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Abstract

HIV stigma and fears surrounding the disease pose a challenge for public health interven-
tions, particularly those that target pregnant women. In order to reduce stigma and improve
the lives of vulnerable populations, researchers have recognized a need to integrate different
types of support at various levels. To better inform HIV interventions, the current study
draws on social-ecological and evolutionary theories of reproduction to predict stigma and
fear of contracting HIV among pregnant women in South India. The aims of this study were
twofold: compare the social-ecological model to a modified maternal-fetal protection
model and test a combined model that included strong predictors from each model. The
study took place in 2008-2011 in Mysore District, Karnataka, India. Using data from a
cross-sectional survey and biological indicators of health, we statistically modeled social-
ecological variables representing individual, interpersonal, and community/institutional
levels. Participants were 645 pregnant women. The social-ecological and combined models
were the best-fitting models for HIV-related stigma, and the combined model was the best
fit for HIV-related fear. Our findings suggest that combining reproductive life history
factors along with individual, interpersonal, and community/institutional factors are signif-
icant indicators of HIV-related stigma and fear. Results of this study support a multifaceted
approach to intervention development for HIV-related stigma and fear. The combined
model in this study can be used as a predictive model for future research focused on HIV
stigma and fear, with the intent that dual consideration of social-ecological and evolutionary
theories will improve public health communication efforts.
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HIV stigma and fears surrounding the disease pose a challenge for public health efforts
that aim to prevent new infections from arising, treat existing infections, and motivate
people to get tested. Because of these barriers, research has found only moderate
support for interventions (Brown et al. 2003; Sengupta et al. 2011; Stangl et al.
2013). In order to improve the lives of vulnerable populations, current research
emphasizes the need to investigate barriers to HIV testing and treatment at various
levels, including individual factors, peer networks, the community, and surrounding
organizations (Stangl et al. 2013). One potential way to improve HIV intervention
strategies is to consider how local social-ecological conditions and humans’ evolved
psychology shape perceptions of pathogen infection. The current study draws on these
perspectives to model HIV stigma and fear among pregnant women in South India.
Pregnancy is a particularly salient period for investigating perceptions of HIV because
pathogen-avoidant behaviors purportedly increase at this time (Fessler et al. 2005;
Flaxman and Sherman 2000; Navarrete et al. 2007), and women have a higher risk of
HIV because of biological factors that are unique to pregnancy (Aagaard et al. 2012;
Drake et al. 2014; Gray et al. 2005; Taha et al. 1998).

Stigma, broadly speaking, is a complex phenomenon with social and evolutionary
underpinnings (Goffman 1963; Kurzban and Leary 2001; Parker and Aggleton 2003).
Goffman (1963) originally defined stigma as having three primary components that
focus on attributes of the target individual, such as physical deformities, character
defects, or problems associated with group identity. Since this conception, the meaning
of stigma in public health is now considered a complex social process that perpetuates
cycles of power and control (Parker and Aggleton 2003), or as the process of devaluing
individuals who publicly live with character traits that others deem unacceptable in
society (UNAIDS 2003). From an evolutionary perspective, stigma is a fear-generated
avoidance strategy that exists because it solved particular adaptive problems that
threatened fitness throughout the course of human evolution (Kurzban and Leary
2001). In this light, stigma can arise from two scenarios: when individuals present
cues of pathogen infection, or when they pose a threat in social exchanges (Kurzban
and Leary 2001). Altogether, stigma can be defined by a few key features, including
fear, prejudice, and stereotypes, leading to a gap in how one views oneself socially
versus how one is viewed by others in society (Stangl et al. 2013).

HIV stigma, specifically, can lead to adverse health outcomes, particularly during
pregnancy. Mother-to-child transmission (PMTCT) interventions, which provide ante-
natal care, HIV testing, and antiretroviral treatment, face the issue of pregnant women
avoiding care because they are often the first members of their families to get tested for
HIV, therefore increasing their risk of being blamed for bringing the virus into the
family (Turan and Nyblade 2013). Furthermore, pregnant women who report higher
levels of HIV stigma are less likely to deliver in a health facility with a skilled attendant
owing to negative community perceptions (Steward et al. 2008). These familial and
social barriers ultimately lead to a greater risk of negative maternal and infant health
outcomes. Framing HIV stigma within the context of both social-ecological theory and
evolutionary theory could be useful because these approaches can help identify the
social, environmental, and individual layers that predict HIV stigma and fear during
such a critical life stage.

The social-ecological model was originally developed as a transdisciplinary ap-
proach to understand the multiple dimensions that influence health spanning beyond
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individual characteristics, with the goal of designing community-based interventions
that can lead to behavioral change (McLeroy et al. 1988; Stokols 1996). As the term
“ecology” implies, this model aims to describe the relationship between humans and
their physical and social environments as it pertains to health (Stokols 1996). The
strength of this framework is that it considers the following levels of influence on
human health and behavior: individual, interpersonal, institutional, community, and
policy (McLeroy et al. 1988).

Applications of the social-ecological model to HIV stigma are rare; instead, research
typically focuses on high-risk behaviors that lead to HIV. In reference to HIV stigma,
social-ecological research often focuses on individual factors and perceptions of
interpersonal relationships. To illustrate, Sandelowski et al. (2004) found that the
experience of stigma translated into fear of social rejection, discrimination, and vio-
lence when HIV-positive individuals chose to disclose their status (Sandelowski et al.
2004). This effect is often pronounced among women; they have described feeling
dirty, worthless, or deficient because of an HIV-positive diagnosis (Sandelowski et al.
2004). Cases such as these are concerning because prior research conducted among
Indian women found that isolation and HIV are correlated with increased risk for other
negative health outcomes such as intimate partner violence (IPV) (Go et al. 2003;
Silverman et al. 2008; Stephenson 2007). In reference to high-risk sexual behavior,
Larios et al. (2009) used multiple levels to explain condom use among sex workers in
Tijuana, Mexico. In this study, female sex workers who were employed in bars were
more likely to engage in protected sex compared with sex workers on the streets (Larios
et al. 2009). The social-ecological model could explain differences in condom use, such
that sex workers in bars reported higher self-efficacy (individual factor) and had better
access to condoms because of their working conditions (institutional factor), whereas
street workers used condoms less often because they were given economic incentives
for not using them (interpersonal factor). This study, among others, points to the
importance of considering a multilevel approach when investigating the factors that
shape HIV risk (Kerrigan et al. 2006; Larios et al. 2009). One pitfall of the social-
ecological model, however, is that it does not account for the evolutionary factors that
shape human health and behavior.

