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Abstract

Pica, the urge to consume items generally not considered food, such as dirt,

raw starch, and ice, are particularly common among pregnant women. How-

ever, the biology of pica in pregnancy is not well understood. Therefore, this

study aimed to assess how pica relates to endocrine stress and immune bio-

markers in a cohort of pregnant Latina women in Southern California. Thirty-

four women completed a structured pica questionnaire. Maternal urinary corti-

sol and plasma cytokine levels were measured between 21 and 31 weeks' gesta-

tion. Associations between pica during pregnancy and biomarkers were

assessed using linear regression models adjusting for gestational age. Twelve

(35.3%) of the pregnant women reported pica (geophagy and amylophagy) dur-

ing pregnancy. In multivariate models, those who engaged in pica had higher

levels of cortisol (β: 0.37, 95% CI: 0.01, 0.073) and lower levels of IL-1β (β:

�0.06, 95% CI: �0.11, �0.02), IL-8 (β: �0.30, 95% CI: �0.56, �0.05), IL-21 (β:

�0.35, 95% CI: �0.63, �0.08), and type-1 inflammation composite (β: �0.29,

95% CI: �0.44, �0.14) than women who did not engage in pica. These results

suggest that biological stress and immune response differ for women with pica

compared to those without. This study suggests novel physiological covariates

of pica during pregnancy. Further research is needed to better understand the

mechanisms and temporality underlying the observed associations between

pica and endocrine and immune biomarkers.

1 | INTRODUCTION

Pica is the craving and purposive consumption of non-
food substances. The three types of pica most commonly
reported include the consumption of earth, clay, chalk,
mud, or soil (geophagy); raw starch (amylophagy); and
ice or freezer frost (pagophagy) (Young, 2010). Addition-
ally, numerous substances have been reported as being
consumed by individuals with pica, including paper, ash,

pencil lead, coffee grounds, and soap (Lacey, 1990;
Young, 2011).

Pica is an enigmatic behavior found worldwide, most
commonly seen in pregnant women (Horner et al., 1991).
In a recent meta-analysis comparing studies conducted in
various global regions, the aggregate prevalence of pica
during pregnancy was shown to be 45% in Africa, 23% in
North or South America, and 18% in Eurasia (Fawcett
et al., 2016). In the United States, the prevalence is in the

Received: 16 June 2023 Revised: 14 November 2023 Accepted: 17 November 2023

DOI: 10.1002/ajhb.24025

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. American Journal of Human Biology published by Wiley Periodicals LLC.

Am J Hum Biol. 2023;e24025. wileyonlinelibrary.com/journal/ajhb 1 of 11

https://doi.org/10.1002/ajhb.24025

https://orcid.org/0000-0001-7967-8508
https://orcid.org/0000-0002-1763-1218
https://orcid.org/0000-0001-9219-8971
mailto:mollyfox@ucla.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/ajhb
https://doi.org/10.1002/ajhb.24025


20%–70% range in most studies among pregnant women
(Young, 2011). This considerable variability in reported
prevalence is due to the absence of a definitive pica defi-
nition, resulting in the use of diverse definitions across
different studies, along with frequent underreporting
among affected individuals, and the strong cultural and
social influence on its detection. Furthermore, variations
in prevalence appear to be associated with different
demographic groups. Pica has been reported by pregnant
women from all race/ethnic groups, but in the
United States, a higher proportion of racially/ethnically
minoritized women self-reported experiencing pica than
white women (Bakhireva et al., 2012; Edwards
et al., 1994; Simpson et al., 2000). For instance, African
American pregnant women were twice as likely to
engage in pica compared with pregnant women who
were not African American (Fawcett et al., 2016),
highlighting race/ethnicity as an important predictor of
pica during pregnancy. This relationship between pica
and categories of race can be explained through the lens
of social determinants of health. Race is a socially con-
structed category that can impact the lived experiences of
people and in turn, biological factors of health
(Gravlee, 2009). Despite Hispanics/Latinos being the larg-
est ethnic minority group in the United States, account-
ing for 19% of the total population, our understanding of
pica among this group is limited.

