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ARTICLE INFO ABSTRACT

Article history: Pregnancy increases women's nutritional requirements, yet causes aversions to nutritious foods. Most societies
Initial receipt 16 September 2016 further restrict pregnant women's diet with food taboos. Pregnancy food aversions are theorized to protect
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mothers and fetuses from teratogens and pathogens or increase dietary diversity in response to resource scarcity.
Tests of these hypotheses have had mixed results, perhaps because many studies are in Westernized populations
with reliable access to food and low exposure to pathogens. If pregnancy food aversions are adaptations, howev-
er, then they likely evolved in environments with uncertain access to food and high exposure to pathogens. Preg-
nancy food taboos, on the other hand, have been theorized to limit resource consumption, mark social identity, or
also protect mothers and fetuses from dangerous foods. There have been few tests of evolutionary theories of cul-
turally transmitted food taboos.
We investigated these and other theories of psychophysiological food aversions and culturally transmitted food
taboos among two non-Western populations of pregnant women in Mysore, India, that vary in food insecurity
and exposure to infectious disease. The first was a mixed caste rural farming population (N=72), and the second
was the Jenu Kurubas, a resettled population of former hunter-gatherers (N=30). Women rated their aversions
to photos of 31 foods and completed structured interviews that assessed aversions and socially learned avoid-
ances of foods, pathogen exposure, food insecurity, sources of culturally acquired dietary advice, and basic
sociodemographic information. Aversions to spicy foods were associated with early trimester and nausea and
vomiting, supporting a protective role against plant teratogens. Variation in exposure to pathogens did not ex-
plain variation in meat aversions or avoidances, however, raising some doubts about the importance of pathogen
avoidance. Aversions to staple foods were common, but were not associated with resource stress, providing
mixed support for the role of dietary diversification. Avoided foods outnumbered aversive foods, were believed
to be abortifacients or otherwise harmful to the fetus, influenced diet throughout pregnancy, and were largely
distinct from aversive foods. These results suggest that aversions target foods with cues of toxicity early in preg-
nancy, and taboos target suspected abortifacients throughout pregnancy.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction susceptibility to infection, so mothers should also be averse to foods

likely to harbor pathogens, such as meat (Fessler, 2002; Flaxman &

We report a study in two rural Indian populations designed to test
several evolutionary hypotheses regarding the function of pregnancy
food aversions and culturally transmitted food taboos. Influential theo-
ries of dietary shifts in pregnancy propose that because the fetus is par-
ticularly vulnerable to developmental disruption during organogenesis,
which occurs early in pregnancy, women evolved to experience physio-
logical aversions in the first trimester toward toxic plant foods (Hook,
1978; Profet, 1995). Immunological shifts early in pregnancy that ac-
commodate the developing fetus were thought to increase mothers'
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Sherman, 2000). Food aversions and nausea and vomiting in pregnancy
(NVP) were therefore hypothesized to be evolved mechanisms that pro-
tect women and fetuses, which is commonly referred to as “the mater-
nal-fetal protection” hypothesis (Patil & Young, 2012; for reviews, see
Patil, Abrams, Steinmetz, & Young, 2012).

Although several lines of evidence support the maternal-fetal pro-
tection hypothesis, many of these come from studies in high income
countries with a low burden of infectious disease (Patil, 2012). Some
studies in populations facing resource scarcity, however, have failed to
support it. A study in southern Ethiopia for example, found that preg-
nant women avoided cereals, which were non-toxic staple foods, but
craved meat and other livestock products, which were scarce
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(Demissie, Muroki, & Kogi-Makau, 1998). In Turkana pastoralists, Pike
(2000) found that NVP was associated with adverse health indicators
among both mothers and developing fetuses, contrary to the mater-
nal-fetal protection hypothesis. More generally, some studies have
found variation in the timing and types of items that women find aver-
sive, or avoid, in pregnancy, not all of which are consistent with mater-
nal-fetal protection (Patil, 2012; Young & Pike, 2012).

Shifts in dietary preferences might instead be a strategy to diversify
nutrient intake for pregnant women with high levels of food insecurity
or nutritional deficiencies (Demissie et al., 1998). East African women,
for example, have reported aversions toward staple foods, such as
maize, and cravings for meat and milk, two foods perceived by
women to increase strength, but that are limited due to reduced food
availability and low socioeconomic status (Young & Pike, 2012). South
Indian women have reported cravings for pica substances, including
mud and chalk, that have questionable health consequences but were
directly linked to resource scarcity and psychological distress (Placek
& Hagen, 2013).

Culturally transmitted food taboos also shape food choices during
pregnancy (e.g., Aunger, 1994; Dentan, 1966; Henrich & Henrich,
2010; Placek & Hagen, 2013, 2015). The Semai horticulturalists, for ex-
ample, avoid unripe fruit in pregnancy because consumption is believed
to cause malaria and subsequent fetal death (Dentan, 1966). Aunger
(1994) found that for some individuals in the Congo basin, particularly
pregnant women, adherence to food taboos reduced caloric intake by up
to 9%.

Classic anthropological theory suggests that food taboos could func-
tion to protect the environment by limiting resource consumption
(Harris, 1998), increase group cohesion by serving as a marker of social
identity (Whitehead, 2000), or spread due to symbolic reasoning; e.g.
through perceptions of purity and pollution (Douglas, 2003).

Alternatively, food taboos might have culturally evolved to identify
dangerous foods. Learning about dangerous foods from parents and
other local “experts” reduces costs of individual learning (Aunger,
1994, 2000; Boyd & Richerson, 1985; Boyd, Richerson, & Henrich,
2011; Cashdan, 1994; Cavalli-Sforza & Feldman, 1981; Fessler &
Navarrete, 2003; Henrich & Boyd, 2002; Henrich & Henrich, 2010;
Richerson & Boyd, 2005). Henrich and Henrich (2010) found that in
Fiji, pregnancy and postpartum food taboos targeted toxic marine spe-
cies, likely to protect mothers, fetuses, and nursing infants from harm.
More generally, as similar functionality can evolve genetically or cultur-
ally (Boyd & Richerson, 1985), functional hypotheses for food aversions,
e.g., increasing dietary diversity, could also apply to food taboos.

Cultural information can be transmitted vertically, from parents to
offspring; obliquely, from members of the older generation to members
of the younger; and horizontally, among siblings, friends, and other
members of the same generation. These modes of transmission are fa-
vored by genetic natural selection under different environmental condi-
tions. Vertical transmission is expected for behaviors that impact
fertility and are under strong selection in stable environments. Oblique
learning, on the other hand, allows more rapid adaptation in variable
environments (McElreath & Strimling, 2008). Henrich and Henrich
(2010) argue for the importance of a prestige bias toward oblique learn-
ing, finding that women acquired pregnancy food taboos vertically from
mothers and grandmothers, and obliquely from mothers-in-law, elders,
and prestigious wise women.

The relationship between pregnancy food aversions and taboos has
received relatively little theoretical or empirical attention. If aversions
and taboos both function to protect mothers and fetuses from danger-
ous foods, are these the same foods or different foods? Fessler and
Navarrete (2003) propose the socially mediated ingestive conditioning
hypothesis, in which aversive reactions of individuals to a particular
food, such as meat, are observed by others, who then learn to associate
that food with an aversive response, avoiding it themselves. Aversions
acquired via socially mediated ingestive conditioning can gain moral
weight via various mechanisms (e.g., normative moralization or

egocentric empathy; for details, see Fessler & Navarrete, 2003), leading
to a widespread taboo of that food. Under some scenarios, common
aversions might become common taboos; under others, idiosyncratic
aversions of a few individuals might become common taboos. The few
previous studies found little correspondence between food aversions
and food taboos (Aunger, 1994; Henrich & Henrich, 2010), raising
doubts about scenarios in which common food aversions become com-
mon taboos.

