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Overview
Donor funding for HIV in low and middle income countries increased 6‐fold since 2002,
reaching $6.9 billion in disbursements in 2010 (Kates et al., 2011). These funds represent a massive
investment in preventing and treating HIV. By 2010, almost 7 million people living with HIV
(PLHIV) were receiving treatment with antiretroviral therapy (ART) in developing countries,
transforming HIV from a death sentence into a manageable chronic disease for those able to access
it (UNAIDS, 2011).
In this context, an important policy challenge is ensuring that governments, health systems
and organizations working in support of PLHIV provide services in such a way that people on ART
can fully benefit from treatment over the long term. These benefits include improvements in
individual health, which are quite significant (Bartlett et al., 2001; Murphy et al., 2001), as well as
resumed economic productivity, which literature now suggests can also be substantial
(Thirumurthy et al., 2011; Thirumurthy et al., 2008a; Thirumurthy et al., 2008b). In addition, the
potential for positive externalities from sustained lifetime ART underscores the importance of
supporting policies that promote good adherence and minimize treatment interruption and
attrition. These externalities include reduced HIV transmission (i.e. “treatment as prevention) and
reduced development of drug resistant HIV strains. Maximizing and sustaining the gains from ART
will require not only identifying barriers to ART outcomes, but also the policies and interventions
that best reduce these barriers and facilitate good adherence, treatment retention, and ultimately,
positive health outcomes.
Food insecurity and poor nutritional status have been identified as barriers to ART
adherence, treatment retention, and HIV outcomes in resource‐limited settings. Evidence abounds
for the negative effects of food insecurity on ART adherence and treatment retention, with
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implications for poor CD4 count, viral suppression, morbidity and mortality (Anema et al., 2009;
Franke et al., 2011; Weiser et al., 2009b; Weiser et al., 2009c; Weiser et al., 2012). These
relationships likely operate through a combination of biologic, nutritional and behavioral pathways.
For example, food insecurity may create or exacerbate poor nutritional status (e.g. low BMI) which
could lead to poor clinical outcomes (Weiser et al., 2009b). On the other hand, food insecurity may
compromise ART adherence if lack of food is an issue, since many antiretroviral medications must
be taken with food (Deribe et al., 2008). Food insecurity can also reduce ART access, adherence and
retention if it leads to trade‐offs between treatment (which involves both direct and indirect costs,
such as fees, transport, and lost work time) and other basic individual and household needs (Martin
et al., 2011b).
Faced with these challenges, ART programs are increasingly integrating interventions to
support the food security of patients, including through direct food assistance, nutritional support,
and livelihoods programs (Byron et al., 2008; Frega et al., 2010; J. Koethe et al., 2009; Tirivayi et al.,
2011a). In this context, my dissertation broadly asks: What policies and interventions will best
reduce food insecurity and poor nutrition as barriers to ART outcomes? I approach this question
through three papers that explore different aspects of policies affecting food insecurity and ART,
across 2 continents (Latin America and Africa) and 3 countries (Honduras, Bolivia, and Uganda).
In my first paper, I focus on PLHIV receiving ART who were part of a nutrition education
and food assistance pilot intervention in Honduras, sponsored by the World Food Program (WFP)
and formally evaluated through an NIH‐funded study. There is little published evidence to guide
programs and policymakers considering integrating food security interventions with ART,
including whether direct food assistance actually improves food security and nutritional status.
This is particularly so in settings where high prevalence of household food insecurity, overweight
and obesity coexist among PLHIV. Thus, my research questions for this paper were: 1) what is the
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effect of food assistance on household food insecurity for people on ART? and 2) what is the effect
of food assistance on BMI (and, specifically, are there adverse effects on overweight and obese
participants)? To answer my research questions, I employ multivariate longitudinal regression with
individual fixed effects. I find that food assistance plus nutrition education improves household
food security among ART recipients above and beyond nutrition education‐only, and does not have
adverse effects on overweight or obese participants over a 12‐month period. Trends in
improvement in food security and BMI among the nutrition education‐only group suggest that
nutrition education may also have positive effects on the well‐being of PLHIV. However, I could not
formally test the effect of nutrition education, given the absence of a control group receiving no
intervention. Together with literature identifying food insecurity as a barrier to adherence and HIV
outcomes, our results suggest that food assistance may improve these outcomes via improved food
security. However, implementation issues around food assistance should be carefully considered,
along with potential alternative interventions, to ensure sustainability in resource‐limited settings.
In my second paper, I again focus on PLHIV receiving ART who were part of a WFP‐
sponsored food assistance pilot program, this time in Bolivia. Unlike in Honduras, there was no
formal study component built into the pilot to evaluate the food assistance intervention. However,
WFP was interested in exploring transition strategies from food assistance – in particular, the
potential for livelihood interventions to provide transition from food assistance and promote more
sustainable food security in the long term for people on ART. Livelihood interventions to improve
food security and sustainable HIV treatment outcomes are increasingly promoted for people living
with HIV receiving ART. Yet, an in‐depth understanding of how food insecure PLHIV experience
their own livelihoods in relation to HIV treatment (in the absence of external programs) is lacking,
especially in urban settings in developing countries. Thus, in this study, I aim to explore and
describe the interconnection between livelihood experiences and ART in three cities in Bolivia, in
order to identify major barriers and opportunities for livelihood‐related policies and interventions
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in the context of ART. Closed‐ended questionnaires and qualitative interviews were conducted with
participants of the food assistance pilot, capturing quantitative data on demographics, household
composition, socio‐economic situation, including work status, and food insecurity, and qualitative
data on work‐related barriers to ART adherence, HIV‐related barriers to work, range of economic
activities conducted, and economic coping strategies. Analyzing these data, I find that study
participants have complex economic lives often characterized by multiple economic activities,
including both formal and informal labor. They struggle to manage ART treatment and livelihoods
simultaneously, and face barriers to this dual management that ranged from the interpersonal to
the structural. In particular, issues of lack of disclosure of HIV status, stigma and discrimination,
are highly salient. In addition, health system issues such as limited clinic hours or drug shortages
exacerbate the struggle to balance economic activities with HIV treatment. Improved policy‐level
efforts to enforce existing anti‐discrimination laws, reduce HIV‐related stigma, and expand health
services accessibility could mitigate many of the barriers discussed by our participants and reduce
the need for separate livelihood interventions.
In my final paper, I turn to Uganda to explore a different question: how does ART affect food
security? We know that food security affects ART, but is there actually a bidirectional relationship
between the two? Few studies have examined if and how ART affects food insecurity, although the
scientific literature suggests there may be a benefit via improved health and ability to work. Using
data from a 12‐month prospective cohort study, I employ multivariate longitudinal logistic
regression to investigate whether ART decreases food insecurity compared to HIV care without
ART among a sample of treatment‐naïve patients initiating clinical care in Uganda, and to explore
the potential pathways through which ART may affect food insecurity, including improved mental
health, physical health, and work status. I find that food insecurity decreases significantly for both
the ART and non‐ART groups over time, with the ART group experiencing greater reductions by the
end of the study. ART remains a significant predictor of reduction in food insecurity over time after
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controlling for baseline differences in the multivariate longitudinal regression model.
Improvements in work and mental health status are most strongly associated with decreased food
insecurity over time and weakened the ART coefficient significantly when added to the model.
Taken together with the well‐known benefits of food security on ART adherence, treatment
retention and clinical outcomes in resource‐poor settings, our results suggest an “upward spiral” of
improved functioning and productivity could result from positive feedback between food security
and ART. Policy makers could leverage this positive cycle by strengthening mental health support
and promoting sustainable food security interventions as part of HIV treatment programs.
Taken together, my three papers provide evidence that food assistance, livelihood
interventions, and ART all have a role to play in improving the economic and nutritional well‐being
of people living with HIV in developing countries, but that they are likely to work best when well‐
targeted (to those who need them most, at the point in time they need them most), and integrated
with both comprehensive care (including mental health support) and social safety nets. In
particular, my results indicate that integrating ART, food assistance, nutritional support, and
livelihoods programs in an efficient, sustainable manner could effectively create a positive feedback
loop between food security and ART. Policy makers could leverage this “upward spiral” in well‐
being to counteract the “vicious cycle” of HIV and food insecurity that has taken such a toll in
resource‐limited settings (Bukusuba et al., 2007; Crush et al., 2011). This can not only improve the
lives of PLHIV around the world, but help realize the gains of donor and recipient countries who
invested billions of dollars and significant human capital in fulfilling the promise of ART to save and
transform lives.
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I. Effect of food assistance on food security and nutritional status among
patients receiving antiretroviral therapy for HIV in Honduras

ABSTRACT
Background: The deleterious effects of food insecurity and undernutrition on HIV
treatment outcomes and antiretroviral therapy (ART) adherence are now well recognized in
resource‐limited settings. Interventions to address food security for people living with HIV (PLHIV)
are therefore being planned and implemented in regions across the world. However, there is little
published evidence to guide programs and policymakers considering integrating food security
interventions with ART, including whether direct food assistance actually improves food security
and nutritional status. This is particularly so in settings where high prevalence of household food
insecurity, overweight and obesity coexist among PLHIV
Methods: This paper uses data from a 12‐month pilot intervention study conducted from
2009‐2010 in 3 cities in Honduras among PLHIV receiving ART. The goal of the pilot was to
investigate the role of food assistance and nutrition education in improving food security,
nutritional status, health outcomes, and ultimately, ART adherence. In this paper, we focus on food
security and body mass index (BMI) outcomes. We employ multivariate longitudinal regression
with individual fixed effects to determine whether food assistance plus nutrition education
improved food security as measured by the validated Latin American and Caribbean Food Security
Scale, compared to nutrition education alone, over three assessments. We then use the same
regression approach to examine BMI, modified to additionally capture effects for participants who
were overweight or obese at baseline.
Results: The sample included 400 participants, including 203 receiving food assistance plus
nutrition education and 197 receiving education‐only. We find that food assistance plus nutrition
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education improved the household food security score by 2.7 points (p < 0.01) (slightly less than
one standard deviation of the mean baseline score) above and beyond the nutrition education‐only
group, whose score improved by 1.7 points (p < 0.01). Effects were stronger when the sample was
limited to women. In addition, we found that food assistance was not associated with adverse
effects on nutritional status for participants who were overweight or obese at baseline. Regardless
of study group, we found a small overall trend of improvement in BMI for participants who were
either underweight (b = 0.534; p < 0.01) or overweight or obese (b = ‐0.316; p < 0.05) at baseline.
However, without a control group receiving no intervention, we cannot test whether these trends
were causally due to the nutrition education provided.
Conclusions: Food assistance improves household food security among a sample of ART
recipients in Latin America and does not have adverse effects on overweight or obese participants
over a 12‐month period. Although the absence of a control receiving no intervention limited our
ability to test the effect of nutrition education, trends indicating improvement in food security and
BMI among the nutrition education group suggest that nutrition education may also have positive
effects on the well‐being of PLHIV, pointing to the need for further investigation. Together with
literature identifying food insecurity as a barrier to adherence and HIV outcomes, our results
suggest that food assistance may improve these outcomes via improved food security. However,
implementation issues around food assistance should be carefully considered, along with potential
alternative interventions, to ensure sustainability in resource‐limited settings.
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INTRODUCTION
The deleterious effects of food insecurity and malnutrition on a range of HIV antiretroviral
therapy (ART) outcomes, including morbidity, mortality, adherence and retention in care, are now
well recognized in resource‐limited settings (Anema et al., 2009; Castleman et al., 2004; Deribe et
al., 2008; Marcellin et al., 2008; Normen et al., 2005; Oguntibeju et al., 2007; Weiser et al., 2009b;
Weiser et al., 2009c; Weiser et al., 2012). Yet, evidence to inform how best to improve and sustain
food security and nutrition so as to promote optimal HIV treatment outcomes remains
underdeveloped, particularly for populations with high prevalence of both food insecurity and
overweight or obesity.
Food security can be defined as physical and economic access to adequate food for all
household members, without risk of losing such access (Haering et al., 2009); food insecurity occurs
when there is limited or uncertain availability of nutritionally adequate and safe foods, or inability
to acquire these foods in socially acceptable ways (Radimer et al., 1992). Meanwhile, malnutrition is
the condition of having inadequate vitamins, minerals and nutrients to maintain healthy tissue and
organ function. Malnutrition is most often associated with undernutrition, but can also affect people
who are overweight and obese. While the coexistence of food insecurity and overweight/obesity
may be counterintuitive, it has been increasingly documented – particularly among women – in
both resource‐rich and resource‐limited settings (Alaimo et al., 2001a; Dinour et al., 2007;
Tanumihardjo et al., 2007; Townsend et al., 2001), including in Latin America (Uauy et al., 2001).
However, this issue has not been directly explored among people living with HIV (PLHIV).
Over the last 10 years, the World Health Organization (WHO) and other international
organizations have issued recommendations that nutritional assessment, counseling and support
be a standard part of comprehensive care for HIV (FANTA, 2004; World Bank, 2007; World Health
Organization, 2008), with specific guidelines for high‐risk populations (e.g. pregnant women,
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patients with HIV wasting, etc). Meanwhile, health care providers, NGOs and international
organizations – particularly the United Nations (UN)World Food Program and the UN Food and
Agriculture Organization – have increasingly developed and implemented diverse interventions to
address food insecurity and malnutrition for people living with HIV (PLHIV), ranging from
nutritional counseling and education (Almeida et al., 2011; Kaye et al., 2011; Torres et al., 2008),
therapeutic micro‐ and macronutrient supplementation (J. Koethe et al., 2009; Rawat et al., 2010;
Swaminathan et al., 2010; van Oosterhout et al., 2010), household food assistance (Byron et al.,
2008; Cantrell et al., 2008; Ivers et al., 2010), and livelihoods interventions (Pandit et al., 2010;
Yager et al., 2011).
The high prevalence of undernutrition in places with large and severe HIV epidemics –
primarily sub‐Saharan Africa – has led to an important and growing body of research evaluating
interventions to help people living with HIV to gain and maintain weight as part of treatment and
care (J. Koethe et al., 2009). Studies repeatedly find low body mass index (BMI) (a measure of
weight‐for‐height) to be a strong, independent predictor of early mortality for people on ART (Liu
et al., 2011; Moh et al., 2007; Weiser et al., 2009b; Zachariah et al., 2006), and evidence indicates
that undernutrition also affects ART outcomes by compromising viral suppression and
immunologic response (J. R. Koethe et al., 2010a; J. R. Koethe et al., 2010b). Interventions in this
context tend to either aim to directly raise the caloric intake of underweight people on ART (i.e.
therapeutic feeding approach) (Bahwere et al., 2009; M Ndekha et al., 2009a; MJ Ndekha et al.,
2009b; van Oosterhout et al., 2010), or to address food security at the household level (i.e.
traditional food assistance approach) with an implicit focus on alleviating undernutrition (Byron et
al., 2008; Ivers et al., 2010). Results from this body of intervention studies provide preliminary
evidence supporting the positive effects of supplemental feeding on nutritional status and ART
outcomes of underweight PLHIV, particularly ready‐to‐use therapeutic feeding (RUTF) (J. Koethe et
al., 2009; Tirivayi et al., 2011a).
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While the majority of studies on supplemental feeding have focused on reversing
malnutrition among underweight PLHIV, very few studies have addressed food security
interventions among people receiving ART. In particular, there is little direct evidence about the
role of food assistance to address food insecurity among people receiving ART in settings where
overweight and obesity coincide with high levels of household food insecurity. This information is
sorely needed for ART program considering nutritional interventions in such settings.
Study aims and hypotheses
We investigate whether food assistance plus nutrition education 1) improves food security
more than education alone, and 2) affects nutritional status more than education alone, with
particular interest in whether it has adverse effects on the BMI of overweight or obese participants.
Providing food assistance increases the amount of food available to a household and is thus very
likely to increase access to food – and consequently food security – for its members, particularly
given the importance of food availability for the individual(s) living with HIV in the household.
However, there are various reasons why food assistance may not improve food security. First, it is
possible to use food assistance in ways that do not necessarily improve immediate food security,
such as selling food for extra income to purchase non‐food goods or services, giving food away to
family, friends, or community members (which may nevertheless improve long run food security as
part of reciprocity arrangements), or taking in extra dependents to the household. Furthermore,
economic theory suggests that food assistance may not improve net food security if it simply
“crowds out” either individual labor supply or other in‐kind transfers from family or friends
(Barrett, 2006; Tirivayi et al., 2011a). Nevertheless, studies on the effectiveness of food assistance
programs in both developed and developing countries generally – but not universally – find some
improvement of food security as a result of aid (Barrett, 2002, 2006; Mykerezi et al., 2010; Ratcliffe
et al., 2011; Yen et al., 2008). We propose and test the following hypothesis for our study
population:
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H1: Providing household food assistance plus nutrition education will improve
household food security over time, compared to nutrition education alone (i.e. the
best standard of care).
In addition, providing food support to people with diverse baseline nutritional status
(including underweight as well as overweight and obese PLHIV) may result in differential effects on
nutritional status, some of them adverse. For example, research on the food stamp program in the
United States (serving low‐income individuals and families in need) has raised concerns that in
addition to improving food security, food assistance may also lead to increased overweight and
obesity, particularly for women (N. I. Larson et al., 2011; Wilde, 2007). Adverse health effects
associated with overweight and obesity such as metabolic syndrome, diabetes or cardiovascular
disease could be particularly undesirable for PLHIV receiving ART, even if food security improves.
This is because they are particularly vulnerable to metabolic abnormalities and central fat
accumulation (Alvarez et al., 2010; Friis‐Møller et al., 2003), which may compromise immune
response to treatment (Crum‐Cianflone et al., 2010). We test the following hypothesis for our study
population:
H2: Providing household food assistance plus nutrition education will increase body
mass index over time, including of overweight and obese participants, compared to
nutrition education alone (i.e. the best standard of care).
While studies of individual food supplementation for malnourished people with HIV suggest
that food assistance can help improve BMI (Tirivayi et al., 2011a), there are several reasons why
household food assistance may not have a net effect on individual food consumption or BMI.
Evidence from both developed and developing countries suggests that food assistance may instead
increase the food consumption of other household members, especially children(Quisumbing,
2003; Rose et al., 1998), substitute for normally purchased foods and thus free up resources in the
household budget to purchase other foods or non‐food goods (Reutlinger et al., 1984), or stabilize
food consumption over time (Barrett, 2002).
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Given the range of ways a household may utilize food assistance described in this section,
we expect that taking into account measures of material resources, labor supply, household
composition, and health status will be important in testing our hypotheses. We also note that the
literature suggests that the relationship between food assistance and our outcomes may differ
along key demographic differences, particularly gender.
METHODS
Background of Research Collaboration
This study involved partnership among the UN WFP Regional Office for Latin America and
the Caribbean, the WFP Country Office for Honduras, and the RAND Corporation, a nonprofit
research organization based in the United States. In 2008‐2009, RAND and WFP began
implementing joint activities in Honduras by conducting formative research on the dietary habits
and nutritional status of people living with HIV receiving ART. The data from this phase of the study
was used to design context and needs‐specific nutrition education methodologies for use in the
pilot food assistance interventions for adults with HIV in Honduras during 2010.
Study design and sample
This paper uses data from a larger RAND/WFP pilot intervention study designed to assess
the effect of food assistance plus nutrition education on ART adherence and other health and
nutrition‐related outcomes of people with HIV receiving ART in Honduras, compared to nutrition
education alone (results on adherence from the larger study will be published separately). At the
time of the study, nutritional assessment and education were recommended as the ‘best practice’ to
provide adequate macro and micronutrient intake for PLHIV according to international guidelines
(World Bank, 2007; World Health Organization, 2004), a recommendation adopted by the
Honduras’ National AIDS Plan (Martin et al., 2011a) but not yet offered at all HIV health care
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providers in the country, including our study sites. As a pilot study, it was thus considered to be an
ethical and practical imperative to provide nutrition education to all participants in the study,
rather than use a control group with no nutritional intervention. This does not preclude us from
drawing conclusions about the effectiveness of the intervention, however. Rather, we assess the
added effect of food assistance above and beyond nutritional education.
The intervention was based in four HIV care centers (Centros de Atención Integral, or CAI),
that were matched on size of the HIV population and location (to minimize differences in access to
food and socio‐economic differences), selecting two large hospitals in the capital city Tegucigalpa
and two smaller hospitals in cities located in the Caribbean coast region. The CAIs are run by the
Ministry of Health under the National AIDS Program, which participated closely in the study. The
study hired four professional nutritionists – one for each site – and a coordinator based at WFP. The
nutritionists carried out recruitment into the study, conducted nutrition education, assisted with
distribution of food assistance, and carried out all study assessments.
Assignment to the food assistance study group was at the clinic rather than patient level.
Given the generalized food insecurity in the study regions and the small size of the participating
HIV clinics, it was considered unethical to randomly offer food to some individuals and withhold it
from others who qualified within the same hospital. Instead, we randomized one of the two
matched hospitals within the same region to the food assistance plus nutrition education group
using a coin toss to minimize selection bias (e.g. clinic self‐selection into food assistance or
investigator assignment based on perceived need). The coin toss was attended by members of the
National AIDS Program, representatives of the participating clinics, and representatives of the
Association of People Living with HIV/AIDS in Honduras (ASONAPSIDAH). At the conclusion of the
study, the clinics assigned to nutrition education‐only then received the food assistance.
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Once clinics were assigned to study groups, participants attending one of the four CAI were
recruited consecutively into the study between December 2009 and October 2010, during their
regular clinic visit. Inclusion criteria were being a local resident of the community for more than
one year, 18 years old or above, receiving ART, having undernutrition (defined as being
underweight, i.e. having BMI ≤ 18.5) and/or household food insecurity, and, if receiving ART for at
least 6 months, indications of suboptimal adherence (i.e. missed clinic appointments, delayed
picking up medications, or reported stopping taking pills). Exclusion criteria included being unable
to speak and understand Spanish, or having plans to move in the next year. In addition, pregnant
women were excluded from the data collection portion of the intervention, to avoid the
confounding influence of pregnancy on change on nutritional outcomes; however, they still
received the program interventions if they met the inclusion criteria.
Participants in the food basket group received a supplementary food ration, which the
participant was responsible for picking up every month at a fixed date and time from the clinic or
other community location. The contents of the food assistance followed WFP’s policies and included
1000 grams of maize, 240 grams of rice, 370 grams of beans, 500 grams of fortified corn‐soy blend
(CSB), and 90 grams of vegetable oil per person per day, standardized for a household of five people
for 30 days. Providing a household food basket rather than an individual food ration was intended
to avoid diversion of the food meant for the recipient to other uses such as sharing with the family.
The food distribution process was managed by the study nutritionists with logistical support from
WFP and the participation of the Association of People Living with HIV/AIDS in Honduras
(ASONAPSIDAH). Family members were permitted to pick up the food ration in lieu of the
participant if needed.
In order to assure proper use of these foods, as well as to improve the overall quality of the
diet, a nutrition education component was developed based on comprehensive review of
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nutritional guidelines for PLHIV published around the world, and adapted to the local context based
on formative research conducted by RAND and the WFP from March to October 2009 on the macro
and micronutrient intake, food consumption habits and nutritional status of the target population,
as well as cultural acceptability, and local food availability. Nutritional education consisted of
monthly 20‐minute one‐on‐one nutritional counseling sessions based on the participant’s schedule,
and monthly 1‐hour group sessions at a fixed time. Nutritional counseling consisted of the
nutritionists delivering nutrition messages using colorful, graphic materials (developed specifically
for the local context), reinforced by verification questions and take‐home pamphlets. The group
sessions, also led by the nutritionists, were highly participatory, based on interactive activities and
games, and sometimes included cooking activities or demonstrations. All nutrition education
activities were accessible to participants with low literacy.
Follow‐up assessments consisted of monthly appointments with the nutritionists for 12
months. Every month, the nutritionist would conduct the nutritional counseling session, take
anthropometric measures (height, weight, body fat, waist circumference, mid‐upper‐arm
circumference), and assess dietary intake (food frequency and 24‐hour dietary recall). At baseline,
6‐months and 12‐months, the nutritionist would administer a more complete questionnaire
including information on household composition, socio‐economic status, nutritional knowledge,
food security, mental health, stigma, HIV knowledge, and ART adherence self‐efficacy. Participants
were provided with a monetary incentive to cover transportation costs and in recognition of their
participation, equivalent to ~$5 USD in local currency paid at baseline, 6 and 12 months (~$15
total).
The study was approved by RAND’s Human Subjects Protection Committee, as well as
Honduras’ National Bioethics Committee, based out of the National Autonomous University of
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Honduras. Written consent was obtained from all participants. ASONAPSIDAH collaborated in all
aspects of the program in close collaboration with the study nutritionists.
Measures
Dependent variables
Food insecurity: Food insecurity was assessed using the Latin American and Caribbean Food
Security Scale (ELCSA) a validated 15‐item scale developed specifically to assess food insecurity in
the Latin American and Caribbean regions (Melgar‐Quiñonez et al., 2010). The scale captures
experiences of household food security over the last 3 months, including food quantity and
sufficiency (e.g. “In the last 3 months, was there ever a time that you or another adult in your
household didn’t eat breakfast, lunch or dinner because there wasn’t enough money?”) , food quality
and safety (e.g. “In the last 3 months, was there ever a time there wasn’t enough money for a safe,
varied and nutritious diet?”, and anxiety about food supplies (e.g. “In the last 3 months, was there
ever a time that you worried that food would run out because there wasn’t enough money?”). The
scale differentiates between households with and without children, where the first 8 questions are
asked to all participants, and an additional 7 questions are asked to participants with children. All
questions receive “yes” or “no” answers. Raw scores were then tabulated as the sum of affirmative
answers, with higher scores indicating higher levels of food insecurity. Classification of food
insecurity was based on values of raw scores: food security (0, all households (HH)), light food
insecurity (1‐3, HH w/o children; 1‐5 HH w/ children), moderate food insecurity (4‐6, HH w/o
children; 6‐10 HH w/ children), and severe food insecurity (7‐8, HH w/o children; 11‐15, HH w/
children). Therefore, higher scores indicate higher food insecurity, and lower scores indicate lower
food insecurity (or better food security).To create a continuous food insecurity score for all
participants (0‐15), scores of participants without children were standardized to the 15‐point
scoring system.
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Body mass index (BMI): We focus on BMI in this paper as the most basic, accepted approach to
assessing nutritional status across adult individuals (Gibson, 2005). Weight and height
measurements were taken by professional nutritionists, who were previously trained and
standardized according to accepted methods (Habicht, 1974). Weight and height measurements
were used to derive body mass index (BMI) using the equation weight (kg)/height (m)2. Body
weight (kg) was measured on a digital, calibrated scale with a precision of 100 g, while the
participant wore a clinical robe and no shoes. A sliding metallic measuring tape with a precision of
0.1 cm was used to measure height (cm), with the participant standing erect without shoes next to a
vertical wall. BMI was used to classify the nutritional status of participants according to
international standard definitions: underweight (BMI < 18.5), normal (18.5 ≥ BMI > 25), overweight
(25 ≥ BMI > 30), and obese (BMI ≥ 30) (World Health Organization). A binary variable equal to 1 if
the participant was overweight or obese, and 0 otherwise, was constructed for use in analysis. In
this paper, we refer to the combined overweight/obese group as “OW”. Although we focus on BMI
as the nutritional status outcome in this paper, additional anthropometric measures were also
collected in a standardized manner and analyzed in sensitivity analyses, including body fat percent
using bioelectrical impedance, and body circumferences (waist and mid‐upper‐arm).
Key covariates
HIV‐related health: HIV‐related health is closely related to BMI, particularly underweight status,
and has also been tied to food insecurity in resource‐limited settings (Liu et al., 2011; Moh et al.,
2007; Wang et al., 2011; Weiser et al., 2009b; Zachariah et al., 2006). HIV‐related health was
assessed using data abstracted from clinic records, including the most recent CD4 count (cells/µL),
date of HIV diagnosis and ART initiation, and a binary variable indicating whether the person was
symptomatic (i.e. presence of opportunistic infections and/or AIDS diagnosis). Medication records
were abstracted to identify patients taking protease inhibitors as part of their ARV regimen, which