Various possible etiological explanations of pica have
been proposed, including cultural expectations, a
response to psychosocial stress, hunger, gastrointestinal
distress, micronutrient deficiency, and protection from
toxins and pathogens (Young, 2010). Most studies that
have measured biomarkers have focused on indicators of
micronutrient deficiency, especially iron and zinc (Miao
et al., 2015). There are, however, a number of non-
nutrition-related biological pathways that could be
involved in pica among pregnant women. Specifically,
stress warrants further investigation in understanding
the underlying mechanisms of pica.

If pica behaviors are linked to psychological distress,
then the steroid hormone cortisol could be elevated
among those who engage in it, given its role in the
hypothalamic–pituitary–adrenal (HPA) stress response
(Young, 2011). Pica behaviors might serve as a compensa-
tory mechanism to manage or neutralize stressors, but
they may not fully eliminate the source of stress. In some
cases, the stressors may persist or recur, leading to con-
tinued cortisol release even if pica provides some relief.
We anticipate that women whose stress is severe or long-
term enough to elicit pica, a potentially costly coping
behavioral adaptation, would exhibit cortisol levels above
their less-stressed, non-pica peers. The greater incidence
of pica among minoritized communities also suggests a

potential association with psychological distress, given
the disproportionate hardships faced by these communi-
ties. The independent associations between pica and psy-
chological distress as well as minoritized women is
supported by the established literature of the ill-effects of
racial discrimination and structural social inequalities on
the adverse health experiences of women (Carter
et al., 2019; Paradies et al., 2015; Williams, 2018). There-
fore, we hypothesize that pica will be positively associ-
ated with cortisol levels.

During pregnancy, increasing cortisol levels are nor-
mative and necessary for fetal organ development and for
preparing the fetus for extrauterine life (Amiel-Tison &
Pettigrew, 1991; Challis et al., 2001). Cortisol also pro-
motes an immunosuppressive state during pregnancy,
which is important in both the inflammatory process of
implantation and the antirejection process that protects
the fetus from the maternal immune system
(Mastorakos & Ilias, 2003). However, excessive or pro-
longed cortisol secretion may negatively influence the
mother and fetus. Studies have indicated that high corti-
sol levels have been associated with pregnancy complica-
tions such as prenatal depression and preterm delivery
(Bandoli et al., 2018; Field & Diego, 2008) and can detri-
mentally affect fetal brain development (Amiel-Tison &
Pettigrew, 1991). High maternal cortisol levels in early
pregnancy have been associated with lower mental devel-
opment scores in infants (Davis & Sandman, 2010) and
childhood affective problems in girls (Buss et al., 2012).

Additionally, pica substances have been suggested as
causes of various sicknesses, including anemia, heavy
metal poisoning, parasites, and alimentary canal damage
(Young, 2011). For these reasons, most medical profes-
sionals consider pica a pathological behavior
(Reid, 1992). Further research from a much more bio-
medical point of view is needed to explore its purported
negative health consequences. In contrast, potential posi-
tive health effects of pica have also been observed, such
as preventing harmful chemicals or pathogens from
entering the bloodstream (Young, 2010). To further
explore the potential involvement of pathogenic or toxic
exposures as second biological pathway in pica, we con-
ducted a comprehensive analysis of a wide array of pro-
inflammatory cytokines. Previous studies on pica have
not extensively investigated cytokines, but based on pre-
vious suggestions regarding the potential harmful conse-
quences of pica (Young, 2011), we hypothesized that pica
would be associated with elevated levels of pro-
inflammatory cytokines.