During socially mediated ingestive conditioning, individuals associ-
ate a food with an aversive reaction (e.g., “papaya made me sick”). As
there is no scientific, let alone cultural, consensus on the functions of
pregnancy food aversions (if any), food taboos might be accompanied
by explanations that have little or nothing to do with their underlying
functionality. Indeed, Fessler and Navarrete (2003) suggest that “inves-
tigators would do well to pause before assuming that such cultural ra-
tionales are the principal factor motivating the generation, acquisition,
and perpetuation of attitudes and behaviors - they are as likely, if not
more likely, to be justifications rather than causes” (p. 24).

Alternatively, because physiological cues of toxicity, such as bitter-
ness and nausea, do not reliably indicate teratogenicity, women might
have evolved to individually and socially learn associations between
foods and poor pregnancy outcomes, independent of their own or
others' aversive reactions (Hagen, Roulette, & Sullivan, 2013; Placek &
Hagen, 2015), consistent with generic cultural transmission models
(e.g., Boyd & Richerson, 1985). Under this hypothesis, individual
learners would know why they avoided a food, but might or might
not transmit this reason to others (e.g., "do not eat papaya because it
causes abortion" vs. “do not eat papaya.”).

2. Study goals and predictions

We investigate four major questions: (1) What is the function of
pregnancy food aversions, if any? (2) What is the function of pregnancy
food taboos, if any? (3) From whom are pregnancy food taboos ac-
quired? (4) If, as several theorists have suggested, aversions and taboos
both function to protect individuals from dangerous foods, are these the
same foods or different foods? Because pathogen exposure and
constrained access to food are key factors in influential theories of aver-
sions and avoidances, we conducted our study in India, a region of high
food insecurity and communicable disease.

Currently, 300 million (30%) of India's rural population is
impoverished and lacks access to sufficient foods, basic health care,
and education (“India Food Security Portal”, n.d.). In 2012, 41% of Indian
deaths were due to communicable disease (“WHO India”, n.d.). Of those
with electricity, power outages occur on a daily basis and last for hours
(Wilson, Mignone, & Sinclair, 2014). Hence refrigeration, and thus safe
food storage, is often absent or unreliable. Finally, India ranks as one
the highest in iron deficiency anemia in the world, with rural pregnant
women and children at highest risk (Kalaivani, 2009).

In India, health and illness are framed in terms of humoral theory, in
which combinations of five elements in the body — earth, fire, ether, air,
and water — determines one's constitution, and thus one's well-being.
Pregnancy is considered a period of increased heat in the body during
which women must avoid “hot” foods (“hot” does not refer to spiciness
or temperature) and only consume “cooling” foods in order to bring in-
ternal balance and thus ensure a successful pregnancy outcome (Nag,
1994; Placek & Hagen, 2015; Van Hollen, 2003).

Placek and Hagen (2015) found that humoral theory had a strong in-
fluence on pregnancy diet: South Indian women primarily avoided
“hot” foods, mostly fruits but also some meats; often acquired food
avoidances via learning; and frequently stated that foods were avoided
to prevent fetal or infant harm. Placek and Hagen (2015) also found that
pathogen avoidance seemed to best explain avoidance of meat. This
study did not systematically distinguish foods that were avoided due
to aversive reactions versus those that were avoided due to advice
from others, however (instead relying on mothers to make that
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distinction); did not determine from whom avoidances were learned;
and its best-fitting exploratory model of meat aversions used number
of household members as an index of pathogen exposure (McDade,
Rutherford, Adair, & Kuzawa, 2009), which is an indirect measure at
best.

We aimed to improve on Placek and Hagen (2015) by measuring
aversive reactions to food photos, creating two separate free-lists of
foods that were individually aversive and those that were avoided due
to advice from others, determining the sources of dietary advice, the
emic reasons for food taboos (“emic” refers to indigenous concepts;
“etic” refers to Western scientific concepts), assessing pathogen expo-
sure with multiple questionnaire items, and including fruits as a priori
targets of food taboos.

The word “taboo” derives from the Fijian word “tabu,” whichis a cul-
turally transmitted prohibition that, if violated, would bring social or su-
pernatural sanctions. According to local informants at our field site,
women who consumed foods they were supposed to avoid would be
heavily scolded. Following Henrich and Henrich (2010), we therefore
operationalize food taboos as food avoidances and will use the terms
food taboo and food avoidance interchangeably (for more discussion,
see Henrich & Henrich, 2010).

We specifically tested the following theoretical models of pregnancy
food aversions and avoidances that aim to explain (1) which foods are
aversive and avoided, and (2) which women will experience aversions
and adhere to avoidances. These theories are not mutually exclusive;
all could help explain aversions and avoidances.

2.1. Maternal-fetal protection

This model posits that in the first trimester of pregnancy, foods that
pose a high risk of pathogen and toxin ingestion, such as meat and veg-
etables, will stimulate aversions, nausea, and vomiting, and be more
likely to be avoided (Fessler, 2002; Fessler & Navarrete, 2003; Flaxman
& Sherman, 2000; Profet, 1995). We therefore tested if early trimester,
nausea, and vomiting predicted aversions to, and avoidances of ethnic,
strong, and spicy (ESS) foods (spices are often toxic), vegetables, and
meat, but not other food categories (e.g., grains, fruits, sweets).

2.2. Pathogen avoidance

We added pathogen exposure and disease susceptibility to the pre-
vious model to test if these variables predicted aversions to, and avoid-
ances of meat, but not other food categories.

2.3. Exploratory pathogen avoidance model

In an exploratory analysis, Placek and Hagen (2015) found that
number of household members, a possible index of exposure to patho-
gens (McDade et al.,, 2009), and early trimester of pregnancy were the
strongest predictors of meat aversions among village women in Tamil
Nadu. To confirm this exploratory result, we tested if higher numbers
of household members and early trimester of pregnancy predicted aver-
sions to, and avoidances of meat, but not other food categories.

24. Dietary diversity

Demissie et al. (1998) proposed that, among pregnant women with
limited access to food, aversions to staple foods would increase dietary
diversity and access to micronutrients, a hypothesis supported by
some studies (Young & Pike, 2012) but not others (Placek & Hagen,
2015). Accordingly, we tested if higher food insecurity predicted aver-
sions to, and avoidances of staple food items (grains, legumes), but
not other food categories.

2.5. Social transmission model

Food taboos are hypothesized to protect the environment by limit-
ing resource consumption (Harris, 1998), serve as markers of social
identity (Whitehead, 2000), or protect individuals from dangerous
foods via social rather than individual learning (e.g., Henrich &
Henrich, 2010). Previous studies found that in some populations preg-
nancy food taboos functioned to protect mothers and fetuses from dan-
gerous foods, particularly abortifacients (Henrich & Henrich, 2010;
Placek & Hagen, 2015), which in south India are often fruits (Placek &
Hagen, 2015); did not closely correspond to aversions (Aunger, 1994;
Henrich & Henrich, 2010); and were acquired vertically from mothers
and grandmothers, and obliquely from mothers-in-law and wise
women (Henrich & Henrich, 2010). We therefore investigated (1) the
emic function of taboos, (2) if avoided foods were usually fruits, (3) if di-
etary advice or pressure from others predicted avoidances of food, (4) if
the same foods that were aversive were also avoided, and (5) from
whom food taboos were acquired.

2.6. Sociodemographic model

Some studies found that dietary aversions vary according to age and
education (Drewnowski, 1997; Sanjur, 1982). We therefore tested if
sociodemographic variables predicted aversions to, and avoidances of
any commonly aversive or avoided food categories.

There have been very few studies that systematically compared
pregnancy food aversions and avoidances. A final goal of this study
was therefore to provide detailed comparisons of their distributions in
traditional populations as a foundation for future research.

3. Study populations

This research took place in Mysore District, Karnataka, India from
June to August 2015. Mysore is located in tropical Southwest India at
12.30° N, 76.65° E., and is about 300 km west of Tiruvannamalai, the
site of the research reported in Placek and Hagen (2015). Mysore dis-
trict has over 900,000 living in the urban area, and over 1.6 million peo-
ple in rural villages (India, 2011).