17

have been linked to increased central weight gain in some studies (Friis‐Møller et al., 2003). The
amount of time receiving ART was calculated by subtracting the date of ART initiation from the date
of baseline interview (all dates were coded as the number of days since January 1, 1960), and a
binary variable for being in the early stages of ART was constructed, using < 100 days as a cutoff to
capture the period after initiating treatment when health response to ART is largest (and is small to
nonexistent thereafter) (Thirumurthy et al., 2008b; Wools‐Kaloustian et al., 2006).
Socio‐economic characteristics: Socio‐economic status is closely tied – although not synonymous
with – the concept of food security (Maxwell, 1996; Maxwell et al., 1992), and may also affect BMI
through affecting resources available for food and healthcare (Campbell, 1991; Sauerborn et al.,
1996). We use two measures to approximate changes in socio‐economic situation. Current work
status was a binary variable defined as having worked in the last month, based on self‐report.
Material support was a binary variable indicating if the participant was currently receiving
economic support from a relative, friend or other source (not institutional), based on self‐report. In
addition we measure education as a binary variable indicating whether the participant has
completed at least primary school.
Demographic characteristics: We assessed demographic characteristics (gender, race/ethnicity,
age, household composition) in order to facilitate group comparisons on characteristics that may
affect food insecurity and/or BMI (Anema et al., 2009).
Analysis
Analyses were based on comparisons of food insecurity and nutritional status across the
study groups at baseline and over time. We first used bivariate statistics (Chi‐square test, two
sample t‐test) to compare the baseline characteristics of the food assistance plus nutrition
education group to the education‐only group. We also conducted comparisons across gender. To
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examine change over time, we explored trends in the outcome variables by testing for statistically
significant differences from 0 to 6 and 12 months by intervention group (paired t‐test).
We then conducted multivariate longitudinal linear regression to investigate the effect of
food assistance plus nutritional education on food insecurity and BMI, compared to nutrition
education alone. We identify the response to food assistance by examining changes in food
insecurity and nutritional status between interview assessments across study groups. Our key
identifying assumption is that data from the education‐only group can be used to control for trends
in the food assistance group due to nutrition education and/or secular factors such as changes in
the economy or climate. Since both groups received nutrition education, the effect we identify is the
added effect of food assistance above and beyond nutritional education.
An examination of bivariate statistics comparing the intervention groups at baseline reveal
that they differ on observable characteristics likely to affect food insecurity and BMI levels, as might
be expected in the absence of individual randomization. Of equal or more concern, however, may be
that participants could also differ along unobservable characteristics, such as preferences and
abilities. One strategy for dealing with selection on unobservables in identifying causal effect in
observational data is to “difference out” time invariant characteristics and to include only
covariates that change over time which we believe to affect our outcomes.
To implement this approach, we used an individual fixed effects model, which measures the
average change between assessments in our outcomes as a function of the change in our
explanatory variables. This approach causes some loss in efficiency compared to models with
individual random effects, but is more conservative because it allows the individual‐specific time‐
invariant effects to be correlated with the regressors. Key assumptions of the fixed effects model
include that all time‐varying factors affecting the relationship between the intervention and the
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outcome are included as covariates, and that time‐invariant factors may affect the level but not
change in the outcome. We estimate Equation 1 for the food insecurity outcome:

(1)

FI it   i   1 ( MONTH 6 t )   2 ( FAi * MONTH 6 t )   3 ( MONTH 12 t ) 

 4 ( FAi * MONTH 12 t )  X it    1   INTMONTH t   it ,
12

where, FI it is the continuous food insecurity score for individual i in in time t (interview
rounds at baseline, 6 and 12 months),  i is a fixed effect for individual i that captures the effects of
time‐invariant variables such as demographics and education, as well as unobservables such as
preferences and abilities, MONTH 6 t and MONTH12 t indicate the interview assessment that the
observation is from (with the baseline assessment as the omitted indicator), FAi is an indicator
variable equal to one if individual i is a food assistance recipient, X it  is a vector of time‐varying
covariates, and INTMONTH t consists of 12 month of interview indicators to control for monthly
fluctuations in food availability or prices in the community (with one month omitted). Our primary
explanatory variables of interest were the binary indicators representing the 6 and 12 month
assessments (where the baseline assessment was the omitted variable), and the cross product term
interacting the food assistance group by each time indicator. In X it  , we controlled for time‐
varying covariates (a) whose change we suspected would be associated with change in our
outcomes, based on the literature, and (b) that differed between the intervention groups at baseline
to control for these differences. For the food insecurity outcome, these included being HIV
symptomatic (in lieu of CD4 count, which was only available at baseline at the time of analysis),
household size, having worked in the last month, and receiving material support from friends or
family (Anema et al., 2009; Bukusuba et al., 2007; Tsai et al., 2011).
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The primary dependent variable for the nutritional status regression was BMI (kg/m2). For
this regression, we added several terms to the individual fixed effects model in Equation 1 to
capture how being overweight or obese at baseline may have modified the effect of food assistance
over time. For BMI, we estimate:

BMI it   i   1 ( MONTH 6 t )   2 (OWi * MONTH 6 t )   3 ( FAi * MONTH 6 t )
(2)

  4 (OWi * FAi * MONTH 6 t )   5 ( MONTH 12 t )   6 (OWi * MONTH 12 t ) 

 7 ( FAi * MONTH 12 t )   8 (OWi * FAi * MONTH 12 t )
 X it    1   INTMONTH t   it ,
12

where OWi represents whether individual i was overweight or obese at baseline. In addition to the
key explanatory variables noted in the food insecurity regression, the interactions of the time
indicators with OW status at baseline, and the triple interactions for being OW at baseline with both
the food assistance group and the time indicators, were also of prime interest. Covariates in X it 
were equivalent to the food insecurity regression, but also included food insecurity score.1
All analyses included attrition weights to account for drop out from the study, which were
derived via logistic regression using completion status as the outcome and baseline measures
associated completion status and assignment to the food assistance study group as the independent
variables. All statistical analyses were conducted in STATA/IC 11.1 (StataCorp: College Station,
Texas).
Sensitivity analysis
We conducted several sensitivity analyses to test the robustness of our results, particularly
to group differences at baseline that we believed might modify the effect of the intervention. First,
we omitted people who were in the early stages of receiving ART (< ~ 3 months) at baseline (n =
1

In addition, time‐invariant variables which were interacted with the binary time variables were included as
stand‐alone covariates (intervention group status and being OW at baseline), knowing that by design they
would fall out of the regression.
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36), since the initial months on ART tend to be accompanied by dramatic health improvements,
which may affect both food insecurity and anthropometric outcomes. Second, we omitted
households without children at baseline (n = 73), since food‐related decision‐making and
distribution may be fundamentally different in households with and without children. Third, for the
BMI regression only, we omitted people whose ARV schemes included protease inhibitors at
baseline, which some studies have found to be associated with central weight gain (Friis‐Møller et
al., 2003).
In addition to restricting the population in various ways, we explored two alternate
empirical specifications 1) a population‐averaged (PA) model using the generalized estimating
equations (GEE) approach to analysis of repeated measurement data, and 2) an individual random‐
effects (RE) model. Both of these alternate panel models allow for possibility that time invariant
characteristics (e.g. study site, education, etc.) and baseline characteristics (e.g. baseline food
security, baseline CD4, etc.) were associated with how our outcomes changed over time in response
to the interventions. For the regression on BMI, we were particularly concerned that heterogeneity
in the style and effectiveness of the nutritionist providing the education component at each site
could affect nutritional status. For the regression on food insecurity, we were concerned that the
significant differences in baseline food insecurity between the study groups may affect their change
over time. In the alternate models, we included the same covariates as the individual fixed effects
model, but in addition controlled for study site, gender, race/ethnicity, education status, baseline
versions of the outcome, and baseline CD4, and modeled time as an ordinal variable representing
the three assessments. Finally, we also explored how analyzing the binary variable for “severe food
insecurity” would perform as an alternate outcome in comparison to food insecurity score, using
the population‐averaged regression model.
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RESULTS
Sample characteristics
The sample consisted of 400 participants, including 203 receiving food assistance and
nutrition education and 197 receiving education‐only. Eighty‐eight percent of the food assistance
group and 76% of the education‐only group completed the 12‐month assessment. Those who were
HIV symptomatic at baseline were less likely to complete the study (regardless of intervention
group), while participants in the food basket group were more likely to complete the study.
Baseline characteristics of the total sample by intervention group and gender are given in
Table 1. Average time since HIV diagnosis and ART initiation was 5.3 and 3.7 years, respectively,
with 9% of participants receiving ART for less than 100 days, and 7% taking protease inhibitors as
part of their ARV scheme. Participants in the food assistance intervention group were more likely to
be female and have child dependents in the household, but less likely to self‐identify as
afrodescendent, have completed primary school, have worked in the last month, and be receiving
economic support from family or friends. The food assistance group had higher average CD4 counts
at baseline, indicating better immune health, but also had higher probability of being symptomatic.
Women were more likely to have child dependents in the household, less likely to be
working and less likely to be receiving economic support from family or friends compared to men.
On average, women had been receiving ART for longer than men, despite similar mean time since
HIV diagnosis.
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Table 1: Demographic, health and socio‐economic characteristics at baseline