Dynamic changes in cytokines are involved in the
maintenance of pregnancy, labor, and delivery. During
normal pregnancy, there is a pro-inflammatory response
to support embryo implantation and placental
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development in the first trimester. Pro-inflammatory
cytokines help create an environment that facilitates tis-
sue remodeling and immune tolerance to the developing
fetus. After placental implantation, the pregnant
woman's immune system generally shifts away from
pro-inflammatory responses to favor more anti-
inflammatory responses, but immunosuppression is not
total (Wang et al., 2020). Pregnancy is characterized by a
decrease in T-helper-cell type (Th) 1 cytokines and an
increase in Th2 cytokines, which promotes fetal tolerance
by decreasing Th1 and Th17 cytokines. In the third tri-
mester, cytokine concentrations tend to stabilize, with a
balance between pro-inflammatory and anti-
inflammatory cytokines. The maternal immune system
remains vigilant against infections while not overreacting
to the developing fetus. Given that pregnancy is a state of
unique immunoregulation, perturbation towards exces-
sive pro- or anti-inflammatory status could have deleteri-
ous consequences (Wang et al., 2020).

The intricate regulation of cytokines is influenced by
various factors that can trigger inflammatory responses.
As mentioned earlier, implantation and placental devel-
opment can stimulate inflammatory cytokine release dur-
ing early pregnancy. Another crucial factor is the
presence of pathogenic microorganisms. In response to
microbial invasion, the maternal immune system may
release pro-inflammatory cytokines as part of its defense
mechanisms. In the case of pica, we hypothesized that
pregnant women who engage in pica may face increased
susceptibility to pathogens and toxins, potentially elevat-
ing pro-inflammatory cytokines.

Hormonal changes also play a role in cytokine regula-
tion during pregnancy. For instance, the hormone pro-
gesterone, which is essential for maintaining pregnancy,
can have immunomodulatory effects (AbdulHussain
et al., 2020). It tends to suppress pro-inflammatory
responses and promote immune tolerance, particularly
during the later stages of pregnancy. On the other hand,
estrogen, which increases during pregnancy, can stimu-
late the production of pro-inflammatory cytokines. Fur-
thermore, pregnancy health complications such as
gestational diabetes mellitus (GDM) can influence the
balance of pro- and anti-inflammatory cytokines during
pregnancy. Women experiencing GDM have increased
levels of pro-inflammatory cytokines, such as
interleukin-6 (IL-6) and C-reactive protein, compared to
those without GDM (Lekva et al., 2016).

A greater understanding of how pica could relate to
endocrine and immune physiology in pregnancy is
needed, especially among vulnerable populations in
which the prevalence of pica tends to be higher. There-
fore, the aim of this study was to explore the association
between pica and cortisol and immune biomarkers

among a cohort of Latina women. Our observational
study results can be evaluated as consistent or inconsis-
tent with various hypotheses. We specifically sought to
investigate the following hypotheses:

Hypothesis 1. Pica behaviors will be associ-
ated with elevated cortisol levels due to their
link with psychological distress.

Hypothesis 2. Consuming non-food pica
substances may be linked to increased pro-
inflammatory cytokine levels, potentially indi-
cating susceptibility to pathogenic or toxic
exposures during pregnancy.

2 | METHODS

2.1 | Study population

Participants come from the Mothers' Cultural Experi-
ences (MCE) study. Data for this analysis derive from
MCE Wave 2, a cohort of women living in Southern Cali-
fornia who self-identify as Latina, Hispanic, Chicana,
Mexicana, or Latin American, were recruited between
2018 and 2020 at prenatal clinics at Olive View-UCLA
Medical Center in Sylmar, Venice Family Clinic in Santa
Monica, and UCLA West Medical in Los Angeles (NIH
DK105110 and DK125524). In this manuscript, we use
the term “Latina” because this was preferred by our study
cohort, acknowledging that this term encompasses a
diverse group. To be eligible to enroll, women had to be
at least 18 years old, English or Spanish speaking, and
≤16 weeks pregnant. At two different prenatal stages,
participants were asked to fill out a survey either in
English or Spanish in the morning. The survey consisted
of questions related to their demographic information
such as age, education, country of birth, and marital sta-
tus as well as other questions related to culture, identity,
health, stressors, and relationships. Pre-pregnancy height
and weight of the mothers were used to calculate their
pre-pregnancy BMI (BMI = weight (k)/height (m)2). Full
details of the study design have been published previ-
ously (Fox, 2021, 2022; Fox & Wiley, 2022).

