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Abstract
Internalized HIV stigma can affect health outcomes, but the mechanism underlying this
relationship is poorly understood. We investigated the potential pathways for the
association between internalized stigma and opportunistic infections (Ols) among
women living with HIV in rural India. We conducted a cross-sectional study involving in-
person interviews with 600 participants. We modeled two outcome variables, total
number of Ols and fungal dermatoses, which was the most frequently reported Ol.
Causal mediation analysis was performed to estimate the total effect, direct effect, and
indirect effect through mediators while controlling for confounders. Food insecurity was
a strong mediator of the association between internalized stigma and the number of Ols
(70% of the total effect) and fungal dermatoses (83% of the total effect), while the
indirect effect of stigma through adherence was minimal for both outcomes. Household
food insecurity may be an important mediator of the impact of HIV-related stigma on

opportunistic infections.
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INTRODUCTION

Stigma is defined as a set of negative beliefs that society has about something or
someone. Increasing evidence has established HIV stigma as a major driver of
morbidity and mortality among HIV-infected persons (1-4)(1-4). Stigma has been
shown to increase depression and loneliness, and reduce social support, which are
strong predictors of poor adherence to antiretroviral therapy (ART)(1,5). Stigma may
also affect physical health by increasing stress, which impairs the immune function (6—
8). The effect of chronic stress on immune function may be exacerbated among HIV-
infected persons (6-8).

The impact of stigma on health may be even more pronounced among women
living with HIV. In many social settings globally, women are expected to conform to
gender-defined moral traditions, including sexual purity. In such settings, HIV infection
among women may be equated with immorality and failure to uphold traditional
obligations (9,10). This can lead to delayed testing and treatment for HIV infection
among women, resulting in adverse health outcomes, including opportunistic infections
(Qls) (12).

While previous research on the health effects of stigma has focused primarily on
adherence to ART, stigma may also increase household food insecurity among
vulnerable populations living with HIV. In particular, internalized stigma, the acceptance
of negative attitudes about HIV and themselves, may increase avoidance of social
interactions due to feelings of shame, and reduced sense of self-worth and self-
deprecation (12—14). This may have negative financial consequences, particularly

among women, for whom social interaction is often critical for economic activity,



financial support, and food procurement (15,16). In addition, social avoidance due to
internalized stigma could limit opportunities for benefiting from social programs for
persons living with HIV (17).

A previous study of people living with HIV in Uganda found that internalized
stigma was significantly associated with increased food insecurity among persons living
with HIV (17). The authors posited that stigma could limit access to traditional social
support, including borrowing food or money from relatives, leading to financial harm and
food insecurity (17,18). Despite this, few studies have studied the impact of stigma on
food insecurity and ART adherence and the subsequent development of Ols among
women.

Food insecurity could affect HIV-related morbidity through multiple pathways (19).
Food insecurity could cause undernutrition, including deficiencies in protein and energy
intake, and micronutrient deficiency (20). Nutritional deficiencies adversely affect the
Immune system and, thus, increase the vulnerability opportunistic infections (21).
Furthermore, weight loss due to undernutrition has been shown to exacerbate the
catabolic state induced by HIV infection (22). The could lead to increased toxicity and
reduced efficacy of HIV medication (22). Among HIV-infected patients, weight loss,
reduced appetite, and decreased albumin concentrations are associated with high rates
of Ols and death (22—-24). In addition, food insecurity is associated with substantial
psychosocial stress (19). The inadequate availability of food and the pressure of feeding
the family may be particularly stressful for women (25). Stressful events have been

shown to increase HIV disease progression (26). Taken together, evidence from



previous studies suggests that stigma may impact HIV outcomes through a pathway
involving food insecurity, independent of ART use.

Improved understanding of the pathway by which HIV-related stigma impacts
health outcomes could inform the development of interventions to reduce the health
impact of stigma (1). We previously conducted a study of rural women living with HIV in
India and found that the majority (94%) took 50% or less of prescribed ART in the past
month (27). That study also found a non-linear association between adherence to ART
and the number of Ols experienced during the past six months (27). Fungal dermatoses
were the most common Ols and had the strongest association with ART adherence. In
the present study, we aimed to build on these findings and expand the understanding of
factors that affect Ols among HIV-infected women. We also examined fungal
dermatoses as a secondary outcome given its high prevalence in our study population.
Given the association between HIV-related internalized stigma and food insecurity
shown in previous studies, we focused our analysis on whether this association is

mediated through ART adherence and food insecurity (17,18).