An evolutionary perspective is necessary for research on HIV stigma because
humans have co-evolved with pathogens and must continuously adapt to novel threats
as they emerge. Researchers speculate that this constant selection pressure contributes
to the development of specific traits that function as a second line of defense for
individuals faced with heightened risk of infection (Parker et al. 2011; Schaller and
Park 2011). “Risk of infection” can include environmental factors, such as the emer-
gence of a novel pathogen, but also an individual’s capacity to mount a robust immune
response, which varies across the life course. Regardless of the underlying cause, these
protective mechanisms, or “counter-adaptations,” can consist of psychological mecha-
nisms, such as disgust, stigma, and ethnocentrism (Schaller and Park 2011), and
behavioral traits, such as the avoidance of certain foods perceived to cause harm
(Placek and Hagen 2015; Placek et al. 2017).

Pregnancy, the stage relevant to the current study, is a period of increased vulner-
ability to pathogens. In the first trimester, the maternal adaptive immune system
partially down-regulates to support placentation and fetal organogenesis, leading both
mothers and fetuses to be more vulnerable to certain extracellular pathogens, such as
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HIV, herpes simplex virus, and hepatitis E virus (Gray et al. 2005; Racicot et al. 2014).
Studies show that women often engage in behaviors geared toward protecting both
themselves and their developing fetuses from infections (Henrich and Henrich 2010;
Placek et al. 2017). Evidence of such “maternal-fetal protection” include women
reporting aversions to animal products (Fessler 2002; Flaxman and Sherman 2000)
and showing heightened ethnocentrism and disgust during the first trimester (Fessler
et al. 2005; Navarrete et al. 2007). In a study conducted in the United States, for
example, pregnant women in the first trimester reported higher ethnocentrism than
women in their second and third trimesters (Navarrete et al. 2007).

Women’s immunocompetence is further influenced by their life histories, including
early developmental exposures to pathogens, nutritional stress, and reproductive histo-
ries, such as age at first birth and number of pregnancies (Georgiev et al. 2016; Gibbs
et al. 2012; Miller 2010). Multiple births and short interbirth intervals, for example, are
associated with higher rates of anemia in subsequent pregnancies (Miller 2016); and
higher rates of iron-deficiency anemia, specifically, are associated with impaired
immune function (Kumar and Choudhry 2010). These life history factors, however,
are not typically linked with the classic maternal-fetal protection hypothesis, which is
surprising given that maternal-fetal protection mechanisms hypothetically evolved prior
to the advent of agriculture, when Homo sapiens had unpredictable access to resources
(Profet 1988). The current study incorporates these factors because emerging evidence
shows that resource scarcity and fertility rates play a role in hypothesized pathogen
avoidant strategies and therefore warrant further consideration (Placek and Hagen
2013; Young and Pike 2012).

The goals of this study were to (1) explore the predictive abilities of the social-
ecological and the maternal-fetal protection models in predicting stigma and fear
associated with HIV among a population of pregnant women and (2) test if a combined
model could better predict HIV stigma and fear than each model could separately. To
do this, significant predictors from each initial model were combined into one. The
three models are then compared to see if combining the models is a useful framework
to study HIV stigma and fear.

Study Population

The study took place from 2008 to 2011 in rural Mysore, Karnataka, approximately
10 km outside the city (Kojima et al. 2017). Mysore is located in southwest India at
12.30° N, 76.65° E. The urban area of Mysore district has a population of more than 1.6
million people, and more than 900,000 reside in the district’s rural villages (Census of
India 2011). During pregnancy, women residing on rural farms are expected to follow
social norms that are geared toward protecting the developing fetus from external
threats (Placek et al. 2017). Women also report limited knowledge of the causes of
pregnancy loss, which highlights a need for more public health efforts that focus on
maternal-child health (Placek and Madhivanan 2017). A previous study conducted with
this population of pregnant women found the rate of HIV to be 0.6% (Kojima et al.
2017). Women also experienced low rates of hepatitis B (0.5%), syphilis (0.1%),
bacterial vaginosis (7.1%), and hypertension (4.3%). Rates of anemia, however, were
high, with 49.5% cases of moderate to severe anemia (Kojima et al. 2017).
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Focusing on India for this study provides a unique opportunity to systematically
explore the multiple layers that potentially impact HIV stigma and fear during preg-
nancy. Prior research on Indian women has shown that the ability to engage in health
decision-making processes and negotiate health outcomes result from the interplay
between the individual characteristics of the person and the culture with which she
interacts (D’Souza et al. 2013; Osamor and Grady 2016; Senarath and Gunawardena
2009; Van Hollen 2007). For example, Van Hollen (2007) found that HIV positive
women in Tamil Nadu reported that their status and desire to become pregnant required
navigating cultural constructions of gender, international and state agency priorities,
and social networks beyond their familial unit. From the perspective of maternal-fetal
protection, accumulating evidence is showing a much more complex relationship
between hypothesized protective behaviors, social and environmental factors, and
pregnancy status among South Indian women (Placek and Hagen 2013, 2015; Placek
et al. 2017).