3.1. Rural farmers

The “Rural farmer” population comprised ten rural farming villages
in Mysore Taluk (a subdistrict of Mysore), which were typical of most
of the rural population of Mysore. Rural farmers raise livestock (dairy
cattle and poultry) and crops (ragi, millet, pulses, groundnuts, fruits,
and vegetables) (Divya & Belagali, 2014). Some rural farmers work
their own farms whereas others are low-paid agricultural laborers.
There were a total of thirteen castes and subcastes represented in our
sample of rural farmers. Main categories included Scheduled Tribes
(Nayaka), Scheduled Castes, and several others.

3.2. Jenu Kurubas

The Jenu Kurubas, also referred to as the Kattu Nayaka, are former
hunter-gatherers who are honey gatherers by tradition. In 1972, the
majority of Jenu Kurubas in Mysore, along with others, were displaced
from the forest in the name of development by the Indian government
and forced to live in small settlements, apart from other castes and tribal
populations (Roy, Hegde, Bhattacharya, Upadhya, & Kholkute, 2015)
(the other Nayakas in this study live in mixed-caste farming villages).
The Jenu Kurubas primarily work as daily wage agricultural laborers
and cultivators, and many are involved in tobacco production. They
number around 30,000-35,000 members within the state of Karnataka.
Our sample lived in five government-protected hamlets in the eastern
section of Mysore district.
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Tribal populations in India, such as the Jenu Kurubas, are considered
to be the most socially and economically disadvantaged members of so-
ciety (Vijayalakshmi, 2003). They also differ from other castes in terms
of health status, social structure, marital patterns, gender equality, and
cultural practices related to maternal health (Prabhakar & Gangadhar,
2011; Vijayalakshmi, 2003). One goal of this study was to further inves-
tigate similarities and differences between the Jenu Kurubas and the
neighboring rural farmers, as well as contribute to the growing litera-
ture on cultural transmission in this group (Demps,
Zorondo-Rodriguez, Garcia, & Reyes-Garcia, 2012; Demps,
Zorondo-Rodriguez, Garcia, & Reyes-Garcia, 2012).

4. Methods

The study was a cross-sectional design. Pregnant women completed
an interviewer-administered questionnaire in the local language of Kan-
nada that asked about physiological aversions and cultural avoidances,
modes of acquisition for avoidances, and consequences of consuming
the culturally proscribed items.

4.1. Participants

We recruited pregnant women (N=102). Those from rural farming
villages (N="72) were recruited by female Accredited Social Health Ac-
tivists (ASHA) and Anganwadi workers. ASHA are trained by the Nation-
al Rural Health Mission in India to liaise with the public health system,
help launch public health programs, and educate women in their com-
munities (Mission, 2014). Anganwadi Centres are run by local workers
to improve the nutritional status of women and children. Jenu Kuruba
women (N=30) were recruited by Peer Health Educators trained by
the Public Health Research Institute of India (PHRII). Due to the health
workers' level of community integration and knowledge of pregnancy
status within their respective communities, this sample is likely repre-
sentative of the pregnant women who live in these rural regions.

Participants were given a small amount of money in accordance
with local norms. The Institutional Review Boards at Washington State
University and PHRII in Mysore reviewed and approved this study. Lit-
erate women provided written informed consent, and the others pro-
vided verbal consent and thumbprints to satisfy PHRII IRB
requirements.

4.2. Outcome variables

4.2.1. Aversions

Rating a fixed list of foods has the advantage that all participants rate
all foods, but the disadvantage that the list might omit foods that are im-
portant for some participants, whereas free-listed foods will likely in-
clude all important foods, but not all participants will rate all foods.
We therefore used both techniques.

Participants rated each of a fixed set of 31 photographs of foods that
were commonly disliked in pregnancy in this region (Placek & Hagen,
2015) and are also thought to be potentially toxic or pathogenic (e.g.
meat, vegetables, ESS foods) (Fessler, 2002; Flaxman & Sherman, 2000;
Profet, 1995). They reported their preferences before pregnancy and
during pregnancy (two ratings per food), using a 3-point scale: 0 =
dislike, 1 = sometimes like, 2 = always like. Independent of the photo
rating task, informants provided a potential emic negative consequence
of consuming each food for most foods depicted in the photos: “abortion”
(miscarriage), “heat”, and “kembara”, a local illness that participants often
described as difficulty breathing in infant, or red rashes on the infant's
skin. Some foods, which were compiled in a different South Indian popu-
lation (Placek & Hagen, 2015), did not have identified negative conse-
quences in these populations.

Participants then free-listed foods that they found “physically aver-
sive,” and described the symptoms caused by each food.

4.2.2. Avoidances

Participants free-listed foods they were avoiding because someone
told them to, and then described who told them to avoid each food
and the consequences if they consumed it.

We coded all aversive and avoided foods according to Flaxman and
Sherman (2000) etic food categories: fruits, meat, non-alcoholic bever-
ages, vegetables, alcoholic beverages, ESS foods, dairy/ice cream, sweets,
and grains/starches. In addition, we also distinguished nuts/seeds/le-
gumes; miscellaneous foods such as salt; tobacco; and non-foods (e.g.,
mud). Each food item listed by each participant was included in only
one category.

This coding scheme does not easily accommodate dishes that com-
bine foods from two or more categories. An important example is sam-
bar - a popular spicy lentil-based vegetable stew in south India - that is
often prepared with chicken, fish, or mutton, and could thus be included
in the ESS, meat, nuts/seeds/legumes, or vegetable categories. If a
woman explicitly mentioned a meat-based sambar, such as “chicken
sambar”, we classified the food as a meat, and if she mentioned “dal
sambar” (dal is dried pulse), we classified it as nuts/seeds/legumes. Oth-
erwise, we classified “sambar” as an ESS food. See Placek and Hagen
(2015) for more details. For the list of the specific foods assigned to
each category, see Table S1.

4.3. Explanatory variables

Each participant completed a structured questionnaire that included
the following items designed to test the models described in the Study
Goals and Predictions section.

4.3.1. Maternal-fetal protection
* Month of pregnancy. Self-reported month of pregnancy.

* Nausea or vomiting. Self-reported current presence/absence of nausea
or vomiting (either = 1; neither = 0).

* Sanitation. Four-item instrument. Two items were from the hand-
washing with soap (HWWS) scale (Curtis, Danquah, & Aunger, 2009):
In the past seven days, did you HWWS after using the toilet (0 =
never, 1 = sometimes, 2 = always)? and before handling food (0 =
never, 1 = sometimes, 2 = always)? (We omitted two items that did
not apply to primigravida.) The second two items were perception of
drinking water cleanliness (unclean = 0, clean = 1) and existence of
a household toilet (no = 0 or yes = 1). (All toilets were “squat”
style.) The total sanitation score was the sum of Z-scores of the
HWWS, clean water, and toilet items.

« Perceived susceptibility to disease. Three items from the 7-item per-
ceived infectability measure (Duncan & Schaller, 2009): “In general, |
am very susceptible to colds, flu and other infectious diseases;” “My im-
mune system protects me from most illnesses that other people get;”
and “I have a history of susceptibility to infectious disease.” (Four
items were omitted because they did not translate into Kannada.) The
score was the sum of all items, which were on a 3-point scale (0 =
strongly disagree, 1 = sometimes agree, 2 = strongly agree).

4.3.2. Exploratory pathogen avoidance model

« Trimester. Computed from month of pregnancy (see above).
* Household size. Self-reported number living in the household.
4.3.3. Dietary diversity

« Food insecurity. The 6-item short-form household-level food insecu-
rity measure, which assesses one's access to sufficient foods, is
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Table 1

Variables included in each of the 7 logistic regression models used to test our a priori hypotheses of aversions and avoidances. The Target scientific food categories are those that are pre-

dicted to be aversive or avoided according to that model.

Variable Null Demographic Fetal protection  Pathogen
avoidance

Exploratory pathogen Social learning Dietary diversity
avoidance

Target scientific food Any Any ESS, Vegetable, Meat
category Meat

Meat Fruit; most commonly avoided Staple foods (grains,
foods legumes)

Population X X X
Age
Education
Trimester X
Nausea/vomiting X
Disease vuln.