METHODS
Design

A baseline survey was conducted among 600 women enrolled in a randomized
controlled intervention trial (27). The aim of the parent study was to assess the impact of
a community-based intervention on physical and psychological health outcomes of the
mother and child at six, twelve and 18 months post enrollment. The study was

approved by the University of California Los Angeles Institutional Review Board,



University of California Irvine Institutional Review Board, and the Ministry of Health
Research Ethics Committee in India. All participants provided written informed consent

prior to enrollment.

Sample and Setting

The study population was recruited by posting flyers in Community Health
Centers and Primary Health Clinics (PHCs) in four sites in Nellore and Prakasam, rural
districts in Andhra Pradesh, India. Informed consent was administered to women living
with HIV/AIDS who met the following study eligibility criteria: a) age 18-50 years of age,
b) diagnosed with HIV and receiving ART for three months or more, c) CD4 T-cell
counts > 100 cells/mm?, d) living with at least one of her children aged 3-8, e) not a
participant of previous Asha Life Intervention or Phase I, and f) not a pregnant or
lactating mother. All participants were receiving their medication at government-run ART
clinics. The baseline questionnaire was administered face-to-face by interviewers who
recorded the data on electronic tablets. Blood samples were collected and transported
to a local clinical laboratory for testing. Enrollment into the prospective intervention

study occurred in a serial fashion with 100 participants at a time.

Instruments

The majority of the instruments have been previously used with either rural or
urban HIV-positive individuals in southern India (27,28). Sociodemographic information
obtained included age, education, marital status, religion, number of children, and

monthly income. Educational attainment was ascertained in 8 categories and then



grouped into the following categories: 1) no formal education; 2) 1 — 4 years; 3) 5-9
years; and 4) = 10 years. Participants were asked to select their marital status from the
following categories: 1) married, 2) never married/single, 3) divorced/separated, and 4)
widowed. Each participant was asked the month and year that they were diagnosed
with HIV to calculate the number of years living with HIV.

Opportunistic infections (Ols). The outcome of interest for this study was the
total number of Ols in the past 6 months and the odds of fungal dermatoses, a non-
inflammatory fungal skin condition. Participants were presented with a list of 8 Ols (e.qg.
tuberculosis, fungal dermatoses) and for each one, asked to indicate whether or not
they had experienced it in the past 6 months. We summed the number of Ols reported
for each participant.

HIV-related internalized stigma. We measured internalized stigma using a 8-
item scale (29). This instrument contained five items on the extent to which respondents
believe that they should avoid the following activities because they have AIDS: 1)
holding a new infant; 2) feeding children; 3) sharing dishes or glasses; 4) cooking for
other people; and 5) visiting people. In addition, the instrument included three items on
the extent to which the feel the following about their AIDS status: 1) brought shame to
their family; 2) they are paying for karma or sin; 3) makes them feel disgusting. Each
item has a 4-point response scale ranging from 0 (not at all) to 3 (a great deal), with
higher scores corresponding to increased stigma. Responses were averaged to create
a scale score. This 8-item scale was adapted from a 10-item scale used in our prior
studies with persons living with HIV in India (30). We removed two items with low

correlation with the overall score ("How much do you feel that you have AIDS because



you have done wrong behaviors?" and "How much do you feel guilty about having
AIDS?"). In the current sample, Cronbach’s alpha was found to be 0.63 for the full 10-
item scale and 0.79 after removing the two items.

Food insecurity. The Household Food Insecurity Access Scale (HFIAS) was
used to measure food insecurity (31). The HFIAS consisted of 9 items that assessed the
frequency in the past 4 weeks of worrying about not having enough food (1 item), and
perceived insufficient quality (3 items) and quantity of food (5 items), due to a lack of
resources. Response options range from 0 “Never” to 3 “Often”, and were summed
over all items. Cronbach’s alpha for this scale was 0.82.

Adherence to ART. A self-reported measure assessed adherence to ART via a
Visual Analogue Scale (VAS), in which participants were shown a line with numbered
intervals between 0 and 100 and were asked to point to the spot on the line that best
represented the percent of pills they took in the past month (32). This measure has

been validated with Indian patients (33,34).

Statistical Methods

Interview data collected from electronic tablets by the interviewers were uploaded
via internet to a data server located on the UCLA campus. Means and frequency
distributions were utilized to check for errors and clean the data. We used R version
3.4.0 (The R Project for Statistical Computing; http:/www.r-project.org) for all analyses.
In accordance with the American Statistical Association’s recommendations on the use

of P values, no significance threshold was used for statistical inference (35,36).



