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Objective: We undertook a longitudinal study in rural Uganda to understand the
association of food insecurity with morbidity and patterns of healthcare utilization
among HIV-infected individuals enrolled in an antiretroviral therapy program.

Design: Longitudinal cohort study.

Methods: Participants were enrolled from the Uganda AIDS Rural Treatment Out-
comes cohort, and underwent quarterly structured interviews and blood draws. The
primary predictor was food insecurity measured by the validated Household Food
Insecurity Access Scale. Primary outcomes included health-related quality of life
measured by the validated Medical Outcomes Study-HIV Physical Health Summary
(PHS), incident self-reported opportunistic infections, number of hospitalizations, and
missed clinic visits. To estimate model parameters, we used the method of generalized
estimating equations, adjusting for sociodemographic and clinical variables. Explana-
tory variables were lagged by 3 months to strengthen causal interpretations.

Results: Beginning in May 2007, 458 persons were followed for a median of 2.07 years,
and 40% were severely food insecure at baseline. Severe food insecurity was associated
with worse PHS, opportunistic infections, and increased hospitalizations (results were
similar in concurrent and lagged models). Mild/moderate food insecurity was associ-
ated with missed clinic visits in concurrent models, whereas in lagged models, severe
food insecurity was associated with reduced odds of missed clinic visits.

Conclusion: Based on the negative impact of food insecurity on morbidity and patterns
of healthcare utilization among HIV-infected individuals, policies and programs that
address food insecurity should be a critical component of HIV treatment programs
worldwide. � 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction
In Uganda, AIDS is the leading cause of mortality,
accounting for 12% of annual deaths among persons 15 to
49 years old [1], and the prevalence of HIV/AIDS among
adults is estimated at 6% [2]. Food insecurity, defined as
‘the limited or uncertain availability of nutritionally
adequate, safe foods or the inability to acquire personally
acceptable foods in socially acceptable ways,’ [3] is also
highly prevalent in Uganda and elsewhere in sub-Saharan
Africa, particularly among people living with HIV/AIDS
(PLWHA) [4]. Nearly all HIV-affected households in a
recent Kenyan survey were considered to be moderately
or severely food insecure [5].

Food insecurity and HIV/AIDS are inextricably linked,
with each enhancing vulnerability to and exacerbating
the severity of the other condition [6]. HIV-related
disability exacerbates food insecurity by decreasing
household economic capacity and increasing caregiver
burden [6]. Food insecurity in turn predisposes women to
risky sexual practices and negatively affects their
empowerment, exacerbating the spread of HIV/AIDS
in sub-Saharan Africa and elsewhere [7,8]. Among people
infected with HIV, food insecurity has been associated
with worse HIV treatment outcomes including reduced
antiretroviral therapy (ART) adherence [9–11], reduced
bioavailability and pharmacokinetic efficacy of ART
[12,13], worse immunologic and virologic response
[9,14–16], and increased mortality [17]. Additionally,
studies from the United States among the general
population have shown that urban poor individuals
may be forced to prioritize food over healthcare needs
[18,19], leading to medication nonadherence, reduced
outpatient follow-up, and increased acute care use
[20–22]. Qualitative studies from Uganda [11,23] have
previously reported that the competing demands of food
and medical expenses may lead people to default from
ART, or to give up food and wages to obtain treatment.

Few studies have examined the relationship of food
insecurity with morbidity and health-related quality of
life among PLWHA, and there are no studies to our
knowledge looking at the association of food insecurity
with patterns of healthcare utilization in resource-poor
settings. In addition, few studies have used longitudinal
data in examining negative health impacts of food
insecurity, and most studies in this field have been limited
by the absence of validated measures of food security or
health status. Finally, no quantitative studies from
resource-poor settings or among PLWHA have examined
trade-offs between food and healthcare needs. Such
information is critical to help interrupt the cycle of food
insecurity and HIV/AIDS in resource-limited settings.

