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Abstract

Objective: To assess the prevalence and determinants of food insecurity among
people living with HIV (PLWH) in Pune, India and its association with biomarkers
known to confer increased risks of morbidity and mortality in this population.
Design: Cross-sectional analysis assessing food insecurity using the standardized
Household Food Insecurity Access Scale. Participants were dichotomized into two
groups: food insecure and food secure. Logistic regression models were used to
assess associations between socio-economic, demographic, clinical, biochemical
factors and food insecurity.

Setting: Antiretroviral therapy (ART) centre of Byramjee Jeejeebhoy Government
Medical College and Sassoon General Hospitals (BJGMC-SGH), Pune, a large
publicly funded tertiary and teaching hospital in western India.

Particpants: Adult (>18 years) PLWH attending the ART centre between
September 2015 and May 2016 who had received ART for either <7d (ART-naive)
or >1 year (ART-experienced).

Results: Food insecurity was reported by 40% of 483 participants. Independent
risk factors (adjusted OR; 95% CD included monthly family income <INR 5000
(~70 USD; 13-2; CI 5-4, 32-2) and consuming >4 non-vegetarian meals per week
(4-7; 1-9, 11-9). High-sensitivity C-reactive protein (hs-CRP) >0-33 mg/dl (1-6; 1-04,
2:6) and p-dimer levels 0-19-0-31 pg/ml (1:6; 1-01, 2-6) and >0-32 pg/ml (1-9; 1-2,

. Keywords
3.2) were also associated with food insecurity. Food iXSecurity
Conclusions: More than a third of the study participants were food insecure. HIV
Furthermore, higher hs-CRP and bp-dimer levels were associated with food India

insecurity. Prospective studies are required to understand the relationship
between food insecurity, hs-CRP and p-dimer better.

High-sensitivity C-reactive protein
0-Dimer

Over the past two decades, the Government of India has
dramatically expanded access to antiretroviral therapy
(ART) among people living with HIV (PLWH)'"; however,
the utility of these medications is hindered by a concurrent
pandemic of food insecurity that abounds in this popula-
tion'®. The lack of ability to obtain nutritionally adequate
food can directly accelerate the progression to AIDS

through the exacerbation of poor immunological status®®

*Corresponding authors: Email camsandesh@yahoo.co.in; ivanmarb@gmail.com

and indirectly perpetuate the development of poor quality
of life®. In parallel, due to its disproportionate incidence
among working-age adults, HIV itself can increase the risk
of food insecurity, as it often detracts from an individual’s
ability to feed and care for family members®”.

In light of widespread evidence demonstrating the
relationship between food insecurity and poor HIV out-
comes”™? | the World Health Assembly issued a May 2006
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resolution urging countries to identify ‘nutrition interven-
tions for immediate integration into HIV/AIDS program-
ming'” — a policy position backed by the Joint United
Nations Programme on HIV and AIDS (UNAIDS), the
World Food Programme and the WHO®. However, over a
decade later, despite the formulation of extensive nutri-
tional guidelines for PLWH"" concurrent with efforts to
universalize ART access, the National AIDS Control
Organisation (NACO) — India’s premier governmental HIV
agency — has yet to implement a food or nutrition pro-
gramme. Notably, there have been robust political efforts
aimed at reducing food insecurity in the general popula-
tion. Initiatives like the ‘mid-day meal’ at government
schools'? the anganwadi system for pregnant and lac-
tating mothers, and the National Food Security Act of
2013"%!® have propagated a paradigm shift in India’s
consideration of food insecurity from a welfare- to rights-
based approach™®®. These and other global efforts have
helped reduce the prevalence of undernourishment in
India from 20 % in 2004—2006 to 14 % in 2014-2016"41>;
however, the impact of these national programmes on
PLWH, who face a unique set of barriers to achieving food
SCCLlfity(6’16) , is unclear.