Methods

The Public Health Research Institute of India (PHRII) carried out the present study as
part of a larger research program that established a mobile medical clinic in rural
Mysore. The program, called the Kisalaya project, educated rural communities about
maternal-child health and trained community health workers about safe birthing prac-
tices. In addition, PHRII provided antenatal care and education on preventing maternal-
to-child transmission of HIV. Pregnant women were tested for infections, and nurses
assessed blood sugar, urine albumin, and anemia. Counselors from PHRII administered
questionnaires in the local language of Kannada. Questions included sociodemographic
information as well as medical and obstetric history. In total, 1675 (76%) of the 2211
pregnancies received antenatal care. Of this sample, 1639 (97.85%) women consented
to counseling and testing for HIV along with all the other routine tests. See Kojima et al.
(2017) for additional details of the program procedures. This project was approved by
the Independent Ethics Committee of Vikram Hospital in Mysore, India (Protocol
number 2008-04-12-01) and by the Institutional Review Board at Florida International
University.

Outcome Measures

HIV Stigma, or stigma toward HIV-infected individuals, was assessed using five
scenarios of contact that one might have with an HIV-infected person. Questions
included: How worried would you feel if you were to (1) eat lunch with someone with
HIV/AIDS? (2) buy food at the market from someone with HIV/AIDS? (3) get a
haircut from someone with HIV/AIDS? (4) let your child play with children with HIV/
AIDS? and (5) work with someone with HIV/AIDS? Answers were formatted accord-
ing to a four-point Likert scale from one (not at all worried) to four (extremely worried).
A total “stigma” score was computed for each participant.

Fear of contracting HIV was assessed with seven questions: How worried would
you feel that: (1) you will get the HIV virus; (2) you will infect others with the HIV
virus if you have the virus; (3) your family will not treat you as a full family member if
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the family knows you have the HIV virus; (4) your friends will ostracize you if they
know you have the HIV virus; (5) your community will treat you like a social outcast if
any of the community members know you have the HIV virus; (6) your family will not
care for you to the end if you have HIV/AIDS; and (7) there will be no one to take care
of your children if you die of AIDS. Answers were formatted according to a four-point
Likert scale from one (not at all worried) to four (extremely worried). A total “fear”
score was computed for each participant.

Maternal-Fetal Protection Model

The maternal-fetal protection model predicts that because of immunological changes
that occur during the first trimester of pregnancy, women are more likely to report
psychological and behavioral patterns that are hypothesized to provide protection from
pathogens (Flaxman and Sherman 2000; Hook 1978; Profet 1995). In addition to
testing the main tenets of this hypothesis, we also included several measures known
to contribute to impaired immunological functioning.

Weeks Pregnant Women reported their number of weeks pregnant. Early pregnancy is
a critical period of development when the mother faces increased risk of pathogen
infection; this shift in immunity is associated with a cascade of physiological, behav-
ioral, and psychological changes that function to protect the mother and the fetus from
harm (Fessler 2002; Flaxman and Sherman 2000; Hook 1978; Profet 1995). Therefore,
early pregnancy is predicted to increase HIV-related stigma and fear.

Hemoglobin Hemoglobin levels were assessed with blood samples using the He-
moglobin (Cyanomethemoglobin) Beacon Test (Beacon Diagnostics Pvt. Ltd.
Kabilpore, Gujarat, India). Since the purpose of this study was not to diagnose
anemia status, this variable remained continuous. Higher levels of anemia deficien-
cy are predicted to increase HIV-related stigma and fear since iron deficiency
impairs immunity, rendering individuals more susceptible to pathogenic infections
(Kumar and Choudhry 2010).

Age at First Pregnancy In life history research, age at first pregnancy is a response to
ecological conditions, such as stressful life events that occur throughout development
(Chisholm et al. 2005; Nettle et al. 2011). Other research shows that the timing of first
pregnancy is negatively associated with pro-inflammatory cytokines in subsequent
pregnancies (Blackmore et al. 2011). We predict that if earlier age at first pregnancy
functions as a developmental indicator of adverse ecological conditions, then women
with earlier ages at first pregnancies will report higher HIV stigma and fear.

Number of Pregnancies (Gravidity) Research is mixed regarding the relationship be-
tween gravidity and infection risk and appears to depend on the virus in question
(Cumberland et al. 2007; Rastogi et al. 1999; Saute et al. 2002; Shulman et al. 2001).
Other research suggests that higher numbers of pregnancies are associated with greater
risk of anemia, particularly in resource-scarce environments (Miller 2016). We hypoth-
esize that higher numbers of pregnancies are associated with heightened HIV stigma
and fear for additional protection from pathogens.
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Weight in kilograms was included as an indicator of nutritional stress. Prior
research shows that maternal undernutrition, often a result of nutrition deprivation
throughout the developmental lifespan, is associated with increased infection risk
(Steketee 2003).

Social-Ecological Model

The social-ecological model is divided by levels that typically consist of individual,
interpersonal, institutional, community, and policy-related factors (McLeroy et al.
1988). In the current study, we focus on the individual, interpersonal, and
institutional/community levels. The latter two categories are combined because in rural
regions in India these categories can easily overlap. For example, physicians could
represent the institutional level, since this individual provides care, but might also live
in the same community.

Individual Level: Knowledge of HIV Transmission Previous research has shown that
correct knowledge of HIV transmission is an important indicator of the willingness to
avoid or stigmatize HIV-infected individuals (Herek and Capitanio 1994; Herek et al.
2002; Price and Hsu 1992). HIV knowledge was therefore assessed using 12 questions
including four correct pathways of HIV transmission: drug injection with syringes used
by someone with HIV, an HIV-infected mother’s transmission to an infant, having
sexual intercourse without a condom, and a baby breastfed by his/her mother who has
the HIV virus. There were eight incorrect modes of transmission. A total score was
computed for the number of correct responses reported by a participant for each
question, for a possible range of 0 to 12.