Data for this study come from the second prenatal
assessment, when MCE Wave 2 participants were 21–
31 weeks' gestation. From the initial cohort of 107 preg-
nant women enrolled at the first prenatal timepoint,
n = 59 of these participants completed the second prena-
tal assessment. The participant attrition between the first
and second timepoints was largely due to the onset of the
COVID-19 pandemic, which resulted in a sudden halt to
in-person research in keeping with university ethics
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regulations. Of the n = 59 women who completed the
second prenatal assessment, n = 34 participants com-
pleted the non-food pregnancy cravings questionnaires
and therefore were included in this analysis. The missing-
ness for n = 25 cases is because the non-food cravings
questionnaires were added to the ongoing MCE Wave
2 study after those participants had already completed
their second prenatal assessment. Other data collected
during the second prenatal assessment included social
relationships, health, pregnancy and fertility, home and
living arrangements, culture and experiences, and food
insecurity; participants also provided saliva, urine, and
blood samples.

Participants provided written, informed consent
after full study procedures were described. All protocols
were approved by the Institutional Review Boards of par-
ticipating institutions with appropriate reliances. Proce-
dures comply with the tenets of the Declaration of
Helsinki. Data are not publicly available because partici-
pants did not consent to share individual-level data
publicly.

2.2 | Pica behavior assessment

Pica behavior was captured using a previously published
questionnaire (Lin et al., 2015; Roy et al., 2018) used in
other Latina or Mexican populations. The questionnaire
inquires about 22 non-food items: chalkboard chalk,
paper, ash, more than three cups of ice, unripe mango,
freezer frost, bean stones, raw flour, corn starch, magne-
sium chloride/carbonate, pencil lead, brick, adobe, holy/
blessed earth, raw potatoes, sand, clay, coffee grounds,
eggshells, soap, pottery, and mothballs. Participants were
asked how many times they consumed each item on pur-
pose during pregnancy, as well as during their entire life-
time, with Likert scales of four ordinal options: never, a
few times (once or twice), sometimes (three to ten times),
and often (more than ten times). Pica was dichotomized
into “no” if they answered never and “yes” if they
answered a few times or greater. We refer to any endorse-
ment of any pica questionnaire items during pregnancy
and lifetime as “pica” for brevity.

2.3 | Cortisol and cytokine measures

Cortisol was measured from clean-catch urine samples.
Urine was kept at refrigerator temperature and then
transported in a hard-sided refrigerator-temperature
cooler to the UCLA Biological Anthropology of Mother-
hood Lab. The specimen was vortexed, aliquoted, and
frozen at �80�C. Cortisol was quantified using the

enzyme-linked immunosorbent assay (ELISA) method
according to kit manufacturer instructions (Cortisol
ELISA Kit, Arbor Assays, Ann Arbor, MI). Specific grav-
ity was measured for each urine sample using a refrac-
tometer (USG-Chek Digital Handheld Refractometer,
Reichert, Inc., Depew, NY). Cortisol concentrations were
corrected for specific gravity (SG) using the formula:

SG� corrected concentration

¼ raw cortisol concentration� SGtarget�1
SGsample�1

(Miller et al., 2004).

Urinary cortisol levels integrate across several hours
of diurnal and pulsatile fluctuations. Therefore, urinary
measures of cortisol are less noisy than measures from
other matrices such as saliva and plasma (Sarkar
et al., 2013). Also, by conducting our sample collection
only during mornings, we measure a similar segment of
the diurnal pattern for all participants.

Cytokines were measured from nonfasting morning
blood samples. Blood used for cytokine assays was col-
lected by antecubital venipuncture into EDTA-treated
tubes and kept at refrigerator temperature until plasma
extraction within a few hours, and the plasma aliquots
were frozen at �80�C until assay. A multiplex assay was
used to measure concentrations of the cytokines (Meso
Scale Discovery, Meso Scale Diagnostics LLC, Rockville,
MD). The minimum detectable amount for cytokines
were as follows: IL-1β 0.04 pg/mL, IL-2 0.05 pg/mL, IL-
12 0.05 pg/mL, IFN-γ 0.15 pg/mL, TNF-α 0.10 pg/mL,
IL-8 0.03 pg/mL, and IL-21 0.35 pg/mL.