We developed a directed acyclic graph to guide our mediation analysis (Figure
1). The total effect is the effect of internalized stigma on the outcome (number of Ols
and fungal dermatoses) and is composed of the direct effect and the indirect effects
(37). The indirect effects are the effect of internalized stigma on the outcome through
the mediating variables, food insecurity or adherence. The direct effect is the effect of
internalized stigma on the outcome not through food insecurity or adherence to ART.

We first examined the association between mediators and two outcomes: 1) total
number of Ols during the past six months and 2) fungal dermatoses. Generalized linear
models (GLMs) with Poisson distribution and log link were fitted to model the number of
Ols. GLMs with logit link were used for the binary outcome variable of fungal
dermatoses (1 = Yes, 0 = No). The multivariable models for each outcome included both
adherence (log.o transformed) and food insecurity along with the potential confounders
mentioned above.

We performed generalized mediation analysis using the mma package in R
(38,39). This approach involved modeling the change rate in the outcome variable when
the exposure variable changes by a given unit (38,39). The estimated coefficients, in
effect, are standardized and can be used to generate average estimates of the total,
direct, and indirect effects, regardless of the scale of the outcome variable. GLM was
used to model the relationship between variables as described above. The average total
effect was calculated by taking the average change in the outcome for an increase of
one internalized stigma score from 100 observations resampled with replacement from
the dataset. Food insecurity and adherence were tested simultaneously as parallel

mediators. For each mediator, we calculated the natural direct effect by first generating
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a sample of each mediator based on its marginal distribution for the 100 resampled
observations. Thus, mediators were allowed to vary naturally based on their relationship
with internalized stigma and other covariates (38,39). The natural direct effect not
through each mediator was then estimated by GLMs. Lastly, indirect effect for each
mediator was calculated by taking the difference between the average total effect and
the average direct effect not through the mediator. The bootstrap method with 500
replicates was used to determine the mean and 95% confidence intervals (Cls) for each

effect estimate (38,39).

RESULTS

Atotal of 600 eligible participants were enrolled in our study. Participants were 34
years of age on average and had an average of two children (Table 1). About half of the
participants were widowed (51%) and reported having no formal education (49%). Most
participants reported belonging to the Hindu religion (73%).

The average score on the internalized stigma scale was 2.8 out of a maximum
possible score of 3.0 (Table 1). Notably, over 90% of the participants reported agreeing
“a great deal” with the statements “l should avoid holding an infant”, “I am paying for my
karma/sins”, and “I feel disgusting”. The average food insecurity score was 21.1 out of a
possible score of 27. Seventy-three percent of participants reported often worrying
about not having enough food.

The average number of years since HIV diagnosis was 4 years, and the average
percent adherence to ART over the past month was 30.4%. The average CD4+ T cell

count was 447.4 cellss/mm?. Participants reported an average of nearly five Ols within
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the past six months (Table 1). Fungal dermatoses were reported by 93% of the

participants.

Association between food insecurity and HIV-related outcomes

We examined the association between food insecurity and health outcomes
using GLMs with the number of Ols and fungal dermatoses as dependent variables
(Figure 1; Table 2). Food insecurity was associated with an increase in Ols in the
unadjusted model (incidence rate ratio [IRR] = 1.032 per +1 increase in food insecurity
score; 95% CIl = 1.016, 1.049) and in the model adjusted for internalized stigma and
confounders (IRR = 1.029 per +1 increase in food insecurity score; 95% CI = 1.013,
1.045). Similarly, food insecurity was associated with increase in the odds of fungal
dermatoses in the unadjusted model (OR = 1.296 per +1 increase in food insecurity
score; 95% Cl =1.177, 1.428) and in the model adjusted for internalized stigma and
confounders (OR = 1.281 per +1 increase in food insecurity score; 95% CIl = 1.118,

1.466).

Association between adherence to ART and HIV-related outcomes

Adherence to ART was associated with a decrease in Ols in the unadjusted
model (IRR = 0.865 per +1 increase in logi, adherence score; 95% CIl = 0.766, 0.977)
and in the model adjusted for internalized stigma and confounders (IRR = 0.906 per +1
increase in logio adherence score; 95% CI = 0.833, 0.985; Table 2).

Adherence to ART was also associated with a decrease in the odds of fungal

dermatoses in the unadjusted model (OR = 0.049 per +1 increase in logi, adherence
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score; 95% CI = 0.011, 0.212) and in the model adjusted for internalized stigma and
confounders (OR = 0.079 per +1 increase in logio adherence score; 95% CI = 0.016,

0.402).

Direct and indirect effects estimated by causal mediation analysis

Internalized stigma was associated with number of Ols and fungal dermatoses in
models without adjustment for mediators (Supplemental Table 1). Adjusting for
mediators reduced the effect size for the association between internalized stigma and
the outcomes.