Intervention Group

Gender

Food assistance +
Nutrition education

Nutrition
education
only

Men

Women

74% ***

62% ***

‐‐

‐‐

69%

Afrodescendent

4% ***

19% ***

8%*

13%*

12%

Primary school or more

49% **

58% **

53%

56%

54%

Age in years [SD]

40 [0.70]

41 [0.68]

41 [0.59]*

40 [0.89]*

HH w/ children < 18 y.o

87%***

77%***

67%***

88%***

82%

HH size (incl. participant)

5.1 [2.5]

4.7 [2.5]

4.3 [2.4]

5.1 [2.5]

4.9 [2.5]

CD4 count (cells/µl) [SD]

317 [13.04]**

274 [13.7] **

228 [15.4]***

329 [11.4]*** 297 [9.5]

Years since HIV diagnosis [SD]

5.1 [0.28]

5.4 [0.29]

5.2 [0.23]

5.3 [0.42]

5.3 [0.20]

Years receiving ART [SD]

3.6 [0.18]

3.8 [0.19]

3.3 [0.15]**

3.9 [0.23]**

3.7 [0.13]

Receiving ART < 100 days

7%

11%

15% **

6% **

9%

Takes protease inhibitors

8%

6%

5%

8%

7%

Currently symptomatic

12% **

6% **

10%

9%

9%

Worked in last month

33% **

44% **

45% **

35% **

38%

Receives material support

28% *

35% *

39% **

28% **

32%

203

197

123

277

400

Demographics
Female

All

40 [0.49]

HIV‐related health

Socio‐economic status

Number of observations

*** p < 0.01; ** p < 0.05; * p < 0.01
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Baseline food insecurity and nutritional status
Overall, there was a high prevalence of severe food insecurity among study participants
[65%], with an average food insecurity score of 11.4 (out of 15 possible points, with 15 being
indicating the highest level of food insecurity) (Table 2). Examining nutritional status, mean BMI
was 24 m/kg2, with 58% of participants classified in the normal range, while 31% total were either
overweight [23%] or obese [8%]. Eleven percent of participants were underweight. While we found
significant prevalence of both food insecurity and OW in the study population at baseline, Figure 1
demonstrates that these traits overlapped for many individuals in our study. Looking at the upper
right area of the scatterplot plotting the food insecurity score against BMI, we see that a significant
amount of severe and moderate food insecurity existed among OW participants at baseline.
Meanwhile, looking at the upper left quadrant of the scatter plot, we see that higher food insecurity
was not visibly concentrated among people with lower BMI, although there is a slight and
statistically significant inverse correlation between food insecurity score and BMI [corr = ‐0.12; p <
0.01].
Higher prevalence of severe food insecurity at baseline was found among the food
assistance group [72%] compared to the education‐only group [58%; p < 0.01], and there were also
significant differences in mean food insecurity score. However, comparisons by study group did not
reveal salient differences in BMI.
Comparing men and women, there were no significant baseline differences in the
prevalence of severe food insecurity or the mean food insecurity score by gender. However, women
were significantly more likely than men to be overweight or obese and have larger waist
circumferences, despite having lower overall weight compared to men.
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Table 2: Nutrition characteristics at baseline
Intervention Group

Gender

Nutrition
education
only

Food assistance +
Nutrition education

Men

Women

All

Household food insecurity 1
Mean standard. score [SD]

12.0 [3.3]***

10.7 [4.4]***

11.2 [4.1]

11.5 [3.8]

11.4 [3.9]

Severe insecurity

72% ***

58% ***

61%

67%

65%

Moderate insecurity

22%

26%

28%

23%

24%

Light insecurity

5% ***

15% ***

9%

10%

10%

No insecurity

0% *

1% *

2%

0%

1%

Mean BMI [SD]

23 [4.3]

24 [4.7]

22 [3.3] ***

24 [4.8]***

Underweight

12%

9%

15% **

9% **

11%

Normal

58%

58%

70% ***

52% ***

58%

Overweight

23%

24%

13% ***

28% ***

23%

Obese

7%

9%

2% ***

11% ***

Weight (kg) [SD]

57.0 [11.4] ***

60.0 [12.8] ***

61.0 [9.5]***

57.2 [13.1]***

8%
58.4
[12.2]

Number of observations

203

197

123

277

Body mass index (BMI)

*** p < 0.01; ** p < 0.05; * p < 0.01
1

Range 0 – 15
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24 [4.5]

400

15

Figure 1: Correlation between food insecurity and BMI at baseline

10

Moderate food
insecurity

5

Food insecurity score

Severe food insecurity

0

Light or no food
insecurity

Underweight

10

Overweight and obese

20

30
BMI (kg/m2)

Note: Correlation = ‐ 0.12 (p < 0.01)
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Longitudinal results on food insecurity
Figure 2 presents unadjusted trends in food insecurity score over three assessments (0, 6
and 12 months) by intervention group. Food insecurity score decreased for both groups over the 12
months of the study, with the most dramatic improvement occurring between baseline and 6
months. In the food assistance plus education group, the mean food insecurity score decreased
significantly from baseline [mean = 12.0] to Month 6 [mean = 6.6; p < 0.01], and increased slightly
at Month 12 while remaining significantly below baseline levels [mean = 7.4, p < 0.05]. The overall
trend from 0 to 12 months for the food assistance group was significant [p < 0.01]. In the
education‐only group, the food insecurity score decreased by a smaller amount from baseline
[mean = 10.4] to Month 6 [mean = 8.6; p < 0.01], and also increased slightly at Month 12 while
remaining significantly below baseline levels [mean = 9.3, p < 0.05]. The overall trend from 0 to 12
months for the nutrition education group was significant [p < 0.01]. Differences in food insecurity
score between study groups were significant at each assessment [p < 0.01]. Notably, while the food
assistance plus education group began the study with higher food insecurity than the education‐
only group, they ended the study with lower levels of food insecurity.
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Food insecurity score
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Figure 2: Trend in food insecurity score over 12 month follow‐up, by study group

0

6
Month
Nutritional education only
95% CI

12
Food assistance + education

Note: Lower scores represent reduced food insecurity (i.e. improvement)

29

To test the unadjusted trends we observed above, we used linear regression with individual
fixed effects to estimate the effect of food assistance plus nutrition education on food insecurity
score, controlling for a range of covariates. This model uses within‐subjects change to estimate
effects, and therefore all coefficients relate change in the explanatory variable to change in food
insecurity. It accounts for time‐invariant heterogeneity across individuals that could lead to self‐
selection. In the multivariate longitudinal regression model of food insecurity (Table 3), we were
primarily interested in the coefficients on the time variables (‘Month t’), and their interaction with
the variable for food assistance (‘Month t X FA’). The coefficients on ‘Month 6’ [b = ‐1.891; p < 0.01]
and ‘Month 6 X FA’ [b = ‐3.150; p < 0.01], were both negative and highly significant, indicating that
the food insecurity score decreased for both study groups by Month 6, with the food assistance
group experiencing a larger decrease compared to the education‐only group. Moving to the next
assessment, the coefficients for ‘Month 12’ [b = ‐1.750; p < 0.01] and the interaction of ‘Month 12 X
FA’ [b = ‐2.740; p < 0.01] remained negative and highly significant, with no further decrease in the
food insecurity score compared to Month 6.
The coefficients presented above can be interpreted to mean that by Month 12, the food
insecurity score decreased by an average of 1.750 points for the education‐only group, while the
food assistance plus education group experienced an additional decrease of 2.740 points, for a total
improvement of 4.49 points. The size of the effect for the additional decrease of 2.740 (i.e. the effect
of food assistance) is slightly less than one standard deviation of the food insecurity score for the
food assistance group at baseline, implying that by 12 months almost 68% of the food assistance
group had shifted below the mean baseline score due to food assistance. The results did not change
significantly after conducting two sensitivity analyses, the first that dropped people in early stages
of receiving ART, and the second that dropped households without children (see Appendix, Table
A1). In addition, changing the specification of the model to account for time‐invariant and/or
baseline differences, including baseline food insecurity score, did not change the direction or
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significance of effects (see Appendix, Table A3). Finally, results from the population‐averaged
logistic regression using the binary outcome for severe food insecurity mirror the direction and
significance of the results on food insecurity score (See Appendix, Table A3).
Examining the regressions on food insecurity by gender (Table 3) indicate that by Month
12, both women and men had experienced a significant decrease in food insecurity, in both
intervention groups. The coefficient on ‘Month 12 X FA’ suggests that women [b = ‐ 3.244; p < 0.01]
experienced greater improvement in household food security compared to the full population
regression [b = ‐ 2.740; p < 0.01]. In addition, food insecurity score decreased for women most
strongly in the first six months [‘Month 6 X FA’, b = ‐ 4.368; p < 0.001], similar to the full population
regression. Meanwhile, men also experienced an improvement [b = ‐ 2.036; p < 0.10] due to food
assistance by the end of the study, although this effect was only marginally significant. We did not
detect a significant effect of food assistance for men at 6 months. Power analysis of the split gender
sample revealed that we had high power (> 80%) to detect changes in food insecurity score at the
5% level for women. However, we had very low power to detect changes in food insecurity score
for men across intervention groups at the 5% level and thus do not make comparisons on point
estimates across the two gender groups.
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Table 3: Longitudinal linear regression results on food insecurity score, by gender

Food insecurity score

Month 6
Month 6 X Food assistance
Month 12
Month 12 X Food assistance
HIV symptomatic
Household size
Worked in the last month
Material support from family or friends
Constant

Observations
Number of person ID

All

Women

Men

-1.891***
(0.473)
-3.150***
(0.606)
-1.750***
(0.433)
-2.740***
(0.581)
-0.290
(0.633)
0.267*
(0.136)
-0.769**
(0.352)
0.245
(0.391)
9.596***
(0.952)

-0.570
(0.514)
-4.368***
(0.658)
-0.969*
(0.504)
-3.244***
(0.652)
-0.535
(0.717)
0.379**
(0.160)
-1.178***
(0.399)
0.249
(0.400)
9.726***
(1.111)

-4.569***
(0.974)
-0.488
(1.236)
-3.077***
(0.826)
-2.036*
(1.224)
0.115
(1.147)
0.166
(0.224)
0.357
(0.699)
-0.037
(1.092)
8.475***
(1.642)

971
382

692
267

279
115

*** p<0.01, ** p<0.05, * p<0.1
Notes:
a) Regressions include individual fixed effects and month-of-interview indicator variables.
Robust standard errors in parentheses
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Longitudinal results on nutritional status
Unadjusted trends in BMI were examined after stratifying on nutritional status
classification at baseline, combining overweight and obese participants into one group (designated
as “OW”) (Figure 3). Participants who were underweight or in the normal BMI range at baseline
increased their average BMI over the first 6 months of the study, with both intervention groups
experiencing increases of similar magnitude (all increases significant at p < 0.01). No further
significant changes in BMI occurred at Month 12 for these groups (Figures 4a and 4b). The overall
increase from 0 to 12 months was significant for both underweight and normal BMI range groups
[p < 0.01]. Those who were OW at baseline had slight changes in BMI that differed by intervention
group (Figure 3c). In the OW food assistance group, BMI increased slightly from baseline [mean =
28.5] to Month 6 [mean = 29.0; p < 0.01], and then decreased slightly again at Month 12 [mean =
28.7, p < 0.10]. However, while there was slight movement between baseline and Month 6, and
Month 6 and Month 12, there was no statistically significant difference in BMI between baseline and
Month 12. In the OW education‐only group, BMI decreased by from baseline [mean =28.9] to Month
6 [mean = 28.6; p < 0.05], with no statistically significant additional change at Month 12. The overall
trend in decreased from 0 to 12 months was significant [p < 0.05].
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Figure 3: Trend in BMI over 12 month follow‐up by study group, stratified by baseline
nutritional status
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Table 4 shows results from the individual fixed effects regression model of BMI. As in the
food insecurity regression, we were primarily interested in the coefficients on the time variables
(‘Month t’) and their interaction with the food assistance group (‘Month t X FA’). In addition, we
were interested in the triple interaction terms including OW status at baseline (‘Month t X FA X
OW’). While the coefficient on ‘Month 6’ [b = 0.649; p < 0.01] was positive and significant, the
coefficient on ‘Month 6 X FA’ was not significant, indicating that BMI increased by the same average
amount for non‐OW participants in both intervention groups. However, both ‘Month 6 X OW’ [b = ‐
0.906; p < 0.01] and ‘Month 6 X FA X OW’ [b = 0.690; p < 0.10] were significant, indicating that at
Month 6, BMI decreased in the OW education‐only group by ‐0.363 points (∆BMI Month 6, education, OW =
0.649 – 0.906 = ‐0.216), but that those in the OW food assistance group actually experienced a slight
increase in BMI of 0.474 points (∆BMI Month 6, FA, OW = ‐0.216 + 0.690 = 0.474). However, this effect for
the OW food assistance group at 6 months was only marginally significant and of very small
magnitude in practical terms, compared to the standard deviation of BMI at baseline, which was
quite large [SD = 4.5].
By Month 12, the coefficients on ‘Month 12’ [b = 0.534; p < 0.01] and ‘Month 12 X OW’ [b = ‐
0.850; p < 0.01] were still significant, indicating that non‐OW participants experienced an increase
in BMI by 0.534 points, while the OW participants experienced a decrease in their BMI by 0.316
points (∆BMI Month 12, OW = 0.534 – 0.850 = ‐ 0.316), regardless of intervention. Meanwhile the
coefficient on ‘Month 12 X FA X OW’ was no longer significant. These results indicate that no net
change in BMI occurred for the food assistance group over the course of the study, including those
OW at baseline.
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Table 4: Longitudinal linear regression results on BMI (kg/m2), by gender

BMI

Month 6
Month 6 X OW
Month 6 X FA
Month 6 X FAX OW
Month 12
Month 12 X OW
Month 12 X FA
Month 12 X FA X OW
HIV symptomatic
Food insecurity score
Household size
Worked in the last month
Material support from family or friends
Constant

Observations
Number of person ID
*** p<0.01, ** p<0.05, * p<0.1

All

Women

Men

0.649***
(0.165)
-0.906***
(0.260)
0.027
(0.223)
0.690*
(0.394)
0.534***
(0.166)
-0.850***
(0.317)
0.079
(0.230)
0.278
(0.482)
-0.915***
(0.273)
-0.024*
(0.013)
-0.011
(0.037)
0.012
(0.111)
0.091
(0.145)
24.218***
(0.302)

0.361*
(0.208)
-0.543*
(0.298)
0.266
(0.275)
0.412
(0.436)
0.217
(0.211)
-0.370
(0.369)
0.311
(0.300)
0.008
(0.557)
-0.901***
(0.329)
-0.015
(0.017)
-0.028
(0.057)
0.002
(0.137)
0.160
(0.166)
24.958***
(0.411)

0.748***
(0.254)
-1.579***
(0.548)
-0.078
(0.363)
0.616
(0.871)
0.859***
(0.276)
-2.194***
(0.619)
-0.177
(0.369)
0.716
(0.997)
-1.033**
(0.471)
-0.040**
(0.020)
0.033
(0.052)
0.136
(0.199)
-0.248
(0.332)
22.586***
(0.399)