One factor that has likely hindered the development of
a food programme under NACO is a lack of substantial
evidence demonstrating the relationship between food
insecurity and HIV in the Indian population. To date, we
found only two published studies — conducted in West
Bengal (eastern India)'” and Karnataka (southern
India)® — that specifically examine the prevalence of food
insecurity among PLWH in India and their results reveal
marked variability, with prevalence ranging from 19 to
49 %. India’s heterogeneous population makes it difficult
to extrapolate such findings to other geographic regions.
Moreover, no studies of which we are aware have inves-
tigated the effects of biomarkers of HIV disease progres-
sion on food security.

Accordingly, the current study sought to define the
prevalence of food insecurity among PLWH in Pune,
Maharashtra — a district known to have an HIV prevalence
of 0-67%'®, nearly three times the national prevalence of
0-26 %, Secondary objectives included identifying pre-
dictors of food insecurity and elucidating the relationship
between food insecurity and biomarkers known to confer
increased risks of morbidity and mortality in this
population.

Methods

Study population

The ART treatment centre at Byramjee Jeejeebhoy Gov-
ernment Medical College and Sassoon General Hospitals
(BJGMC-SGH) is a governmentally operated outpatient
clinic that provides free medication to PLWH in Pune and
surrounding districts of Maharashtra. A cross-sectional
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study on food insecurity was performed among con-
veniently sampled adult PLWH (>18 years) attending the
ART centre between 1 September 2015 and 24 May 2016.
Adults PLWH who had received ART for <7 d (ART-naive)
or >1 year (ART-experienced) were eligible for enrolment.
This eligibility criterion was formulated to facilitate com-
parison by treatment status.

Data collection and procedures

The Household Food Insecurity Access Scale (HFIAS) is a
nine-question standardized survey instrument originally
designed by the US Department of Agriculture for the
measurement of household access to food®”. The ques-
tionnaire, which has been validated in several countries
including India®", was administered by trained counsel-
lors to consenting participants through in-person inter-
views in the locally spoken languages of Marathi or Hindi.
In addition to the HFIAS, sociodemographic information
including age, sex, self-reported monthly family income,
years of education, dietary habits and duration of ART
treatment were recorded at the time of enrolment. Dietary
habits were categorized as ‘strict vegetarian’ (individuals
who never consume meat, poultry and seafood), ‘mostly
vegetarian’ (individuals who eat meat, poultry or seafood
in fewer than four meals per week) and ‘mostly non-
vegetarian’ (individuals who eat meals involving meat,
poultry or seafood four or more times per week). Weight
was measured using a standardized weighing scale and
height by a stadiometer. After initial data collection, study
participants were characterized as food secure, mildly
food insecure, moderately food insecure or severely food
insecure per HFIAS scores (algorithm provided in the
online supplementary material, Supplemental Table 1). All
data were captured electronically, stored on a cloud-based
server and maintained by Persistent Systems Inc.

Laboratory measurements

CD4 cell counts were abstracted from participants’ health
records. Investigations not routinely done under the
national programme were performed locally at our Divi-
sion of AIDS (DAIDS)-approved laboratory. Among these,
HIV-RNA levels were measured using the Abbott m2000
Real Time PCR. Total cholesterol, HDL-cholesterol,
LDL-cholesterol, TAG, bp-dimer and high-sensitivity
C-reactive protein (hs-CRP) were measured using the
Roche cobas ¢ 111 analyser. The Bio-Plex Pro™ 4-plex
cytokine panel was used to quantify TNFa, monocyte
chemoattractant protein-1, IL-6 and IL-10.

Statistical analyses

Participants categorized as food secure and food insecure
(mild, moderate or severe food insecurity) were compared
on the bases of age, sex, family income, education, loca-
tion of residence, dietary habits, BMI, ART duration and
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the levels of biomarkers. Biomarkers that showed
increased skewness in either direction were log-
transformed or otherwise categorized by tertiles. Uni-
variate logistic regression was employed to identify risk
factors and biomarkers associated with food insecurity.
Multivariable logistic regression models were constructed
using covariates that showed statistical significance in
univariate models or that were identified a priori. Statis-
tical significance was determined using an a set at 0-05 and
analyses were conducted using the statistical software
package Stata version 14.