Figure 2 shows the results of the mediation analysis for the relationship between
internalized stigma and the number of Ols. We found a strong indirect effect through
food insecurity, responsible for 70% of the total effect (Figure 2A, 2C). The indirect effect
of internalized stigma on the number of Ols through ART adherence was minimal (3% of
the total effect). The direct effect of internalized stigma on the number of Ols not
through food insecurity or adherence was IRR = 1.058 (95% CI = 0.972, 1.166). The
direct effect was responsible for an estimated 27% of the total effect, but with wide 95%
Cls that overlap 0% (Figure 2A, 2C).

We found a strong indirect effect of internalized stigma on the fungal dermatoses
through food insecurity, responsible for 83% of the total effect (Figure 2B, 2C). The
indirect effect through adherence to ART was 12% of the total effect. We did not

observe a direct effect of internalized stigma on the fungal dermatoses (Figure 2B, 2C).

DISCUSSION
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In a large study of rural women living with HIV in India, we found that food
insecurity was a strong mediator of the association between HIV-related internalized
stigma and Ols. In contrast, reduced adherence to ART did not appear to mediate the
association between internalized stigma and number of Ols and only minimally explain
the association between internalized stigma and fungal dermatoses. Our findings are
consistent with several previous studies that report the effect of internalized stigma on
food insecurity and adherence to ART (1-5,17). However, to our knowledge, the role of
these factors on mediating the relationship between internalized stigma and Ols has not
been reported previously.

A previous study in Uganda found that stigma is a strong predictor of food
insecurity due to reduced social support (40). We found that reduced food insecurity is,
in turn, associated with Ols. This finding is consistent with studies of the relationship
between food insecurity and HIV (19). For example, a previous study of people living
with HIV in rural Uganda found that food insecurity was associated with lower CD4
counts, which persisted even after controlling for adherence to ART (11). Similarly, we
found that food insecurity was independently associated with increased Ols and fungal
dermatoses after controlling for confounding by education, age, and years since HIV
diagnosis. These findings suggest that food insecurity may increase the risk of Ols
through nutritional pathways (11).

While food insecurity was a strong mediator for the effect of HIV-related
internalized stigma on health outcomes, our mediational analysis suggests that
internalized stigma may affect the risk of Ols and fungal dermatoses directly or through

other mechanisms. This finding is consistent with the psychosocial stress model, which
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posits that the stress caused by stigma can directly cause poor health outcomes (3,5).
Therefore, health interventions should be designed to address the direct effect of HIV-
related internalized stigma while also focusing on countering the negative impact of
stigma on food insecurity and adherence to ART.

Contrary to our expectation, poor adherence had a limited role in explaining the
association between internalized stigma and health outcomes in our study population. It
Is possible that the mediating role of adherence may be minimal in highly vulnerable
populations who experience multiple consequences of internalized stigma that impact
health. In addition, ART adherence was very low in our study population, with limited
variability. This may have reduced our ability to detect the role of adherence on
mediating the stigma — Ol relationship. Additional research in different populations and
settings is needed to improve the understanding of the relationship between stigma and
Ols.

Strengths of our study include our large sample size of highly vulnerable women
living with HIV in rural India. Our large sample size allowed us to fit multiple models and
generate robust estimates of the direct and indirect effects of internalized stigma on two
HIV-related health outcomes. Our primary findings were consistent in models for both
number of Ols and fungal dermatoses, which strengthens the confidence in our
conclusions.

Our study was subject to several limitations. First, this was a cross-sectional
analysis and as such we are not able to determine the temporality between the
occurrence of our exposures and outcomes. Therefore, our findings may not reflect a

causal relationship. To explore the alternate explanations of these relationships, we
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constructed separate mediation models to determine whether internalized stigma might
be a mediator of the association between food insecurity and Ols. The results did not
support this alternate explanation (Supplementary Figure). Despite this, longitudinal
studies should be conducted to draw stronger conclusions about causality. Second, we
did not explore other determinants of food insecurity such as medical expenses, and
enacted stigma leading to job loss and discrimination, which may require special
attention (17). We also cannot rule out the possibility of residual confounding that may
explain our findings, including possible lower access to health care among participants
with higher levels of food insecurity. Third, our outcomes were self-reported by the
participants and validation of diagnoses was not obtained from physicians. Therefore,
our study is prone to misclassification bias. We also did not collect additional information
that could illuminate the mechanism by which internalized stigma could affect food
insecurity, including avoidance of social interaction and reduced economic activity.
Future studies on this topic should address this gap.