To address the gaps in the literature, we undertook a
longitudinal study to understand the association of food
insecurity with morbidity and patterns of healthcare
pyright © Lippincott Williams & Wilkins. Unautho
utilization among individuals accessing ART in rural
Uganda. We hypothesized that food insecurity is
associated with increased HIV-associated morbidity;
reduced outpatient clinic attendance, related to compet-
ing demands between food and other resources; and
increased hospitalizations, as a result of missed clinic visits
as well as other adverse health impacts of food insecurity.
Understanding the effects of food insecurity on morbidity
and healthcare utilization patterns among PLWHA in
sub-Saharan Africa will help inform the development of
programs and policies to improve health and quality of life
among PLWHA.
Methods

Participants and study design
Our study took place in Mbarara town (population
65 000), within the rural Mbarara District. The Uganda
AIDS Rural Treatment Outcomes (UARTO) prospective
cohort study was initiated in July 2005 and participants
were recruited from the Regional Referral Hospital
Immune Suppression Syndrome (ISS) Clinic, which
dispenses free ART [24]. Beginning in August 2007, we
conducted a substudy within UARTO with the aim of
evaluating the impact of food insecurity on HIV health
outcomes and HIV transmission risk behaviors. Eligibility
criteria for the food security substudy were identical
to the UARTO eligibility criteria. Participants were
approached for recruitment into the parent study
(UARTO) if they were ART-naive patients above
18 years of age who lived within 20 km of the Mbarara
Hospital HIV clinic. All patients who were initiating free
ART were approached for recruitment in the study.

Quarterly assessments were conducted using standardized
interviewer-administered instruments, detailed anthro-
pometric measures, and phlebotomy for plasma HIV
RNA levels and CD4þ T-cell counts. We collected
information about sociodemographic characteristics,
health behaviors, food security, dietary intake, inpatient
and outpatient healthcare utilization, and physical health-
related quality of life using validated scales. All surveys
were translated and back-translated into Runyankole,
pilot tested with 97 Ugandan HIV-infected individuals
and administered by a native Runyankole speaker. Ethical
approval was obtained from ethical review boards at the
University of California at San Francisco, Partners
Healthcare, Mbarara University of Science and Technol-
ogy, and the Uganda National Council of Science
and Technology.

Measures
The primary explanatory variable for this analysis was
household food insecurity over the 30 days prior to the
interview, as measured by the Household Food Insecurity
Access Scale. This nine-item scale, based on validation
rized reproduction of this article is prohibited.
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studies in eight countries [25–27], was developed using
the same approach that was used to develop the officially
adopted and annually implemented national measure of
household food insecurity in the United States. Validation
studies have demonstrated that this measure is able to
distinguish food-secure from food-insecure households
across different cultural contexts. Questions cover three
domains of experience of food insecurity including
anxiety and uncertainty about the household food supply,
insufficient quality (variety, preferences and types of
food), and insufficient food intake and its physical
consequences. Participants were identified as being food
secure, or mildly, moderately, and severely food insecure.
The internal consistency of this measure was high in this
sample, with a Cronbach’s alpha of 0.91.

Our outcomes of morbidity and healthcare utilization
were measured over the previous 3 months, and included
physical health-related quality of life, incident oppor-
tunistic infections, number of hospitalizations, and missed
clinic visits. Physical health-related quality of life
(continuous variable) was measured with the Medical
Outcomes Study-HIV (MOS-HIV) Physical Health
Summary (PHS). This measure consists of 35 items
grouped into 11 domains, and a higher score reflects
a better health-related quality of life [28,29]. This
questionnaire has been translated into various languages
and has undergone cultural adaptation and validation
[30]. It has been shown to be internally consistent,
correlated with increased AIDS-related events [29], and
has been studied among a variety of patient groups with
HIV/AIDS, including asymptomatic and treatment-naive
individuals and those with advanced AIDS and oppor-
tunistic infections. Incident opportunistic infections (any
versus none over the previous three months) were
measured by participant-report, and included incident
Pneumocystis pneumonia, esophageal candidiasis, crypto-
coccal meningitis, cryptococcal pneumonia, lymphoma,
toxoplasmosis, Kaposi’s sarcoma, cryptosproridiosis,
recurrent typhoid, pulmonary or extrapulmonary tuber-
culosis, cytomegalovirus retinitis, and herpes zoster. The
number of hospitalizations over the previous 3 months
was measured by participant-report. Missed clinic visits
were measured by participant-report and defined as zero
visits over the previous quarter, as the norm in this setting
is to have all patients seen in clinic at least once
per quarter.