Interpersonal Level: HIV-Positive Disclosure Social-ecological research has shown that
the person to whom an individual discloses their HIV-positive status is associated with
perceived reactions from interpersonal relationships (Qiao et al. 2015). Respondents
were asked “If you test positive for HIV, would you tell any of the following
individuals about your HIV test result?” (yes=1, no=0). At the interpersonal level
the options were spouse, brothers, sisters, relatives, and friends. A total score was
computed, for a possible range of 0 to 5.

Perceived reactions to HIV-positive status was measured by asking participants to
respond to 13 scenarios that began with the question: “If you test positive for HIV and
choose to disclose, would the following happen to you?” (yes = 1, no = 0). Positive scenarios
were reverse-coded and, similar to the disclosure variable, composite scores were created
based on the social-ecological model categories. Scenarios that were not relevant for the
majority of participants (e.g., scenarios related to work) were left out of the total score so as
to limit missing data. The following eight scenarios were included in the total score for a
possible range of 0 to 8: breakup of marriage, physical abuse by spouse, neglect from family,
disowned by family, breakup of sexual relationships, increased emotional support from
family, increased emotional support from peers, and strengthened relationship with partner.

Community/Institutional: HIV-Positive Disclosure To whom respondents would dis-
close their HIV-positive status at the community/institutional level included neighbors,
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physicians, religious leaders, and community leaders. A total score was computed for a
possible range of 0 to 4.

Covariates Each model included age, years of education, and income (rupees per
month).
The predictive models tested herein are presented in Fig. 1.

Analysis

Data were analyzed using R version 3.4.1 for Macintosh. Summary statistics and
graphical techniques were generated to explore the distributions of variables. For the
outcome variables, correlation statistics were computed to determine the degree of
similarity between measures, and Cronbach’s alpha was computed to test for internal
consistency within each measure. Since total stigma was positively skewed and
bounded, and total fear was negatively skewed and bounded, we tested for
overdispersion for each measure using the “dispersiontest” function from the AER
package (Cameron and Trivedi 2005). The variance was significantly greater than the
mean for both outcome measures, indicating that a negative binomial was the most
appropriate multivariate modeling technique. All predictor variables were scaled and
centered. Models were ranked according to the Akaike information criterion (AIC) to
determine if the final combined model outperformed the social-ecological and
maternal-fetal protection models.

Participants initially totaled 1675 pregnant women, but the sample was ultimately
reduced because only 645 responded to all prompts included in this study. Although
data were missing across all study measures, the majority of cases came from the HIV
knowledge measure (missing cases =603). To determine if missing cases presented

Maternal-Fetal Protection
Model

Social-Ecological Model

PATHOGEN EXPOSURE
Disease outbreak INSTITUTIONAL/COMMUNITY
Unsanitary conditions Religious Community  Community
leaders leaders organizations

RESOURCES
Nutritional stress Employer
Famine

Healthcare
providers

INTERPERSONAL
LIFE HISTORY Family Friends

Gravidity
Age at first pregnancy INDIVIDUAL
Resource scarcity HIV

knowledge
BIOLOGICAL
Weeks pregnant/

trimester
Health status (anemia)

Fig. 1 The modified maternal fetal protection and social-ecological models for predicting HIV related fear and
stigma among pregnant women
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meaningful differences in findings, models were run without HIV knowledge; those
data are reported in the ESM. Summary statistics and results presented below are
therefore for the final sample of 645 women.

Results

On average, women were 20.92 years old and had completed 7.93 years of education.
Only two women tested positive for HIV in this sample of participants. Women were an
average of 24.71 weeks pregnant, had experienced their first birth around age 19.21,
and averaged 0.72 pregnancies. Summary statistics for remaining variables are provid-
ed in Table 1.

Stigma indicators were highly correlated with each other, but were negatively and
weakly correlated with fear indicators (Fig. 1a in the ESM). The same was true for fear
indicators; the independent indicators for fear were highly correlated, providing support
that these items were measuring separate constructs. Furthermore, the Cronbach’s alpha
for total stigma was 0.971 and for total fear it was 0.967, indicating high internal
consistency for both measures.

Regarding knowledge of HIV transmission, 18.0% of participants answered all
questions incorrectly, whereas 33.33% answered all questions correctly. Only one
question was answered incorrectly by the majority of participants (51.0%), and this
was the belief that mosquitoes or other insects could transmit the virus by biting a
person. The other question answered incorrectly in higher proportions was the belief
that HIV could be transmitted from being coughed or sneezed on by a person who has
the virus (39.0%). The remaining questions generated fewer incorrect responses, and
the “correct” modes of transmission were known by the majority of respondents:

Table 1 Descriptive statistics of the participants and model variables

Variable N Min Max Mean Median SD

Total stigma 645 5.00 20.00 8.73 5.00 5.01
Total fear 645 7.00 28.00 23.89 28.00 6.47
Gestation weeks 645 6.00 41.00 24.71 26.00 8.26
Hemoglobin 645 5.10 15.20 10.11 10.10 1.66
Age at first pregnancy (in years) 645 13.00 35.00 19.21 19.00 2.32
Pregnancy number (gravidity) 645 0.00 5.00 0.72 1.00 0.80
Weight (kg) 645 30.00 80.00 49.64 49.00 7.56
HIV correct knowledge 645 4.00 12.00 9.27 11.00 3.03
Disclosure: Interpersonal 645 0.00 5.00 1.68 1.00 1.24
Disclosure: Community/Institutional 645 0.00 4.00 0.98 1.00 0.49
Reaction: Interpersonal negative 645 0.00 8.00 3.12 3.00 2.22
Age (in years) 645 15.00 36.00 20.92 20.00 2.83
Education (in years) 645 0.00 17.00 7.93 9.00 3.50
Rupees per month 645 0.00  40,000.00 5269.00  4000.00 3925.73
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injecting drugs with syringes by someone who has the HIV virus (correct =70.0%), an
infant whose mother has the HIV virus (correct=96.74%), having sex without a
condom with someone who has the HIV virus (correct = 60.62%), and a baby breast-
fed by his/her mother who has the HIV virus (correct = 98.30%).