Our findings have important implications for HIV care among vulnerable
populations at high risk of adverse outcomes due to internalized stigma and food
insecurity. We found that food insecurity and internalized stigma were experienced by a
majority of women in our study population. Individual and population-level interventions
are needed to reduce HIV-related stigma in India, and other similar settings. Healthcare
professionals could serve as liaisons between people living with HIV and the community
they live in so that they have a sense of belonging and receive compassionate care.
Public health efforts should be channeled towards educating and counseling the entire

community to develop a positive and caring attitude towards people living with HIV.
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Given the high level of food insecurity found in our population, HIV programs in
vulnerable populations should emphasize nutritional interventions as a fundamental
component of HIV care along with interventions to reduce stigma and improve ART
adherence (41). Social interventions, including initiation and development of income
generating activities for women living with HIV may also help reduce food insecurity and
contribute to improved health. Future longitudinal studies should build on our findings by
confirming the role of food insecurity in mediating the pathway by which internalized
stigma affects health outcomes and determine whether improving food security can

reduce the adverse effects of internalized stigma.

CONCLUSIONS

Our study suggests that household food insecurity is a strong mediator between
internalized stigma and two HIV-related health outcomes, number of Ols and fungal
dermatoses. Interventions to address the adverse effects of internalized stigma should
explore improving food insecurity in addition to improving adherence to ART.

Longitudinal studies are needed to confirm our findings.

17



ACKNOWLEDGEMENTS

We are thankful to the study participants who made this study possible.

The authors acknowledge the following sources of support: National Institute of Mental
Health (NIMH) RO1MH098728 and the National Institute of Allergy and Infectious

Diseases KO1AI118559.

Compliance with Ethical Standards

Conflict of Interest: The authors declare that they have no conflict of interest.

Ethical approval: All procedures in this study were conducted in accordance with the
ethical standards of the 1964 Helsinki declaration and its later amendments. This study
was approved by the University of California Los Angeles Institutional Review Board,
University of California Irvine Institutional Review Board, and the Ministry of Health
Research Ethics Committee in India.

Informed Consent: Informed consent was obtained from all individual participants

included in the study.

18



REFERENCES

1. Rueda S, Mitra S, Chen S, Gogolishvili D, Globerman J, Chambers L, et al.
Examining the associations between HIV-related stigma and health outcomes in
people living with HIV/AIDS: a series of meta-analyses. BMJ Open. 2016 Jul
1:6(7):e011453.

2. Katz IT, Ryu AE, Onuegbu AG, Psaros C, Weiser SD, Bangsberg DR, et al. Impact
of HIV-related stigma on treatment adherence: systematic review and meta-
synthesis. J Int AIDS Soc [Internet]. 2013 Oct 31 [cited 2017 Jun 10];16(3).
Available from: http://www.jiasociety.org/index.phpl/jias/article/view/18640

3. Turan B, Hatcher AM, Weiser SD, Johnson MO, Rice WS, Turan JM. Framing
Mechanisms Linking HIV-Related Stigma, Adherence to Treatment, and Health
Outcomes. Am J Public Health. 2017 Apr 20;107(6):863-9.

4. Hatzenbuehler ML, Phelan JC, Link BG. Stigma as a Fundamental Cause of
Population Health Inequalities. Am J Public Health. 2013 Mar 14;103(5):813-21.

5. Turan B, Smith W, Cohen MH, Wilson TE, Adimora AA, Merenstein D, et al.
Mechanisms for the Negative Effects of Internalized HIV-Related Stigma on
Antiretroviral Therapy Adherence in Women: The Mediating Roles of Social
Isolation and Depression. JAIDS J Acquir Immune Defic Syndr. 2016
Jun;72(2):198-205.

6. Pascoe EA, Richman LS. Perceived Discrimination and Health: A Meta-Analytic
Review. Psychol Bull. 2009 Jul;135(4):531-54.

7. Cohen S, Janicki-Deverts D, Miller GE. Psychological Stress and Disease. JAMA.

2007 Oct 10;298(14):1685-7.

19



8. Kemeny ME. Psychobiological responses to social threat: Evolution of a

psychological model in psychoneuroimmunology. Brain Behav Immun. 2009

Jan;23(1):1-9.

9. Ramjee G, Daniels B. Women and HIV in Sub-Saharan Africa. AIDS Res Ther. 2013

10.

11.

12.

13.

14.

15.

Dec 13;10:30.

Akena D, Musisi S, Joska J, Stein DJ. The Association between Aids Related
Stigma and Major Depressive Disorder among HIV-Positive Individuals in Uganda.
PLOS ONE. 2012 Nov 27;7(11):e48671.