We selected sociodemographic and clinical covariates for
adjusted models based on prior literature and theory
[8,15,17,31]. Sociodemographic variables were measured
at baseline and included age (continuous), sex (male
versus female), marital status (married versus unmarried),
education (at least high school graduation versus less than
high school graduation), distance to clinic measured in
hours of travel time (continuous), and any lifetime
smoking (yes versus no). To measure household wealth at
baseline, we used 25 variables denoting household assets
Copyright © Lippincott Williams & Wilkins. Unaut
and characteristics to create a household asset index
following the methodology proposed by Filmer and
Pritchett [32]. Higher values of the asset index indicate
greater household wealth relative to others in the sample,
and the asset index was entered into the regression models
as a continuous variable. We included several time-
varying clinical variables including positive test for heavy
drinking as measured by the three-item consumption
subset of the Alcohol Use Disorders Identification Test
(AUDIT-C) [33]; duration of ART in months; CD4 cell
count measured in 50 cell increments; and BMI (BMI
<18.5 versus �18.5 to adjust for being underweight).

Analysis
Data were analyzed with STATA statistical software,
version 11.0 (Stata Corporation LP, College Station,
Texas, USA). Descriptive statistics using conventional
means and proportions were used to examine sample
characteristics and experiences of competing demands
between food and other resources. We specified a
regression model for physical health-related quality of life
as a function of household food insecurity (concurrently
measured) and potential confounding variables. To
estimate the parameters of the marginal model, we used
the method of generalized estimating equations with an
exchangeable correlation structure and identity link. The
bootstrap resampling method was used for variance
estimation in which the bootstrap samples were
composed from resampling the panels with replacement.
Similar models were specified to analyze incident
opportunistic infections (logit link), missed clinic visits
(logit link), and number of hospitalizations (negative
binomial link). We also conducted sensitivity analyses
with the explanatory variables lagged by 3 months to
strengthen the plausibility of the estimated associations.
Results

Description of study population
In total, 458 participants were recruited in the food
insecurity study. Only the 406 individuals (89%) who had
no missing data on any variables were included in this
analysis. There were no statistically significant differences
between the 52 excluded individuals and the 406
included individuals in terms of any of our key predictors
and outcomes of interest. In addition, there was no more
than 6% missing data on any variables of interest, and most
variables had less than 2% missing data. The median
duration of follow-up was 2.1years [interquartile range
(IQR)¼ 1.9–2.8 years]. There were 292 women (72%),
median age was 35 (þIQR¼ 29–40 years); 93 (24%) of
participants had completed high school, and 123
participants (30%) were unemployed (Table 1). In terms
of food security status, 92 participants (22.7%) were
categorized as food secure, 30 (7.4%) as mildly food
insecure, 125 (30.8%) as moderately food insecure, and
horized reproduction of this article is prohibited.



Co

70 AIDS 2012, Vol 26 No 1

Table 1. Baseline characteristics of participants.