HIV Stigma

In the maternal-fetal protection model (Table 2, model 1), HIV stigma was positively
and significantly associated with number of weeks pregnant (Est. = 0.05, p < 0.02; 95%
CI=1.01, 1.10) and negatively and significantly associated with weight (Est. = —0.05,
»<0.042; 95% CI=0.91, 1.00). However, the confidence interval included 1.00, so
this result should be interpreted with caution. Significant covariates included age (Est. =
—0.10, p<0.01; 95% CI=10.84, 0.98) and education (Est. = —0.13, p <0.0001; 95%
CI=0.84, 0.92).

In the social-ecological model (Table 2, model 2), HIV stigma was significantly
associated with lower scores on HIV knowledge (Est. = —0.23, p <0.0001; 95% CI =
0.76, 0.81), less willingness to disclose HIV status to interpersonal relations (Est. =
—0.05, p<0.01; 95% CI=0.91, 0.99), higher perceived negative reactions from inter-
personal relations (Est. = 0.09, p <0.0001; 95% CI =1.06, 1.13), and lower education
(Est. = —0.06, p<0.002; 95% CI=0.91, 0.98). The following variables were not
significantly associated with HIV stigma: age, income, and willingness to disclose to
community/institutional relations.

The combined model included covariates measuring age and education, along with
weeks pregnant, weight, HIV knowledge, disclosure to interpersonal relations, and
higher perceived negative reactions from interpersonal relations (Table 2, model 3). The
following variables were significantly associated with HIV stigma: lower education
(Est. =—-0.06, p < 0.003; 95% CI=0.91, 0.98), lower scores on HIV knowledge (Est. =
—0.24, p<0.0001; 95% CI=0.76, 0.82), and less willingness to disclose to interper-
sonal relations (Est. = —0.05, p <0.003; 95% CI=0.91, 0.98).

According to AIC, the combined model had the lowest score of 3484.95, but it was
not a better fit than the social-ecological model (AIC =3485.74). Both models
outranked the maternal-fetal protection model (AIC =3670.60).

Fear of HIV

In the maternal-fetal protection model (Table 2, model 4), fear of contracting HIV was
negatively and significantly associated with age at first pregnancy (Est. = —0.06,
»<0.003; 95% CI=0.91, 0.98) and moderately significantly associated with age
(Est. = 0.04, p<0.09; 95% CI1=0.99, 1.09).

In the social-ecological model (Table 2, model 5), the following predictors were
significantly associated with the fear of contracting HIV: lower scores on HIV knowl-
edge (Est. = —0.03, p<0.002; 95% CI=0.94, 0.99), less willingness to disclose status
to interpersonal relations (Est. = —0.03, p <0.04; 95% CI=0.95, 1.00), higher willing-
ness to disclose to community and institutional relations (Est. = 0.10, p <0.0001; 95%
CI=1.10, 1.14), and perceived negative reactions from interpersonal relations (Est. =
0.02, p<0.03; 95% CI=0.95, 1.00). Variables measuring age, income, and education
were not significantly associated with HIV stigma.
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Table 2 Model results from the maternal fetal-protection (MFP) model, social-ecological (S-E) model, and

the combined models

Est. SE Z P>z 95% CI Model Stats  AIC
MODEL 1 0=651 3670.60
Stigma: MFP SE=0.60
Weeks Pregnant 0.05 0.02 232 0.02%* 1.01, 1.10
Weight -0.05 0.02 —2.03  0.04* 0.91, 1.00
Age at first 0.06  0.04 1.56  0.12 0.99, 1.13
pregnancy
Hemoglobin 0.01  0.02 035 0.72 0.97, 1.05
Gravidity 0.04 0.03 136 0.17 0.98, 1.10
Age -0.10  0.04 —2.45  0.01 ** 0.84, 0.98
Education —-0.13 0.02 —5.98  0.0001 *** 0.84, 0.92
Income -0.02 0.02 —1.11 0.27 0.94, 1.02
(Intercept) 2.16  0.02 10523  0.001 *** 8.29, 8.99
MODEL 2 0=10.96 3485.74
Stigma: S-E SE=1.31
HIV correct -0.23 0.02  —13.29  0.0001 *** 0.76, 0.81
Disclosure -0.05 0.02 —245  0.01 ** 0.91, 0.99
interpersonal
Disclosure -0.01  0.02 -0.68 049 0.95, 1.03
Community/
Institutional
Reactions 0.09 0.02 5.02  0.0007 1.06, 1.13
interpersonal
Age -0.00 0.02 -0.27  0.79 0.96, 1.03
Education -0.06 0.02 -3.07  0.002 ** 0.91, 0.98
Income -0.00 0.02 -0.17  0.87 0.96, 1.03
(Intercept) 212 0.02 116.12  0.001 *** 8.06, 8.66
MODEL 3 0=11.02 3484.10
Stigma: Combined SE=1.32
Weeks pregnant 0.03  0.02 147  0.14 0.99, 1.07
Weight -0.01 0.02 -033  0.74 0.96, 1.03
HIV correct -024 0.02 —13.20 0.0001 *** 0.76, 0.82
Disclosure -0.05 0.02 —2.95  0.003 ** 091, 0.98
interpersonal
Reactions 0.09 0.02 5.00  0.0001 *** 1.06, 1.13
interpersonal
Age -0.01  0.02 -027 0.79 0.96, 1.03
Education -0.06 0.02 -3.02  0.003 ** 0.91, 0.98
MODEL 4 0=21.95 4419.17
Fear: MFP SE=2.66
Weeks pregnant 0.00 0.01 0.18  0.86 0.98, 1.03
Weight -0.02  0.01 -146 0.14 0.96, 1.01
Age at first -0.06 0.02 -2.95  0.003 ** 0.91, 0.98
pregnancy
Gravidity -0.02  0.02 -122 026 0.95, 1.01
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Table 2 (continued)