Sanitation

Food insecurity

Diet advice

Diet pressure

Preg. social partner

Household size

XXX

XXX X

X X X

X)X X

Table 2

Summary statistics of the explanatory variables by population. Cohen's d is the effect size of the difference between the two populations; p is the result of a Wilcoxon rank test. Sorted by

the absolute value of d. See the Methods section for the definition of each variable.

Variable Rural farmers Jenu Kuruba Effect size

N Min Max Mean SD N Min Max Mean SD d p
Nausea or vomiting (0 = No; 1 = Yes) 72 0.0 1.0 0.78 042 30 0.0 1.00 0.77 043 0.027 0.91
Proportion of disliked foods (31 photos) 72 0.42 0.9 0.66 0.11 29 0.29 0.94 0.68 0.14 —0.120 0.46
Age (years) 72 18.00 33.0 22.00 3.10 30 18.00 30.00 23.00 2.90 —0.130 0.41
Months pregnant 72 3.00 9.0 6.20 1.90 30 2.50 9.00 5.80 1.70 0.220 0.27
Household size 72 3.00 30.0 5.70 3.60 30 3.00 14.00 6.50 2.60 —0.250 0.04
Perceived susceptibility to disease score 72 1.00 4.0 2.20 0.64 30 1.00 4.00 2.50 0.73 —0.330 0.13
Total dietary pressure 72 0.00 3.0 0.76 0.81 30 0.00 3.00 1.10 0.96 —0.400 0.10
Parity 72 0.00 2.0 0.62 0.70 30 0.00 2.00 0.93 0.83 —0.420 0.08
Mean number of free-listed food aversions 72 0.00 5.0 1.80 1.20 30 0.00 4.00 0.93 1.20 0.710 1.1e-03
Education (years) 72 0.00 15.0 8.80 3.60 30 0.00 12.00 6.00 3.70 0.780 6.4e-04
Sanitation score 72 —4.90 2.6 0.50 2.00 30 —4.90 2.60 —1.20 1.80 0.880 8.5e-05
Food insecurity score 72 0.00 6.0 1.20 2.10 30 0.00 6.00 3.70 2.50 —1.100 1.8e-05
Total dietary advice 72 1.00 4.0 2.70 0.65 30 0.00 4.00 1.90 0.88 1.100 9.6e-06
Mean number of free-listed food avoidances 72 0.00 7.0 4.10 1.50 30 0.00 5.00 1.30 1.40 1.900 0.0e + 00

reliable and valid (Blumberg, Bialostosky, Hamilton, & Briefel, 1999),
has been used in other studies in India (Agarwal et al., 2009;
Ghosh-Jerath et al., 2013), and has been used in previous investiga-
tions of dietary shifts in pregnancy (Placek & Hagen, 2013, 2015).
The 6 items were summed. Higher scores indicate greater food
insecurity.

4.3.4. Social learning model

« Diet advice. “To whom do you go to for advice regarding your diet dur-
ing pregnancy?” Participants free-listed advisors, and the dietadvice
score was the number of advisors.

« Diet pressure. “Does anyone pressure you to follow certain guide-
lines for health during pregnancy? If so, who?” The pressure score
was the number of free-listed individuals pressuring each
participant.

* Pregnant social partners. Mothers might acquire avoidances from preg-
nant social partners. We therefore asked, “Are any of your sisters or
friends pregnant?” (yes = 1, no = 0).

We asked each participant if she knew someone who experienced
adverse pregnancy outcomes from consuming a particular food, but
only 3 did, so we did not analyze this variable further.

4.3.5. Sociodemographic model

« Age. Age in years. Because several Jenu Kuruba women did not know
their precise age, research assistants estimated them using year of mar-
riage and year of first pregnancy.

Table 3

Logistic regression models of the three most common aversions in the food photo ratings.
Displayed are top AlC-ranked models of each aversion. Coefficients are odds ratios (95%
CI). Jenu Kurubas are the base level for Population. The last row indicates if the top-ranked
model for that food aversion supports an a priori prediction.

Variable Nuts/seeds/legumes Sweets Grains
Population (Rural 2.72 (1.32,5.78) 1.01 (0.4, 2.6) 0.733 (0.398,
farmer) 1.35)
Food insecurity 1.94 (0.986, 3.99)
(centered)
Age 1.07 (0.933,
1.23)
Education 0.909 (0.806,
1.02)
Observations 102 102 102
Null deviance (df) 152 (101) 140 (101) 93.9 (101)
Residual deviance (df) 144 (99) 136 (98) 92.9 (100)
Chisqr Chisq (2) = 7.98" Chisq (3) = Chisq (1) =
474 0.988
AIC 207.3 143.7 187
Tjur's D 0.039 0.046 0.0049
Supports a priori Yes No No
prediction
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Fig. 1. Heatmap of ratings of photos of foods (rows) by each participant (columns). Rows and columns clustered using the Euclidean metric and the Ward agglomeration algorithm. Do not
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references to color in this figure legend, the reader is referred to the web version of this article.)

* Education. Years of education.
* Population. Jenu Kurubas = 0, Rural farmers = 1.
4.4. Analyses

We tested our a priori models as follows: For each scientific food cat-
egory, we coded each woman as 1 if she was averse to any food in that
category, and 0 otherwise. We then used logistic regression to fit each of
our models (Table 1) to the presence/absence of an aversion in each of
the top three or four most commonly aversive scientific food categories.
For each food category, we ranked the seven models using the Akaike
information criterion (AIC), corrected for finite sample sizes (AICc),
and then report the top-ranked model (Burnham & Anderson, 2003).
We conclude that a model is supported if it is the top AlC-ranked
model for the target food(s), and unsupported otherwise. We did the
same for the common food avoidances. Akaike weights for each model
are reported in the supplementary material. We also explored broad

Table 4

patterns of aversions and the consequences of consuming various
foods using hierarchical cluster analysis and by plotting our data.

Continuous variables were centered at their means and divided by
two standard deviations so that regression coefficients represent a 2
SD change, roughly from “low” to “high” values, and are directly compa-
rable to those of binary variables with equal class probabilities, which
have a standard deviation of 0.5 (Gelman, 2008). Our main binary vari-
able, Population (Rural farmers vs. Jenu Kurubas), did not have equal
numbers of participants in both groups, but its standard deviation was
0.46, which is reasonably close to 0.5. For logistic regression models
we report adjusted odds ratios (OR) and Tjur's coefficient of discrimina-
tion (Tjur's D) (Tjur, 2009). Tjur's D equals zero when the model does
not discriminate between the two classes, and equals one when it dis-
criminates perfectly. We report 95% confidence intervals on all parame-
ters, and chose ov=0.05.

Statistical analyses and document preparation were conducted with
R version 3.3.2 (2016-10-31), using the following packages:
AlCcmodavg (Mazerolle, 2016), binomTools (Christensen & Hansen,

Top AlC-ranked logistic regression models of the four most common aversions among the free-listed foods. Coefficients are odds ratios (95% CI). Jenu Kurubas are the base level for Pop-
ulation; no nausea or vomiting is the base level for nausea or vomiting. The last row indicates if the top-ranked model for that food aversion supports an a priori prediction.

