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Abstract

Food insecurity (FI) has been associated with HIV disease progression among people on
antiretroviral therapy (ART), presumably a consequence of poor medication adherence. We
assessed whether there is a longitudinal association between FI and two primary outcomes
reflecting on HIV disease progression (i.e., CD4 count and time to ART initiation) among people
not on ART. Analyses used linear mixed effects and Cox models controlling for confounders. In
this cohort (n= 310) FI was common (53%). Most (71.3%) reported past month heavy alcohol use
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and 37.1% reported past month injection drug use. Only 50 participants initiated ART during the
study and mean time to ART was 128 days (SD 120). There were no significant differences in
CDA4 cell count between the groups with mild/moderate FI or severe FI vs. those with no FI
(adjusted mean difference, mild/moderate insecurity vs. no Fl =32.5 [95%CI: —94.3, 29.3]; severe
vs. no FI —45.5 [95%CI: —124.1, 33.0]; global p=0.42). We found no significant association
between FI and longer time to ART initiation (p=0.36). Food security is a desirable goal for
overall health and shown beneficial for those on ART, however it does not appear to be associated
with HIV disease progression among those with high prevalence of substance use and not yet on
ART.
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1. INTRODUCTION

Food insecurity (FI), defined as having limited availability of food; inadequate access to a
nutritious diet; and the inability to procure food, is a significant contributor to the morbidity
and mortality associated with the HIV epidemic in both developing and developed countries
(1, 2). Food security and HIV elimination are two major, hard-to-reach health targets of the
global Sustainable Development Goals requiring additional resources to effectively address
these challenges by 2030 (3, 4).

Existing studies among HIV-infected people have highlighted three possible important
associations between FI and HIV-related outcomes: increased HIV transmission; accelerated
HIV progression; and impaired access to HIV care (5-7). Among HIV-infected people, FI is
associated with incomplete viral suppression and an increased risk of HIV transmission to
uninfected peers via behavioral pathways (e.g., risky sexual behavior and needle sharing
practices among people who use drugs) (7-9). Additionally, FI among HIV-infected people
has been shown to impede access to HIV care, even when healthcare is provided free of
charge, compromising immune status (9-14). Reduced nutrient intake or poor adherence to
antiretroviral therapy (ART) medications by food insecure individuals could reduce viral
load suppression, potentially even more so among people with substance use (9, 14-16).
Nutritional studies among HIV-infected people on ART demonstrate that a reduction in
serum micronutrients is associated with an increased risk of HIV progression. Furthermore,
micronutrient supplements can delay disease progression and reduce mortality (17, 18).
Interrelated mechanisms of FI and HIV infection have been targets for tailored programs to
mitigate the global burden of HIV in resource-limited settings (19, 20).

Most of the literature assessing FI and HIV disease progression has been carried out among
people on ART. In contrast, little is known about HIV disease progression or access to HIV
care among those not yet on ART. Alternative mechanisms previously hypothesized such as
mental health, missed clinic visits and nutritional deficiencies could be at work in the setting
of Fl among those not on ART (21). Studying these key ART-naive populations can shed
light on the mechanisms by which FI impacts people with HIV. While evidence suggests that
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rates of FI are alarmingly high among HIV-infected people who use drugs (PWUD) and
other vulnerable populations, FI in Eastern Europe, including Russia, has only been
described to a limited extent (22—-24). Recently, due to the economic crisis in Russia and
sanctions banning certain food imports into the country, concerns about FI have received
greater public attention (25-27).

In contrast to decreasing global trends, the number of new HIV infections in Russia grew
5.3% on average between 2005 and 2015, making it the highest increase in Europe (28).
Additionally, there are areas of concentrated epidemic where prevalence could exceed 40%
such as among PWUD in St. Petersburg (29). The official Russian Ministry of Health 2015
report documents just over a million patients infected with HIV throughout Russia (30)
while estimated ART coverage is 14% (28). This rapid HIV growth has become a major
public health challenge for Russia, creating a need to better understand the role of Fl in this
region.