Est. SE zZ P>z 95% C1 Model Stats ~ AIC

Hemoglobin 0.13  0.01 .15 025 0.99, 1.04
Age 0.04  0.02 .71 0.09 0.99, 1.09
Education 0.01  0.01 046 0.64 0.98, 1.03
Income 0.00  0.01 029 0.77 0.98, 1.03
(Intercept) 317 0.01 27239  0.0001 ***  23.33,24.42
MODEL 5 0=26.94 4353.68
Fear: S-E SE=3.59
HIV correct -0.03 0.01 -3.04  0.002 ** 0.94, 0.99
Disclosure -0.03 0.0l —2.10  0.04 * 0.95, 1.00

interpersonal
Disclosure 0.10  0.01 8.70  0.0001 *** 1.10, 1.14

Community/

Institutional
Reactions 0.02  0.01 2.15  0.03 * 1.00, 1.05

interpersonal
Age 0.00 0.01 -0.39 0.70 0.97, 1.02
Income 0.00 0.01 026 0.79 0.98, 1.03
Education 0.01  0.01 1.16  0.24 0.99, 1.04
(Intercept) 3.17 001 28557  0.0001 *** 2326, 24.29
MODEL 6 0=27.52 4347.58
Fear: Combined SE=3.72
Age at first -0.03  0.01 —237  0.02* 0.94, 0.99

pregnancy
HIV knowledge -0.03  0.01 =279 0.005 ** 0.95, 0.99
Disclosure -0.02  0.01 -1.87 0.06t 0.95, 1.00

interpersonal
Reactions 0.02  0.01 2.00 0.05* 1.00, 1.04

interpersonal
Disclosure 0.10  0.01 8.50  0.0001 *** 1.10, 1.13

Community/

Institutional
Age 0.01  0.01 1.05  0.29 0.99, 1.05
(Intercept) 3.17 0.0 28695 0.0001 *** 2326, 24.29

T p<0.10, * p<0.05, #* p<0.01, =% p<0.001

The combined model included age at first pregnancy, HIV knowledge, disclosure to
interpersonal relations, disclosure to community and institutional relations, negative
perceived reactions from interpersonal relations, and age (Table 2, model 6). All
predictors except for age were significantly associated with higher fear of HIV: lower
age at first pregnancy (Est. = —0.03, p <0.02; 95% CI=0.94, 0.99), lower scores on
HIV knowledge (Est. = —0.03, p <0.005; 95% CI=0.95, 0.99), less willingness to
disclose status to interpersonal relations (Est. = —0.02, p <0.06; 95% CI=0.95, 1.00),
higher willingness to disclose to community and institutional relations (Est. = 0.10,
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p<0.0001; 95% CI=1.10, 1.13), and negative perceived reactions from interpersonal
relations (Est. = 0.02, p <0.05; 95% CI=1.00, 1.04).

According to AIC, the combined model (4347.58) outperformed the social-
ecological model (4353.68) and the maternal-fetal protection model (4419.17).

Discussion

The overall goal of this study was to test the extent to which a combined social-
ecological and modified maternal-fetal protection model could predict barriers that
prevent women from getting HIV testing and treatment. Existing studies that use social-
ecological theory have shown positive trends in HIV-related stigma reduction and have
employed methods such as information-based approaches, skill building, counseling,
and contact with HIV-affected groups (Brown et al. 2003; Sengupta et al. 2011).
PMTCT efforts, however, continue to struggle with individual, interpersonal, and
community biases against pregnant women receiving antenatal care and HIV testing
(Turan and Nyblade 2013). The current study addressed this issue by considering the
dual role of maternal-fetal protection and social-ecological factors in predicting HIV-
related stigma and fear. Our results found support for three levels of social-ecological
theory (individual, interpersonal, and community/institutional) and indicated that as-
pects of women’s reproductive histories and nutritional stressors were predictive of
HIV stigma and fear. These findings are significant because they contribute to a
growing literature that points to additional factors that influence protection mechanisms
in pregnancy that span beyond the first trimester (Placek 2017; Placek and Hagen 2013;
Placek et al. 2017; Young and Pike 2012). More importantly, public health efforts can
use this information by considering women’s reproductive life histories and the social
contexts that surround them.

Maternal-Fetal Protection Models

The positive relationship between weeks pregnant and HIV stigma was in the opposite
direction as predicted by the classic maternal-fetal protection hypothesis for other
protective psychological mechanisms (Fessler et al. 2005; Navarrete et al. 2007). Our
result could reflect underlying cultural perceptions of fetal development and vulnera-
bility that do not overlap with biological changes during gestation. Prior research in this
region has found that women perceive fetuses to be vulnerable to certain threats
throughout the course of pregnancy (Placek and Madhivanan 2017), which opens the
possibility that diseases, such as HIV, are viewed in a similar light. Alternatively, this
finding could challenge the validity of maternal-fetal protection and related prophylac-
tic theories since recent evidence suggests that maternal susceptibility to pathogens is
not always limited to the first trimester (Kourtis et al. 2014), and indicators of
immunosuppression do not consistently predict hypothesized prophylactic behaviors
both during pregnancy and across the menstrual cycle (Jones et al. 2018; Mikoli¢ 2016;
Placek 2017; Placek and Hagen 2013; Timmers et al. 2018).