969
382

690
267

279
115

Notes:
a) Regressions include individual fixed effects and month-of-interview indicator variables.
Robust standard errors in parentheses
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In all three sensitivity analyses, which consecutively dropped from the sample 1) people in
the early stages of ART, 2) households without children, and 3) people taking protease inhibitors as
part of their medication scheme, the marginally significant effect on the OW food assistance group
at 6 months disappeared completely (See Appendix, Table A2). In addition, changing the
specification of the model to either population‐averaged or individual random‐effects still identified
the trends of improved BMI regardless of which intervention they received, and found no
additional effect of food assistance over 12 months (See Appendix, Table A4). Finally, using body fat
percentage as an alternate measure of nutritional status did not identify an effect of food assistance
(See Appendix, Table A5).
Examining the regressions on food insecurity by gender (Table 4) indicated that at Month 6,
men who were not OW at baseline experienced a significant increase in BMI [b = 0.748; p < 0.01],
while men who were OW at baseline experienced a significant decrease [b = ‐ 1.579; p < 0.01;
(∆BMI Month 6, education, OW = 0.748 – 1.579 = ‐ 0.831], regardless of intervention group. At Month 12,
this trend was persistent and more pronounced. Trends for women by overweight status moved in
the same direction as those for men, but with smaller magnitude. No trend was evident for women
by Month 12. As with the full population regression, we did not detect a significant effect of food
assistance for any group at either Month 6 or 12. However, we had low power to detect trends in
BMI by gender (<50%), including the effect of food assistance, and thus do not make comparisons
on point estimates across men and women,
DISCUSSION
This study contributes to a growing literature on the effects of food assistance integrated
with ART on the health and welfare of PLHIV and their households (Tirivayi et al., 2011a). We find
strong evidence that food assistance plus nutrition education improves food security for beneficiary
households compared to nutrition education alone. Evidence of a positive effect of food assistance
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on household food security suggests that at least some, but perhaps not all, of the intended benefits
of increased access to food are reaching household members and are not being diverted to other
purposes (e.g. selling food to pay for other non‐food items), being lost to spillover to extended
family and community members, or crowding out all other sources of other external support, as can
be a concern with in‐kind transfers in contexts of generalized economic insecurity (Marchione,
2005).
Improving food security may play an important role in alleviating suffering and improving
the mental and physical health of PLHIV. Food insufficiency has been linked to depression in a
range of settings and health conditions (Alaimo et al., 2002; Cole et al., 2011; Heflin et al., 2005;
Siefert et al., 2004), particularly among women. Increasingly, studies find that food insecurity is
closely associated with depression among PLHIV (Tsai et al., 2012; D. Y. Wu et al., 2008) and that
alleviating depression can improve HIV outcomes (Tsai et al., 2010). Food insecurity also predicts
morbidity and mortality of people on ART independently of BMI (Weiser et al., 2009b; Weiser et al.,
2009c; Weiser et al., 2012), suggesting that reducing food insecurity can improve HIV outcomes for
people regardless of nutritional status. While we did collect information on morbidity (e.g.
hospitalizations, opportunistic infections, etc.) and mental health of PLHIV in our study, these
outcomes will be analyzed in future papers. Furthermore, we had insufficient statistical power to
examine mortality in our study.
Together with evidence that food insecurity may compromise ART adherence, our results
support the proposition that food assistance may be successful at improving adherence and HIV
outcomes via a pathway of improved food security (See Figure 4). Food insecurity is associated
with worse immunologic status at ART initiation (i.e. CD4 count) (Normen et al., 2005; Weiser et al.,
2009a) and poor morbidity and mortality on ART (Weiser et al., 2009b; Weiser et al., 2009c; Weiser
et al., 2012). Food insecurity has been documented to adversely affect ART adherence in a range of
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We find some evidence that food assistance benefited women’s household food security to a
greater degree than suggested by the full population regressions, which could have particular
implications for adherence interventions targeted at women. In addition, despite reduced power
available to analyze the effect of food assistance on food insecurity among men, we still find a
positive effect for men after 12 months. Although it appears that women may have benefited from
food assistance more than men based on a comparison of point estimates, low power limits any
comparisons across gender. Rather we consider these potential differences across gender an
important avenue for future exploration.
To our knowledge, no published studies in resource‐limited settings have investigated
nutritional interventions integrated with ART that address food insecurity of PLHIV in settings with
high prevalence of overweight and obesity. Excess weight can exacerbate ART‐related metabolic
syndrome, which includes central fat accumulation, insulin resistance, lipid abnormalities, and
hypertension (Alvarez et al., 2010; Friis‐Møller et al., 2003), sometimes a side effect of ART. People
who take certain classes of antiretroviral medications, specifically protease inhibitors, may be at
particular risk. In turn, metabolic syndrome is associated with increased risk of cardiovascular
disease and type 2 diabetes mellitus (Alberti et al., 2005; Grundy et al., 2005). Despite evidence
suggesting that obesity may have provided a protective ‘survival’ effect for PLHIV before highly
effective combination ART became available (Shor‐Posner et al., 2000), current studies of people
receiving ART suggest that obesity is associated with poorer immunologic response to treatment
(Crum‐Cianflone et al., 2010), and that not being underweight yet being food insecure carries a
higher risk of mortality on treatment than being underweight and food secure (Weiser et al.,
2009b). These studies indicate that maintaining excess weight is not likely to be a protective
strategy for PLHIV receiving ART, particularly where food insecurity exists. While a growing
epidemiological literature in Latin America has identified overweight and obesity to be a salient
issue for PLHIV, this literature does not specifically address food insecurity, nor explore the effects
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of food‐related interventions on nutritional outcomes, food insecurity and adherence in the context
of overweight and obesity (Alvarez et al., 2010; Jaime et al., 2006; Leite et al., 2010; Mariz et al.,
2011).
In this context, it is encouraging – but not necessarily surprising – that we do not find food
assistance to adversely affect BMI for PLHIV who are overweight or obese and receiving ART,
especially women, at least in the short term. Recent reviews of the link between food insecurity
interventions and nutritional status among resource‐limited individuals within the United States
have found growing evidence that weight gain is associated with participation in food assistance
programs among women (but not men) (N. I. Larson et al., 2011; Wilde, 2007). However, a clear
causal chain between food stamps and weight gain has yet to be empirically established.
Furthermore, the risk of weight gain may increase with the duration of participation in food
assistance programs (Zagorsky et al., 2009), implying that even if food assistance does increase
weight and BMI, it may not do so over the relatively short period of time measured in our study.
Meanwhile, there is a slight trend of reduced (i.e. improved) BMI among overweight or
obese participants in our study, regardless of which interventions they received. These effects
appear to be particularly strong in men, although reduced power for split gender analysis of BMI
outcomes limits our ability to compare estimates across gender. It is possible improvements in BMI
may be related to receiving nutrition education, via improved dietary counseling and habits.
However, without a comparable control group of PLHIV not receiving any intervention, we cannot
separate the effects of the nutrition education from secular trends unrelated to our interventions.
Future analysis could also consider food intake and dietary diversity as outcomes, both of which
could have improved over the course of the study, and perhaps explain some of the changes in food
consumption and utilization experienced at the individual and household level underlying observed
improvements in food insecurity and BMI. In addition, evidence of increased BMI for participants
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starting the study in the normal BMI range in both study groups (as portrayed in Figure 3b and
suggested by the regression results in Table 4) could merit further investigation. Although mean
BMI for those starting in the normal range did not exceed acceptable levels over the course of the
study, we did not examine the incidence of overweight and obesity as an outcome. Future studies
could consider the effect of food assistance on the incidence or prevalence of overweight and
obesity, conditioning on initial nutritional status.
Significant issues remain in determining the most optimal and sustainable way to address
food insecurity in the context of HIV treatment (Frega et al., 2010). Among the most pressing issues
are determining the appropriate composition of food assistance, as well as the most relevant
criteria, timing, and strategy for transitioning off of direct food aid. These are issues that many food
assistance programs integrated with ART are facing, with little guidance from the published
literature (Yager et al., 2011). This is particularly so for programs where food aid is intended to
address adherence by alleviating household food insecurity rather than acute undernutrition at
ART initiation. Food insecurity in resource‐limited settings tends to be a pervasive and chronic
reality that, while intensified by HIV, is persistent at both the individual and community level
(Bukusuba et al., 2007; Crush et al., 2011). Where food insecurity coincides with underweight
status at ART initiation, it may be more straightforward to phase out food assistance as the
beneficiary gains weight and enters a normal BMI range, rather than consider how much food
security is ‘enough’. In addition, regardless of nutritional status, improving food security in the first
year of treatment may strengthen overall ART adherence and outcomes, amplifying the positive
effect of ART on labor supply (Thirumurthy et al., 2011; Thirumurthy et al., 2008b), and promoting
even greater improvements in food security as economic well‐being improves (Palar, 2012).
However, the criteria for phasing out food assistance become increasingly inconclusive where food
insecurity coincides with higher BMIs or is given during the course of treatment rather than at the
onset. Faced with limited budgets, program leaders may simply choose an arbitrary endpoint to
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phase out food assistance based on programmatic feasibility. Furthermore, without addressing the
underlying reasons for food insecurity, there is little reason to believe that food assistance alone
will improve adherence beyond the duration of the program. For these reasons, the World Food
Program and other organizations engaged with ART‐integrated food assistance are increasingly
turning to livelihood approaches to support food security (Frega et al., 2010; Kadiyala et al., 2009;
Yager et al., 2011).
Findings from our study point to the positive effects of food assistance being concentrated
in the first 6 months of the intervention. While this may suggest that shorter term food assistance
coupled with HIV treatment and care could be sufficient to achieve improved food security (e.g. a 6
month program), we cannot be certain that food security did not continue to improve after 6
months, given that our next data point did not occur until month 12. More importantly, it is possible
that anticipating the end of food assistance changed household food behavior in the latter part of
the intervention, or increased anxiety and uncertainty about household food supply, possibly
counteracting some of the impacts of food assistance on food security. For example, if households
conserved food supplies rather than consuming them, this could have decreased food sufficiency in
the short term. Such behavior would be consistent with food insecurity as a ‘managed process’
whereby households tradeoff between current and future consumption (Coates et al., 2006;
Corbett, 1988). Meanwhile, regardless of whether food consumption was actually constrained after
6 months, worry over the food supply – which is captured in our food insecurity measure – could
have also halted improvement in food security. Therefore, we do not take our findings to suggest
that transition off of food assistance should start at 6 months; rather, they indicate that more
research is needed to understand how households are utilizing and dynamically making food‐
related decisions in the context of expectations around food assistance and ongoing HIV treatment.
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Our study was subject to several limitations. First, the interventions were not randomly
assigned by individual, but by a small number of clinic sites. Given our lack of large number
randomization, it is not too surprising that the food assistance group was systematically different
from the nutrition education group. In particular, it was worse off than along several key
dimensions at baseline, including one of our key outcomes (food insecurity), pointing to potential
selection bias. We attempted to minimize the effects of selection on time‐invariant characteristics
(both observables and unobservables) by using a model with individual fixed effects to identify the
effect of the intervention. As a robustness check, we then tested our model assumption that
differences in time‐invariant characteristics (e.g. clinic site, baseline food insecurity, etc.) did not
affect change in our outcome variables by implementing alternate model specifications controlling
for these differences. Results of the alternate models did not nullify or reverse the overall direction
or significance of results. However, there remains a possibility of omitted variables bias in our
regressions. While the fixed effects regression allows time‐invariant component of the error to be
correlated with the regressors, it requires that the time‐varying component be uncorrelated (i.e.
that all time‐varying characteristics that influence the effect of the intervention on food insecurity
are included as controls in the regression). For example, we did not have a good measure of wealth
or income, which may have changed over time as the food basket added in‐kind ‘income’ to the
household, and which is closely tied with food insecurity. Controlling for change in work status and
economic support from family or friends may be a reasonable proxy to overall change in income or
wealth, but only if they were sensitive to changes in recipient household well‐being and if the
binary measures were able to capture these changes. In addition, our variable representing change
in HIV‐related health (the binary ‘HIV symptomatic’ variable) may not have adequately measured
physical health status; however, it was our only objective HIV‐related health measure that was
available longitudinally at the time of analysis. Finally, there was some evidence of attrition bias. In
particular, those who were HIV symptomatic at baseline were less likely to complete the study
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(regardless of intervention group), perhaps reflecting greater rates of hospitalization and
potentially death. In addition, participants in the food assistance group were more likely to
complete the study, perhaps reflecting the greater need in this group. We attempted to minimize
this bias by including attrition weights in the analysis. Finally, one caveat to the generalizability of
our results is that we were potentially subject to unobserved self‐selection by patients who had
better adherence, given that recruitment was conducted during regular clinic visits. Thus, patients
with better clinic attendance may have been more likely to be selected into our sample.
CONCLUSION
Food assistance combined with nutrition education provided in the context of ART may
improve the household food security of PLHIV and provide an important path to adherence across
the BMI spectrum. Positive trends in BMI for both underweight and overweight or obese
participants suggest that nutrition education may be working to improve nutritional status for
PLHIV, and merits further rigorous evaluation. While we found no additional effect of food
assistance on nutritional status, we were limited by relatively small sample sizes, particularly in the
non‐normal BMI groups. Therefore, research should continue to assess whether food assistance
positively increases weight among malnourished individuals living with HIV, or adversely increases
weight for normal, overweight or obese food beneficiaries, wherever they are included in
interventions. At the same time, policy and program leaders should carefully consider whether a
combination of targeted food assistance to people receiving ART who are critically underweight,
livelihood support for all food insecure ART patients, and HIV‐specific nutritional education by
trained nutritionists may better address 1) the long‐term food and nutrition‐related challenges to
adherence than general food assistance integrated with ART, and 2) programmatic sustainability of
interventions, given limited financial resources. More rigorous research is needed to determine
how each of these strategies improves the health and welfare of PLHIV, and affects ART program
costs, particularly livelihoods strategies and nutrition education. It is clear, however, is that food
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insecurity must be actively addressed in order to fully realize the potential of ART to improve the
lives of PLHIV in resource‐limited settings.
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APPENDIX

Table A1: Food insecurity sensitivity analyses

Food Insecurity Score

Month 6
Month 6 X FA
Month 12
Month 12 X FA
HIV symptomatic
Household size
Worked in the last month
Material support
Constant

Observations
Number of person ID
*** p<0.01, ** p<0.05, * p<0.1

Original

SA1: Drop early
stage ART
recipients

SA2: Drop
households w/o
kids

-1.891***
(0.473)
-3.150***
(0.606)
-1.750***
(0.433)
-2.740***
(0.581)
-0.290
(0.633)
0.267*
(0.136)
-0.769**
(0.352)
0.245
(0.391)
9.596***
(0.952)

-1.588***
(0.493)
-3.372***
(0.619)
-1.824***
(0.459)
-2.586***
(0.607)
-0.571
(0.621)
0.266*
(0.136)
-0.751**
(0.369)
0.254
(0.396)
9.576***
(0.952)

-1.398***
(0.518)
-3.495***
(0.652)
-1.470***
(0.473)
-2.867***
(0.617)
-0.182
(0.727)
0.361**
(0.148)
-0.783**
(0.373)
0.289
(0.394)
9.093***
(1.071)

971
382

892
348

807
310

Notes:
a) Results of longitudinal linear regression (same model specification as Table 3)
b) Regressions include individual fixed effects and month-of-interview indicator variables.
c) Robust standard errors in parentheses

47

Table A2: Food insecurity – Alternate model specifications

Food assistance group
Time
Time X FA
CAI2
CAI3
CAI4
Baseline food insecurity score
Constant

Observations
Number of ID

Severe food
insecurity
(a) Population
averaged

(b) Population
averaged

(c) Individual
random effects

-0.275
(0.390)
-0.666***
(0.170)
-0.742***
(0.226)
1.501***
(0.237)
0.000
(0.000)
0.508
(0.413)
0.494***
(0.052)
-4.362***
(0.698)

-0.380
(0.476)
-1.218***
(0.213)
-1.086***
(0.290)
1.626***
(0.393)
0.000
(0.000)
0.246
(0.534)
0.745***
(0.038)
3.262***
(0.723)

-0.467
(0.732)
-1.224***
(0.239)
-1.038***
(0.317)
1.653***
(0.395)
0.000
(0.000)
0.195
(0.510)
0.737***
(0.034)
3.441***
(0.865)

837
326

837
326

844
330

Continuous food insecurity

*** p<0.01, ** p<0.05, * p<0.1

Notes:
a) Regression (a) gives results from the logistic regression in log odds to facilitate easy
comparison of sign (but not magnitude) with the linear models.
b) “Time” is an ordinal variable for the 3 assessments (models would not converge with
indicators for 6 and 12 months)
c) CAI1 is the omitted study site
d) All regressions include gender, race, education, baseline CD4 count, and the following timeupdated variables: household size, work status, material support, HIV symptomatic status,
and month of interview indicators.
e) Robust standard errors in parentheses
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Table A3: BMI sensitivity analyses
BMI
SA1: Drop
early stage
ART recipients

SA2: Drop
households
w/o kids

SA3: Drop if
taking
protease
inhibitors

0.649***
(0.165)
-0.906***
(0.260)
0.027
(0.223)
0.690*
(0.394)
0.534***
(0.166)
-0.850***
(0.317)
0.079
(0.230)
0.278
(0.482)
-0.915***
(0.273)
-0.024*
(0.013)
-0.011
(0.037)
0.012
(0.111)
0.091
(0.145)
24.218***
(0.302)

0.437***
(0.163)
-0.689***
(0.247)
0.179
(0.222)
0.542
(0.387)
0.431**
(0.172)
-0.590**
(0.290)
0.123
(0.228)
0.019
(0.459)
-0.794***
(0.296)
-0.017
(0.013)
-0.013
(0.037)
-0.003
(0.115)
0.083
(0.137)
24.299***
(0.296)

0.421**
(0.179)
-0.697**
(0.282)
0.156
(0.235)
0.611
(0.416)
0.436**
(0.193)
-0.778**
(0.351)
0.133
(0.252)
0.121
(0.536)
-0.995***
(0.300)
-0.022
(0.015)
-0.046
(0.044)
0.090
(0.120)
0.182
(0.157)
24.489***
(0.341)

0.662***
(0.173)
-0.838***
(0.266)
0.052
(0.231)
0.434
(0.421)
0.521***
(0.175)
-0.826**
(0.327)
0.107
(0.238)
0.168
(0.516)
-0.983***
(0.288)
-0.024*
(0.013)
-0.009
(0.038)
0.042
(0.117)
0.086
(0.153)
24.061***
(0.313)

969
382

890
348

806
310

906
355

Original

Month 6
Month 6 X OW
Month 6 X FA
Month 6 X FAX OW
Month 12
Month 12 X OW
Month 12 X FA
Month 12 X FA X OW
HIV symptomatic
Food insecurity score
Household size
Worked in the last month
Material support
Constant

Observations
Number of person ID
*** p<0.01, ** p<0.05, * p<0.1

Notes:
a) Results of longitudinal linear regression (same model specification as Table 4)
b) Regressions include individual fixed effects and month-of-interview indicator variables.
c) Robust standard errors in parentheses
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Table A4: BMI – Alternate model specifications
BMI

Food assistance group
OW at baseline
FA X OW
Time
Time X OW
Time X FA
Time X FA X OW
CAI2
CAI3
CAI4
BMI at baseline
Constant

Observations
Number of ID

(a) Population
averaged

(b) Individual
random effects

-0.238
(0.204)
0.746**
(0.308)
0.015
(0.298)
0.221**
(0.091)
-0.333*
(0.178)
0.037
(0.120)
0.113
(0.262)
0.316
(0.202)
0.000
(0.000)
-0.095
(0.209)
0.929***
(0.022)
2.001***
(0.527)

-0.276
(0.278)
0.699**
(0.350)
0.049
(0.441)
0.210**
(0.088)
-0.279*
(0.153)
0.051
(0.115)
0.087
(0.205)
0.328**
(0.154)
0.000
(0.000)
-0.100
(0.204)
0.925***
(0.019)
2.048***
(0.495)

840
326

861
339

*** p<0.01, ** p<0.05, * p<0.1
Notes:
a) “Time” is an ordinal variable for the 3 assessments (models would not converge with
indicators for 6 and 12 months)
b) CAI -1 is the omitted study site
c) All regressions include gender, race, education, baseline CD4 count, indicator for taking
protease inhibitors at baseline, and the following time-updated variables: household size,
work status, material support, HIV symptomatic status, and month of interview indicators.
d) Robust standard errors in parentheses
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Table A5: Body fat percentage as an alternative nutritional status measure

Body fat %
Month 6
Month 6 X OW
Month 6 X FA
Month 6 X FAX OW
Month 12
Month 12 X OW
Month 12 X FA
Month 12 X FA X OW
HIV symptomatic
Food insecurity score
Household size
Worked in the last month
Material support from family or friends
Constant

0.998**
(0.410)
-1.221**
(0.528)
-0.099
(0.515)
0.931
(0.725)
0.460
(0.387)
-0.609
(0.534)
0.411
(0.495)
0.109
(0.779)
-1.396***
(0.535)
0.012
(0.027)
0.043
(0.080)
-0.129
(0.251)
0.124
(0.304)
26.950***
(0.632)
985

Observations
Number of person ID

382

*** p<0.01, ** p<0.05, * p<0.1
Notes:
a) Regressions include individual fixed effects and month-of-interview indicator
variables..Robust standard errors in parentheses. Waist and mid-upper arm circumference
not included in regressions because of significant missing data.
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II. Livelihood experiences of people receiving integrated HIV treatment
and food assistance in Bolivia: Lessons for sustainable interventions