The aim of this study was to gain an understanding of the associations between FI, HIV
progression, and access to HIV care, in a setting of a concentrated HIV epidemic. For that
purpose, we analyzed data from an observational longitudinal cohort of HIV-infected
Russians not on ART at enrollment, many with a history of substance use. We hypothesized
that FI would be associated with: (1) measures of HIV disease progression (i.e., CD4 cell
count [primary outcome] and HIV viral load) and (2) decreased access to HIV treatment
(i.e., longer time until initiation of ART).

2. METHODS

2.1 Design, Participants, and Setting

We conducted a secondary analysis of baseline, 6, and 12-month follow-up data from the
Russia ARCH cohort, an observational cohort study (baseline n=351) of HIV-infected
Russians not on ART at enrollment. Within the Russia ARCH cohort is a nested double-
blinded, randomized placebo controlled trial of zinc supplementation (ZINC) (n=254) (31).

Russia ARCH recruited 351 participants between November 2012 and June 2015 from
clinical HIV and addiction sites, non-clinical sites, and via snowball recruitment in St.
Petersburg, Russia. Inclusion criteria were the following: 1) documented HIV infection; 2)
ART-naive at baseline; 3) age 18 to 70 years; 4) stable address within 100 kilometers of St.
Petersburg; 5) having a phone; and 6) having two contacts to assist with follow-up.
Participants were excluded from the study if they 1) were not fluent in Russian; or 2) had a
cognitive impairment precluding informed consent. After eligibility was verified and
informed consent obtained, participants provided a blood sample and were administered an
interview assessment.

For the current analysis of HIV disease progression and access to care, 41 participants were
excluded as they had an undetectable viral load at baseline. The Institutional Review Boards
of Boston University Medical Campus and First Saint Petersburg Pavlov State Medical
University (PSMU) approved the study.
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2.2 Variable Selection

2.2.1 Outcomes—To assess HIV disease progression, the primary outcome of interest was
CDA4 cell count assessed at baseline and 12 months. In addition, we conducted a
confirmatory analysis including CD4 cell count dichotomized at CD4 <350 cells/mm3; and
plasma HIV RNA load (log10-transformed). Analyses of HIV disease progression were
restricted to observations where participants were not on ART.

For the secondary aim examining the impact of FI on ART initiation, we examined self-
reported time from study enrollment until initiation of ART. The date of ART initiation was
assessed at 6- and 12-month study visits among all study participants (32). Additionally,
restricted analyses were conducted among only those eligible for ART based on guidelines
of the Russian Federation for the initiation of HIV pharmacotherapy at the time of the study
(CD4 <350 cells/mm3) (33).

2.2.2 Main Independent Variable—Past month food insecurity (FI), the main
independent variable in this study, was assessed using the Household Food Insecurity Access
Scale (HFIAS) at baseline and 12-month follow-up visits (34). In an attempt to increase the
applicability of the instrument in a Russian setting, we modified the HFIAS. The modified
nine questions ask only about a study participant’s own experience with FI, in comparison to
the original nine question version, which also asked participants about their household
members’ FI. The scale used in this study is presented in Figure 1; the original version is
published (34). We categorized FI as: none (food secure); mild/moderate (combined); or
severe. In exploratory analyses, we dichotomized FI as any (mild, moderate and severe
combined) versus none (food secure).

According to the HFIAS, mildly food insecure households are those that worry about not
having enough food sometimes or often, and/or are unable to eat preferred foods, and/or eat
a more monotonous diet than desired and/or consume some food considered undesirable, but
only rarely (34). Once the household rarely or sometimes starts to cut back on quantity by
reducing the size of meals or number of meals, it is considered moderately FI. A severely
food insecure household is one that has to reduce meal size or number of meals often, and/or
experiences any of these severe conditions in the past month regardless of frequency:
running out of food, going to bed hungry, or going a whole day and night without eating
(34).