The inverse relationship between maternal weight and HIV stigma supported our
prediction that nutritional stress, which can make women more vulnerable to certain
infections (Steketee 2003), predicted higher HIV stigma. In South India, women who

@ Springer



14 Human Nature (2019) 30:1-22

suffered from undernutrition reported cravings for uncooked rice and pica substances
(i.e., nonfood items such as clay and chalk) (Placek and Hagen 2013). The link between
human nutritional deprivation and the immune system requires more research, however
(Norgan 1997). Nonetheless, our study provides a unique view for the role nutritional
stress has on evolved psychological mechanisms.

Age at first pregnancy was the only significant predictor of HIV fear. In contrast to
the measure of weight, an indicator of current nutritional stress, age at first pregnancy is
indicative of early stressful conditions (Chisholm et al. 2005; Nettle et al. 2011).
Although research shows that timing of first pregnancy is associated with immune
function in subsequent pregnancies (Blackmore et al. 2011), this is the first study to
establish a link between age at first pregnancy and pathogen-avoidant perceptions.
Women who start reproduction at a young age spend more time investing in reproduc-
tive effort, which might require them to rely more on secondary lines of pathogen
defense, particularly if they suffer from additional environmental stressors that impact
immune function.

Although this study did not find strong support for all measures from the maternal-
fetal protection hypothesis, the significant findings regarding women’s reproductive life
histories and current nutritional stress point to the need to consider these factors in
shaping stigma and discrimination. Not only is this relevant for efforts that aim to
improve antenatal care, but this is also relevant in cases where individuals make “false-
positive” errors. “False positive” errors can involve the avoidance of harmless individ-
uals who display ambiguous signs of infection, potentially leading to an increase in
discrimination and stigmatization of outgroup members (Schaller and Park 2011).
Experiencing disgust toward obese people is one example of a false-positive error
attribution (Park et al. 2007). Since obesity emerged only recently in Homo sapiens,
scholars propose that symptoms of obesity, such as fluid build-up, trigger cognitive
mechanisms associated with pathogen avoidance, leading to an error-prone, by-prod-
uct, disgust response (Lieberman et al. 2012). Thus, although the innate drive to avoid
infection can be effective in preventing infection among vulnerable populations, it
becomes problematic when it is transformed into stigmatization and discrimination,
such as with the case of people living with HIV/AIDS (Schaller and Park 2011). Under
the guise of life history theory, when individuals are faced with trade-offs in reproduc-
tion at the expense of immune function, they might be quick to pass judgment on others
regardless of disease status in order to protect current and future offspring. Multiple
individuals undergoing similar environmental threats can lead to rapid dissemination of
harmful beliefs that exacerbate the problems associated with HIV stigma. Thus, one
contribution of this approach is that it highlights the stressors surrounding the
stigmatizer: when the stigmatizer experiences heightened stress in the early and/or
current environment, this might contribute to the formation or continuation of discrim-
inatory beliefs, thus serving as an added barrier to treatment initiatives.

Social-Ecological Models

Knowledge about the transmission of HIV remained significant across all models for
both stigma and fear. This finding replicates previous research in other populations that
have found strong links between inaccurate knowledge about transmission and a

greater willingness to stigmatize and avoid people with AIDS (Herek and Capitanio
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1994, 1997; Price and Hsu 1992). In the current study, even though the majority of
participants generally had correct knowledge of the transmission of HIV, two questions
raise concern over local beliefs about transmission: 39.4% believed that HIV could be
transmitted from being coughed or sneezed on by a person who has HIV and 51.0%
believed that mosquitoes or other insects could transmit the virus by biting a person.
These findings indicate that more educational programs are needed in this community
to provide accurate information about the transmission of HIV. Interestingly, nearly all
women in this study had correct knowledge about HIV transmission when the ques-
tions focused on infant health, with much lower rates of knowledge in reference to
unprotected sex and transmission via syringes. The emphasis on reproductive knowl-
edge in pregnancy makes sense in light of cultural transmission research on pregnancy,
whereby women acquire relevant health information from close relatives as means to
protect themselves and their fetuses from harm (Henrich and Henrich 2010; Placek
et al. 2017).

Findings from the social-ecological model support prior research that investigates
the link between stigma, disclosure, and perceived reactions from interpersonal rela-
tions. Derlega et al. (2002) found that those who report higher HIV stigma are less
willing to disclose their status to family and friends. Similarly, results of a meta-analysis
of stigma, social support, and disclosure of HIV status are consistent with our finding
that mothers with high levels of perceived stigma demonstrate less willingness to
disclose HIV status to interpersonal relations (Smith et al. 2008). Disclosure is an
important aspect of eliciting support among people living with HIV, though those
experiencing stigma and rejection are less confident in their ability to seek help
(Brashers et al. 2004).

One surprising finding in our study was the positive association between HIV fear
and willingness to disclose to community/institutional relations. This relationship could
be interpreted as those who fear the consequences of HIV might be more willing to
seek support and treatment from community stakeholders. A study conducted in
Tanzania, for example, found that although religious beliefs predicted higher negative
attitudes toward HIV, the majority of participants reported they would disclose their
status to religious leaders because they believed prayer could cure HIV (Zou et al.
2009). Our disclosure measure included other community and institutional leaders, but
perhaps our participants who adhere closely to social norms also fear the effects of HIV
and therefore perceive these stakeholders to be important figures in the treatment
process.