All participants (N¼406)
Characteristics N (%) or median (IQR)

Sociodemographic characteristics
Age [median (IQR)] 35.0 (29.2–40.0)
Female 292 (71.9%)
Married 177 (43.6%)
Secondary education 93 (22.3%)
Asset index [median (IQR)] �0.29 (1.47–1.17)
Unemployed 123 (30.3%)
Severely food insecure 155 (38.2%)
Distance to clinic in hours [median (IQR)] 0.63 (0.5–1.0)

Clinical characteristics
Any lifetime smoking 95 (23.4%)
ART-naive at study baseline 242 (59.6%)
Duration on ART at baseline in months among participants on ART [median (IQR)] 13.9 (9.2–16.9)
Heavy drinking (AUDIT-C) 34 (8.4%)
CD4 cell count [median (IQR)] 197.5 (127.0–291.0)
BMI<18.5 45 (11.1)
Baseline PHS [median (IQR)] 48.8 (39.6–55.8)

ART, antiretroviral therapy; AUDIT-C, Alcohol Use Disorders Identification Test; IQR, interquartile range; PHS, Medical Outcomes Study-HIV
Physical Health Summary. n<458 for some characteristics due to missing data.
155 (38.2%) as severely food insecure. Median baseline
CD4 cell count was 198. Two hundred and forty-two
participants (59%) were ART-naive, and initiating ARTat
the baseline of the food insecurity study, and the rest had
been on ART for a median of 14 months (IQR¼ 9.2–
16.9 months).

Longitudinal factors associated with physical
health status and opportunistic infections
At baseline, participants had a median PHS score of 48.8
(IQR¼ 39.6–55.8). In both unadjusted and adjusted
analyses, moderate and severe food insecurity were
negatively associated with physical health-related quality
of life over follow-up (Table 2). Increasing age, female
sex, being married and being underweight were also all
negatively associated with PHS. Conversely, increased
length of time on ART and increasing CD4 cell counts
were positively associated with PHS. When the
explanatory variables were lagged by one quarter, severe
food insecurity retained a statistically significant associ-
ation with PHS [b¼�1.58, 95% confidence interval
(CI)¼�2.77 to �0.40]. Increasing age, female sex, and
being married remained negatively associated with PHS,
and increased length of time on ARTremained positively
associated with PHS (data not shown).

In total, 63 participants (15.5%) reported a new
opportunistic infection during follow-up. In unadjusted
analyses, severe food insecurity was significantly associ-
ated with higher incident opportunistic infections [odds
ratio (OR¼ 1.99, 95% CI¼ 1.13–3.48, P< 0.05)], but
mild and moderate food insecurity were not. In adjusted
analyses, increased duration of ART was associated with
lower odds of incident opportunistic infections, and there
was a nonstatistically significant trend toward an
association for severe food insecurity (AOR¼ 1.77,
95% CI¼ 0.95–3.34, P¼ 0.073). When the explanatory
pyright © Lippincott Williams & Wilkins. Unautho
variables were lagged by one quarter, severe food
insecurity was associated with increased incident oppor-
tunistic infections [adjusted odds ratio (AOR¼ 1.85, 95%
CI¼ 1.01–3.41), P< 0.05)], and increased duration of
ART was associated with lower odds of incident
opportunistic infections.

Longitudinal factors associated with patterns of
healthcare utilization
We found that 160 participants (39.4%) had missed clinic
visits, and 68 participants (16.8%) were hospitalized
during the course of follow-up. Over the follow-up
period, individuals who were mildly (AOR¼ 1.93, 95%
CI¼ 1.25–2.99, P< 0.01) or moderately (AOR¼ 1.68,
95% CI¼ 1.19–2.35, P< 0.01) food insecure were more
likely to have missed clinic visits in adjusted analyses, but
this was not the case for individuals who were severely
food insecure (Table 3). The only other factor associated
with missed clinic visits in adjusted analyses was longer
duration on ART. In contrast to these results, when the
explanatory variables were lagged by one quarter,
individuals who were moderately (AOR¼ 0.68, 95%
CI¼ 0.51–0.90, P< 0.01) or severely (AOR¼ 0.70,
95% CI¼ 0.49–0.99, P< 0.05) food insecure were less
likely to have missed clinic visits, and there was no
association between mild food insecurity and missed
clinic visits. In lagged models, screening positive for heavy
drinking was associated with increased odds of missed
clinic visits, and having greater assets was associated with
decreased odds of missed clinic visits.