2.2.3 Covariates—The following covariates were selected a priori based on literature
review: assessed at baseline — age; gender; underweight (BMI < 18.5); monthly income
(based on median split approach (35), participants with incomes of lower than 20,000 rubles
were included in the “low” group); social support (36); and past year arrest; which was only
included for analyses related to access to care. Variables assessed at baseline and 12 months
included social support score; BMI; income; past week depressive symptoms (Center for
Epidemiologic Studies Depression Scale [CESD >16] (37, 38); past month injection drug
use (39, 40); and past month heavy alcohol use (NIAAA risky drinking criteria) (41). We
initially included employment status as a covariate, but as it was highly correlated with
income, we omitted this variable from regression models. Confirmatory analyses were also
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conducted controlling for randomization to zinc supplementation. For the main outcome
(CD4 cell count), we performed sensitivity analyses excluding depressive symptoms and
past month injection drug use variables given the potential that these factors could have been
in the causal pathway with FlI.

2.3 Statistical Analyses

We used descriptive statistics to characterize the study cohort overall and stratified by FI at
baseline. For descriptive purposes, we compared baseline characteristics across groups using
chi-square tests for categorical variables and ANOVA or Kruskal-Wallis as appropriate for
continuous variables. We used linear mixed effects models to evaluate associations between
F1 and the continuous outcomes, CD4 cell count and log HIV RNA, biomarkers of HIV
disease progression assessed at the same study visit. HIV RNA was logp-transformed due to
skewedness in its distribution. Group differences and corresponding confidence intervals
were back-transformed from the log scale to calculate the ratio of results for severe/mild or
moderate FI relative to no FI. We used subject-specific random intercepts to account for the
correlation due to having repeated observations from the same participant. Generalized
estimating equations (GEE) logistic regression models were used to evaluate the association
between FI and the binary outcome CD4 <350 vs. =350 cells/mm3. The GEE models were
fit using an independence working correlation structure and robust standard errors are
reported from the models. We implemented Cox proportional hazards models to evaluate the
association between FI and time to initiation of ART. Preliminary unadjusted models were
fit for each outcome. We then fit adjusted models controlling for age, gender, BMI, income,
social support, depressive symptoms, heavy alcohol use and current injection drug use (in
addition, we also controlled for incarceration in analyses of ART initiation). Heavy alcohol
use, current injection drug use and depressive symptoms were modeled as time-varying
covariates in the regression models. Confirmatory analyses were also conducted, adjusting
for randomization to the zinc intervention, to assess potential confounding by zinc. We
reported adjusted mean differences (mixed effects models), adjusted odds ratios (logistic
regression models), and adjusted hazard ratios (Cox models), along with corresponding 95%
confidence intervals. Spearman correlations were calculated to assess correlations between
independent variables and covariates and no pair of variables included in the same regression
model was highly correlated (r<0.40 in all cases). We conducted the analyses using two-
sided tests and an alpha level of 0.05. All statistical analyses were conducted using SAS
version 9.3 (SAS Institute, Inc., NC, USA).

3. RESULTS

3.1 Participant Characteristics

Of the 351 Russia ARCH participants, 310 met this study’s criteria and were included in
analyses. In the survival analysis (i.e., time to ART) we were only able to include
participants with 6 or 12-month follow-up visits, the timepoints at which ART initiation was
assessed. In this report, all were HIV-infected and ART-naive at baseline, with detectable
HIV viral load. At baseline, measures of HIV status were the following: CD4 cell count
below 350 cells/mm3 was observed in 69 (31.1%) participants and mean log HIV viral load
was 4.52 (SD 0.91). Only 50 participants initiated ART during the study and mean time to
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ART was 128 days (SD 120). Among those who started ART before their 12-month visit, the
median number of days to ART was 83.