Poundstone KE, Strathdee SA, Celentano DD. The Social Epidemiology of Human
Immunodeficiency Virus/Acquired Immunodeficiency Syndrome. Epidemiol Rev.
2004 Jul 1;26(1):22-35.

Lee RS, Kochman A, Sikkema KJ. Internalized Stigma Among People Living with
HIV-AIDS. AIDS Behav. 2002 Dec 1;6(4):309-109.

Crandall CS, Coleman R. Aids-Related Stigmatization and the Disruption of Social
Relationships. J Soc Pers Relatsh. 1992 May 1;9(2):163-77.

Fife BL, Wright ER. The Dimensionality of Stigma: A Comparison of Its Impact on
the Self of Persons with HIV/AIDS and Cancer. J Health Soc Behav. 2000
Mar;41(1):50.

Malavé S, Ramakrishna J, Heylen E, Bharat S, Ekstrand ML. Differences in testing,
stigma, and perceived consequences of stigmatization among heterosexual men
and women living with HIV in Bengaluru, India. AIDS Care. 2014 Mar 4;26(3):396—

403.

20



16.

17.

18.

19.

20.

21.

22.

23.

24.

Amin Avni. Addressing gender inequalities to improve the sexual and reproductive
health and wellbeing of women living with HIV. J Int AIDS Soc. 2015 Dec
1;18(6S5):20302.

Tsai AC, Bangsberg DR, Emenyonu N, Senkungu JK, Martin JN, Weiser SD. The
social context of food insecurity among persons living with HIV/AIDS in rural
Uganda. Soc Sci Med. 2011 Dec;73(12):1717-24.

Danziger R. The social impact of HIV/AIDS in developing countries. Soc Sci Med.
1994 Oct 1;39(7):905-17.

Weiser SD, Young SL, Cohen CR, Kushel MB, Tsai AC, Tien PC, et al. Conceptual
framework for understanding the bidirectional links between food insecurity and
HIV/AIDS. Am J Clin Nutr. 2011 Dec 1;94(6):1729S-1739S.

Ivers LC, Cullen KA, Freedberg KA, Block S, Coates J, Webb P, et al. HIV/AIDS,
Undernutrition, and Food Insecurity. Clin Infect Dis. 2009 Oct 1;49(7):1096-102.
Koethe JR, Heimburger DC, PrayGod G, Filteau S. From Wasting to Obesity: The
Contribution of Nutritional Status to Immune Activation in HIV Infection. J Infect Dis.
2016 Oct 1;214(suppl 2):S75-82.

Faintuch J, Soeters PB, Osmo HG. Nutritional and metabolic abnormalities in pre-
AIDS HIV infection. Nutr Kidlington. 2006 Jun;22(6):683—-90.

Chlebowski RT, Grosvenor MB, Bernhard NH, Morales LS, Bulcavage LM.
Nutritional status, gastrointestinal dysfunction, and survival in patients with AIDS.
Am J Gastroenterol. 1989 Oct;84(10):1288-93.

Wheeler DA. Weight loss and disease progression in HIV infection. AIDS Read.

1999 Aug;9(5):347-53.

21



25.

26.

27.

28.

29.

30.

Nagata JM, Fiorella KJ, Salmen CR, Hickey MD, Mattah B, Magerenge R, et al.
Around the Table: Food Insecurity, Socioeconomic Status, and Instrumental Social
Support among Women Living in a Rural Kenyan Island Community. Ecol Food
Nutr. 2015 Jul 4;54(4):358-69.

Leserman J. Role of Depression, Stress, and Trauma in HIV Disease Progression.
Psychosom Med. 2008 Jun;70(5):539-545.

Nyamathi A, Ekstrand M, Heylen E, Ramakrishna P, Yadav K, Sinha S, et al.
Relationships Among Adherence and Physical and Mental Health Among Women
Living with HIV in Rural India. AIDS Behav [Internet]. 2016 Dec 19 [cited 2017 Mar
15]; Available from: http://link.springer.com/10.1007/s10461-016-1631-3

Heravian A, Solomon R, Krishnan G, Vasudevan CK, Krishnan AK, Osmand T, et
al. Alcohol consumption patterns and sexual risk behavior among female sex
workers in two South Indian communities. Int J Drug Policy. 2012 Nov 1;23(6):498—
504.

Steward WT, Herek GM, Ramakrishna J, Bharat S, Chandy S, Wrubel J, et al. HIV-
related stigma: Adapting a theoretical framework for use in India. Soc Sci Med.
2008 Oct 1;67(8):1225-35.