ABSTRACT
Introduction: Livelihood interventions to improve food security and sustainable HIV
treatment outcomes are increasingly promoted for people living with HIV (PLHIV) receiving
antiretroviral therapy (ART). Yet, an in‐depth understanding of how PLHIV experience their own
livelihoods in relation to HIV treatment in the absence of external programs is still needed to better
inform the development of appropriate interventions and related policies, particularly in urban
settings.
Methods: We used a mixed methods approach to investigate the livelihood experiences of
people receiving ART in three cities in Bolivia who were part of a clinic‐based, food assistance pilot
project (n=211). Closed‐ended questionnaires and qualitative interviews were conducted with all
participants. The questionnaire captured data on demographics, household composition, socio‐
economic situation, including work status, and food insecurity. The semi‐structured qualitative
interview then explored livelihood and HIV treatment experiences in more depth, including work‐
related barriers to ART adherence, HIV‐related barriers to work, range of economic activities
conducted, and economic coping strategies. Extensive qualitative coding was performed to identify
prominent themes that emerged from the semi‐structured interviews, using two coders to
maximize the validity of the themes and reliability. Quantitative data were analyzed using
univariate and bivariate statistics. Data display matrices were used to explore patterns and
compare responses across the quantitative and qualitative data.
Results: Study participants reported complex economic lives often characterized by
multiple economic activities, including both formal and informal labor. They struggled to manage
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ART treatment and livelihoods simultaneously, and faced barriers to this dual management that
ranged from the interpersonal to the structural. In particular, issues of lack of disclosure of HIV
status, stigma and discrimination, were highly salient for study participants, manifesting through
conflict around requesting time off for clinic visits, managing resentment from co‐workers about
time off and taking medications at work in secret or under other pretenses. In addition, health
system issues such as limited clinic hours or drug shortages exacerbated the struggle to balance
economic activities with HIV treatment.
Conclusions: Effective livelihood programs should take into account the current set of
economic activities, skills, and barriers experienced by beneficiaries and provide a range of
opportunities that complement these experiences. Improved policy‐level efforts to enforce existing
anti‐discrimination laws, reduce HIV‐related stigma, and expand health services accessibility could
mitigate many of the barriers discussed by our participants and reduce the need for separate
livelihood interventions. Given the multiple layers of disadvantage faced by PLHIV, comprehensive
HIV care and support packages must integrate health, social and economic components that are
supported by strong national HIV policy and link to national social protection and social safety net
programs.
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INTRODUCTION
Livelihood programs and policies are increasingly promoted to support the economic well‐
being and food security of people living with HIV (PLHIV), improve antiretroviral treatment (ART)
adherence and outcomes, and serve as a sustainable transition from food assistance in HIV
treatment settings (Frega et al., 2010; Kadiyala et al., 2009; Yager et al., 2011). However, an in‐
depth understanding of how food insecure PLHIV experience their own livelihoods in relation to
HIV treatment is still needed to inform appropriate interventions and policies. While studies
suggest that health improvements accompanying ART may lead to renewed productive capacity
and increased labour supply in resource‐limited settings, the multidimensional ways in which
people on ART experience their livelihoods, and how these in turn affects their treatment decisions,
are not well‐understood, particularly for urban settings. Few studies in low‐income countries
explore in‐depth how PLHIV co‐manage ART and work, the barriers they face in the quest to
integrate their economic lives with the expectation of lifetime treatment, and how to use this
information to develop livelihoods interventions in the context of ART.
Livelihoods can be defined as the “the capabilities, assets (including both material and
social resources) and activities required for a means of living” (Chambers et al., 1991), while food
security can be defined as “physical and economic access to adequate food for all household
members, without risk of losing such access” (Haering et al., 2009). Proponents of a livelihoods
approach to supporting food security prioritize the long‐ term well‐being of PLHIV along multiple
dimensions, including economic productivity, health, and sustained access to food and nutrition.
In 2008, WFP’s Regional Office for Latin America and the Caribbean (WFP‐LAC) began
implementing a strategy to support regional governments’ capacity to integrate food and
nutritional interventions with HIV treatment and care, including attention to livelihoods, in
response to policy gaps addressing nutrition and food security for PLHIV in LAC. Among other food
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and nutrition‐related activities, WFP utilizes food assistance to support treatment and care, and
mitigate the impact of the epidemic on vulnerable households in more than 50 countries worldwide
2,

including countries in Latin America and the Caribbean (LAC). Recognizing that food security

interventions for PLHIV must support sustainable health outcomes, WFP also encourages food‐
based interventions worldwide to incorporate livelihoods strategies that contribute to the long‐
term food security, nutritional recovery and ART adherence of its beneficiaries. However, WFP’s
food‐based interventions are relatively new in Latin America, and livelihoods interventions have
yet to be comprehensively developed and implemented.
A small number of studies examining adherence more generally have identified
unemployment and fear of lost work time as barriers to adherence (Hardon et al., 2007; Rachlis et
al., 2011). However, little is still known about how livelihoods affect adherence, with even less
known about how ART in turn affects livelihoods. Among major issues affecting PLHIV, social issues
such as stigma and discrimination, and structural issues such as poverty and health care access, are
related to both HIV treatment experiences as well as livelihoods. For example, fear of disclosure has
been identified as a barrier to adherence in developing countries (Mills et al., 2006; Nachega et al.,
2004), while fear of disclosure and discrimination in the workplace against people with HIV have
also been widely documented (Mahajan et al., 2008; Sprague et al., 2011). Insufficient economic
resources also poses a barrier to adherence, such as lack of food, transport or housing (Anema et al.,
2009; Hardon et al., 2007; Kagee et al., 2011), often coinciding with livelihood insecurity (Rachlis et
al., 2011), as well as structural poverty and inequality (Stillwaggon, 2006).
Furthermore, few published studies explicitly investigate the livelihood experiences of
people on ART who are food insecure with an eye to intervention targeting and development.
Qualitative studies in sub‐Saharan Africa have looked at the importance of work as a part of

2

See http://www.unaids.org/en/aboutunaids/unaidscosponsors/wfp/
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“coming back from the dead” for people starting ART (Russell et al., 2009; Russell et al., 2007),
while quantitative studies in sub‐Saharan Africa and India have primarily investigated the impact of
ART on measures of labour force participation and economic productivity (d’Adda et al., 2009; B.
Larson et al., 2008; Rosen et al., 2010; Thirumurthy et al., 2011; Thirumurthy et al., 2008b). We
identified only one published study, set in Zambia and Kenya, that explicitly explored how
livelihoods strategies play a role in achieving food and nutrition security for people receiving ART,
with implications for interventions (Samuels et al., 2011). Although the literature is sparse in all
geographic areas, most existing data on HIV and livelihoods comes from rural settings in sub‐
Saharan Africa, which are characterized by a different set of livelihoods and food security issues
than in urban settings (Crush et al., 2011) and in Latin America.
Throughout LAC, widespread inequalities, discrimination and poverty are significant factors
shaping the HIV epidemic (Smallman, 2007). Concentrations of extreme poverty in rural areas fuel
seasonal labour migration and attendant HIV risks, and have also contributed to rapid urbanization
and increasing numbers of people living in extreme poverty in cities where conditions are ripe for
the rapid spread of HIV (Stillwaggon, 2006). While LAC governments have made strong progress
towards universal access to ART over the last decade, access to comprehensive HIV care – which
includes attention to food and livelihood security – remains low in resource‐limited settings
throughout the region (Martin et al., 2011a; UNAIDS, 2008; World Bank, 2007).
In this study, we investigate the livelihood experiences of food insecure people receiving
ART in Bolivia who were part of a clinic‐based pilot project offering food assistance and nutritional
education, sponsored by the WFP‐LAC. The nutrition‐based pilot did not include a structured
livelihoods component at its inception, although the WFP was interested in adding one in the future
as a transition strategy from food assistance. A mixed methods study was thus implemented to
explore the current work, economic, and HIV treatment experiences of food pilot participants in
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order to inform the creation of future livelihoods interventions, given the overall absence of
evidence on the subject for people living with HIV in urban settings and in Latin America. Using
data from this study, we aim to explore and describe the interconnection between livelihood
experiences and HIV treatment, and identify major barriers and opportunities for livelihoods
interventions in the context of ART. Our goal is to both inform livelihood interventions for people
on ART, including those transitioning from food assistance, as well as to contribute to the broader
scientific evidence on the livelihood experiences of people on ART in resource‐limited settings who
now live with HIV as a chronic condition.
METHODS
Background of Research Collaboration
This study involved collaboration between the UN WFP Regional Office for LAC and the
RAND Corporation, a nonprofit research organization based in the United States. In 2008‐2009,
WFP/RAND began implementing joint activities in Bolivia and Honduras by conducting qualitative,
formative research on the dietary habits and nutritional status of people living with HIV receiving
ART. The data from this research was used to design context and needs‐specific food baskets and
nutritional counseling methodologies for use in pilot food assistance and nutritional education
interventions for people with HIV in Bolivia and Honduras during 2010 and 2011.
Data Collection
WFP/RAND implemented a mixed methods study of livelihood and economic coping
experiences with a sample of food insecure ART patients in Bolivia participating in the food
assistance pilot sponsored by WFP‐LAC. The core research team consisted of two lead researchers
from the United States (one from RAND and the other a consultant for WFP), both fluent in Spanish
and with substantial experience in Latin America and in HIV, a Bolivian project manager, and three
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Bolivian interviewers. Another RAND researcher who was also fluent in Spanish and experienced in
Latin America and HIV provided input throughout the study. The Bolivian members of the research
team all had extensive experience working with PLHIV as well as research‐based interviewing. The
lead researchers trained the project manager and interviewers on the research methods and study
instruments. All stages of the research process, including the interviews, were conducted in
Spanish.
The sample frame for the livelihoods study was the universal set of adults receiving ART
recruited into the food assistance pilot during its first six weeks (November – December 2010).
Study exclusion criteria were being hospitalized or bedridden due to illness, not speaking Spanish,
or being under age 18. Due to external circumstances, the interviews did not take place until
several months later (April 2011), and by this time, some of the people originally recruited into the
study could not be located and were replaced with people who had started the food pilot more
recently. Replacements (n = 38) were chosen purposively to mirror the basic demographic
characteristics of the missing participants. As an exploratory study, our goal was not to achieve a
representative sample; rather, we sought a large enough sample to generate the range of salient
livelihoods issues experienced by our study population in relation to HIV treatment and to reach
saturation of ideas. By recruiting the universal set of adults in the first month of the food pilot, we
aimed to reduce selection issues in our sample.
Face‐to‐face interviews consisted of a closed‐ended questionnaire and a semi‐structured
qualitative interview (N = 211), which together took approximately one hour. The entire interview
was administered orally, to enable patients of all literacy levels to participate.
The closed‐ended questionnaire was adapted from a Spanish‐language questionnaire
previously developed, validated and used by RAND/WFP in Bolivia and Honduras. It included
questions on demographics, household composition, socio‐economic situation, including work
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status, and food insecurity (ELCSA scale) (Melgar‐Quiñonez et al., 2010). The questionnaire
measured work status using a series of questions asking if the participant 1) had worked in the last
6 months, 2) had worked in the last month, and 3) was currently working.
The qualitative interview explored livelihood experiences in more depth, in order to expand
from the closed‐ended questionnaire and facilitate comparison between quantitative and
qualitative responses. For example, protocol topics examined in this paper include the range of
economic activities performed by participants in general and in the last week, adding richness to
the binary questions on work status. In addition, the protocol included questions regarding what
participants wished to change about their livelihoods; barriers they experienced to changing
livelihoods; how living with HIV and receiving treatment affected their livelihoods; and how their
livelihoods affected their treatment regimen. Within the broad protocol topics, interviewers used
probes and clarifying questions to draw out richness within participant stories.
The protocol for the semi‐structured interview was developed in English and professionally
translated into Spanish. Members of Asociación Un Nuevo Camino (ASUNCAMI), an NGO member of
Bolivia’s national network of PLHIV (REDBOL), reviewed the translated protocol for language and
cultural appropriateness for the Bolivian context. After this review, the research team worked with
ASUNCAMI to pre‐test the protocol by administering 10 interviews to ASUNCAMI members as part
of a validation exercise. The group then discussed issues, identified areas where clarification or
reframing was needed, and made suggestions for changes to the study materials. This validation
exercise led to subsequent revisions and a final version of the instrument.
Participation in the study was completely voluntary and not a condition for receiving food
assistance. Upon the advice of local partners, RAND provided a small monetary incentive of 10
Bolivianos (~ $1.75) to each respondent as a token of appreciation. Informed consent was obtained
from all participants. Participant responses were identified by a unique code and their identities
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remained anonymous to the U.S.‐based researchers. Ethical approval was obtained from RAND’s
Human Subjects Protection Committee, and from the Bolivian national institutional research board,
Comité Nacional de Bioética, Comisión de Ética de la Investigación (CEI). In addition, the WFP‐LAC,
WFP‐Bolivia, and members of the National AIDS Program viewed and agreed on all materials.
Analysis
The interviews were transcribed in Spanish and analyzed in the original language. Extensive
coding of interview transcripts was performed to identify prominent themes that emerged from
participant interviews using Atlas.ti, a qualitative text management software. Two coders (the two
lead researchers) were used to maximize the validity of the themes and reliability (Miles et al.,
1994). As a first step, a codebook of overarching themes was developed (Weber, 1990) based on
the major topics in our interview protocol. Second, content coding procedures were used to
identify the presence of these themes (Altheide, 1996; Krippendorff, 2004; Weber, 1990) in
combination with inductive approaches to identify new themes that were then added to the
codebook (Miles et al., 1994; Strauss et al., 1998). To facilitate a high level of agreement between
coders, transcripts were double coded at pre‐determined intervals (every 20 transcripts). After
coding was completed, the coders produced a summary of coding issues and analytic insights for
each set of codes, and validated the independent coding work of the other coder. The Bolivian
members of the research team reviewed quotes used in the paper for accuracy in capturing local
meaning. The bilingual members of the research team who were also native English speakers
translated the quotes from Spanish to English.
Data from the closed ended questionnaires were analyzed using univariate and bivariate
statistics. Sample characteristics were described using percentages or means. Differences between
groups were tested using independent sample T‐tests for continuous variables or Chi‐squared tests
(or Fisher’s exact test where appropriate) for categorical variables.
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Finally, the interview transcript data were summarized and arrayed into data display
matrices (Ryan and Bernard 2000, 2003) side by side with data from the closed ended
questionnaires to identify patterns and salience of themes, and facilitate comparison between the
quantitative and qualitative data.
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RESULTS
Socio‐economic characteristics and economic activities comprising livelihoods
Table 1 summarizes the demographic and socio‐economic characteristics of the study
population. Most participants were women, between the ages of 25‐44, and had completed primary
school. Almost half of all participants reported not working in the past month (41%). HIV diagnosis
was reported to have resulted in a change of work status (49%) and a decrease in income (59%).
Women were less likely to have completed primary school (54% vs. 84%, p < 0.01) and to have
worked in the last month (51% vs. 73%, p < 0.01) compared to men. Half of all participant
households were severely food insecure, affecting a higher proportion of women than men (58% vs.
32%, p < 0.01).
Table 1: Demographic and socio‐economic characteristics of study population (n=211)

Female
Age group
18‐24
25‐44
45‐64
65+
Households with children < age 18
Mean household size not incl. respondent
Primary school or more
Worked in the last month
Work changed as result of HIV diagnosis
Income worse since HIV diagnosis
Severe food security (ELCSA scale)
No. of observations

*p<0.10 **p<0.05 ***p<0.01
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All

Women

Men

65%

‐‐

‐‐

15%
65%
19%
1%
73%
3.2
64%
59%
49%
59%
49%
211

9%
67%
21%
1%
80% ***
3.4 **
54%***
51%***
50%
60%
58%***
137

18%
64%
16%
1%
61% ***
2.9 **
84% ***
73%***
46%
56%
32%***
74

When asked to self‐define their occupation, participants reported a range of livelihoods,
which appeared to encompass both paid and unpaid work (though compensation was not explicitly
referred to in the question) (Table 2). Top occupations reported by women included being a
“housewife” (36%), commercial enterprise (18%), and services (16%). Common women’s service
activities included domestic employee, sewing, washing clothes, or childcare. Top occupations for
men also included services (16%), although of different types than women, such as food and drink
service, gardening, and transportation. Manual labor was the next most common occupation
reported by men (14%), followed by housework (8%) and commercial enterprise (8%).
In the qualitative data, participants reported more frequent and complex economic activity
than indicated in the quantitative results. While discussing their activities in the last week, almost
all participants discussed engaging in at least one economic activity during the last 7 days, in
contrast to results from the quantitative data which suggested half of the sample had not worked in
the last month. One third of participants – roughly the same proportions for men and women ‐
reported taking on two or more economic activities in the last week. However, a much higher
proportion of women than men reported taking on more than three economic activities. Notably,
this trend was similar among women reporting “housewife” as their occupation in the quantitative
data, indicating that being a housewife did not preclude economic activity. Women were much
more likely than men to report piecing together various small work opportunities in order to earn
income. For example, one woman in La Paz described her overall set of economic activities:
Sometimes I wash clothes, or somebody has a small job for me that I know
how to do, sometimes cooking…sometimes cleaning…it really depends on
whatever people tell me they need.
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Table 2: Top occupations of study participants, % (n)

All

Women

Men

Housework 1

26%

36%

8%

Services 2

16%

16%

16%

14%

18%

8%

Manual labour 4

6%

2%

14%

Health

4%

4%

5%

3%

1%

5%

2%

1%

4%

2%

0%

5%

Commerce

3

5

Education
Arts/Entertainment

6

Industry/Manufacturing 7
1 Refers

to housework for one’s own household, not domestic household work for others. Women tended to
report this occupation as being an “ama de casa”, or housewife. Men tended to report this occupation as
“labores de casa”, or housework.
2 Includes work as a domestic employee, food and drink service, gardening, sewing, washing clothes,
childcare, transportation, etc.
3 Includes both entrepreneurial or employer‐based commerce
4 Includes construction, recycling, laborer‐for‐hire, etc
5 Includes medical/nursing positions, as well as being an HIV peer counselor
6 Includes artisans, painters, and actors
7 Includes industrial mechanic, garment manufacturer, factory worker, etc.