Of the 310 participants, 221 (71.3%) reported past month heavy alcohol use and 115
(37.1%) reported past month injection drug use. FI was common (52.9%, n=164): 92
(29.7%) were categorized as mildly/moderately food insecure and 72 (23.2%) were
categorized as severely food insecure (Table I). There were 17 (5.5%) underweight
individuals (BMI < 18.5) in the analysis, of which 15 (88.2%) were food insecure. The mean
age of study participants was 33.6 years (SD 5.5), 220 (71.0%) were male. Half of the study
participants were unemployed, with food insecure individuals more likely to be unemployed.
Similarly, most participants in the low-income category were classified as food insecure. In
this cohort, 139 (45.1%) participants reported depressive symptoms, and severely food
insecure individuals were more likely to have depressive symptoms. Food insecure
individuals reported lower levels of social support than those who were food secure.

3.2 Food Insecurity and Biomarkers of HIV Disease Progression

We found no significant association between FI and HIV disease progression, assessed at the
same study visit. For the primary outcome of CD4 cell count, there were no significant
differences between mild/moderate FI or severe FI and those who were food secure, adjusted
mean difference (95% CI), mild/moderate insecurity vs. secure —32.5 (95%ClI: —94.3, 29.3);
severe vs. secure —45.5 (95% ClI: —124.1, 33.0); global p=0.42, in analyses controlling for
age, gender, social support, BMI, income, depressive symptoms, heavy drinking and
injection drug use. Similarly, in adjusted analyses we did not detect significant differences in
HIV viral load between the groups: ratio of means (95% CI), mild and moderate insecurity
vs. secure 1.19; (95% CI: 0.79, 1.79); severe vs. secure 0.85 (95% ClI: 0.51, 1.40); global
p=0.39. Further details are presented in Table II; please note that depressive symptoms —22.7
(95% CI: —85.0, 39.7), injection drug use —26.9 (95% CI: —88.0, 34.2) and income 5.2 (95%
Cl: -54.3, 64.7) were not significantly associated with viral suppression in the model.

3.3 Food Insecurity and ART initiation

For the second aim of assessing the association between FI and ART initiation, we measured
time from enrollment to self-reported initiation of ART. The study sample was comprised of
242 participants; and the adjusted analysis included 237 participants due to 5 having missing
values for covariates. Only 50 of 242 participants reported initiating ART while in the study.
Among the full sample, 24 (48.0%) secure, 17 (34.0%) mild/moderate, and 9 (18.0%)
severely food insecure participants reported starting ART within one year from baseline.
Participants who were on ART at their 12-month visit were less likely to report past month
injection drug use at baseline than those who were not on ART at their 12-month visit (8/50
vs. 75/192; p=0.002).

We found no significant differences in ART initiation between those with and without FI
using unadjusted analyses or adjusted regression models (adjusted hazard ratio [95% CI]:
mild/moderate vs. secure 1.64 [95% CI: 0.84, 3.24], severe vs. secure 1.22 [95% CI: 0.50,
2.97]; global p=0.36). Notably, most of the variables included in the adjusted regression
model (Table I1) were not significantly associated with ART initiation, with the exception of
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age (hazard ratio [95% CIJ]: 1.07 [1.03, 1.12], p=0.001) and injection drug use (0.29 [0.13,
0.64], p=0.002).