Severe food insecurity (but not mild or moderate food
insecurity) was associated with increased number of
hospitalizations in both unadjusted [incidence rate ratio
(IRR)¼ 3.48, 95% CI¼ 1.70–4.69, P< 0.01] and
adjusted (incidence rate ratio¼ 3.24, 95% CI¼ 1.77,
P< 0.01) analyses (Table 3). Results trended in the same
rized reproduction of this article is prohibited.
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Table 2. Adjusted associations between food insecurity and physical health status and opportunistic infections (concurrent and lagged models).

MOS-HIV physical health status New opportunistic infection

Characteristic
Concurrent adjusted

b (95% CI)
Lagged (3 months)

adjusted b (95% CI)
Concurrent adjusted

OR (95% CI)
Lagged (3 months)

adjusted OR (95% CI)

Food insecurity
None Reference Reference Reference Reference
Mild �1.06 (�2.20; 0.08) 0.71 (�0.60; 2.01) 0.83 (0.25; 2.79) 0.72 (0.23; 2.22)
Moderate �1.98 (�2.88; �1.08)MMM �0.76 (�1.91; 0.40) 0.69 (0.43; 1.13) 0.72 (0.34; 1.51)
Severe �3.30 (�4.58; �2.02)MMM �1.58 (�2.77; �0.40)MM 1.78 (0.96; 3.29) 1.85 (1.01; 3.41)M

Sociodemographic characteristics
Age �0.55 (�1.08; �0.02)M �0.70 (�1.31; �0.10)M 1.05 (0.88: 1.25) 1.04 (0.84; 1.27)
Female sex �3.10 (�4.47; �1.74)MMM �2.42 (�3.84; �1.00)MM 1.11 (0.48; 2.58) 0.95 (0.46; 1.96)
Married �1.43 (�2.70; �0.15)M �1.23 (�2.47; 0.00)M 1.00 (0.54; 1.84) 1.15 (0.66; 2.00)
More than a high school education �0.23 (�1.59; 1.14) �0.24 (�1.57; 1.08) 1.05 (0.40; 2.76) 1.19 (0.54; 2.59)
Asset index 0.25 (�0.10; 0.60) 0.30 (�0.01; 0.62) 1.02 (0.86; 1.21) 1.00 (0.78; 1.28)
Unemployed �0.30 (�1.83; 1.22) �0.42 (�2.07; 1.23) 1.22 (0.73; 2.02) 1.41 (0.68; 2.93)
Distance to clinic 0.06 (�0.75; 0.88) 0.24 (�0.46; 0.94) 0.93 (0.64; 1.36) 0.92 (0.66; 1.27)

Clinical characteristics
Any lifetime smoking �1.28 (�2.65; 0.10) �1.52 (�3.11; 0.07) 1.13 (0.58; 2.19) 1.22 (0.56; 2.66)
Duration of ART (months) 0.15 (0.11, 0.19)MMM 0.08 (0.04; 0.12)MMM 0.97 (0.95; 0.99)MM 0.96 (0.93; 0.99)MM

Heavy drinking (AUDIT-C) �1.52 (�3.49; 0.45) �1.15 (�3.01; 0.70) 0.50 (0.02; 12.72) 0.23 (0.00; 13.82)
Low BMI �4.52 (�6.74; �2.30)MMM �1.61 (�3.36; 0.15) 1.29 (0.52; 3.22) 1.01 (0.38; 2.70)
CD4 cell count

(per 50 cells/ml increment)
0.13 (0.02; 0.24)M �0.01 (�0.14; 0.12) 1.04 (0.98; 1.11) 1.05 (0.96; 1.14)

ART, antiretroviral therapy; AUDIT-C, Alcohol Use Disorders Identification Test; CI, confidence interval; MOS-HIV, Medical Outcomes Study-
HIV; OR, odds ratio. MP<0.05. MMP<0.01. MMMP<0.001.
direction in the lagged model. Individuals who were
married, unemployed, and had higher asset scores had
significantly more hospitalizations in adjusted analyses.
Conversely, individuals who were on ART for longer
duration had fewer hospitalizations.