Women also reported having specific people or businesses from the community they relied
on for extra work for when times were tight, especially washing clothes or dishes. These
arrangements were not always for cash – they often involved work in exchange for food, as one
woman in Santa Cruz described:
If I see there’s no food in the house, I go to help out at the market, to the food
stand, to peel vegetables, wash dishes, and then they give me soup and I
bring it home so my family can eat… I’m constantly trying to figure out
where the food is coming from.
Notably, very few people talked about engaging in agriculture as part of their
economic activities. Those who did mention agriculture would episodically travel outside of
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the city to family farms during peak planting and harvest times, rather than engage in urban
farming. Similarly, very few people mentioned using kitchen gardens as a strategy to
augment food stores or alleviate food shortages.
Dual management of treatment and livelihoods
Within the context of the livelihoods reported by our study participants, dual management
of HIV treatment and livelihoods emerged as a salient theme. By “dual management” we refer to
both how people managed their livelihoods in light of HIV treatment demands, and how people
managed their ART treatment regimens given the structure of their livelihoods. Within dual
management, we found two main sub‐themes: negotiating time off from work and staying healthy
at work, both strongly related to issues of disclosure of HIV status, and HIV‐related stigma and
discrimination.
Getting permission: “Time off for the doctor? You look fine!”
A common theme discussed by participants was the issue of managing work schedule and
HIV status disclosure in the context of ART medication regimens and medical appointment
schedules. Most people with outside employment reported that they had not disclosed their HIV
status to their supervisors, nor to coworkers, with no notable difference in disclosure by gender or
occupation. Fear of discrimination, particularly fear of being fired, was the most common reason
given for non‐disclosure; however, participants also reported internalized stigma, such as feelings
of shame or perceptions of low self‐worth, as an additional reason for non‐disclosure.
Lack of HIV disclosure at work introduced internal or interpersonal conflict into the
workplace for many participants when they had to take time off to attend doctor appointments or
pick up medication. Time off from work could only be secured by asking ‘permission’, which was
not always given. Meanwhile, lack of disclosure prevented the participant from explaining the
importance of the request. Thus, asking for permission was often expressed as a strategic action –

65

when to ask for it, how often, and what to do if permission was not given. In some cases, people
invented other illnesses or reasons why a visit to the doctor was necessary; however, this
sometimes prompted employers to demand doctor’s notes or medical histories, forcing a choice
between keeping their HIV status confidential (and risk losing their job from missing too much
work) or disclosing (and risk losing their job because of discrimination). One man employed as a
technician in La Paz talked about the consequences of refusing to share his medical history with his
boss:
Of course, [my bosses] wanted to ask me for my medical records, saying that
I go to the doctor all the time. They didn’t want to give me permission to go.
But I told my boss, ‘I don’t have to give you my medical records’, because it’s
true. But now I’m in a bad situation at work because of this.
In addition to trouble with bosses, our participants also reported trouble with colleagues,
including jealousy at the perceived benefit of additional time off. One woman in Cochabamba
discussed having a difficult experience managing co‐workers, bosses, and her treatment schedule:
At my work, they don’t give me permission [to go to the doctor], and also
there’s a woman [coworker] who is always saying “why does she get so
much time off, what’s that about?” Everyone notices, everyone asks me why I
go to the doctor, but I don’t tell them anything. They say “You, what can you
possibly have, since you look just fine?” It’s difficult, having to explain. But
even worse would be to tell them [about my HIV status] because I’d get fired
in an instant.
Several people facing this situation chose jobs with less consistent hours and less stability in
order avoid dealing with the constant threat of punishment or harassment for asking for too much
‘permission’. For example, one man in La Paz reported choosing to work as a day laborer, despite its
inconsistency, in order to gain flexibility around his treatment schedule:
I do [day labor work] in order to come here [to the clinic], for my treatment.
I don’t look for a stable job, because then I wouldn’t be able to be absent as
much. I have to stay with the work I have, because it gives me more
flexibility to come, pick up my medicines, do my lab tests, or whatever I need
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to do. In my jobs now, I can work when I choose, but in a regular job I can’t –
if I even miss one day they let me go and I’d be without work at all.
Given the difficulty of dual management of livelihoods and treatment, some
people risked their livelihoods by choosing to skip work on days when they knew they
had to attend the clinic. Still others risked their health by deciding not to keep their
appointments or pick up their meds at the allotted times in order to avoid problems at
work.
Staying healthy at work: “My medications are the most important thing.”
Medication‐taking behavior was also subject to workplace issues related to disclosure for
participants in our study. Since most people had not disclosed their HIV status to their bosses or co‐
workers, they had to either take ARVs in secret (e.g. the bathroom) or lie and say ARV medications
were ‘vitamins’ or pills for a common illness. At times, the daily pill‐taking was noted by employers
and the person was asked to provide medical records to assure the employer that the employee
was healthy and capable of working.
Very few people reported failing to take their pills at the prescribed time in order to avoid
conflict at work – rather, people implemented creative strategies to avoid being pressured to
disclose or have their regimen detected. A few people did note that they were able to tweak their
medication schedule, in consultation with their doctor, to facilitate pill‐taking right before or right
after work, in order to avoid taking medications at work entirely. One woman in El Alto who
worked in childcare shared her experience of working through the day despite painful medication
side effects:
I have side effects…nausea, headache, and there are times that my body
hurts so much that it leaves me paralyzed for a while and I can’t stand up
quickly because it hurts my feet. But luckily I’m without supervision most of
the time at my work, so no one notices anything. I just suffer through it, stay
silent. They don’t notice, and I don’t tell anyone that I’m in pain.
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Overwhelmingly, participants in our study reported taking extraordinary
measures to maintain adherence and livelihoods despite the barriers they
confronted in their work places.
Structural barriers to livelihoods
Getting treated: “Sometimes I can’t get my medicines”
Participants also reported difficulties with the dual management of livelihoods and
treatment in relation to characteristics of the health care system. In particular, the limited
schedules and geographic location of the clinics where participants received treatment posed
significant barriers. Many participants noted that the clinics closed too early at night or opened too
late in the morning for them to schedule doctor appointments or pick up medications without
conflicting with work schedules. This included both people working as employees for others, who
tended to have more fixed schedules, as well as those working for themselves, such as market
sellers, who tended to have more flexible schedules. For the latter, although they didn’t have the
issue with asking for permission to leave work, their prime selling hours were often the same hours
needed to attend the clinic – thus, taking time away to attend the clinic compromised their
economic security. Finally, there was only one public HIV clinic in each city, the location of which
was not always easily accessible by all study participants.
In addition, some people reported issues with limited clinic staffing and resources, which
caused them to waste valuable work time without gaining the health benefits of treatment. For
instance, participants noted that at times the pharmacy was unstaffed during open hours or was out
of specific medications needed by the client. In these cases, they had to return another day,
requiring yet another round of permission or absence from important livelihood activities, as
described by one woman from Santa Cruz:
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Sometimes when I come there aren’t medicines…like the last two times I
came there weren’t medicines, and they didn’t tell me before, so then I had
to return another time, yet again.
Earning a living through work: “There’s just no jobs…and prices keep rising”
Participants in our study also discussed broader economic barriers to livelihoods, such as
lack of overall work opportunities, lack of specific work opportunities that are flexible to HIV‐
related needs, and difficulties negotiating market dynamics.
The lack of overall work opportunities and widespread unemployment were issues of great
concern to many of our study participants. Even as they talked about the specific ways that HIV and
ART affected their livelihoods, they also recognized lack of opportunities and unemployment,
particularly for those with low skills or education – as systemic problems affecting people in their
communities regardless of health status. Younger adults with less work experience, people with
less education, women with young children and no child care, and older adults past prime working
age reported particular difficulty finding work.
Appropriate work was even scarcer when HIV‐related needs were taken into account. In
particular, participants reported many problems maintaining jobs involving strenuous labor
(including manual labor or service work such as washing clothes, etc.) due to illness episodes or
ARV side effects. However, locating less strenuous work – such as office jobs – often required a level
of education, qualifications, and personal connections that many of our participants lacked as a
result of socio‐economic disadvantage. Some participants also noted that while their current job
did not always provide a good income, it was better than the uncertainty of finding a better job. One
man in La Paz noted that while he’d like to find better, less strenuous work, searching for a better
job would be destabilizing to his health:
“I think that looking for another job will be hard and could harm me – I’ll feel
more tired, I may forget my medications, I feel like it will do worse for me. “
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Study participants who worked primarily in entrepreneurial activities – e.g. artisans,
vendors, etc. – also reported structural difficulties in earning enough income to sustain themselves
and their families. Entrepreneurs reported having a hard time finding markets for their goods that
were both lucrative and geographically accessible. Geographically accessible markets tended to
have fierce competition, while geographically far markets has less competition but posed other
challenges (transportation, ability to return home in time for meals, attending clinic visits, etc). One
man selling garments in Santa Cruz described the intersecting issues confronting small sellers in
Bolivia:
Today, the biggest problem is competition. Because there is always someone who
will offer the goods cheaper than you. If I sell a t‐shirt, for example, for 50
Bolivianos, someone else will just sell it for 40. Yet the cost of materials is always
rising – the prices of inputs just keep rising and we can’t keep up.
Like this man, most entrepreneurs in our study also reported struggling with systemic
inflation, which both raised the cost of inputs and made it difficult for them to sell their products as
the purchasing power of their customers declined.
DISCUSSION
This is one of the first studies to explore how food insecure people receiving ART dually
manage their treatment regimens with their livelihoods in an urban, resource‐limited context, and,
to our knowledge, the first to explore this issue in Latin America. We found that our study
participants have complex economic lives often characterized by multiple economic activities,
including both formal and informal. They struggled to manage treatment and livelihoods
simultaneously, and faced barriers to this dual management that range from the interpersonal to
the structural. An important message from our study is that PLHIV often face multiple layers of
disadvantage which much be addressed by food security and livelihoods interventions. The
structural barriers cited by our study participants, such as lack of economic opportunities, overall
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unemployment, and rising prices, while not unique to PLHIV, were intensified by HIV‐specific
challenges such as reduced physical strength, complex medication schedules, stigma and
discrimination, and costs related to treatment. Often HIV‐related challenges were compounded by
socioeconomic or structural challenges, and vice versa, suggesting that people receiving ART in
resource limited settings require interventions that recognize and address these multiple layers of
disadvantage in coordination, rather than in isolation.
We found important differences between the livelihood experiences of women and men
living with HIV, especially as revealed in our qualitative data analysis. In particular, women –
including housewives and those who indicated not working in the last month in the quantitative
data – reported very high rates of informal economic activity in the qualitative data, piecing
together small, inconsistent jobs, such as washing dishes or clothes. These contrasting findings
from quantitative vs. qualitative data for women living with HIV are consistent with well‐
established research documenting the deficiency of using standard labor statistics to understand
women’s ‘work’ in developing countries (Chen, 2001; Donahoe, 1999). Program designers using
simple binary measures of employment to assess and then address work‐related needs in their
target population may run the risk of duplicating or replacing their participants’ current economic
activities without solving the actual problem (e.g. low financial return of current economic activity,
difficulty finding clients or markets, etc). Where feasible, detailed data on how much time
individuals spend in economic, household and health care seeking activities may be a better source
of information about the experiences and needs of PLHIV, particularly women (Apps et al., 2003;
d’Adda et al., 2009; Juster et al., 1991). Where such time allocation studies are not feasible or have
not been conducted, we demonstrate that augmenting blunt measures of employment with
qualitative probing about economic activities may greatly enhance understanding of livelihood
experiences for intervention purposes.
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Our findings add to a growing body of literature exploring the relationship between work,
adherence and stigma in resource‐limited settings. Study participants identified negotiating
permission for time off to attend the clinic, as well as taking daily ARVs at work, as major ongoing
sources of conflict with bosses or coworkers, to whom participants had almost never disclosed
their HIV status because of stigma and fear of discrimination (e.g. getting fired). To avoid conflict
related to ART schedules in the context of non‐disclosure and fear of termination, many
participants in our study chose to trade‐off more lucrative or more stable work for more flexible
but lower paying and less stable jobs in order to accommodate health care needs. Although non‐
disclosure of HIV status has been tied to fears of stigma and discrimination (Mahajan et al., 2008),
there is still limited published work examining how non‐disclosure to bosses or coworkers affects
care and treatment experiences, including adherence, in low income countries (Rachlis et al., 2011).
One study on ART adherence in Botswana found that among individuals citing ‘frequency of
required clinic visits’ as a barrier to adherence, ‘can’t leave work’ was the most commonly stated
reason, although there was no further explanation of why the individual felt unable to leave (Weiser
et al., 2003). Meanwhile, unwillingness to ask for permission from employers to attend clinic visits
was identified as a barrier to adherence among outpatients in Benin (Erah et al., 2008). More has
been written about the interconnection between employment, disclosure decisions, and ART
adherence in high ‐income countries (Fesko, 2001; Glenn et al., 2003; Torres‐Madriz et al., 2010;
Worthington et al., 2012) – however, these studies are situated in legal, health care and
organizational contexts that are very different than those in low income countries, making this
literature of limited relevance to guide program and policy for PLHIV in those contexts.
Employment discrimination based on HIV status – including forced disclosure, exclusion
within the workplace, and termination – is particularly severe in Latin America and the Caribbean
(Sprague et al., 2011). National law in Bolivia prohibits HIV‐related discrimination by employers,
protecting against termination based on HIV status (Plurinational State of Bolivia, 2007). However,
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our data indicate that these protections are either largely unknown to our participants, or
enforcement is not trusted. Policy or advocacy efforts aimed at reducing stigma and discrimination
as a barrier to livelihoods and adherence for PLHIV are greatly needed to address the challenges
identified by our study population, as is research to inform and evaluate such efforts. Policy makers
have a strong role to play in improving livelihoods and treatment outcomes for PLHIV by
communicating and enforcing antidiscrimination laws. Meanwhile, advocacy organizations and
NGOs play an important role in promoting workplace, community, and national stigma reduction.
Broader based stigma reduction efforts are important for the well‐being of all PLHIV, but
particularly for those who work in the informal sector and are unlikely to directly benefit from
formal workplace interventions.
Improvements in the structure of health care could also play a key role in alleviating issues
related to both livelihoods and ART access and adherence. Health care barriers stemming from
limited clinic resources affected our participant’s ability to get the care they needed even when they
were able to get time off work, and sometimes intensified problems at work, affecting productivity
and economic well‐being. Expanding clinic schedules (including staffing), improving
communication with patients, and developing initiatives to ensure sustainable supply chains of
essential medicines could help to address these problems. Previous research in sub‐Saharan Africa
has found that adapting patient appointments to their work schedules can reduce default from care
(Pearson et al., 2006); another study suggested a 24‐hour clinic as one solution to improve patient
access and adherence to ART (Kagee et al., 2011). Our results suggest that such changes to health
facilities could not only have an important effect on adherence, but on the ability of PLHIV to
manage their work schedules and relationships with employers vis‐à‐vis ART. Thus, from a
livelihoods perspective, improving the human and financial resources available to overburdened
health facilities remains an important policy goal.
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Researchers have begun to describe and evaluate integrated health and livelihoods
programs in the scientific literature, but much is still unknown with regards to optimal program
and policy design (Yager et al., 2011). Livelihood interventions for PLHIV relevant to food insecure,
urban populations have been documented in resource‐limited settings, and include skills training,
linking to basic education opportunities, group‐based economic activity among PLHIV (e.g.
restaurant), access to financial instruments (credit, savings, etc), subsidizing business inputs and
materials, identifying markets and marketing strategies, job placement, reducing stigma and
discrimination in the work place, and urban agriculture or kitchen gardens (S. Gillespie et al., 2005;
Holmes et al., 2011; Roopnaraine et al., 2011; Samuels et al., 2011). In one mixed methods study in
Zambia and Kenya, the authors suggest that leveraging existing livelihood networks, providing
skills training and facilitating asset accumulation are the most promising approaches to support the
food security of people on ART (Samuels et al., 2011). Key assets to target include facilitating
ownership of property/land, providing access to a garden/urban farm, and promoting savings.
Other studies focus on programmatic aspects of livelihoods interventions – i.e. how to best involve
community partners, the role of group‐based vs. individual livelihood activities, and considerations
for transition strategies from food assistance (Kadiyala et al., 2009; Roopnaraine et al., 2011; Yager
et al., 2011).
Our study adds to this literature by describing how food insecure PLHIV in an urban Latin
American context manage their livelihoods in the context of ART and vice versa, including the
primary barriers they faced and their response to these barriers. This is crucial information for the
development of effective, well‐targeted livelihoods interventions, which should be based on careful
assessments of the current set of economic activities, skills and barriers experienced by the target
population in order to meet participant needs. Each livelihood intervention or policy has potential
advantages, disadvantages, likely target group, and specific roles for policies and programs. In
Table 3, we explore the variety of these implications based on our study results and our review of
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the literature presented in this paper. For example, our study suggests that a program focused on
“skills training” is unlikely to help people who are already skilled but who avoid more stable work
opportunities in order to comply with ART treatment schedules without having to disclose HIV
status in the workplace. Meanwhile, training or financing PLHIV inclined towards entrepreneurship
to start new (or improve current) enterprises could help them to gain more flexibility to manage
their treatment and livelihoods. However, this approach will run into sustainability issues such as
finding appropriate markets and being able to afford inputs in the long run which must be taken
into consideration up front. The relative scarcity of participants in our study who reported
engaging in urban farming or gardening imply that investing in food‐related livelihoods strategies
may be a more sustainable way to support livelihoods and food security in the context of treatment.
Supporting access to urban gardens or farms, as well as land ownership, might be a productive
strategy for some people, particularly women who experience higher household food insecurity and
less stable employment. Finally, broader interventions to reduce stigma and improve health care
access could remove key barriers to productive livelihoods for people receiving ART, reducing the
need for targeted livelihood interventions for some individuals.
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Table 3: Implications of livelihood experiences for integrated HIV and livelihoods interventions

Policy or
Intervention
Skills training

Link to basic
education
opportunities
Group‐based (HIV)
economic activity
(e.g. restaurant)

Improve access to
financial
instruments (credit,
savings, etc)

Provide/subsidize
business inputs and
materials

Advantages

Disadvantages

Who is likely to benefit

Role for program/policy

If targeted well, can help to
create current opportunities,
including to procure more
profitable, less strenuous or
more flexible employment

Can be unproductive and can
waste time/resources if there is
no clear market to use new skills;
takes time away from current
livelihoods

People who desire specific
skills to boost or change their
livelihoods; people who have
low skills or low literacy

Increases fundamental skills
(e.g. literacy) to support
economic opportunity and
empowerment; boosts feeling
of self‐worth
Could create less strenuous
and more flexible employment
to ease conflicts with
treatment schedules; could
circumvent HIV‐related
stigma in the workplace
Provides access to key assets
that could boost livelihoods
(e.g. property, land, inputs,
etc).