Ekstrand ML, Ramakrishna J, Bharat S, Heylen E. Prevalence and drivers of HIV
stigma among health providers in urban India: implications for interventions. J Int
AIDS Soc [Internet]. 2013 Nov 13 [cited 2017 Dec 12];16(3Suppl 2). Available from:

https://www.ncbi.nIm.nih.gov/pmc/articles/PMC3833193/

22



31.

32.

33.

34.

35.

36.

37.

38.

Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale (HFIAS)
for measurement of food access: indicator guide. Wash DC Food Nutr Tech Assist
Proj Acad Educ Dev. 2007;34.

Giordano TP, Guzman D, Clark R, Charlebois ED, Bangsberg DR. Measuring
Adherence to Antiretroviral Therapy in a Diverse Population Using a Visual
Analogue Scale. HIV Clin Trials. 2004 Apr 1;5(2):74-9.

Ekstrand ML, Chandy S, Heylen E, Steward W, Singh G. Developing Useful
HAART Adherence Measures for India: The Prerana Study. J Acquir Immune Defic
Syndr 1999. 2010 Mar 1;53(3):415-6.

Ekstrand ML, Shet A, Chandy S, Singh G, Shamsundar R, Madhavan V, et al.
Suboptimal adherence associated with virological failure and resistance mutations
to first-line highly active antiretroviral therapy (HAART) in Bangalore, India. Int
Health. 2011 Mar;3(1):27-34.

Wasserstein RL, Lazar NA. The ASA's Statement on p-Values: Context, Process,
and Purpose. Am Stat. 2016 Apr 2;70(2):129-33.

Greenland S, Senn SJ, Rothman KJ, Carlin JB, Poole C, Goodman SN, et al.
Statistical tests, P values, confidence intervals, and power: a guide to
misinterpretations. Eur J Epidemiol. 2016 Apr 1;31(4):337-50.

Robins JM, Greenland S. Identifiability and Exchangeability for Direct and Indirect
Effects. Epidemiology. 1992;3(2):143-55.

Yu Q, Wu YF and X. General Multiple Mediation Analysis With an Application to
Explore Racial Disparities in Breast Cancer Survival. J Biom Biostat [Internet].

2014 Apr 5 [cited 2017 Jun 27];2014. Available from:

23



39.

40.

41.

https://www.omicsonline.org/peer-reviewed/general-multiple-mediation-analysis-
with-an-application-to-explore-racial-disparities-in-breast-cancer-survival-
25970.html

Yu Q, Li B. mma: An R Package for Mediation Analysis with Multiple Mediators. J
Open Res Softw [Internet]. 2017 Apr 12 [cited 2017 Jun 4];5(1). Available from:
http://openresearchsoftware.metajnl.com/articles/10.5334/jors.160/

Tsai AC, Bangsberg DR, Frongillo EA, Hunt PW, Muzoora C, Martin JN, et al. Food
insecurity, depression and the modifying role of social support among people living
with HIV/AIDS in rural Uganda. Soc Sci Med. 2012 Jun;74(12):2012-9.

Hong SY, Fanelli TJ, Jonas A, Gweshe J, Tjituka F, Sheehan HMB, et al.
Household Food Insecurity Associated With Antiretroviral Therapy Adherence
Among Hiv-infected Patients in Windhoek, Namibia. Jaids J Acquir Immune Defic
Syndr [Internet]. 2014 Dec 1 [cited 2017 Jun 9];67(4). Available from:

http://insights.ovid.com/pubmed?pmid=25356779

24



Table 1. Characteristics of participants

Mean (SD) or n

Characteristic (%)
Age in years 34.3 (7.0)
Education
None 292 (48.7%)
1-4years 98 (16.3%)
5 -9 years 123 (20.5%)
>10 years 87 (14.5%)
Religion
Hindu 439 (73.2%)
Muslim 44 (7.3%)
Christian 117 (19.5%)

Marital status

Married
Divorced/separated
Widowed
Number of Children
Internalized stigma scale
Food insecurity score
Years since HIV diagnosis
Percent adherent to ART
CD4+ T cell count (cells/mm?)

Number of Ols past 6 months
Fungal dermatoses

No
Yes

238 (39.7%)
54 (9.0%)
308 (51.3%)
1.9 (0.8)

2.8 (0.3)
21.1 (3.4)
4.1 (2.9)
30.4 (13.2)
447.4 (273.6)
4.6 (1.2)

40 (6.7%)
560 (93.3%)
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Table 2. Associations between putative mediators of internalized stigma and HIV-

related health outcomes (opportunistic infections and fungal dermatoses)

Mediator

Food insecurity
Unadjusted model
Multivariable model®

Adherence to ART®
Unadjusted model

Multivariable model?