Competing demands
Over the course of follow-up, 71 participants (17%)
gave up ART in order to get food and 98 participants
Copyright © Lippincott Williams & Wilkins. Unaut

Table 3. Adjusted associations between food insecurity and number of hos

Number of hospitaliz

Characteristic
Concurrent adjusted

IRR (95% CI)
La

I

Food insecurity
None Reference
Mild 0.66 (0.04; 11.32) 0.66
Moderate 1.33 (0.69; 2.58) 0.88
Severe 3.25 (1.74; 6.04)MMM 1.70

Sociodemographic characteristics
Age 0.93 (0.73; 1.20) 1.02
Female sex 1.02 (0.45; 2.29) 1.52
Married 2.26 (1.37; 3.74)MM 2.67
More than a high school education 0.69 (0.37; 1.29) 0.88
Asset index 1.14 (0.94; 1.39) 1.04
Unemployed 1.81 (0.80; 4.09) 0.95
Distance to clinic 1.20 (0.84; 1.71) 0.97

Clinical characteristics
Any lifetime smoking 1.93 (0.74; 5.03) 1.00
Duration of ART (months) 0.94 (0.91; 0.98)MM 0.97
Heavy drinking (AUDIT-C) 0.27 (0.00; 56.97) 1.15
Low BMI 1.14 (0.27; 4.88) 1.47
CD4 cell count (per

50 cells/ml increment)
0.97 (0.90; 1.05) 0.91

ART, antiretroviral therapy; AUDIT-C, Alcohol Use Disorders Identification
MP<0.05. MMP<0.01. MMMP<0.001.
(24%) gave up obtaining other medications for food
(Table 4). Moreover, 122 participants (30%) did not
access outpatient medical care when needed, and 131
participants (32%) did not access inpatient medical care
when needed due to competing demands with food.
Participants who were severely food insecure were
significantly more likely than those who were not
severely food insecure to report giving up ART for food
(Table 4).
horized reproduction of this article is prohibited.

pitalizations and missed clinic visits (concurrent and lagged models).

ations No clinic visits in 3 months

gged adjusted
RR (95% CI)

Concurrent adjusted
OR (95% CI)

Lagged adjusted
OR (95% CI)

Reference Reference Reference
(0.01; 32.41) 1.93 (1.10; 3.39)MM 1.14 (0.75; 1.76)
(0.38; 2.08) 1.68 (1.10; 2.56)M 0.68 (0.51; 0.90)MM

(0.82; 3.53) 1.23 (0.80; 1.92) 0.70 (0.49; 1.00)M

(0.80; 1.30) 0.90 (0.75; 1.07) 0.97 (0.84; 1.13)
(0.63; 3.67) 0.60 (0.32; 1.11) 0.76 (0.43; 1.35)
(1.27; 5.63)MM 1.10 (0.63; 1.94) 1.09 (0.67; 1.79)
(0.48; 1.61) 1.19 (0.68; 2.10) 1.31 (0.82; 2.10)
(0.84; 1.29) 0.91 (0.80; 1.03) 0.88 (0.79; 0.99)M

(0.42; 2.12) 1.13 (0.73; 1.73) 0.97 (0.65; 1.43)
(0.64; 1.48) 1.12 (0.84; 1.48) 1.17 (0.91; 1.49)

(0.36; 2.75) 0.57 (0.33; 0.97)M 0.60 (0.36; 1.02)
(0.93; 1.01) 1.06 (1.04; 1.07)MMM 1.03 (1.02; 1.05)MMM

(0.06; 21.32) 0.67 (0.26; 1.74) 1.98 (1.08; 3.63)M

(0.06; 33.35) 0.94 (0.46; 1.94) 1.13 (0.72; 1.77)
(0.81; 1.03) 1.02 (0.97; 1.07) 1.04 (1.00; 1.09)

Test; CI, confidence interval; IRR, incidence rate ratio; OR, odds ratio.
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Table 4. Competing demands between food and healthcare needs during follow-up.