2.4 | Statistical analysis

All biomarkers were analyzed as continuous variables,
with cortisol measured in ng/mL and cytokines measured
in pg/mL. Cytokine composite scores were computed as
the sum of the standardized value (z-score) of each cyto-
kine. Th1 composite included IL-1β, IL-2, IL-12, IFN-γ,
and TNF-α; Th2 composite included IL-4, IL-10, and
IL13; and Th17 composite included IL-17, IL-21, and
IL22. Prior to analysis, all the biomarkers, including com-
posite scores, were natural log-transformed to reduce
skew. Independent t-tests were used to analyze mean dif-
ferences between pica and non-pica groups for continu-
ous biomarker variables. Linear regression was used to
estimate associations between the biomarkers and pica.
Models were adjusted for gestational age (weeks).
p < 0.05 was considered statistically significant and pre-
sented in the results. All statistical analyses were con-
ducted using R, version 4.2.1.
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3 | RESULTS

The final analytic cohort of 34 pregnant women was
between the ages of 20 and 42 (Table 1). A substantial
portion of women was US-born (44.1%), had education
equivalent to graduating high school (70.6%), and
employed (67.6%). Most women were married (52.9%)
and cohabitating with the baby's father (79.4%), and on
average 25 weeks' gestation. The mean pre-pregnancy
BMI was 30 kg/m2 (SD: 6.00), indicating that most
women were overweight before becoming pregnant.

About 41% were nulliparous women and 79% did not go
on to deliver preterm. A small number of women were
food insecure (11.8%). Twenty-four women (70.6%)
reported ever engaging in pica and 12 women (35.3%)
reported pica during pregnancy. There were a few nota-
ble differences between sociodemographic characteristics
of women with pica during pregnancy and those without
pica (Table S1). Women with pica during pregnancy were
slightly younger and had fewer children on average com-
pared to those without pica during pregnancy.

All women who reported pica during pregnancy had
a history of engaging in pica prior to pregnancy; none of
them initiated pica during pregnancy (Figure 1). For

TABLE 1 Descriptive statistic of study population.

All (n = 34)

Pica during pregnancy (%)

No 22 (64.7%)

Yes 12 (35.3%)

Pica during lifetime (%)

No 10 (29.4%)

Yes 24 (70.6%)

Age (years)

Mean (SD) 30.7 (5.9)

Median [Min, Max] 30.3 [20.1, 41.8]

Country of birth (%)

US 15 (44.1%)

Mexico 9 (26.5%)

Othera 10 (29.4%)

Education (%)

Less than high school 4 (11.8%)

High school or equivalent 24 (70.6%)

Any college or beyond 6 (17.6%)

Work status (%)

Employed 23 (67.6%)

Unemployed 11 (32.4%)

Marital status (%)

Single 16 (47.1%)

Married 18 (52.9%)

Cohabitating with baby's father (%)

No 7 (20.6%)

Yes 27 (79.4%)

Pre-pregnancy BMI (kg/m2)

Mean (SD) 29.9 (6.0)

Median [Min, Max] 29.0 [18.0, 49.1]

Gestational age (weeks)

Mean (SD) 24.5 (2.8)

Median [Min, Max] 24.4 [20.6, 31.4]

(Continues)

TABLE 1 (Continued)

All (n = 34)

Parity (%)

Nulliparous 14 (41.2%)

Primiparous 8 (23.5%)

Multiparous 12 (35.3%)

Number of children

Mean (SD) 1.2 (1.4)

Median [Min, Max] 1.0 [0.0, 5.0]

Number of pregnancy complications

Mean (SD) 1.6 (1.2)

Median [Min, Max] 2.0 [0.0, 4.0]

Self-reported health (%)

Very good 4 (11.8%)

Good 23 (67.6%)

Fair 6 (17.6%)

Poor 1 (2.9%)

Gestational diabetes (%)

No 27 (79.4%)

Yes 7 (20.6%)

Preeclampsia (%)

No 32 (94.1%)

Yes 2 (5.9%)

Preterm (%)

No 27 (79.4%)

Yes 7 (20.6%)

