample. However, the current study cannot specifically ascertain
a pathway through which the observed improvement in ART
adherence with age functions. Therefore, further research is
required to clarify socio–demographic, biologic, or any other
means through which advancement in age improves adherence
to ART among OVC caregivers LHIV in Tanzania.

With respect to marital status, the current study found
that, caregivers who were currently divorced or separated were
significantly 26% less likely than those who were married or
living together with their spouses to be adherent to ART.
ART adherence was highest among people in marital unions,
suggesting that the extent of social support and encouragement
available to the HIV patient may be better in marital unions.
Social support may improve adherence as it provides psycho-
social support and social accountability for the patient to remain
on ART. While decrease in ART adherence due to lack of social
support has been observed on one hand, living with a partner
has been associated with increased social support and optimal
adherence to ART on the other (83, 84). Similarly, improved
adherence to ART in marriage has been inferred in other studies
(75, 85, 86). This highlights the need to provide additional
adherence support, including provision of emotional support to
those outside marital unions or those without social support as a
possible mechanism to improve adherence to ART among them.

Also, this study observed that higher levels of formal
education attained were associated with higher likelihood of ART
adherence among the caregivers. This was also concluded in
other studies (53, 87). This finding was expected as those with
better education are well-positioned to understand information

related to health care, hence better adherence among them
because they are able to follow ART instructions provided by
health providers. Therefore, OVC caregivers who have never
been to schools should be targeted with additional support to
enhance ART adherence among them.

In terms of place of residence, the current study found
higher adherence to ART in rural than in urban areas. This
finding was consistent with that from another study in South
Africa that indicated a higher rate of increased adherence to
highly active ART among the populations living in rural areas
than those in urban areas (81). Similarly, in the Unites States
of America, another study found higher adherence in rural-
small town or remote setting when compared to urban one
(82). Although different reasons for this can be presented, it is
possible that the communal nature of rural populations may have
positive impacts of ART on PLHIV (81) through the increased
assistance of one another, as well as recognizing and responding
to each other’s challenges and needs (88). This finding of
higher ART adherence among rural populations suggests a need
for ongoing adherence counseling support to sub–populations
living in certain geographical settings such as those residing in
urban areas.

Caregivers with health insurance were 33% less likely to be
adherent to ART than those without the health insurance. Before
the USAID Kizazi Kipya project, most of the communities in
the study area were receiving support from another project
called Pamoja Tuwalee, which among other things facilitated
acquisition of health insurance, prioritizing destitute households.
Given this, we conducted a separate analysis and found that more
of the caregivers with health insurance were food insecure, and
more than 50% of the caregivers who were food insecure were in
the two lowest wealth quintiles. Therefore, caregivers with health
insurance were mostly those from food insecure households,
or socioeconomically the poorest. Although health insurance
improves access to health services (89–91), its relationship
with adherence to ART requires further research to reveal
underlying mechanisms.

Strengths and Limitations
Major strengths of this study exist in the use of a large sample
size of OVC caregivers drawn from many regions of Tanzania,
hence making it more of a nationally representative study. This
makes the results applicable to the whole of Tanzania and possibly
in other countries and settings with similar contexts. The use
of standardized data collection tools reduced the possibility of
information bias in this study.

However, this study has some limitations. Adherence to ART
was assessed as a self-reported measure. This may have caused
a recall bias in this study. However, during enrollment, efforts
were made to minimize this through several measures, including
short recall period (i.e., 1 month), good rapport between the
caregivers (i.e., respondents) and the CCWs and LCWs, and
thorough probes. Findings suggest that the bias may have been
minimal because results are comparable with those from studies
that measured adherence objectively. There is a possibility of
residual confounding as some potential confounders observed
in one systematic review, namely, alcohol consumption, use
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of traditional medicine, discrimination and stigmatization (92)
were not available for inclusion in the multivariable analysis for
this study. Had we had these variables, the magnitude of the
association between household hunger and adherence to ART
would probably have been different.

CONCLUSIONS

Hunger is an independent and a significant barrier to ART
adherence among OVC caregivers LHIV in Tanzania. This
suggests that improving access to adequate food or provision of
food supplementation as part of HIV care and treatment services
is likely to improve adherence to ART among OVC caregivers
and other vulnerable populations in resource limited settings.

In addition, to enhance ART adherence toward universal
coverage, additional efforts may be required, to addresses
contextual challenges related to geographical location of
residences, younger ages especially below 30 years, and lack of
formal education.
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