All participants
(N¼406)

Not severely food
insecure during

follow-up (N¼247, 61%)

Severely food insecure
during follow-up
(N¼155, 39%)

N (%) N (%) N (%)

Giving up medical care for food
Giving up ART for food 71(17%)MM 30 (12%)MM 40 (26.0%)MM

Giving up other medications for food 98 (24) 51 (21%) 45 (29%)
Giving up needed outpatient care for food 122 (30%) 70 (28%) 51 (33%)
Giving up needed inpatient care for food 131 (32%) 72 (29%) 58 (37%)

Giving up food for medical care
Giving up food for ART 349 (86%) 207 (84%) 139 (89%)
Giving up food to access outpatient care 325 (80%)M 188 (76%)M 133 (86%)M

Giving up food to access inpatient care 197 (49%)MM 105 (43%)MM 89 (57%)MM

ART, antiretroviral therapy. n<406 for some characteristics due to missing data. MP<0.05. MMP<0.01.
A higher proportion of participants gave up food in order
to access medical care. Most participants [349 (86%)] had
forgone adequate food for themselves or their families in
order to obtain ART; 325(80%)had forgone food in order
to access outpatient care, and 197 participants (49%) had
forgone food in order to access inpatient care. Individuals
who were severely food insecure were significantly more
likely than participants who were not severely food
insecure to give up food in order to access outpatient and
inpatient care (Table 4).
Discussion

To our knowledge, this is the first study to determine
whether food insecurity is associated with increased
morbidity, missed clinic visits, and increased hospitaliz-
ations among HIV-positive adults accessing ART in a
resource-limited setting. This is also the first study in any
setting to examine these relationships longitudinally. We
found that a majority of adults accessing ART in rural
Uganda were food insecure, and that food insecurity was
associated with increased markers of morbidity in
longitudinal analyses. Food insecurity also negatively
impacted patterns of healthcare utilization as a result of
competing demands between food needs and healthcare
needs.

Our findings on the associations between food insecurity
and HIV-related morbidity are supported by previous
cross-sectional research linking food insecurity with
worse physical and mental health status [14], lower CD4
cell counts [9,14], lower ART adherence [9,15,34], and
reduced viral load suppression [9,15]. They are also
supported by findings from a longitudinal study in
Vancouver that found that food insecurity was associated
with mortality among ART-treated individuals after
controlling for clinical and socioeconomic variables [17].

In this study, the relationships observed among food
insecurity, socioeconomic status, and patterns of
pyright © Lippincott Williams & Wilkins. Unautho
healthcare utilization reflect the fact that accessing
healthcare (either primary care or acute care services)
is the product of both need and means; that is, an observed
hospitalization results when one has the need for acute
healthcare and has the means to pay for it. Consistent with
this, we found in concurrent models that severe food
insecurity was associated with number of hospitalizations,
and that mild and moderate food insecurity were
associated with missed clinic visits. Declining physical
health status likely outweighed the financial constraints to
accessing healthcare and need for hospitalizations for
severely food-insecure individuals. This interpretation is
supported by the lagged models in which individuals who
were severely food insecure were significantly less likely
to miss outpatient clinic visits. The increased risk of
hospitalization seen among severely food-insecure indi-
viduals may also be a consequence of missed clinic visits
and failure-to-receive necessary medical treatment
among those with mid-to-moderate food insecurity.
Greater asset wealth was also associated with an increased
number of hospitalizations in concurrent models and with
decreased odds of missed clinic visits in lagged models,
possibly because individuals with greater resources were
better able to access hospitalizations and outpatient care
when needed. Addressing food insecurity will not only
help reduce the need for hospitalization by increasing
outpatient care utilization and decreasing morbidity, but
may also help reduce overall costs of healthcare if
individuals are accessing health services at earlier stages
of illness.