Food insecureb (%)

No 30 (88.2%)

Yes 4 (11.8%)

Abbreviations: BMI, body mass index; SD, standard deviation.
aOther includes El Salvador and Guatemala.
bFood insecure is measured using a published 2-item screen, where a
positive response on either item was considered an indication of food

insecurity (Hager et al., 2010).
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geophagy, 17.6% of women had ever consumed earth
materials, and 2.9% had done so during pregnancy. For
amylophagy, 55.9% of women reported ever consuming
raw starches, and 26.5% had done so during pregnancy.
55.9% of women reported consuming pagophagic items
prior to pregnancy and 20.6% of them continued to do so
during pregnancy. Other pica items were reported to
have ever been consumed by 23.5% of women, and 5.9%
during pregnancy.

Consistent with our first hypothesis, in the indepen-
dent t-test analyses, the average cortisol concentrations
were higher in women with pica during pregnancy com-
pared to women without pica during pregnancy
(p = 0.037) (Figure 2). Counter to our second hypothesis,
women with pica had lower average concentrations of
cytokines IL-1β (p = 0.006), IL-8 (p = 0.019), IL-21
(p = 0.012), and Th1 composite (p < 0.001) compared to
women without pica during pregnancy.

To further investigate the associations between pica
behaviors and biomarkers, we ran separate multiple lin-
ear regression analyses with log-transformed biomarkers
as outcome variables and pica as predictor, adjusted for
gestational age. The multiple linear regression analyses
confirmed the findings from the independent t-test ana-
lyses. Specifically, women with pica during pregnancy
had an average 45% higher levels of cortisol-adjusted-for
specific-gravity, and an average 6%, 26%, 30%, and 25%
lower levels of cytokines IL-1β, IL-8, IL-21, and Th1 com-
posite, respectively, compared to those with non-pica
during pregnancy (Table 2).

4 | DISCUSSION

In this first study to examine the association between pre-
natal biomarkers of stress and inflammation and pica, we

made several noteworthy findings. First, the prevalence
of pica during pregnancy among Latina women in South-
ern California was high; 35.3% of women engaged in pica
during pregnancy, while 70.6% had ever engaged in pica.
This is consistent with previous studies among Latina
pregnant women (Roy et al., 2018; Simpson et al., 2000).
Women reported consuming amylophagic (26.5%) and
pagophagic (20.6%) items during pregnancy. The sub-
stances consumed were similar to those reported being
consumed among other Latina populations, for example,
holy earth, adobe, bean stones, magnesium carbonate,
ice, and unripe mangoes (Bakhireva et al., 2012; Bruhn &
Pangborn, 1971; Roy et al., 2018; Simpson et al., 2000).
Roughly half of women who reported engaging in pica
during pregnancy consumed multiple substances, and
70.8% reporting poly-pica during lifetime.

Within the context of our study, we developed a con-
ceptual framework to understand the potential relation-
ships between pica and maternal stress and immune
markers (Figure 3). Our hypotheses directed our investi-
gation into this complex relationship. Firstly, we hypoth-
esized that pica behavior may be linked to maternal
stress, specifically as a potential coping mechanism. This
hypothesis led us to explore whether women engaging in
pica might exhibit higher cortisol levels during preg-
nancy. By examining cortisol levels, we aimed to tap into
a biologically relevant pathway associated with pica and
its potential impact on maternal health. Secondly, we
considered the hypothesis that women who engage in
pica might be more susceptible to the harmful effects of
these foreign substances, which could trigger immune
responses, including the production of pro-inflammatory
cytokines. As a result, we expected to observe a positive
association between pica and pro-inflammatory cyto-
kines. When cortisol and cytokine dysregulation coin-
cide, they could potentially have detrimental effects on
fetal development and contribute to pregnancy complica-
tions, such as preterm birth.