3.4 Confirmatory Analyses

The results from all confirmatory analyses were consistent with the main findings. We
performed additional confirmatory regression analyses dichotomizing the main outcome,
CD4 cell count as <350 vs. >= 350 cells/mm3 and found no significant differences between
groups (Table I11). In addition, for the second aim of assessing access to ART, we limited the
analysis to participants who were eligible for ART according to the Russian guidelines when
participants were enrolled (CD4 count <350 vs. > 350 cells/mm?3). A total of 57 participants
had a CD4 cell count < 350 at baseline. In unadjusted analyses and adjusted regression
models, we found no significant differences in ART initiation between those with and
without FI (adjusted hazard ratio [95% CI]: mild/moderate vs. secure 2.88 [95% CI: 0.42,
19.77], severe vs. secure 0.50 [95% CI: 0.11, 2.20]; global p=0.19). Furthermore, for
exploratory analyses of the main outcome only (continuous CD4 cell count) we categorized
the previously three-category variable of FI into two categories: any vs. none, no significant
differences were identified. Subsequently, we ran a regression for the primary outcome
(continuous CD4 cell count) as in main analyses controlling for age, gender, social support,
BMI, income and heavy drinking but excluded depressive symptoms with injection drug use
(data is not shown) and the results were consistent. Finally, results were consistent after
adjustment for randomization to the zinc intervention.

We conducted an additional analysis limited to those who reported lifetime heroin use
(n=214), controlling for the same covariates as in the main model (age, gender, social
support, BMI, income, depressive symptoms, heavy drinking and injection drug use).
Comparing those with some or severe Fl to those who were food secure, there were no
significant differences in CD4 cell count (p=0.50) or HIV viral load (p=0.37) in unadjusted
and adjusted models. Adjusted mean differences (95% CI) for the primary outcome of CD4
cell count were: mild/moderate insecurity vs. secure —=25.7 (95% Cl: —95.4, 44.1); severe vs.
secure —48.9 (95% CI: —-135.1, 37.2); global p=0.50.

In addition, we conducted an exploratory regression analysis assessing Fl at baseline (3-
category version) and changes from baseline to 12 months in both CD4 cell count and HIV
viral load. For the outcome of “change in CD4 cell count”, in analyses controlling for age,
gender, social support, BMI, income, depressive symptoms, heavy drinking and injection
drug use, adjusted mean differences (95% CI) were as follows: mild/moderate insecurity vs.
secure 7.5 (95% CI: -101, 116); severe vs. secure —25.6 (95% CI: -179, 127.9); global
p=0.91. For the outcome of change in HIV viral load, adjusted mean differences (95% CI)
were as follows: mild/moderate insecurity vs. secure 151 592 (95% CI: —-227 759, 561 081);
severe vs. secure 166 661 (95% ClI: —227 759, 561 089); global p=0.56.

For the main outcome, we also conducted an additional analysis, using log transformed CD4
cell count. The conclusions were consistent with the original analyses. The adjusted ratio of
means (95% CI) (back transformed results) were as follows: mild/moderate insecurity vs.

secure 0.98 (95% CI: 0.82,1.17); severe vs. secure 0.93 (95% CI: 0.75, 1.15); global p=0.80,
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in analyses controlling for age, gender, social support, BMI, income, depressive symptoms,
heavy drinking and injection drug use.

4. DISCUSSION

In this study of 310 HIV-infected individuals, many with a history of substance use, in St.
Petersburg, Russia, the prevalence of food insecurity was high (52.9%). Descriptive analyses
suggested that FI may be related to lower BMI, unemployment, lower incomes, lower levels
of social support, and depressive symptoms. In longitudinal regression analyses controlling
for potential confounders, we did not find a significant association between FI and HIV
disease progression among people not on ART or with ART initiation.

Food insecurity and its potential association with HIV disease progression and access to care
among HIV-infected people in Eastern Europe has received limited attention. Furthermore,
assessing these associations longitudinally among HIV-infected individuals not on ART is
novel and can assess consequences beyond poor adherence to ART. Of note, for Russians,
health care is provided free of charge, as it is a constitutional right (42), although ART drug
supply shortages and other costs still exist (43).