Variable ESS

Grains

Meat Nuts/seeds/legumes

Population (rural farmers)
Trimester

Nausea or vomiting
Household size (centered)

0.76 (0.219, 2.81)
0.194 (0.0736, 0.445)
2.51 (0559, 18.2)

0.952 (0.365, 2.62)
0.815 (0.434, 1.53)

1.98 (0.58, 9.16) 142 (2.67,264)
1.01 (0.485,2.17)

467e7 (4.97e-24, NA)

3.73 (1.33,13.7)

Observations 102 102 102 102

Null deviance (df) 88.6 (101) 124 (101) 88.6 (101) 109 (101)

Residual deviance (df) 70.6 (98) 116 (98) 87.5 (100) 83.3 (98)

Chisqr Chisq (3) = 18" Chisq (3) = 7.53 Chisq (1) = 1.12 Chisq (3) = 25.6™"
AIC 78.59 124.1 91.51 91.27

Tjur's D 0.23 0.079 0.01 0.2

Supports a priori prediction Yes No No No

Please cite this article as: Placek, C.D., et al., Innate food aversions and culturally transmitted food taboos in pregnant women in rural southwest
India: Separate systems to prote..., Evolution and Human Behavior (2017), http://dx.doi.org/10.1016/j.evolhumbehav.2017.08.001



http://dx.doi.org/10.1016/j.evolhumbehav.2017.08.001

C.D. Placek et al. / Evolution and Human Behavior xxx (2017) XXX-XXx 7

Jenu Kuruba

12
— don't know
10
cold
. 8
abortion
| 6
heat
. 4
depletes breastmilk
2
not healthy
. 0
infant death
kembara
harm baby
. none
3 € 3 @ § 3 =
S & & 8 § & &
> @ 8 5 8 o
& 7] Q @
) Qa 9
= °© a
@ =
@
Q
(=
3
@
Jenu Kuruba
12
Mother
None 10
Mother-In-Law 8
Aunt
Grandmother 6
Neighbors 4
Nurse
Sister 2
Brother 0
Sister-In-Law
Father
Doctor
Husband
b=} =3 =g [V =g (o] r3 = Q
o = ® o D © @ ©°o o
.~ o ®Q © I g 3 3 S
z 2 =~ a2 3 o © =
o =
S 8 S 8 ) 3
F 8 g H
= 5

(=%
]
=
@
3
@
7]
o
2
@
Y
7]
23
2
=

Fig. 2. Top row: Heatmaps showing the consequences of eating avoided foods, by population. Bottom row: Sources of advice about negative consequences of eating avoided foods, by
population. The color of each cell represents the count of participant responses for that combination of row and column variables (cross-tabulations). Row and column clusters were
computed with the Euclidean metric and the Ward agglomeration algorithm.

2011), the heatmap function from NMF (Gaujoux & Seoighe, 2010),
ggplot2 (Wickham, 2009), and knitr (Xie, 2015).

5. Results

Summary statistics of the explanatory variables for the two popula-
tions are in Table 2.

There were small, non-significant differences between the two popu-
lations in mean age, months pregnant, experience of nausea or vomiting,
and perceived susceptibility to disease, and the Jenu Kurubas had margin-
ally higher parity and dietary pressure than the rural farmers. There were
large, highly significant differences in several variables: Rural farmers
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received more dietary advice from others and avoided more foods, and
had more education and better sanitation (and thus lower exposure to
pathogens), whereas the Jenu Kurubas had higher levels of food insecuri-
ty. In the combined sample, 57% did not have a toilet in the house. Using
the established cutoff (food insecurity score>5 on a 6 point scale;
Blumberg et al., 1999), 31.4% of women were experiencing food insecu-
rity with hunger, the most extreme category.

5.1. Food photo aversion ratings

Comparing the pregnancy ratings to the pre-pregnancy ratings, 41
(40%) women reported a shift in preferences for one or more foods,
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with 24 (24%) reporting a new disliking for one or more foods in preg-
nancy, and 26 (26%) a new liking for one or more foods in pregnancy.
The most common newly disliked foods were fruits (9), which we had
predicted for food taboos but not for aversions. ESS foods were the sec-
ond most common newly disliked foods (6), consistent with the mater-
nal-fetal protection from plant teratogen model. Meats were only the
seventh most newly disliked foods, inconsistent with the maternal-
fetal protection from pathogen model. The most common newly liked
foods were fruits (15) and grains (7).

For any specific scientific food category, the number of participants
who newly disliked a food in that category was low, perhaps because
these foods were compiled in a different South Indian population
(Placek & Hagen, 2015). We therefore restricted further analyses to
the pregnancy ratings only, regardless of pre-pregnancy ratings.

We report the top AlC-ranked logistic regression model (Table 3) for
the three most commonly aversive scientific food categories: nuts/
seeds/legumes, sweets, and grains. For all AICc values and Akaike
weights, see Table S2.

Dietary diversity was the top-ranked model of aversions to a staple
food category, nuts/seeds/legumes, as predicted, but it had a very
small effect size. The Demographic and Null models best predicted aver-
sions to sweets and grains, respectively, but neither effect size was sci-
entifically meaningful.

It was possible that food preferences involved groups of foods that
cut across our scientific categories. To explore this possibility we used
hierarchical cluster analysis, which identified a group of foods that
were more often liked (Fig. 1, top), and a group of foods that were most-
ly disliked (Fig. 1, bottom). The disliked foods were significantly more
often identified as causing abortion than the liked foods ( y*=6.23,
p=0.013), consistent with the maternal-fetal protection hypothesis,
but there were no significant differences in heat or kembara between
the liked and disliked food groups (results not reported). Chicken, fish,
and egg (animal products), formed a distinct cluster of unliked foods
that were thought to cause abortion, consistent with the pathogen
avoidance model.

The cluster analysis also revealed that the two populations have dis-
tinct dietary preferences. The left cluster was mostly Jenu Kuruba
women, and the right cluster was mostly rural farmer women. Jenu
Kurubas mostly liked bitter gourd and bamboo whereas rural farmers
mostly did not. Jenu Kurubas also mostly disliked dill whereas the
rural farmer women liked it (Fig. 1).

5.2. Free-listed aversions
Participants free-listed 156 aversive foods, 47 of which were unique.

Grains (primarily rice, a staple) were the most common aversion (29%
of participants), consistent with the dietary diversity model, followed

Table 5

by nuts/seeds/legumes (23%). Aversions to ESS foods (16%), primarily
sambar, were also common, consistent with the fetal protection
model, as were aversions to meat (16%) consistent with pathogen
avoidance.

We used AICc to rank our seven logistic regression models (Table 1)
for the presence/absence of aversions to the top four food categories.
The Maternal-Fetal Protection model was the highest-ranked model of
ESS foods, as predicted, and was also the highest ranked model of
nuts/seeds/legumes, contrary to predictions; both models had small-
to-modest effect sizes. Grain aversions were best predicted by the Ex-
ploratory Pathogen Avoidance model, contrary to predictions, and
meat by the Null model, but the effect sizes were not scientifically or sta-
tistically significant for either model. See Table 4.

5.3. Free-listed food avoidances

Participants avoided 333 foods, 55 of which were unique. Fruits (pri-
marily papaya and jackfruit) were the most commonly avoided food
category (70%), the pattern found by Placek and Hagen (2015), followed
by vegetables (52%), nuts/seeds/legumes (41%), and meat (41%).

All self-reported reasons for avoiding foods involved negative health
outcomes, primarily abortion or kembara, which were frequently linked
with fruit; harm to baby and “heat” were important secondary concerns.
“Don't know” was also a common response, especially among the Jenu
Kurubas, who also often did not report avoiding any foods based on ad-
vice from others, which might indicate some form of individual learn-
ing. No reasons for avoiding foods involved resource conservation,
protecting the environment, or identity. See Fig. 2, top row.

The Social Transmission model was the highest ranked model of fruit
avoidances, as predicted, with a small-to-modest effect size. None of the
other models supported our predictions: Vegetable avoidances were
best predicted by the Dietary Diversity model, with a statistically signif-
icant effect of modest size; meat avoidances were best predicted by the
Null model (population only), with a statistically significant but small
effect; and nuts/seeds/legumes were best predicted Null model, but
the effect was small and not statistically significant. See Table 5. For all
AlICc values and Akaike weights, see Table S3.

5.3.1. Sources of food avoidances

Women listed all individuals that gave them dietary advice during
pregnancy (M = 2.5, SD = 0.8), who we termed “dietary advisors.”
The top four most frequently mentioned advisors were mothers, health
workers, doctors, and mothers-in-law, who together accounted for 61%
of all nominated advisors. For each free-listed avoided food we then
asked participants who, if anyone, told them to avoid that food.
Mothers, grandmothers, and mothers-in-law were the primary sources
of advice against eating specific avoided foods, with abortion and

Top AlC-ranked logistic regression models of the four most common avoidances among the free-listed foods. Coefficients are odds ratios (95% CI). Jenu Kurubas are the base level for Pop-
ulation; None is the base level for Pregnant social partners. The last row indicates if the top-ranked model for that food avoidance supports an a priori prediction.