Our study findings support the first hypothesis, indi-
cating that pica behavior is potentially associated with
elevated maternal stress levels, as indicated by the higher
cortisol levels observed in pregnant women who engaged
in pica. Pica can be a symptom of stress, emotional upset,
and obsessive-compulsive disorder (Edwards et al., 1994;
Stein et al., 1996). This could explain why, in our study,
women with pica had higher levels of cortisol, which
plays an important role in the hormonal response to
stress, suggesting that women with pica may have been
subject to higher stress levels than women without pica
but that this situation was soothed by the pica behavior.
Future research is needed with larger cohorts to assess
statistical mediation.

However, our results do not align with the second
hypothesis, suggesting that the ingestion of non-

FIGURE 1 Prevalence of pica among pregnant Latina women

(n = 34). Pica categories are not mutually exclusive. Geophagy

includes holy earth, sand, clay, pottery, bean stones, brick, adobe,

and magnesium chloride. Amylophgy includes raw flour, corn

starch, raw potatoes, unripe mango. Pagophagy includes ice and

freezer frost. Other pica includes chalkboard chalk, paper, ash,

pencil lead, coffee grounds, eggshells, soap, mothballs.
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nutritive substances in pica does not appear to lead to
increases in pro-inflammatory cytokines. Although our
findings related to cytokines were unexpected, they
may still make sense based on what we know about the
immune system during pregnancy. In the second and
third trimesters, there is a shift toward a more anti-
inflammatory immune response, which involves the
release of fewer pro-inflammatory cytokines and more
anti-inflammatory mediators (Mor & Cardenas, 2010;
Schminkey & Groer, 2014). Our study found that preg-
nant women with pica had lower levels of certain pro-
inflammatory cytokines compared to those without pica

FIGURE 2 Boxplots of stress

and immune biomarker levels in

pregnant Latina women by pica

status during pregnancy (n = 34).

Differences were calculated using

independent t-tests over log-

transformed biomarker values.

p values from the t-tests are written

above the boxplots.

TABLE 2 Associations between maternal stress and immune

markers and pica during pregnancy.

Biomarkers Estimatea (95% CI) p value

Cortisol (ng/mL) 0.37 (0.01, 0.73) 0.044

IL-1β (pg/mL) �0.06 (�0.11, �0.02) 0.008

IL-8 (pg/mL) �0.30 (�0.56, �0.05) 0.021

IL-21 (pg/mL) �0.35 (�0.63, �0.08) 0.014

Th1 composite �0.29 (�0.44, �0.14) 0.001

aMultivariable linear regression models with log-transformed biomarkers as
outcome variables and pica as predictor. Adjusted for gestational age.
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at a time point that includes late-second and early-third
trimesters.

Additionally, pica has been associated with both posi-
tive and negative health conditions. An intriguing obser-
vation from our study is that the lower pro-inflammatory
cytokine levels among pregnant women with pica align
with the potential etiological explanation that pica sub-
stances offer protection from harmful chemicals and
pathogens, particularly during pregnancy when suscepti-
bility to toxins and pathogens is a concern (Young, 2010).
Pica substances can strengthen the intestinal mucosal
layer by coating the surface of the endothelium, poten-
tially reducing the permeability of the gut wall and pre-
venting the entry of toxins and pathogens into the
bloodstream. This aligns with the observed decrease in
pro-inflammatory cytokines, as fewer harmful agents
entering the bloodstream would result in a reduced need
for an inflammatory response. Moreover, pica substances
can adsorb pathogens and toxins within the gut lumen,
rendering them unabsorbable by gut. This mechanism
may lead to a reduction in pro-inflammatory cytokine
production, as fewer harmful agents would reach sys-
temic circulation. Especially, amylophagic behavior, the
most common form of pica during pregnancy observed in
our sample, has been shown to be effective in this
respect, as raw starch can absorb poisons and pathogens
causing gastrointestinal distress (Ofoefule &
Okonta, 1999).

Our overall results are consistent with the idea that
cortisol has anti-inflammatory effects and reduces the
production of pro-inflammatory cytokines by binding to
glucocorticoid receptors (Anacker et al., 2011). When cor-
tisol binds to these receptors, it can suppress the tran-
scription of genes involved in the production of pro-

inflammatory cytokines, leading to a decrease in their
production. This mechanism is one way in which cortisol
can exert its anti-inflammatory effects.