Consistent with previous research [11,21,23,35], partici-
pants in our study grappled with trade-offs between
subsistence needs and healthcare needs, and as a result
forewent hospitalizations, clinic visits and ART in order
to procure food. Even more striking was the extent to
which participants in this study gave up adequate food for
themselves or their families in order to access healthcare.
This suggests that the negative impact of food insecurity
on patterns of healthcare utilization may become even
more pronounced over the long term, when these trade-
offs are no longer sustainable, and when HIV comes to be
rized reproduction of this article is prohibited.
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appreciated as a chronic, manageable condition in
Uganda. The strong links between food insecurity and
HIV/AIDS morbidity and access to care have important
policy implications. Poverty, deteriorating infrastructure,
and inadequate capacity for service provision in many
parts of sub-Saharan Africa are tied to the dual epidemics
of HIV/AIDS and food security. Although governments
have invested in ART provision, less funding has directly
targeted the building blocks underlying ART success,
including improved food insecurity. Moreover, policies
surrounding food security in the region have been
primarily focused on increasing food self-sufficiency at an
aggregate national level rather than increasing food
security at the household level. This policy stance leads to
less resource allocation for the poor, and can hinder the
political and institutional reforms necessary to achieve
food security in the longer run [36].

To improve food insecurity and hence health outcomes
among PLWHA, WHO, UNAIDS, and the World Food
Programme have recommended integrating sustainable
food production strategies into HIV/AIDS programming
[37,38]. Yet, the most effective strategy for improving
food security among PLWHA has yet to be elucidated.
Several small studies in developing countries have
demonstrated the potential for macronutrient supple-
mentation to improve health outcomes among PLWHA
[39,40]. Macronutrient supplementation provides critical
nutritional support, but does not address all of the
downstream health consequences of food insecurity and
also causes dependency on health programs [40]. More-
over, relying on health programs for food may be socially
unacceptable, or may contribute to ongoing anxiety and
uncertainty about food supply. Other solutions for
improving food security that have been discussed in
the literature include income transfers for food, micro-
credit interventions, and livelihood interventions [6,40].
These may better address some of the root causes of
food insecurity, and hence may have a better chance of
improving health outcomes. One small study in rural
Kenya showed that a microirrigation water pump
combined with a microfinance loan led to increases in
crop yields, household income, BMI, and CD4 cell
counts [41]. Further research is critical to provide
empirical evidence to guide policies to integrate
structural interventions into the expansion of HIV care,
treatment, and prevention programs.

There are several limitations to our study. Many of our
measures (including those related to our key outcomes
and predictors) were self-reported, which can result in
correlated measurement errors that introduce bias. There
were few participants who fell into the ‘mildly food
insecure’ category, which may limit our ability to draw
conclusions about this group. Although we controlled for
many relevant demographic, socioeconomic, and clinical
variables, unobserved confounders may explain some of
the associations detected. Our longitudinal design and
Copyright © Lippincott Williams & Wilkins. Unaut
analysis with both concurrent and lagged models
provided some strength in understanding the causal
direction and in mitigating the effects of unobserved
variables. Nevertheless, randomized intervention studies
are needed to fully understand the causal relationships
among food insecurity, HIV-related morbidity, and
patterns of healthcare utilization and the impacts that
can be gained by addressing food insecurity.

In summary, we found that food insecurity is highly
prevalent among PLWHA accessing ART in rural
Uganda and that it is associated with HIV-related
morbidity, increased hospitalizations and decreased
utilization of outpatient care services as a result of
competing demands for resources. Our findings support
the need for food insecurity interventions as an integral
component of HIV programs serving impoverished
populations [38,42]. Interventions should aim to address
upstream causes of food insecurity, rather than the
downstream consequences, in order to interrupt the
vicious cycle of food insecurity and HIV/AIDS and
contribute to improved health-related quality of life,
access to healthcare, and decreased morbidity and
mortality among PLWHA.
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