Takes time away from current
livelihood activities; important
for human development and
overall economic well‐being

People who never finished
primary school; people with
low literacy

Can require financial
contribution by individual
without individual control;
sustainability can be an issue;
difficult to scale up

PLHIV who seek solidarity
with other PLHIV; people who
have disclosed their HIV
status; people for whom
stigma at work has been a
strong barrier to livelihoods
For credit, people who have
reasonable ability to pay back
credit, but not enough
collateral to obtain a bank
loan; For savings, people
without current savings

Supports existing
entrepreneurs to lower their
costs of business; helps
beginning entrepreneurs to
get off the ground

Subsidy or input targeted at a
specific sector or product may
prompt people into a livelihood
area that isn’t likely to be
successful; doesn’t address
managing treatment with the
demands of entrepreneurship

Directly provide training,
or help place people in
appropriate programs;
support them to find
opportunities that will use
their new skills
Help place people in
appropriate programs;
support them to find
opportunities that will use
their new skills
Support formation of
group; support business
planing; potentially
provide and/or subsidize
property, business
resources, or inputs
Link to current
microfinance institutions
or provide own services.
Be aware of what
community financial
services already exist, and
what other NGOs have
done before.
Target subsidy or input
provision to those able to
use it; provide enough
flexibility for the benefit to
be useful;

Repayment can be stressful and
uncertain, especially in context of
HIV; depending on lender,
interest rate might be
prohibitive/ harmful
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Current or potential
entrepreneurs

Policy or
Intervention
Identifying markets
and marketing
strategies

Job placement

Decrease
stigma/discriminati
on in the work place

Urban agriculture/
kitchen gardens

Advantages

Disadvantages

Who is likely to benefit

Role for program/policy

Supports entrepreneurs to be
more successful at earning
income through their existing
activities

Requires a close understanding
of the local economy and culture

Current entrepreneurs or
people being trained with
skills to become entrepreneurs
(e.g. making crafts)

Conduct market
assessments; train
participants

Alleviates livelihoods barriers
due to lack of contacts or
exposure to the right
employment markets; ability
to place people in jobs with
structures that ease health
care demands
Eases disclosure as a barrier
to work and productivity;
facilitates cooperation with
treatment schedule with
employers

Can’t do much against systemic
unemployment or lack of jobs in
community; availability of
appropriate jobs may be slim;
may not address HIV‐related
needs like flexibility, less physical
intensity
Difficult to do; long‐term cultural
change required to have
widespread effect

People with more education or
skills; people who had to leave
a job after HIV diagnosis but
are ready to return to work

Use community and civil
society networks to help
place PLHIV into jobs

People who already have
formal employment or who are
likely to work in the formal
sector

Directly addresses food
sufficiency and nutrition; can
promote both cash flow (sale
of products) and
consumption; potentially
scalable

Need for inputs and land; must
work around climate; must work
around land use laws; takes time
away from other work

Enforce antidiscrimination
laws; hold workshops or
interventions to sensitize
employers without
disclosing HIV status of
employees; provide work‐
related support groups or
workshops for PLHIV to
address stigma and
discrimination
Facilitate access to land
use or land ownership;
provide training on urban
gardening; subsidize
inputs
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People with available land or
space for a garden; people
without a current full time
livelihood, primarily women

Our study has several limitations. One primary drawback is that we were unable to
interview people before they started receiving food assistance, so it is possible that the addition of
the food basket to their households affected their reports of labor participation and work decisions
several months later. However, studies on the impact of food assistance on labor supply in other
settings are inconclusive as to whether an effect exists, and in what direction it goes (Tirivayi et al.,
2011a, b). In addition, we did not have reliable clinical data on health status and time on ART for all
participants. Therefore, we were not able to explore issues directly related to a transition process –
i.e. adjusting to life on ,ART, changes in health, and the role of livelihoods within that. It is likely that
people in different stages of treatment may require different kinds of livelihood support or
interventions, as they regain their health and adapt to living with HIV as a chronic condition.
CONCLUSION
It is essential that policy makers tasked with creating and enforcing workplace and social
protection policies for PLHIV, as well as promoting ART access and adherence, understand how
PLHIV manage their treatment with regards to their livelihoods and socioeconomic situations, the
barriers they face, and the strategies they use to overcome them. Policy initiatives should address
specific barriers identified by PLHIV and improve the opportunities they have to thrive in all
aspects of their lives, including in their livelihoods. Comprehensive HIV care and support packages
must integrate health, social and economic components that are supported by strong national HIV
policy and link to national social protection and social safety net programs. In the highly unequal
context of LAC (United Nations Development Programme, 2010), where the most vulnerable
populations face severe economic and food insecurity, it is even more crucial that livelihoods be
addressed in coordination with health and social programming.
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III. Role of antiretroviral therapy in improving food security
among patients initiating HIV treatment and care in Uganda

ABSTRACT
Background: Although the physical health benefits of HIV antiretroviral therapy
(ART) are well documented, the direct and indirect economic and nutritional benefits of
ART are still being established. Few studies have examined if and how ART affects food
insecurity, although the scientific literature suggests there may be a benefit via improved
health and ability to work.
Methods: Using data from a 12‐month prospective cohort study, we employ
multivariate longitudinal logistic regression to investigate whether ART decreases food
insecurity compared to HIV care without ART among a sample of 602 treatment‐naïve
patients initiating clinical care in Uganda. We then use a staged regression approach to
explore the potential pathways through which ART may affect food insecurity, including
improved mental health, physical health, and work status.
Results: We find that food insecurity decreased significantly for both the ART and
non‐ART groups over time, with the ART group experiencing greater reductions by the end
of the study. ART remained a significant predictor of reduction in food insecurity over time
after controlling for baseline differences in the multivariate longitudinal regression model
(OR = 0.642; p < 0.01). Improvements in work and mental health status were most strongly
associated with decreased food insecurity over time and weakened the ART coefficient
significantly when added to the model.
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Conclusion: Taken together with the well‐known benefits of food security on ART
adherence, treatment retention and clinical outcomes in resource‐poor settings, our results
suggest an “upward spiral” of improved functioning and productivity could result from
positive feedback between food security and ART. Policy makers could leverage this
positive cycle by strengthening mental health support and promoting sustainable food
security interventions as part of HIV treatment programs.
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INTRODUCTION
The physical health benefits of HIV antiretroviral therapy (ART) are well
documented (Bartlett et al., 2001; Murphy et al., 2001). However, the direct and indirect
economic and nutritional benefits of ART are still being established (Beard et al., 2009).
Abundant studies have illustrated the negative effect that HIV can have on the economic
well‐being and quality of life of individuals and households via decreased physical and
mental health, including reduced income (McIntyre et al., 2006; Russell, 2004), reduced
productive capacity (B. Larson et al., 2008), problems of absenteeism (Rosen et al., 2004),
and consequential job loss (Rosen et al., 2004; Russell, 2004). To deal with lost income,
individuals and households may turn to coping strategies (such as incurring debt, selling
assets, or exhausting savings) that undermine both current well‐being and future
livelihoods (McIntyre et al., 2006). Food insecurity can deepen as income, productivity and
assets decrease due to negative consequences of HIV (Crush et al., 2011; Marston et al.,
2004). Several recent studies in Uganda have documented food insecurity as a serious
consequence for HIV‐affected households (Bukusuba et al., 2007; Tsai et al., 2011; Weiser et
al., 2010). Food insecurity can be defined as limited or uncertain availability of nutritionally
adequate and safe foods, or inability to acquire these foods in socially acceptable ways
(Radimer et al., 1992); food security is achieved when there is physical and economic access
to adequate food for all household members, without risk of losing such access (Haering et
al., 2009).
Food insecurity is associated with worse immunologic status at ART initiation (i.e.
CD4 count) (Normen et al., 2005; Weiser et al., 2009a), poor ART clinical outcomes (e.g.
virological suppression, morbidity and mortality) (Weiser et al., 2009b; Weiser et al., 2009c;
Weiser et al., 2012), and is a key barrier to ART access, adherence and treatment retention
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in resource‐poor settings (Anema et al., 2009; Deribe et al., 2008; Franke et al., 2011;
Marcellin et al., 2008; Martin et al., 2011b; Weiser et al., 2012). Less is known about
whether and through what mechanisms ART affects food insecurity, although the few
studies examining nutrition‐related ART outcomes suggest there may be food security
benefits to ART. One study in Kenya found preliminary evidence that children’s nutrition
improved in households where adults were receiving ART (Zivin et al., 2009), while a study
in India found that consumption of key local food groups increased over time for patients on
ART (Thirumurthy et al., 2008a). Meanwhile, narratives from a recent qualitative study on
food insecurity and ART adherence in rural Uganda suggested ART may also reduce food
insecurity by restoring economic productivity to patients (Weiser et al., 2010).
Conceptual framework
Based on the literature, we developed a conceptual framework to explain the
possible pathways by which ART may indirectly affect food security (Figure 1). Using this
framework, we hypothesize that ART will influence food security via the primary pathways
of improved mental health, improved physical health, and an increased ability to work and
conduct daily activities as a consequence of these improvements.
Food security, by definition, is closely related to the ability to conduct economic
activities (work, or daily activities related to fulfill basic needs), which facilitates the
acquisition of a sufficient quantity and quality food to meet nutritional needs. An increasing
body of scientific studies, conducted mainly in sub‐Saharan Africa, suggests that
improvements in physical and mental health due to ART can lead to improved economic
well‐being via increased labor productivity and ability to conduct daily activities for basic
needs (Beard et al., 2009; Bock et al., 2008 ; d’Adda et al., 2009; Jelsma et al., 2005; Rosen et
al., 2010). ART has been associated with improved work performance, increased work
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reciprocity) (Kaschula, 2011; Tsai et al., 2011), demographic characteristics (gender, age,
education, household size, urban vs. rural location, head of household status) (Anema et al.,
2009; Crush et al., 2011; Lee et al., 2001; Rose et al., 2002), and HIV‐related health status
(CD4 count, AIDS diagnosis) (Normen et al., 2005; Weiser et al., 2009a). Clearly, the
provision of food supplementation tied to HIV care and treatment would also be highly
likely to affect the food insecurity of patients receiving it, although the scope and magnitude
of the benefits of such programs are far from conclusive (Tirivayi et al., 2011a).
We use data from a prospective cohort study in Uganda to examine how the food
insecurity of a treatment‐naïve population changes over the first year of HIV care. We then
investigate the added effects of ART by comparing the food security of patients on ART with
that of patients not yet on ART over time, and explore the potential pathways through
which ART may affect food insecurity.
METHODS
Study Design & Sample
The Joint Clinical Research Center (JCRC)/RAND prospective cohort study (January
2008 – November 2009) was designed to determine the effect of ART on multiple health
outcomes, including physical and mental health, as well as socio‐economic outcomes. New
patients at two clinics in Uganda were consecutively recruited into the study if they fulfilled
the following criteria: (1) adults over 18; (2) just entered care and been assessed for ART
eligibility; (3) CD4 < 400 cells/mm3 if not yet eligible for ART. The primary criterion for ART
eligibility was having either a CD4 count < 250 cells/mm3 or WHO stage 3 or 4 disease
(AIDS diagnosis); the patient must also have disclosed their HIV status to someone close to
them, who could then serve as the patient’s self‐identified “treatment supporter” (a
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common criterion for ART prescription across sub‐Saharan Africa). The two clinics were
both operated by JCRC, one in Kampala which is the capital and the only large urban area in
Uganda, and one in Kakira which is a rural town about 100 kilometers away from Kampala.
Importantly, HIV care and treatment at the JCRC clinics did not include food
supplementation, either directly through the clinic or through an external organization.
Participants were interviewed three times (baseline, 6 and 12 months) and paid
5000 Ugandan Shillings ($2.50) for each assessment. Written informed consent was
obtained from all participants. The interview protocol was approved by the Institutional
Review Board at RAND and JCRC in Uganda.
Measures
All questionnaire‐based measures in the protocol were collected in face‐to‐face
interviews administered in Luganda, the native language of the participants. The protocol
was translated into Luganda using standard translation and back‐translation procedures.
Clinical data were abstracted from clinical charts using standardized forms. For all scale‐
based measures, higher scores represent greater levels of the construct.
Food insecurity. Food insecurity was assessed using a 5‐item scale adapted by the study
team from the U.S. Household Food Security Survey (USHFSS) Module 6‐Item Short Form
(Bickel et al., 2000). The adapted scale assessed individual food sufficiency and affordability
in the context of household resources by asking how often the individual had to cut their
meal size, eat less, feel hungry, skip a meal, or not eat for a whole day because the
household did not have enough money for food in the last 30 days. Possible responses were
“a lot”, “sometimes”, “never”, and “don’t know”. Raw food insecurity scores [0 ‐ 5] were
calculated by summing affirmative responses (“a lot” or “sometimes”) and then categorized
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into 3 levels using USDA classifications: “marginal food security or better” (0‐1); “low food
security” (2‐3); and “very low food security” (4‐5) (USDA, 2008). The scale reliability
coefficient for the adapted scale (Cronbach’s alpha) at baseline was 0.92, indicating high
internal consistency. For analysis, we constructed a binary variable representing severe
food insecurity, indicating whether or not the patient had ‘very low food security’.
Pathway variables
Mental health. Depression was assessed using the 9‐item Patient Health Questionnaire
(PHQ‐9), whose items correspond to symptoms of major depression from the DSM‐IV (e.g.
feeling down or hopeless, trouble sleeping, etc). The range of possible scores is 0 – 27, with
higher score indicating higher depression (clinical depression is indicated with a score of 10
or higher). The PHQ‐9 has been used successfully with HIV clients in other parts of sub‐
Saharan Africa (Adewuya et al., 2006; Monahan et al., 2009).
Physical health. Physical health was assessed using the 2‐item sub‐scale for role functioning
of the Medical Outcomes Study HIV Health Survey (MOS‐HIV) (A. Wu et al., 1997), which has
been specifically adapted for Uganda (Mast et al., 2004). The role functioning sub‐scale
assesses whether health has limited the participant from working at a job or around the
house, and was the MOS‐HIV physical health measure closest to the construct of physical
health we were interested in. Raw scores range from 0 – 2.
Work status. Current work status was a binary variable defined as having worked (other
than housework) in the last 7 days based on self‐report as measured by modules of the
World Bank Living Standard Measurement Surveys (Grosh et al., 2000).
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Key covariates.
Asset wealth. We used the method of principal components (Filmer et al., 2001) to create an
asset index based on relatively liquid forms of wealth (cell phone, TV, radio, motorized
vehicle, and livestock) that might be expected to change with current economic
circumstances (Linnemayr et al., 2011). This method creates a single index from these
multiple indicators such that it explains the highest proportion of observed variance
between individuals relative to other possible indexes.
Material support. Material support was assessed using two questions asking if the
participant had received food or financial support from any source in the last month.
Responses were combined to create a binary variable indicating material support equal to
one if the participant had received support of either kind.
HIV‐related health. HIV‐related health was assessed using continuous CD4 count (cells/µL)
and WHO HIV disease stage. AIDS diagnosis was determined as a binary variable equal to
one for patients at WHO HIV disease stage 3 or 4. These measures were abstracted
manually from the patient’s clinical chart.
Demographics. Demographic characteristics (gender, age, education, head of household,
household size) were assessed based on modules of the World Bank Living Standard
Measurement Surveys (Grosh et al., 2000). Our measure of household size excluded the
participant.
Data Analysis
Analyses were based on comparisons of food insecurity across the ART and non‐
ART groups at baseline and over time. We first used bivariate statistics (Chi‐square test, two
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sample t‐test) to compare the baseline characteristics of the ART and non‐ART groups, as
well as across food insecurity groups. To examine change over time, we visually explored
trends in the outcome and pathway variables, and tested for statistically significant
differences over the three assessments by ART status (paired t‐test, McNemar’s test).
Our primary analysis was an intention‐to‐treat (ITT) approach that included all
participants. We conducted multivariate longitudinal logistic regression to investigate the
effect of ART on food insecurity over the three assessments, where the dependent variable
was the binary variable indicating severe food insecurity and the main independent
variables were ART status at baseline, time (ordinal variable representing the three
assessments), and an interaction term of ART status by time. We then used a staged
regression approach to explore the potential explanatory role of the pathway variables
identified in our conceptual framework. In the first step, we analyzed the regression model
for food insecurity using the main independent variables listed above. In subsequent steps,
we reexamined the models while adding in the pathway variables one by one (change in
depression (inverse), work status, and role functioning from 0 to 12 months). Change in
depression was entered into the regression as an inverse change so that an increase in all
pathway variables would indicate improvement. Our final model included all hypothesized
pathway variables together. We implemented the regression using the generalized
estimating equation (GEE) method for analysis of correlated repeated measurements (Zeger
et al., 1988), using semi‐robust standard errors and assuming a binomial distribution for
the binary food insecurity outcome.
In all regressions, we controlled for baseline characteristics identified in our
conceptual framework (female, Kampala, CD4 count, food security score, work status, role
functioning score, depression score, asset index score, and receipt of material support), as
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well as a set of indicator variables for the month of interview to take the possibility of
seasonal food insecurity into account. For parsimony, we excluded age, household size, and
head of household status from the regressions, since they neither differentiated the ART
groups or food security groups in bivariate analysis (Table 1).
All analyses included attrition weights to account for drop out from the study, which
were derived via logistic regression using completion status as the outcome and baseline
measures associated with ART and completion status as the independent variables. All
statistical analyses were conducted in STATA/IC 11.1 (StataCorp: College Station, Texas).
Sensitivity analyses
We conducted two sensitivity analyses to check the robustness of our longitudinal
regression results. In sensitivity analysis 1, we changed our ITT analysis to an “as treated
analysis” by excluding 50 patients assigned to the non‐ART group at baseline who started
ART during the course of the study. In sensitivity analysis 2, we addressed the issue of
comparability between the ART and non‐ART groups by restricting the non‐ART group to
those patients with CD4 count (<250) or an AIDS diagnosis, which would normally qualify
them for ART but where ART had been deferred for other medical or psychosocial reasons.
In addition, we re‐ran our original models with alternate measures of physical
health status, including the physical health functioning and overall health sub‐scales of the
MOS‐HIV, to explore whether choice of measure affected our results.
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RESULTS
Sample characteristics
The sample consisted of 602 participants, including 300 ART and 302 non‐ART
patients, distributed evenly between Kampala and Kakira. Retention in the study was very
high – 92% of the ART group and 94% of the non‐ART group completed the 12‐month
assessment. Baseline characteristics of the total sample by ART status and food insecurity
status are given in Table 1. At baseline, the ART group had worse HIV‐related health (lower
CD4 count, more AIDS diagnosis), lower education, lower asset wealth, lower health
functioning, and higher depression compared to the non‐ART group. The ART group was
less likely to be working than the non‐ART group. Age, gender, and household
characteristics did not differ between the ART and non‐ART groups.
Food insecurity
At baseline, 50% of participants had severe food insecurity, with a mean food
insecurity score of 2.8. In bivariate analysis, the ART group had a higher prevalence of
severe food insecurity [54%] compared to the non‐ART group [46%] [p < 0.05], although
their mean food insecurity score did not differ (Table 1). Meanwhile, participants with
severe food insecurity at baseline were more likely to be female, in Kakira, have lower
educational attainment, and have fewer assets. They were also less likely to report working
in the last 7 days, had lower health functioning, and experienced higher depression (Table
1).
Examining unadjusted change over time, the prevalence of severe food insecurity
decreased for both the ART and non‐ART group over the first 12 months of treatment,
although this trend was more pronounced for the ART group (Figure 2). In the ART group,
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food insecurity decreased significantly from baseline [53%] to Month 6 [37%; p < 0.001],
and again at Month 12 [13%; p < 0.001]. The non‐ART group experienced a similar
reduction from baseline [46%] to Month 6 [33%; p < 0.001], and again at Month 12 [18%; p
< 0.001]. At Month 12, the prevalence of food insecurity was lower for the ART group
compared to the non‐ART group [p < 0.05].
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Figure 2. Trend in prevalence of severe food insecurity, by ART status
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Table 1: Baseline sample characteristics by ART and food insecurity status