Variable Fruit Nuts/seeds/legumes Vegetables Meat
Population (rural farmers) 4.81 (1.65, 14.5) 1.97 (0.814, 5.08) 27.9 (7.14, 159) 7.26 (2.52, 26.5)
Total diet advice (centered) 5.2 (1.78,17)

Total pressure (centered)
Pregnant social partners (yes)
Food insecurity (centered)

0.877 (0.326, 2.42)
0.786 (0.241, 2.69)

3.03 (0.943,13.1)

Observations 102 102 102 102
Null deviance (df) 125 (101) 138 (101) 141 (101) 138 (101)
Residual deviance (df) 95 (97) 136 (100) 110 (99) 123 (100)
Chisqr Chisq (4) = 30.3""" Chisq (1) = 2.24 Chisq (2) = 30.9"" Chisq (1) = 151"
AIC 105 140 116.3 127.2
Tjur's D 0.29 0.021 0.27 0.13
Supports a priori prediction Yes No No No
*** p<.001
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Fig. 3. A: Dietary advisors (free-listed). B: The number of food avoidances acquired from each source (free-listed).

kembara the main reasons among rural farmers (Fig. 2, bottom row).
These female relatives were responsible for 75.9% of all food avoidances.
Combined, all family members were responsible for 83.3% of food
avoidances.

Participants did not free-list any dietary advisor that was the equiv-
alent of the “wise women” reported by Henrich and Henrich (2010), but
doctors, nurses, and health workers are plausibly interpreted as presti-
gious, knowledgeable sources of dietary information. Combined, these
latter sources were responsible for 1.4% of food avoidances. See Fig. 3.

We coded dietary advice from fathers, mothers, and grandmothers
as vertical transmission; from siblings, siblings-in-law, husbands and
friends as horizontal transmission; from parents-in-law and aunts/un-
cles as oblique transmission; and from everyone else, such as neighbors,
health-workers and others of indeterminate age, as horizontal/oblique
transmission. Then, across all participants, we computed the percent
of “Dietary advisors” and “Food avoidances” that were vertical, horizon-
tal, oblique, horizontal/oblique, or none (i.e., personal experience only).
See Fig. S1.
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avoid, or were not averse to, any food.

The main difference between populations was the importance of
personal experience (the “none” category), which was the source of
24% of Jenu Kuruba food avoidances, but only about 1% of Rural farmer
food avoidances. See Fig. 3 and Fig. S1.

5.4. Comparing free-listed aversions and avoidances

Participants avoided more than twice as many foods as they found
aversive (333 vs. 156). Although the distributions of number of aver-
sions were similar in each population (Fig. 4), 15 (50%) of the 30 Jenu
Kuruba women were averse to at least one food, whereas 61 (85%) of
the 72 rural farmer women were averse to at least one food, a significant
difference (y*=13.4,p=2.5x10"%).

Among the Jenu Kurubas, the distribution of number of avoidances
was similar to that of aversions. Among the rural farmer women, how-
ever, there were many more avoidances (Fig. 4), indicating an impor-
tant difference in this culturally transmitted repertoire. Specifically, 18
(60%) Jenu Kurubas avoided at least one food, whereas 70 (97%) rural
farmers avoided at least one food, a significant difference
(1*=248,p=64x10""7).

Aversive foods were rarely avoided, and avoided foods were rarely
aversive (Fig. 5), and few women were both averse to, and avoidant
of, foods in the same scientific category (green bars, Fig. 6). Note that
most women were not averse to, and did not avoid, most food catego-
ries (Fig. 6), and if they did avoid foods in a category, such as fruits, it
was only one or two foods in the category and not all foods. For a list
of specific foods avoided in each category, see Table S1.

Finally, whereas the number of aversions decreased by month of
pregnancy, the number of avoidances increased (Table S4 and
Fig. S2).

6. Discussion

This study examined both pregnancy aversions and avoidances in
two neighboring but culturally distinct populations that experienced
considerably greater resource stress and infectious disease burden
than typically found in high income populations. The Jenu Kuruba
women reported higher food insecurity and less education than rural
farmer women, however, worse sanitation, fewer food avoidances,
and less dietary advice.

The clearest support emerged for the theories proposing that aver-
sions and avoidances both protect fetuses and mothers from foods
high in potentially teratogenic plant secondary compounds, yet aversive
and avoided foods were largely distinct. There was weaker and less con-
sistent support for theories emphasizing protection from meat-borne
pathogens and dietary diversification.

6.1. The function(s) of pregnancy food aversions

We tested 7 a priori models of the presence/absence of aversions and
avoidances of foods grouped into 11 scientific categories (e.g., meat,
vegetables).

6.1.1. Maternal-fetal protection

In the food photo rating study, the most common foods that were
newly disliked in pregnancy were ESS foods (usually sambar, a spicy
vegetable stew), as predicted, and fruits, similar to Placek and Hagen
(2015). Although fruits are not typically viewed as containing high
levels of plant secondary compounds, many do, even when ripe, and
many contain latexes, which are potent allergens and can cause anaphy-
laxis during pregnancy (Cipollini & Levey, 1997; Placek & Hagen, 2015).
In addition, compared to the “liked” food cluster (Fig. 1, top), the

Please cite this article as: Placek, C.D., et al.,, Innate food aversions and culturally transmitted food taboos in pregnant women in rural southwest
India: Separate systems to prote..., Evolution and Human Behavior (2017), http://dx.doi.org/10.1016/j.evolhumbehav.2017.08.001



http://dx.doi.org/10.1016/j.evolhumbehav.2017.08.001

CD. Placek et al. / Evolution and Human Behavior xxx (2017) XXX-XxX 11

Jenu Kurubas

fruit 4
nut.seed.legume
vegetable
tobacco 4

meat

grains -

sweets

sour -

non.food 4

NA.bev 4

Scientific food category

miscH
ess-

dairy

type

none

I votn
. aversion
. avoidance

o=
-
o

Number of participants

Rural farmers

fruit+

vegetable -

meat -
nut.seed.legume
dairy

sweets

grains -

ess

non.food

Scientific food category

miscH
tobacco
sour-

NA.bev+

o4
N
o

N
o
@
o

Number of participants
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“unliked” food cluster (Fig. 1, bottom) contained significantly more
foods thought to cause abortion.

Contrary to the maternal-fetal protection model, the top three
aversions in the food photos (not necessarily new aversions)
were grains, nuts/seeds/legumes, and sweets, which are either
non-meat staple foods or do not contain teratogens (sweets),
and none were well predicted by any of our logistic regression
models.

For the free-listed aversions, the Maternal-Fetal Protection logistic
regression model was the highest AlC-ranked model of ESS foods
(Table 4), as predicted, and also of nuts, seeds, and legumes, with mod-
erate effect sizes (Tjur's D = 0.23 and 0.2, respectively). Although nuts/
seeds/legumes were not an a priori food target for fetal protection, seeds
and nuts are plant reproductive organs that are often chemically
defended (Zangerl & Bazzaz, 1992). The latter result therefore provides
some exploratory (not confirmatory) support for the maternal-fetal
protection hypothesis.

Taken together, these results support teratogen avoidance as one
function of pregnancy food aversions (Profet, 1995), similar to other re-
cent studies (Mckerracher, Collard, & Henrich, 2015; McKerracher,
Collard, & Henrich, 2016).

6.1.2. Pathogen avoidance

In our sample of women, 57% of whom did not have a household
toilet (indicating low levels of sanitation and high pathogen expo-
sure), meats formed a distinct cluster in the food photo ratings
(and all were thought to cause abortion), and were among the top
four aversive free-listed foods, consistent with the pathogen avoid-
ance model (Fessler, 2002; Flaxman & Sherman, 2000). Only 16
(16%) were averse to meat, however, and meat aversions were not
well predicted by any of our logistic regression models (Table 4), in-
cluding our pathogen avoidance model, which assessed sanitation
and perceived vulnerability to disease. We also did not replicate
our previous finding that trimester and household size predicted
meat aversions (Placek & Hagen, 2015).