The high prevalence of Fl in this study is notable but not inconsistent with studies conducted
in Canada and the US assessing similar populations (16, 44-47). However, our findings
showed no associations between FI and HIV disease progression or initiation of ART among
a population not on ART at enrollment, in contrast to findings from the existing literature
from other geographic regions among people on ART. The majority of previous studies
demonstrated an association between Fl and HIV disease progression and access to HIV
care (11, 15, 45, 48-51). To our knowledge, only one study did not demonstrate a
statistically significant association in adjusted analyses between FI and virologic suppression
among participant receiving ART (16); authors of this study attributed the lack of association
to methodological factors, such as confounding and misclassification. We were unable to
find any studies with negative findings among participants who were not on ART.

Several unique features of our study may explain the negative findings. Study participants
were not on ART at baseline, while other studies that showed an association between FI and
HIV disease progression included patients already on ART. This could be a key factor, as
those who are on ART might have poor HIV outcomes due to lower adherence to
medications. A large body of research shows that FI may negatively impact adherence to
HIV medications, which further compromises virologic and immune status (5, 52).
Interestingly, based on the literature, the mediation effect of adherence alone could not
explain its role in viral progression. Studies have shown that the magnitude of effect between
Fl and HIV viral load suppression decreases when adjusting for ART adherence (53), which
is in contrast to findings where controlling for adherence does not explain the associations
(50). FI and adherence among key populations are not the only factors related to poor HIV
outcomes; other social drivers of poor health may have not been captured in this or other
studies, such as income security and healthcare barriers (54). Associations of FI and HIV
disease progression among ART-naive patients might also be confounded by the degree and
timeframe of direct biological effects of severe FI and hunger — malnutrition (e.g.,
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deficiencies of protein, vitamins, trace minerals, antioxidants) may be directly related to
immune function; we did not measure these in this study. In addition, this study was
conducted in Russia and includes a greater proportion of people with a history of drug use.
Finally, there might be unknown, undocumented confounders in the analyses, which are
related to the specific study context and cohort characteristics. The feasibility of this
assumption is reinforced by the observation that other well-known predictors of poor HIV
clinical outcomes, such as depressive symptoms, income and substance use were not
associated with HIV progression in these analyses, suggesting potential unique aspects of
the specific context or cohort in which our study was carried out.

A multitude of policy and system level strategies such as ART at first visit, harm reduction,
and integration of HIV and substance use facilities clearly play an important role in reaching
optimal HIV care outcomes. When designing HIV policies and interventions among
populations with a high prevalence of drug use, there is no single pathway, but achieving
food security as part of a complex system in combination with other important interventions,
such as ART at first visit, might be part of the solution (55).

This observational study has several limitations, which may affect the generalizability of its
results. Based on the magnitudes of associations that were observed, the study was likely
underpowered to detect the relationships of interest. For example, in post-hoc power
calculations for the primary outcome CD4 cell count, assuming moderate correlation among
repeated measures (rho=0.5), an average of 2 repeated measures and the standard deviations
observed at baseline, the minimum difference that the study can detect with 80% power is
120 cells/mm3 for those with severe FI vs. those who are food secure and 111 cells/mm3 for
those with mild/moderate FI vs. those who are food secure. Also, our assessment of FI was
self-reported and potentially subject to recall bias.

In summary, in examining the relationship between food insecurity and HIV disease
progression among HIV-infected individuals not on ART, we were unable to detect an
association between these measures. There are several possible explanations for the
discrepancies in our findings compared to previous published work. Our sample included a
higher proportion of people who use drugs, who may represent a different patient population
than those reported previously. It is also possible that the study was underpowered to detect
associations with modest changes of CD4 cell count and HIV viral load. Finally, suboptimal
adherence to ART is an important mechanism for how food insecurity contributes to worse
HIV clinical outcomes, and this mechanism may only be relevant among people on ART.
Food security is a desirable goal for overall health and shown beneficial for those on ART,
however it does not appear to be associated with HIV disease progression among those with
high prevalence of substance use and not yet on ART.
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Figure 1.

Modified Household Food Insecurity Access Scale, used in our study
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