Results

A total of 483 participants were included in the current
analysis, 40 (95% CI 306, 45)% (n 194) of whom were
characterized as food insecure per evaluation by HFIAS,
including 12% (» 58) with mild, 22% (» 109) with mod-
erate and 6% (n 27) with severe food insecurity. Forty-
seven per cent of participants (n 225) were male, 20 %
(n 95) reported a family income of less than INR 5000
(~70 USD), 25 % (1 122) had less than 5 years of education
and 9% (n 42) were strictly vegetarian (Table 1).

Within the study population, 29 % participants (72 141)
were also found to be underweight (BMI < 185 kg/m?);
however, among participants characterized as food inse-
cure, only 28% (7 53) were underweight (P=0-68). The
median CD4 cell count among participants was 389
(interquartile range 246-609) cells/mm?®, and 51 % (12 248)
had undetectable HIV viral loads. Twenty-one per cent
(n 100) were ART-naive and 58% (2 278) had dyslipi-
daemia (Table 2).

In univariate models, monthly family income of <INR
5000 (OR=26-3; 95% CI 11-7, 59-3), having received <5
years of education (OR=2-9; 95% CI 1-8, 4-8) and con-
suming >4 non-vegetarian meals per week (OR=69; 95 %
CI 3-1, 15-8) had positive associations with the odds of
being food insecure. Living in urban non-slum areas, on
the other hand, showed a negative association with food
insecurity (OR=0-5; 95% CI 0-3, 0-7; Table 2).

A multivariable model adjusted for participant age, sex,
family income, education level, living location and dietary
habits demonstrated increased odds of food insecurity
among participants whose diet consisted of >4 non-
vegetarian meals per week compared with their strictly
vegetarian counterparts (adjusted OR (aOR) =4-7; 95% CI
1.9, 11.9). Similarly, a positive association was found
between food insecurity and family income, which was
more pronounced among participants earning < INR 5000
per month (aOR=13-2; 95% CI 5-4, 32-2). There was no
significant difference in the odds of food insecurity among
participants on the bases of sex, years of education or
living locality (Table 1).

In separate univariate models assessing the association
between food insecurity and biomarkers, the highest
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tertiles of hs-CRP (OR =1-6; 95% CI 1-03, 2-5) and p-dimer
(OR=19; 95% CI 1-2, 2-9) were found to be significant.
Multivariable models with adjustments for participant age,
sex, CD4 count, HIV-RNA detectability and ART duration
demonstrated significant odds of food insecurity among
participants with elevated hs-CRP (aOR = 1-6; 95 % CI 1-04,
2:6) and p-dimer levels. The association between food
insecurity and p-dimer levels was strongest among parti-
cipants with levels >0-32 ug/ml (aOR=1-9; 95% CI 1-2,
3-2) but was also significant for those with levels between
0-19 and 0-31 pug/ml (aOR=1-6; 95% CI 1-01, 2-6) com-
pared with those having levels <0-19 ug/ml (see Fig. 1 and
online supplementary material, Supplemental Table 2). No
significant associations were found between food inse-
curity and other inflammatory biomarkers (IL-6, IL-10,
TNFa, monocyte chemoattractant protein-1), including
CD4 count and viral load detectability, or BMI (Table 2).

Discussion

Food insecurity prevalence

The prevalence of food insecurity among PLWH in the
present study was 40 %, corroborating findings from other
studies reporting increased barriers to food security among
PLWH” and suggesting the need for interventions that
target food security within the current scope of the Indian
national HIV response programme.

Overall, the food insecurity prevalence in our study
population was lower than the 49 % found among PLWH
receiving care at an ART centre in eastern India"” and
significantly higher than the 14-16% reported from
southern India®. These variations are likely due to dif-
fering characteristics among PLWH in the three distinct
geographical regions of India. For example, while sub-
stantial proportions of the participants in our study and the
eastern India study reported fewer than 5 years of edu-
cation (25 and 32:3%, respectively), a relatively small
percentage of participants in the southern India study
reported less than 4 years of education (7-2%). Although
difficult to compare across different geographic settings,
income variation among the populations may have also
contributed to the divergent food insecurity prevalence
estimates”™!”. Interestingly, in a cross-sectional study that
evaluated food security among PLWH in Aurangabad,
Maharashtra — located just 250 km west of Pune — 99 %
were characterized as food insecure®?. However, despite
the geographic similarities with Pune, it remains difficult to
directly compare the study populations, as the Aur-
angabad study had been conducted during the peak of a
global food crisis in 2008.