This mixed support for the pathogen avoidance model could part-
ly be due to the high rate of vegetarianism in India (Flood, 1996), in-
cluding in our rural farmer population, or inability to afford meat, as
in the Jenu Kurubas. If women are already less likely to consume meat
prior to becoming pregnant, then pregnancy meat aversions might
be unnecessary to protect the fetus. Our sample was also biased to-
ward women in later pregnancy, whereas meat aversions are expect-
ed earlier in pregnancy.
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6.1.3. Dietary diversity

In our sample, 31.4% of the women were experiencing food insecuri-
ty with hunger and the staple food category grains (primarily rice) was
among the top aversive categories in both the food photos and free-
listed foods, as predicted by the dietary diversity model, and a pattern
seen in other populations (Steinmetz, Abrams, & Young, 2012; Young
& Pike, 2012). Dietary diversity was also the top AlC-ranked model of
aversion to nuts, seeds, and legumes in the food photos, as predicted
by this model, but the effect size was too small to be scientifically signif-
icant (Table 3).

Aversions to staple foods could support the idea that pregnancy food
aversions function to increase dietary diversity (Coronios-Vargas, Toma,
Tuveson, & Schutz, 1992), but these aversions were not associated with
food insecurity, contrary to predictions. Alternatively, because grain
dust can contain pesticides and mycotoxins, which can lead to early
labor in pregnancy and other adverse health outcomes (Douwes,
Thorne, Pearce, & Heederik, 2003; Kristensen, Irgens, Anderson, Bye, &
Sundheim, 1997), this pattern could support Profet's (1995) theory
that pregnancy aversions protect against plant teratogens. In summary,
our study provided mixed support for the dietary diversification model.

6.1.4. Sociodemographics

Our sociodemographic model, comprising population, age, and edu-
cation, was the highest AlC-ranked model of aversion to sweets in the
food photos, but the effect size was small and not scientifically signifi-
cant (Table 3). Our study therefore did not find support for the role of
these sociodemographic variables in aversions to any food category,
contrary to some previous studies (Drewnowski, 1997; Sanjur, 1982).

6.2. The function of pregnancy food taboos

Considering the theoretical and empirical attention paid to pregnan-
cy aversions in most studies, striking results of our study included that
(1) participants, especially rural farmers, reported more than twice as
many food avoidances as food aversions (Fig. 4); (2) avoidances shaped
diet throughout pregnancy (Fig. S2); (3) fruits were most avoided (Figs.
2 & 6); (4) avoided foods were largely distinct from aversive foods (Fig.
5); and (5) the emic function of pregnancy food avoidances was almost
always to protect the fetus from harm, with abortion and kembara the
most frequently listed types of fetal harm, and “heat” also common
(Fig. 2). An important caveat is that some mothers, especially among
the Jenu Kurubas, could not identify a function for a particular avoidance,
or claimed there was none (Fig. 2).

As predicted, social learning was the top AlC-ranked model of fruits
(Table 5), the most frequently avoided food category (70% of women
avoided fruit). Papaya, the primary avoided fruit (and food) in this
study (Fig. 5), is a known abortifacient that is widely used to terminate
pregnancy across South and Southeast Asia (Anuar, Zahari, Taib, &
Rahman, 2008; de Boer & Cotingting, 2014; Odirichukwu, 2015), and
is also widely avoided in pregnancy (Nag, 1994; Placek & Hagen,
2015; Van Hollen, 2003). Jackfruit, avoided by many women in
this study, is also linked to abortion (Morton, 1987; Visaria,
Ramachandran, Ganatra, & Kalyanwala, 2004). Vegetables and nuts/
seeds/legumes, which often contain plant teratogens, were also fre-
quently avoided (Fig. 6).

Overall, our results strongly support the basic social transmission
model of food taboos that emphasizes avoidance of dangerous foods
(Aunger, 1994; Boyd & Richerson, 1985; Cashdan, 1994; Fessler &
Navarrete, 2003), especially during pregnancy (e.g., Henrich &
Henrich, 2010). None of the emic reasons (Fig. 2) were consistent
with limiting resource consumption to protect the environment
(Harris, 1998) marking social identity (Whitehead, 2000), or any
other function.

Meat avoidances were common (41% of women avoided meat),
supporting the argument that meat is “good to taboo” (Fessler &
Navarrete, 2003), but were not associated with pathogen exposure.

Instead, they were best explained by the Null model (population only;
Table 5), although the Akaike weight for the Fetal protection model
(sans pathogen exposure variables) was nearly as large (Table S3).In ei-
ther case, the effect size was small. Eggs were the most avoided meat
(Fig. 5), probably reflecting concerns over Salmonella contamination,
which is common in South India (Suresh, Hatha, Sreenivasan,
Sangeetha, & Lashmanaperumalsamy, 2006). Fessler and Navarrete
(2003) also noted that food taboos might be manipulated to benefit cer-
tain group members at the expense of others. Pregnant and nursing
women have increased caloric requirements. Conceivably, pregnancy
meat taboos might restrict access to this valuable resource by some
pregnant women, to the benefit of other group members. See the sup-
plementary information for a brief exploratory test of this hypothesis.

Dietary diversity was also the top AlC-ranked model of avoidance of
vegetables, with a moderate effect size (Table 5), but vegetables were
not an a priori target food for this model: this category contained a sta-
ple food - potatoes - but also several non-staple foods that would con-
tribute to dietary diversity (only 1 woman was averse to potatoes, and 2
avoided them).

Although the distribution of numbers of aversions was similar in
both populations, the rural farmers had many more avoidances (Fig.
4). Higher food insecurity might have predisposed Jenu Kurubas to
avoid fewer foods, but their food insecurity scores did not significantly
correlate with the number of avoidances (r=0.18, p=0.34). Given
the relatively short amount of time the Jenu Kurubas have spent in
their settlements, it is possible that they have not culturally evolved
the repertoire of avoidances that rural farmers have.

6.2.1. Sources of food taboos

Immediate family members were responsible for 83.3% of all specific
dietary avoidances, with most, 75.9%, acquired vertically from mothers
and grandmothers, and obliquely from mothers-in-law, relatives with
a high degree of relatedness to the infant. Although mothers did not
free-list any equivalent of older “wise” women outside the family, doc-
tors and health workers were frequently listed as general dietary advi-
sors, consistent with a prestige bias, yet combined they were only
responsible for 1.4% of specific food avoidances, contrary to a prestige
bias. See Fig. 3.

This heavy reliance on familial sources of dietary advice was strik-
ingly similar to the pattern found by J. Henrich and Henrich (2010),
who nevertheless argued for the important influence of prestigious,
knowledgeable older women outside the immediate family. ]. Henrich
and Henrich (2010) explain this discrepancy as follows: when the cul-
tural evolutionary process is at or near equilibrium, mothers should
learn from easily accessible “low cost” family members who have an in-
centive to help kin, turning to outside sources when far from equilibri-
um. The Jenu Kurubas, however, are arguably further from equilibrium
than rural farmers, yet relied even more heavily on their mothers
(Fig. 2). In addition, our informants stated that women in our study pop-
ulations would be expected to follow advice from family members not
because they would be more convenient but because they would be
more trusted than non-family members.

Mothers-in-law were more influential among rural farmers than
Jenu Kurubas (Figs. 2 and 3). Rural farmers are traditionally patrilineal
and patrilocal, with arranged marriages (Suchitra & Swaminathan,
n.d.). In patrilocal Indian societies, mothers-in-law are known to play
an influential role in women's health and reproductive decision making
(Chandran, Tharyan, Muliyil, & Abraham, 2002; Char, Saavala, &
Kulmala, 2010). The Jenu Kurubas have “love marriages” and commonly
elope, however, and although this tribe is patrilineal, they are neolocal.
Neolocality might explain the reduced influence of mothers-in-law
among the Jenu Kurubas.