Number of Ols as dependent
variable
IRR (95% CI)

1.032 (1.016, 1.049)

1.029 (1.013, 1.045)

0.865 (0.766, 0.977)

0.906 (0.833, 0.985)

<0.001

<0.001

0.020

0.020

Fungal dermatoses as dependent

variable
OR (95% CI)

1.296 (1.177, 1.428)

1.281 (1.118, 1.466)

0.049 (0.011, 0.212)

0.079 (0.016, 0.402)

<0.001

<0.001

<0.001

0.002

#Adjusted for age, education, years since HIV diagnosis, and internalized stigma

®Log,e transformed
Note: Ol = opportunistic infections; ART = antiretroviral therapy; IRR = incidence rate ratio; OR = odds

ratio
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Supplemental Table 1. Association between internalized stigma and outcomes

with and without mediators.

Number of opportunistic infections

Fungal dermatoses

IRR (95% CI) OR (95% CI)

Adjusted (no Adjusted with Adjusted (no Adjusted with

Characteristic Unadjusted mediators) mediators Unadjusted mediators) mediators

1.063 (1.031, 4.089 (3.220, 3.833 (2.997, 1.066 (0.525,

Stigma 1.236 (1.143, 1.337) 1.232 (1.131, 1.342) 1.095) 5.191) 4.901) 2.166)

1.001 (0.999, 1.012 (0.935, 1.007 (0.949, 0.997 (0.955,

Age (+1 years) 1.001 (0.999, 1.004) 1.001 (0.999, 1.003) 1.002) 1.095) 1.068) 1.040)
Education

None 1.00 1.00 1.00 1.00 1.00 1.00

0.956 (0.927, 1.214 (0.743, 1.502 (0.916, 1.813 (0.785,

1 -4 years 0.943 (0.910, 0.977) 0.949 (0.918, 0.980) 0.985) 1.983) 2.464) 4.185)

1.010 (0.940, 1.326 (0.820, 1.393 (0.918, 1.827 (1.299,

5—9years 0.986 (0.918, 1.058) 0.988 (0.918, 1.064) 1.085) 2.144) 2.114) 2.569)

0.965 (0.918, 1.383 (0.532, 1.490 (0.607, 1.680 (0.692,

210 years 0.945 (0.903, 0.988) 0.937 (0.904, 0.972) 1.013) 3.597) 3.661) 4.082)

Months since HIV 1.004 (0.994, 0.911 (0.836, 0.917 (0.839, 0.958 (0.826,

diagnosis (+1 month) 0.998 (0.988, 1.009) 1.001 (0.989, 1.013) 1.013) 0.992) 1.001) 1.112)

0.906 (0.833, 0.049 (0.011, 0.079 (0.018,

Adherence to ART*  0.865 (0.766, 0.977) N/A 0.985) 0.212) N/A 0.402)

1.029 (1.013, 1.296 (1.177, 1.281 (1.118,

Food insecurity score 1.032 (1.016, 1.049) N/A 1.045) 1.428) N/A 1.466)

#Logso transformed

Note: Ol = opportunistic infections; ART = antiretroviral therapy; IRR = incidence rate ratio; OR =

odds ratio
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Figure 1. Directed acyclic graph showing mediation pathways leading to
opportunistic infections due to internalized stigma. Confounders include:

Education, age, years since HIV diagnosis.
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Figure 2. Total, direct, and indirect effects of internalized stigma on Ols. A) Effect
of internalized stigma on the number of Ols. B) Effect of internalized stigma on fungal
dermatoses. C) Percent of total effect on the number of Ols and fungal dermatoses for
the direct effect of internalized stigma and the indirect effects through food insecurity
and adherence to ART. Models were adjusted for age, education, and years since HIV
diagnosis. IRR and OR estimates reflect change per +1 increase in internalized stigma
score. Ol = opportunistic infections; ART = antiretroviral therapy; OR = odds ratio; IRR =

incidence rate ratio; Cl = confidence intervals.
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Supplemental Figure. Exploratory analysis of the association between food
insecurity and Ols through internalized stigma and adherence. A) Effect of food
insecurity on the number of Ols. B) Effect of food insecurity on fungal dermatoses.
Models were adjusted for age, education, and years since HIV diagnosis. IRR and OR
estimates reflect change per +1 increase in food insecurity score. Ol = opportunistic
infections; ART = antiretroviral therapy; OR = odds ratio; IRR = incidence rate ratio; Cl =

confidence intervals.
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