Sociodemographic predictors of food insecurity
While prior studies in India®'”” and elsewhere®**> have
demonstrated male PLWH to have greater levels of food



Table 1 Sociodemographic risk factors associated with food insecurity among people living with HIV receiving care at the antiretroviral therapy (ART) treatment centre at Byramjee Jeejeebhoy

Government Medical College and Sassoon General Hospitals, Pune, Maharashtra, India, September 2015-May 2016

Food insecure

n or median % or IQR n or median % or IQR n or median % or IQR OR 95 % Cl aOR* 95 % Cl

Age decile (years)

Median and IQR 40 35-46 40 35-45 40 35-46 - - - -

<25 27 6 7 4 20 7 1.0 Ref. 1.0 Ref.

25-34.9 101 21 44 23 57 20 2.2 08,57 33 1.03, 106

35-44.9 224 46 96 49 128 44 21 09, 5-3 28 09, 86

>45 131 27 47 24 84 29 16 0-6, 41 20 0-6, 65
Sex

Male 225 47 84 43 141 49 1.0 Ref. 1.0 Ref.

Female 258 53 110 57 148 51 1.2 09, 1.8 09 06, 1-6
Family income (INR)

> 15000 108 22 9 5 99 34 1.0 Ref. 1-0 Ref.

<5000 95 20 67 34 28 10 26-3 11.7, 59-3 132 5.4, 32.2

5000—-9999 175 36 96 49 79 27 13-4 6-3, 281 104 4.7, 23.0

10000-14 999 105 22 22 11 83 29 29 13,67 2.3 09, 55
Years of education

>9 183 38 52 27 131 45 1.0 Ref. 1-0 Ref.

<5 122 25 66 34 56 19 2.9 18,48 1.6 09, 3-0

5-9 178 37 76 39 102 35 19 12,29 1.4 08,24
Living location

Urban (slum) 114 24 59 30 55 19 1.0 Ref. 1.0 Ref.

Rural 80 17 43 22 37 13 11 06,19 09 04,19

Peri-urban 22 5 4 2 18 6 02 0.07, 06 03 0-07, 1-0

Urban (non-slum) 267 55 88 45 179 62 05 03,07 0-6 03,10
Non-vegetarian foodt

Strict vegetarian 42 9 8 4 34 12 1.0 Ref. 10 Ref.

<4 meals/week 217 45 48 25 169 58 1.2 05,28 11 04, 2.7

>4 meals/week 217 45 135 70 82 28 69 31,158 4.7 19,119

Missing 7 1 3 1 4 1 - - - -

IQR, interquartile range; ref., reference category.

Results are presented as n and % unless indicated otherwise. Significant results are indicated in bold.
*Multivariable logistic regression was used with adjustments made for patient age, sex, family income, years of education, living location and meat consumption.
tNon-vegetarian food includes meat, poultry or seafood.
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Table 2 Biochemical markers associated with food insecurity among people living with HIV receiving care at the antiretroviral therapy (ART)
treatment centre at Byramjee Jeejeebhoy Government Medical College and Sassoon General Hospitals, Pune, Maharashtra, India,

September 2015-May 2016

Total Food insecure Food secure
(n 483) (n194) (n 289)
nor median % or IQR nor median % or IQR nor median % or IQR OR 95% ClI aOR 95%Cl

BMI (kg/m?)

<18-5 (underweight) 141 29 53 28 88 30 1-0 Ref. - -

18-5-24-9 (normal) 255 53 102 53 153 53 11 07,17 - -

>25-0 (overweight & obese) 78 16 34 18 44 15 1.3 07,23 - -

Missing 9 2 5 3 4 1 - - - -
CD4 cell count (cells/mm?)