Combined Models

The combined fear model that included significant predictors from the maternal-
fetal protection and social-ecological model had the best fit according to AIC. In
light of these results, we propose a modified social-ecological model that incorpo-
rates maternal reproductive histories, ecological circumstances (access to resources
and pathogen risk), and hypothesized maternal-fetal protection mechanisms
(Fig. 2). This model is specifically geared toward predicting maternal-fetal protec-
tion mechanisms, and the factors that could influence these mechanisms are there-
fore pregnancy-specific. Furthermore, this model is not intended to be predictive;
rather, it can generate new testable hypotheses that draw on the combined
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Fig. 2 Combined elements of the social-ecological and modified maternal fetal protection models to explain
fetal protection mechanisms, such as HIV stigma and fear

perspectives of each model. As the model indicates, environmental exposure to
pathogens and resource stress are situated as the backdrop of the social-ecological
model. Both exposure to pathogens and resource scarcity can be experienced at the
group level, such as disease outbreaks or famine, or at the individual level, such as
variation in illness susceptibility and weight. The rest of the model remains the
same as the original social-ecological model, with the exception of the individual-
level factors, which now include age at first pregnancy and weeks pregnant. We
recommend that future research continues to test for other reproductive factors that
traditionally predict maternal-fetal protection mechanisms since ecological differ-
ences can potentially give rise to variation in these relationships. Lastly, “maternal-
fetal protection mechanisms” are nested at the bottom of the model to show how
these are ultimately influenced by the preceding factors.

In addition to using this model to predict behaviors that cause harm to infected
others, there are additional ways to incorporate evolutionary theory into the social-
ecological model to improve health interventions. First, the bulk of research that
utilizes social-ecological theory has demonstrated the efficacy of using education as
an intervention tool, and evolutionary medical anthropological research has also
shown that health education can reduce stigma and fear (Hewlett and Hewlett
2007). Second, efforts can focus on humans’ innate tendency to cooperate with
biological relatives and individuals they are likely to encounter repeatedly
(Hamilton 1964; Trivers 1971). Both of these cooperative strategies help increase
inclusive fitness. Working within the interpersonal realm of the social-ecological
model, public health workers can develop more effective ways to educate and
communicate about HIV stigma, treatment, and prevention within family units.
Third, humans have evolved to rely on social learning to acquire adaptive informa-
tion from the local environment. Prestige bias, copying successful and popular
individuals, is one major pathway by which information is acquired, and in partic-
ular, plays a significant role in norm transmission during pregnancy in traditional
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societies (Henrich and Henrich 2010; Placek et al. 2017). Within the organizational/
institutional and community realms of the social-ecological model, public health
interventions should identify the most prestigious individual in terms of the trans-
mission of health knowledge and encourage that individual to transmit updated
information. Public health educators and health providers can also use their status to
reduce stigma and fear by maintaining a presence in the community, providing
updated knowledge, and interacting regularly with people who have HIV/AIDS
(Hewlett and Hewlett 2007). Healthcare providers, by virtue of their skills, educa-
tion, and training, are in a position to provide information that integrates both
physical and psychological information that can minimize negative perceptions of
HIV-positive individuals (Baidya et al. 2014; D’Souza et al. 2013; Ekstrand et al.
2013; Gopichandran and Chetlapalli 2013). However, this would also require
practitioners to gain culturally competent understandings of the various factors
influencing stigma across varying levels of influence, and address their own biases
about the virus as well (Ekstrand et al. 2013; Mahendra et al. 2007).

Limitations

This study is not without limitations. First, our sample size dropped by more than half
by the inclusion of all study measures in the analyses. This is particularly concerning
because the goals of the wider Kisalaya project were to provide antenatal care to
women, test for HIV, and provide educational counseling on prenatal health. One could
speculate that the individuals who withdrew from the study or chose not to answer the
questions regarding HIV could represent a portion of the population with high levels of
stigma and fear of HIV, or have inaccurate knowledge about the transmission of HIV.
Although we cannot be confident in drawing this conclusion, this limitation in the study
reflects a larger limitation in PMTCT interventions where women are hesitant to receive
antenatal care regarding HIV due to stigma in their families and communities (Turan
and Nyblade 2013).

Furthermore, future applications of this combined approach should consider struc-
tural factors impacting stigmatization, such as discriminatory policies or healthcare
infrastructure. Although we did not expect a significant difference in structural deter-
minants of stigma between the villages we sampled in Mysore district, individual
perceptions of the structural factors that influence the factors that enable or prevent
individuals from testing for HIV or receiving treatment could have shed light on
appropriate steps to take in future prevention efforts.

Conclusion

This study is among the first to empirically compare the social-ecological model
and the evolutionary model of maternal-fetal protection in predicting HIV stigma
and fear. Numerous studies in the public health literature view stigma as a mediat-
ing factor of health behavior and disease (Corrigan 2004; Hatzenbuehler et al. 2013;
Puhl and Latner 2007; Sayles et al. 2009). However, internalized stigma itself has
never been studied as an outcome in the social-ecological model, which is
concerning given the corrosive effect stigma can have on health (Hatzenbuehler
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et al. 2013). Using the constructs of the social-ecological model, we identified
individual, interpersonal, and community/institutional facilitators of stigma among
pregnant women. Our findings suggest that perceived social support (or discrimi-
nation), anticipated reactions of community members, friends and family, as well as
women’s reproductive life histories and nutritional stress are significant factors that
influence HIV-related stigma and fear. This study went further by developing a
combined predictive model that will hopefully set the stage for future research
focused on hypothesized strategies pregnant women use to protect themselves and
their offspring. Understanding these factors that shape HIV stigma and fear is
crucial because treatment providers can learn to reframe their communication
techniques in a way that is more culturally sensitive and considers the long-
standing resource and immunological stressors women face. Our hope, therefore,
is that the combined understanding of social-ecological predictors and humans’
evolved psychology will improve public health efforts to reduce HIV-related stigma
and fear among vulnerable populations.
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