For a brief discussion of the relative importance of vertical, oblique,
and horizontal transmission, see the supplementary material.

In summary, our results provided only mixed support for a prestige
bias. Future research on pregnancy dietary advisors should investigate
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the role of biological relatedness to the infant, trust, and if mothers are
selecting among their relatives based on perceived expertise.

6.3. The relationship between aversions and avoidances

Individual women rarely reported aversions and avoidances of the
same specific foods (Fig. 5), and even infrequently reported aversions
and avoidances of the same scientific food categories (green bars in
Fig. 6). In part, this is because most women reported only 1-2 aversive
foods (Fig. 4). Aunger (1994) identified 15 types of food taboos among
ethnic groups living in the Ituri Forest, only three of which involved per-
sonal avoidances due to aversive reactions to the food or other idiosyn-
cratic reasons. Henrich and Henrich (2010) found no connection
between pregnancy food taboos and pregnancy aversions. Thus, despite
evidence presented here that aversions and avoidances both protect
mothers and fetuses from plant teratogens, aversive and avoided
foods seem to be largely distinct. These results cast doubt on scenarios
in which common aversions become common avoidances, at least in
these populations.

It is possible that more idiosyncratic aversions could culturally
evolve into common avoidances via various mechanisms (Fessler &
Navarrete, 2003). However, most rural farmer women identified harm
to the fetus or infant as the reason for a food avoidance, as did a number
of Jenu Kuruba women. For example, although no woman free-listed an
aversion to papaya, 51 women avoided it, all but 6 of whom identified
abortion or other fetal harm as the reason. Fetal harm could be a post
hoc justification (Fessler & Navarrete, 2003), but we think it is more
consistent with generic individual and social learning models (e.g.,
Boyd & Richerson, 1985) in which individuals learn an association be-
tween consumption of a particular food and a poor pregnancy outcome
(e.g., “papaya caused my miscarriage”) and then transmit this informa-
tion to others, independent of psychophysiological food aversions.

Humans have numerous adaptations to detect toxins, such as bitter
taste receptors, nausea, and vomiting. Some substances that are highly
toxic are not teratogenic, however, some that have low toxicity are po-
tent teratogens, and some that are teratogenic in one species are not ter-
atogenic in other species. Thalidomide, for example, which belongs to
the same chemical family as natural plant glutarimide alkaloids, is taste-
less, has low toxicity, is not teratogenic in rodents, and is antiemetic, so
it was widely prescribed to pregnant women to treat nausea and
vomiting. Tragically, thalidomide turned out to be a potent human te-
ratogen that caused severe birth defects in thousands of children
(Gupta, 2017).

There might therefore have been a selection pressure for adaptations
to learn associations between consuming certain foods and poor preg-
nancy outcomes, independent of bitterness, nausea, and other cues of
toxicity (for more discussion, see Hagen et al., 2013; Hagen & Sullivan,
forthcoming; Placek & Hagen, 2015). Such learned associations would
presumably be accurate only if the poor pregnancy outcome occurred
relatively soon after consumption of a particular food (e.g., within a
few days). Socially transmitted warnings about such dangerous foods
might or might not include the reason (e.g., “do not eat papaya because
it causes miscarriage” vs. “do not eat papaya”). These warnings gain
moral weight, we propose, because older women with a direct fitness
interest in a good pregnancy outcome, such as mothers, grandmothers,
and mothers-in-law, enforce them.

In our view, the rural farmer results are more parsimoniously ex-
plained by individually and socially learned associations with poor
pregnancy outcomes than by theories that root food avoidances in
learned associations with aversive reactions. This is not so different
from the US and other populations in which pregnant women are ad-
vised to avoid dangerous foods that might not be aversive, such as fish
with high levels of methylmercury, a neurotoxin that can disrupt neural
development at very low doses (Mahaffey et al., 2011).

Other results are more consistent with Fessler and Navarrete (2003).
Many Jenu Kuruba women could not provide a reason for an avoidance,

for example (Fig. 2), and the “unliked” food cluster (Fig. 1) contained
taboo foods that were thought to cause abortion, suggesting a link be-
tween aversive and taboo foods. (There were also some discrepancies
between the food photo ratings and the free-listed aversions, with
some women not liking a food but not free-listing it as aversive. This
is probably because in the food photo task women only indicated if
they liked or disliked a food, and disliking might not involve a physical
aversion, whereas in the free-listed aversion task women only included
foods that were physically aversive.) It is likely that aversive reactions
and learned associations with poor pregnancy outcomes each play a
role in the origins and cultural evolution of pregnancy food taboos.

6.4. Limitations

This study was cross-sectional so it is impossible to know how indi-
vidual women's dietary preferences varied over the course of pregnan-
cy. The sample was not a probability sample, and therefore might not
accurately represent dietary choices of pregnant women in these popu-
lations. Effect sizes for top-ranked models were modest, and the sample
size was also relatively small, which would limit our power to detect
smaller effects. Women might also have responded in ways they
deemed more socially acceptable, which would also introduce bias. So-
cial learning is complex and women might have had a difficult time
recalling exactly how they acquired information on diet. Future research
could include interviews with “teachers” to help corroborate findings
and learn more about the consequences of consuming taboo food
items. In addition, women were asked about aversions prior to avoid-
ances, perhaps making them feel like they needed to give distinct re-
sponses for each question. However, women were told that it is okay
to mention similar items for both questions. Although our categoriza-
tion of the various sambar dishes did not influence our primary conclu-
sions regarding the importance of the social transmission of food
avoidances, it undoubtedly influenced the relative importance of aver-
sions of ESS foods vs. meats. If we had instead classified all sambars as
ESS foods, for instance, this would have reduced the frequency of
meat aversions. It is possible that our measures of pathogen exposure,
based on self-report, did not accurately reflect actual pathogen expo-
sure. Finally, other than papaya, we do not have evidence that avoided
foods are in fact harmful to the fetus and/or mother.

7. Concluding remarks

The most common newly disliked foods in pregnancy were plant
foods with high levels of defensive chemicals, and aversions to them
were associated with early trimester, nausea, and vomiting. Staple
foods like rice were also aversive to some women, however, a pattern
seen in populations, like ours, with high levels of food insecurity
(Steinmetz et al., 2012; Young & Pike, 2012), and which deserves fur-
ther investigation, perhaps as a strategy to increase dietary diversity.
On the whole, though, our results best support the hypothesis that psy-
chophysiological aversions function, in part, to protect fetuses from
plant teratogens (Hook, 1978; Profet, 1995).

Culturally transmitted food avoidances in pregnancy have been
studied much less than food aversions, yet in our study, one of the few
to systematically compare them, avoidances outnumbered aversions
by more than two-to-one, influenced diet throughout pregnancy, not
just in early pregnancy, and their emic function was overwhelmingly
to prevent abortion (miscarriage) or other harm to the fetus. Avoid-
ances were largely acquired from mothers, grandmothers, and
mothers-in-law, individuals with a direct fitness interest in the infant,
and personal experience. Fruits, the most avoided category of foods, in-
cluded papaya, a known abortifacient, and were best predicted by our
social transmission model. Although aversions and avoidances both ap-
peared to protect mothers and fetuses from plant teratogens, they in-
volved almost completely different foods.
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In a rural tropical region with a higher burden of infectious disease
than most populations in high-income countries, meat avoidances
were not uncommon, but neither avoidances nor aversions to meat
were associated with exposure to pathogens. Additional dimensions of
sanitation, like access to refrigeration, should be assessed, and addition-
al hypotheses for meat taboos should be considered, such as intragroup
competition for resources.

Taken together, the results of Henrich and Henrich (2010), whose
study was conducted in Fiji, and our results suggest that there might
be two systems that protect fetus and infants from dangerous foods:
aversions to foods that provide cues of toxicity (and perhaps pathoge-
nicity) early in pregnancy, and culturally acquired avoidances of poten-
tial abortifacients throughout pregnancy. Future research should
investigate if taboo foods are actually harmful to the fetus or mother
and the extent to which they are grounded in learned associations
with aversive reactions or poor pregnancy outcomes, or both.
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