Median and IQR 389 246-609 367 233-583 402 254-616 - - - -

> 500 174 36 61 31 113 39 1-0 Ref. - -

<350 210 43 90 46 120 42 14 09, 21 - -

350-500 94 19 42 22 52 18 15 09,25 - -

Missing 5 1 1 05 4 1 - - - -
Viral load

Undetectable (<40 copies) 248 51 98 51 150 52 1.0 Ref. - -

Detectable (>40 copies) 235 49 96 49 139 48 11 07,15 - -
Time on ART

<7 d (naive) 100 21 40 21 60 21 1-0 Ref. - -

>1-5 years 154 32 68 35 86 30 12 07,19 - -

>5-10 years 169 35 64 33 105 36 09 06,15 - -

>10 years 60 12 22 11 38 13 09 04,17 - -
Dyslipidaemia*

No 183 38 81 42 102 35 1-0 Ref. - -

Yes 278 58 109 56 169 58 08 06,12 - -

Missing 22 5 4 2 18 6 - - - -
p-Dimer tertile (ug/ml)

<018 171 35 54 28 117 40 1-0 Ref. I

0-19-0-31 153 32 66 34 87 30 1.6 1.04,26

>0-32 159 33 74 38 85 29 19 12,29
hs-CRP tertile (mg/dl)

<0-10 163 34 56 29 107 37 1-0 Ref. b

0-101-0-32 159 33 64 33 95 33 1.3 08,20

>0-33 161 33 74 38 87 30 16 1.03,25
IL-6 > 0-75 (pg/ml)t

No 176 36 64 33 112 39 1-0 Ref. - -

Yes 176 36 73 38 103 36 12 08,19 - -

Missing 131 27 57 29 74 26 - - - -
IL-10>1-08 (pg/ml)t

No 182 38 67 35 115 40 1-0 Ref. - -

Yes 192 40 79 41 113 39 12 07,18 - -

Missing 109 23 48 25 61 21 - - - -
TNFa>1-12 (pg/ml)t

No 174 36 73 38 101 35 1-0 Ref. - -

Yes 177 50 72 37 105 36 09 06,14 - -

Missing 132 27 49 25 83 29 - - - -
MCP-1>3-88 (pg/ml)t

No 244 51 103 53 141 49 1.0 Ref. - -

Yes 233 48 88 45 145 50 08 06,12 - -

Missing 6 1 3 2 3 1 - - - -

IQR, interquartile range; hs-CRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattractant protein-1; ref., reference category.
Results are presented as n and % unless indicated otherwise. Significant results are indicated in bold.
*Dyslipidaemia used as an umbrella term to include people living with HIV with any of the following: total cholesterol >200 mg/dl, TAG > 150 mg/dl, LDL-

cholesterol > 130 mg/dl or HDL-cholesterol <40 mg/dl.

tCut-offs derived using the median values of log-transformed distributions. Missing for BMI are participants missing either weight or height measurements;
missing for dyslipidaemia are those with extremely high TAG values precluding calculation of LDL-cholesterol values; values of biomarkers that were below the

level of machine calibration were treated as missing.

IMultivariable models for the associations between food insecurity, hs-CRP and p-dimer are shown in Fig. 1 and the online supplementary material, Sup-

plemental Table 2.

security than their female counterparts, the current study
showed similar rates of food insecurity among the sexes.
Studies that have shown increased food insecurity among
females often explains this result by suggesting that
females deprive themselves of meals during food shorta-
ges to ensure that male household members and children

are able to eat; however, the HFIAS specifically frames
questions to inquire upon aspects of household- rather
than individual-level food security®”. Therefore, the near-
equivalent rates of reported food insecurity among the
sexes in the current study may reflect a tendency of the
male respondents of our study to more accurately reflect
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Fig. 1 Adjusted models of the association between food insecurity and (a) o-dimer and (b) high-sensitivity C-reactive protein (hs-
CRP) in people living with HIV recruited from the antiretroviral therapy (ART) treatment centre at Byramjee Jeejeebhoy Government
Medical College and Sassoon General Hospitals, Pune, Maharashtra, India, September 2015-May 2016. Results are presented as
adjusted OR (aOR; @) with their 95% CI represented by horizontal lines; both regression models are adjusted for CD4, ART
duration, age, sex and HIV-RNA (ref., reference category). *Sex: ref. is male. THIV-RNA: ref. is <40 copies. Numerical values of the
point estimates along with their 95 % CI are given in the online supplementary material, Supplemental Table 2

upon and demonstrate awareness of issues faced by other
family members.