All

Non-ART

ART

Not severely
food insecure

Severely
insecure

Food insecurity raw score,
mean (SD)

2.8 (2.08)

2.7 (2.04)

2.9 (2.13)

0.9 (1.18) ***

4.8 (0.47) ***

Severe food insecurity

50%

46%**

54%**

Kampala

50%

50%

Age, mean (SD)

36 (8.5)

Female

Food Security Status

-

-

50%

57% ***

43% ***

36 (8.6)

36 (8.3)

36 (8.6)

36 (8.3)

69%

70%

67%

64% **

73% **

Head of household

66%

67%

66%

66%

67%

More than primary education

46%

49%*

43%*

55% ***

36% ***

Household size, mean (SD)

3.4 (2.6)

3.4 (2.7)

3.5 (2.5)

3.5 (2.7)

3.4 (2.5)

175 (117)

301 (73) ***

126 (83) ***

217 (119)

210 (116)

45%

30% ***

60% ***

43%

47%

1.4 (0.92)

1.6 (0.81)***

1.1 (0.98)***

1.3 (0.91)

1.4 (0.93)

5.2 (3.93)

4.4 (3.64) ***

6.1 (4.02) ***

4.8 (3.87) ***

5.6 (3.94) ***

Receives material support

43%

42%

45%

45%

41%

Worked in last 7 days

58%

69% ***

47% ***

65% ***

51% ***

Asset index score, mean (SD)

- 0.19 (0.99)

- 0.12 (0.97) **

- 0.26 (1.0) **

-0.52 (1.03) ***

0.14 (0.81) ***

602

302

300

300

302

Demographics

Physical health
CD4 count, mean (SD)
AIDS diagnosis
Role functioning score, mean
(SD)
Mental health
Depression score, mean (SD)
Socioeconomic characteristics

No. of observations

*** p < 0.01 ; ** p < 0.05 ; * p < 0.10
Notes:
(a) Chi-square and independent t-tests used to compare group differences. Significant indicators compared the ART
and non-ART groups, and the severely and not severely food insecure groups
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In the multivariate longitudinal regression model of food insecurity over 12 months,
the significant odds ratios on both ‘Time’ [OR = 0.352; p < 0.001] and the interaction of ‘ART
X Time’ [OR = 0.642; p < 0.01] indicate that both time and ART were significant predictors
of decreased of food insecurity after controlling for baseline differences (Table 2, Column
1). We can interpret the OR on ‘ART X Time’ to mean that compared to the non‐ART group,
the ART group had almost 36% lower odds of food insecurity at each assessment,
suggesting an additional effect of ART on food insecurity above and beyond the non‐ART
group. In addition, given the overall significant reduction in food insecurity in both the ART
and non‐ART groups, together with the fact that all participants began receiving HIV care at
study initiation, we are inclined to view time trend for the non‐ART group as indicating the
effects of HIV care rather than a secular decrease in food insecurity. However, without a
control group of PLHIV not receiving HIV care, we cannot formally test this hypothesis.
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Table 2: Longitudinal logistic regression results on food insecurity

(1)
ART group

Odds of severe food insecurity
(95% CI)
(2)
(3)
(4)

(5)

0.725

0.769

0.943

0.801

0.957

(0.471 - 1.117)

(0.487 - 1.213)

(0.602 - 1.479)

(0.523 - 1.225)

(0.617 - 1.484)

0.352***

0.357***

0.351***

0.351***

0.345***

(0.276 - 0.450)

(0.280 - 0.455)

(0.274 - 0.449)

(0.274 - 0.449)

(0.269 - 0.443)

0.642**

0.682*

0.684*

0.689*

0.691*

(0.467 - 0.882)

(0.495 - 0.940)

(0.494 - 0.946)

(0.500 - 0.951)

(0.499 - 0.957)

Time
ART X Time
∆ Role functioning

0.864

1.377

(0.669 - 1.114)

(0.924 - 2.052)

∆ Depression

0.902***

0.889***

(0.862 - 0.944)

(0.835 - 0.946)

∆ Work status
Constant

0.438***

0.505**

(0.285 - 0.673)

(0.325 - 0.784)

0.700

0.985

0.584

1.284

0.500

(0.305 - 1.607)

(0.405 - 2.391)

(0.247 - 1.384)

(0.528 - 3.123)

(0.163 - 1.538)

1,739

1,697

1,697

1,697

1,697

602

573

573

573

573

Observations
Number of person-identifiers

*** p<0.001, ** p<0.01, * p<0.05
Note: All regressions control for the following baseline variables: Kampala, female, CD4 count, food insecurity, work
status, role functioning score, depression score, asset index score, receipt of material support, and a set of indicators for
month of baseline interview (March – Sept., with February as the omitted month).
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While our sample size limits the analysis of how gender modifies the effect of ART on food
insecurity, regression results in Table 3 suggest that men drive the overall effects on food insecurity
that we see in our study population [OR = 0.485; p < 0.05] compared to women [b = not significant
at 0.05 level].
Table 3: By gender: Longitudinal logistic regression results on food insecurity

Odds of severe food insecurity
(95% CI)
Women
Men
ART group
Time

0.670

1.104

(0.418 - 1.074)

(0.415 - 2.939)

0.368***

0.296***

(0.281 - 0.483)

(0.171 - 0.511)

0.703

0.485*

(0.489 - 1.009)

(0.244 - 0.964)

1.210

0.532

(0.481 - 3.046)

(0.083 - 3.419)

1,193

546

416

199

ART X Time
Constant

Observations
Number of person-identifiers

*** p<0.001, ** p<0.01, * p<0.05
Note: Does not include pathway variables. All regressions control for the following baseline variables:
Kampala, female, CD4 count, food insecurity, work status, role functioning score, depression score,
asset index score, receipt of material support, and a set of indicators for month of baseline interview
(March – Sept., with February as the omitted month).

Our sensitivity analyses reveal similar results as our primary regression analysis. Using the
same regression model, our first two sensitivity analyses appear to strengthen the relative benefit
of ART on food insecurity compared to the non‐ART group (Table 4). These include our “as treated”
analysis (Table 4, Column 1) and our analysis comparing the sickest of the non‐ART group to the
ART group (Table 4, Column 2).
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Table 4: Sensitivity analyses

Odds of severe food insecurity
(95% CI)

ART group
Time
ART X Time
∆ Role functioning
∆ Depression
∆ Work status
Constant
Observations
Number of person-identifiers

Original regression
(Table 2, Column 5)

SA1:
Drop switchers

SA2:
Use only sickest in nonART group

0.957
(0.617 - 1.484)
0.345***
(0.269 - 0.443)
0.691*
(0.499 - 0.957)
1.377
(0.924 - 2.052)
0.889***
(0.835 - 0.946)
0.505**
(0.325 - 0.784)
-0.797
(0.594)

0.976
(0.607 - 1.570)
0.361***
(0.273 - 0.478)
0.685*
(0.484 - 0.970)
1.317
(0.891 - 1.947)
0.896***
(0.842 - 0.953)
0.497**
(0.322 - 0.767)
0.607
(0.187 - 1.972)

0.962
(0.598 - 1.548)
0.352***
(0.258 - 0.480)
0.659*
(0.453 - 0.958)
1.448
(0.900 - 2.331)
0.888***
(0.829 - 0.952)
0.440***
(0.273 - 0.709)
0.679
(0.196 - 2.353)

1,697

1,549

1,341

573

523

452

*** p<0.001, ** p<0.01, * p<0.05
Note: All regressions control for the following baseline variables: Kampala, female, CD4 count, food insecurity, work status, role functioning
score, depression score, asset index score, receipt of material support, and a set of indicators for month of baseline interview (March – Sept., with
February as the omitted month).
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Role of pathway variables
Work status. Work status improved significantly for the ART group from baseline
[49%] to Month 6 [72%; p < 0.01] and again at Month 12 [81%; p < 0.01], while the non‐
ART group experienced a smaller increase from baseline [69%] to Month 6 [75%; p < 0.01]
and again at Month 12 [80%; p < 0.01]. While the ART group was less likely to be currently
working at baseline than the non‐ART group, there was no statistically significant difference
between the groups at the end of the study (see Figure 3.a).
When change in work status was added to the regression model for food insecurity,
improved work status was a significant predictor of decreased odds of food insecurity [OR =
0.438; p < 0.001] (Table 2, Column 4), while the ART by time variable weakened in
magnitude and significance [OR = 0.689; p < 0.05]. In the regression including all pathway
variables (Column 5), the coefficient on change in work status weakened slightly but
remained a significant predictor of food insecurity [OR = 0.505; p < 0.01]. In practical terms,
these results mean that improved work status was associated with ~ 50% lower odds of
food insecurity.
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Figure 3: Trends in hypothesized pathway variables
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Depression. In the ART group, depression decreased significantly from baseline
[mean = 5.9] to Month 6 [mean = 2.4; p < 0.01] and again at Month 12 [mean = 1.4; p < 0.01].
In the non‐ART group, depression decreased from baseline [mean = 4.2] to Month 6 [mean =
2.4] but did not change further at Month 12 (see Figure 3.b.). At Month 12, depression was
lower for the ART group compared to the non‐ART group [p < 0.01].
When change in depression was added to the regression model for food insecurity,
one unit of decreased depression was a significant predictor of decreased odds of food
insecurity [OR = 0.902; p < 0.001] (Table 2, Column 3). Meanwhile the ART by time variable
weakened in magnitude and significance [OR = 0.684; p < 0.05]. In the regression including
all pathway variables (Column 5), the coefficient on change in depression remained a
significant predictor of the odds of food insecurity [OR = 0.889; p < 0.001]. In practical
terms, these results suggest that a one unit decrease in depression over the course of the
study was associated with roughly 11% lower odds of severe food insecurity.
Physical health. Role functioning improved for the ART group from baseline [mean =
1.1] to Month 6 [mean = 1.9; p < 0.01] but did not change further at month 12, while the
non‐ART group experienced a smaller increase from baseline [mean = 1.6] to Month 6
[mean = 1.9; p < 0.01] and a very slight decrease at Month 12 [mean = 1.8; p < 0.01] (see
Figure 3.c). At Month 12, the ART group had higher role functioning compared to the non‐
ART group [p < 0.01]. However, when change in role functioning was added to the
regression model for food insecurity, it was not a significant predictor of the odds of food
insecurity. In sensitivity analysis where alternate measures of physical health were used
(including physical health functioning and overall health), physical health was still not a
significant predictor of food insecurity.
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DISCUSSION
In this study, we find that food security improves over time for patients entering
care and treatment regardless of ART status, but that ART is a significant predictor of
improved food security above and beyond HIV care without ART. These findings contribute
to growing evidence of the economic and nutritional benefits of ART and extend the range
of these potential benefits to include food security. We provide some of the first robust
evidence that ART helps alleviate the food insecurity of adults with HIV receiving ART, even
in the absence of treatment‐related food assistance or livelihoods interventions which are
becoming increasingly common (Tirivayi et al., 2011a; Yager et al., 2011).
To our knowledge, no published studies have explicitly examined changes in food
insecurity as an outcome of HIV treatment and care. Previous work looked at children’s
nutrition as a proxy for income effects of ART in Kenya. Researchers in Kenya investigated
changes in the nutritional status of very young children in households with at least one
adult receiving ART; the authors postulated that an improvement in child nutrition could
signal an income effect as treatment improved health and economic productivity (Zivin et
al., 2009). Results indicated that children in early‐stage ARV households (receiving ART ≤
100 days) may experience improved nutrition as a result of ART, compared to a random
sample of households whose HIV status was not known; however, no effect was detected for
later‐stage ARV households (receiving ART > 100 days). While these results are generally in
line with our findings of improved food security, they apply to differences between ART‐
enrolled households and households which may or may not contain an HIV‐positive
member, and which are not seeking treatment.
Our results also suggest that greater ability to work and reduced symptoms of
depression may be the primary pathways through which ART improves food insecurity.
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These results are consistent with growing evidence that ART improves employment status
and work productivity for PLHIV (B. Larson et al., 2008; Thirumurthy et al., 2008b; G.
Wagner et al., 2009), and that mental health may play a key role given evidence that
depression is linked to HIV in low‐resource settings with negative implications for
productivity and work status (Collins et al., 2006; Maj et al., 1994; Rabkin, 2008; G. J.
Wagner et al., 2010). Identifying improved work and mental health as possible pathways
between ART and reduced food insecurity reinforces the growing recognition of the
importance of mental health support (Collins et al., 2006; Yun et al., 2005) and livelihoods
programs (S Gillespie et al., 2001; Pandit et al., 2010; Roopnaraine et al., 2011) as part of
comprehensive treatment and care for people with HIV, including ART.
Taken together with the literature that food security improves ART outcomes, our
findings provide empirical support for the bidirectional relationship between ART and food
insecurity. Evidence abounds for the negative effects of food insecurity on ART adherence
and treatment retention, with implications for poor CD4 count, viral suppression, morbidity
and mortality (Anema et al., 2009; Franke et al., 2011; Weiser et al., 2009b; Weiser et al.,
2009c; Weiser et al., 2012). These relationships likely operate through a combination of
biologic, nutritional and behavioral pathways. For example, food insecurity may create or
exacerbate poor nutritional status (e.g. low BMI) which could lead to poor clinical outcomes
(Weiser et al., 2009b). On the other hand, food insecurity may compromise ART adherence
if lack of food is an issue, since many antiretroviral medications must be taken with food
(Deribe et al., 2008). Food insecurity can also reduce ART access, adherence and retention if
it leads to trade‐offs between treatment (which involves both direct and indirect costs, such
as fees, transport, and lost work time) and other basic individual and household needs
(Martin et al., 2011b). Faced with these challenges, ART programs are increasingly
integrating interventions to support the food security of patients, including through direct
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food assistance, nutritional support, and livelihoods programs (Byron et al., 2008; Frega et
al., 2010; J. Koethe et al., 2009; Tirivayi et al., 2011a).
The bidirectional relationship between food insecurity and ART has implications for
programs and policies considering food security interventions tied to HIV treatment. In
particular, this relationship implies food security and ART may work in a positive feedback
cycle that ART programs could leverage to produce an “upward spiral” in well‐being by
promoting mental health support (e.g. counseling, treatment for depression), livelihoods
interventions (e.g. income generation projects, microfinance, employment services, etc) and
food supplementation as part of HIV treatment programs. Livelihoods programs and food
supplementation interventions are closely related: while food supplementation is one
approach often used to support the short‐term nutrition and food security of HIV patients
(Cantrell et al., 2008; Ivers et al., 2010; van Oosterhout et al., 2010), the transition from
short‐term food‐based approaches into longer‐term livelihoods approaches is increasingly
emphasized (Yager et al., 2011). Furthermore, although ART may improve food security, we
find that the magnitude of this benefit on its own is modest, and that it may primarily accrue
to men. Thus, ART alone cannot be expected to resolve the problem of food insecurity for
PLHIV, especially for women. Rather, in conjunction with other key interventions, ART may
play a role in moving PLHIV towards greater well‐being.
In addition, the finding that food security improved for the non‐ART group as well
as the ART group suggests that entering treatment and care – even prior to ART – may have
positive effects on well‐being. The fact that all participants began receiving HIV care at
study initiation, together with our accounting for seasonality through month‐of‐interview
controls, suggests that this time trend may indicate the effects of HIV care rather than a
secular decrease in food insecurity. It could stand to reason that entering care (including
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receiving treatment for opportunistic infections, clinical monitoring, etc) could also improve
food security via similar pathways as ART (Booysen et al., 2007). This is suggested by the
strong changes witnessed in depression and work status even in the non‐ART group.
However, without a control group of PLHIV not receiving HIV care, we cannot formally test
this hypothesis.
This study is subject to several limitations. First, ART was not randomly assigned, as
this would have been unethical given the widespread access to ART in Uganda at the time of
study enrollment. Therefore, we constructed our sample to be as comparable as possible by
restricting the control group to those who were almost, though not yet, eligible for ART. We
then included key group differences as covariates in our regression models. Most important
was to control for baseline CD4 count, which was the primary selection criteria and which
reflects the level of HIV‐related health of the individual. One concern was that our results
could be driven primarily by the fact that the ART sample was sicker at baseline. However,
the robustness of our results to sensitivity analysis which limited the non‐ART group to its
sickest members comparable with the ART group suggests that our findings may be valid.
Nevertheless, given our non‐randomized design, we cannot rule out regression to the mean
as an explanation for our results. In addition, our results should not be generalized to the
general population of PLHIV, since we do not have a control group of PLHIV not in care. Our
lack of a comparison group of PLHIV not in care also means we cannot account for natural
changes in our key outcome and pathway variables that may not be related to HIV care.
Another limitation is that we assess food insecurity using an individual rather than a
household measure. Combined with lack of data on intra‐household food distribution, this
makes it difficult to know if we truly observe changes in food insecurity or simply changes
in food distribution patterns within the household (e.g. giving the person on treatment
more food). However, the wording of the question does ask for reductions in individual
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consumption due to lack of household resources, which should prompt an answer reflecting
overall food insecurity rather than distribution.
While our study demonstrates an association between ART and improved food
security, and provides preliminary evidence that improving work and mental health
outcomes may be key to achieving this benefit, significant work remains to identify and
describe the dynamics of the pathways connecting ART and improvements in food
insecurity. In particular, our review of the literature and our preliminary results on gender
suggest that the underlying processes affecting the pathways between ART and food
insecurity may differ between men and women, especially with regards to how economic
activities related to food procurement (whether labor market or domestic activities)
respond to ART (d’Adda et al., 2009; B. A. Larson et al., 2009; Thirumurthy et al., 2008a).
This should be explored in future studies.
CONCLUSION
The potential for ART to improve the food security of people living with HIV
strengthens both the policy and public health case for sustaining and scaling‐up treatment
for all those in need of it. In addition to evidence that economic returns to ART may outpace
costs due to increased productivity for low‐income countries (Resch et al., 2011), and that
ART plays a pivotal role in prevention of HIV transmission (Anglemyer et al., 2011; Granich
et al., 2009), evidence supporting its social and economic benefits enhances the already
powerful rationale for maintaining, and increasing, investments in ART in resource‐poor
settings. This is more important than ever as the WHO now recommends ART initiation at
earlier CD4 thresholds, effectively increasing the demand for ART (Konde‐Lule et al., 2011).
A nuanced understanding of the bidirectional relationship between ART and food security,
in which employment and mental health play key roles, should inform decision‐makers as
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they consider the development of interventions to halt the “vicious cycle” of HIV and poor
social and economic outcomes, including food insecurity. Well‐integrated and implemented
interventions in the context of comprehensive care have the potential to produce an
“upward spiral” where food security and ART can mutually reinforce each other for the
benefit of all those in treatment.
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