Our analysis also demonstrated a higher prevalence of
food insecurity among PLWH accustomed to eating four or
more non-vegetarian meals per week. This is likely due to
the higher costs and resources needed with obtaining and
cooking non-vegetarian foods.

Lower family income among PLWH was also shown to
have a positive association with food insecurity, a finding
that has also been established in other populations>!7-*>2>,
While this underscores the importance of controlling for
income as a marker of socio-economic status, it is clear that
income is not the sole predictor of food insecurity, as the
majority of PLWH characterized as food insecure in the
present study were not in the lowest income category.

Associations of biomarkers with food insecurity

The present study is novel in examining the relationship
between food insecurity and biochemical predictors that
have previously been shown to have increased long-term
risks of morbidity and mortality in PLWH. Some observa-
tional studies on hs-CRP have reported it to be an inde-
pendent predictor of CVD risk in PLWH, even in the
absence of traditional CVD risk factors®**”. Similarly,
associations of elevated p-dimer levels with increased risks
of all-cause mortality and serious non-AIDS conditions have
been described®. We observed a positive association
between food insecurity and elevated levels of both these
biochemical markers. It is possible that PLWH with higher
inflammation, and consequently higher levels of either
biomarker, could have worse health-related quality of
life®”, precluding them from achieving food security. This
in turn could put them at higher risk for the adverse out-
comes predicted by the two biomarkers. We could therefore

extend this hypothesis to postulate that food insecurity
could potentially be an intermediary in the pathway
between these biomarkers and the adverse outcomes they
are associated with. Examination of the directionality of this
hypothesis will, however, require better objectification.

Our study describes the epidemiology of food insecurity
among PLWH in western India and adds to the sparse
literature that exists on the issue from the subcontinent, by
using the thoroughly validated HFIAS. It also describes
potential associations between hs-CRP, p-dimer and food
insecurity which have not been reported before among
PLWH, making a case for the greater elucidation of the
role of these biochemical markers in food insecurity.

Not unlike other cross-sectional studies, our study is
limited too in its failure to establish causality. Thus, while
we describe a unidirectional association between food
insecurity, hs-CRP and p-dimer, we are unable to comment
on the temporal ordering of the relationship between the
three. Our sampling methodology also makes it difficult to
generalize our findings to other PLWH in India. However,
given the constraints of resources in a publicly funded ART
centre and the paucity of data on the subject in India, our
findings allow us to generate a hypothetical framework to
be tested by future longitudinal studies. Our small sample
size, which is further reduced when stratified into various
levels, results in wide confidence intervals for some of the
point estimates. Despite the imprecision for some of these,
our findings are consistent with results from other studies,
especially those related to sociodemographic variables,
and we therefore believe them to be accurate®!7%372>
Lastly, we were also unable to comment on whether the
prevalence of food insecurity is higher or lower than in the
general population in Maharashtra as a comprehensive
nutritional survey for the state is available only for children
less than 24 months of age®®.
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More than a third of our study population was found to
be food insecure, with low family income, primary non-
vegetarianism, high hs-CRP and p-dimer proving to be
independent risk factors. While the Government of India
has recently taken considerable strides to improve treat-
ment outcomes among PLWH by adopting the Test and
Treat strategy in 2017°"” and consolidating NACO with the
tuberculosis programme in 2018V, there is a lack of
governmental commitment to improve food security in this
vulnerable population. Future studies should seek to
understand the role that food insecurity has in determining
poor treatment outcomes among Indian PLWH, to provide
better locoregional evidence, while incorporating mea-
surements for hs-CRP and p-dimer to objectively under-
stand their role and temporality, relative to food insecurity.
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