Because cortisol is associated with immunosuppres-
sion in pregnancy, it was unlikely that both our hypothe-
ses would have been, simultaneously, true, that pica
would be correlated with both higher cortisol and higher
inflammation; therefore, our study may distinguish
between these two possibilities. These two physiological
states tend not to co-exist, although some studies have
found no correlation between maternal prenatal cortisol
and inflammation (Nazzari et al., 2020; Szpunar
et al., 2021) and both have been associated with prenatal
mood disorders (Christian et al., 2009; Haeri et al., 2013;
Osborne et al., 2019; Schweizer-Schubert et al., 2021).

Another study of pregnant women between 16 and
26 weeks' gestation found a similar pattern, with increas-
ing depressive symptom scores being associated with
lower levels of pro-inflammatory cytokines (IL-1β, IL-7,
and TNF-α), after adjusting for gestational age at blood
draw (Shelton et al., 2015). The plasma cortisol levels
were also inversely correlated with the levels of these
pro-inflammatory cytokines, suggesting that cortisol may
potentially play a role in the decreased levels of these
cytokines (Shelton et al., 2015). Thus, pica-associated
greater cortisol would manifest with less inflammation,
which could be merely a side-effect of the more func-
tional relationship between pica and cortisol. Future
intervention studies are needed to disentangle these
causal relationships.

While this study is limited by a small sample size and
cross-sectional design, we observed significant associa-
tions between pica behavior and endocrine and immune
markers. It is important to note that our findings may not

FIGURE 3 Conceptual framework on effects of pica on maternal stress and immune markers.
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be generalizable to other populations due to the wide var-
iability in pica behavior, but the prevalence of pica
resembled that observed in other Latina populations (Roy
et al., 2018; Simpson et al., 2000). Self-reporting non-food
pregnancy cravings questionnaires are subject to recall
bias due to the dependence on long-term memory and
errors in estimating frequencies and underreporting due
to social desirability. A substantial number of partici-
pants were lost to follow-up between the first and second
study visits due to the onset of the COVID-19 pandemic
before all participants had completed their second visits;
therefore, we do not suspect bias in sampling. Moreover,
those who did not complete the second study visit had
mostly similar demographic and clinical characteristics,
except they were more likely to be unemployed and not
born in the US. Given the available sample types in this
cohort, the optimal matrix for the assessment of cortisol
was urine, because it integrates levels across several
hours (Sarkar et al., 2013). Our morning urine collections
were not taken immediately at wake up, but other studies
of prenatal maternal urinary cortisol use the same type of
mid-morning prenatal clinical visit samples as we did
(Diego et al., 2009; Field et al., 2004, 2006, 2009; Luiza
et al., 2015; Rouse & Goodman, 2014). Furthermore,
pregnant women urinate throughout the night frequently
(Brown, 1978), undermining the superiority of waking
samples in this population.

Further research is needed to better understand the
mechanisms and temporality underlying the observed
associations between pica and endocrine and immune
biomarkers. Future studies should consider larger sam-
ple sizes, longitudinal designs, more comprehensive
assessment methods, and statistical analyses incorpo-
rating multiple comparison corrections to address these
limitations and provide a more robust and causal
understanding of the relationship between pica and
these physiological markers. Moreover, it is important
to consider maternal pre-pregnancy and pregnancy
health in future studies. While our study has provided
insights into the associations of pica behavior with cor-
tisol and cytokine levels during pregnancy, various
health-related factors, including conditions like GDM,
may play a role in shaping these relationships. We
refrained from including these health factors in our
models due to the exploratory nature of this pilot study,
which seeks to investigate correlations between pica
behavior and biomarkers. To gain a more comprehen-
sive understanding, we hope our findings will prompt
future, larger studies that delve into the biomedical
and psycho-behavioral processes that account for any
observed correlations.

In conclusion, among a small cohort of Latina preg-
nant women in Southern California, we found that those
who had eaten amylophagic and pagophagic items

during pregnancy had higher cortisol levels and lower
pro-inflammatory cytokine levels between 21 and
31 weeks' gestation. This suggests that pica during preg-
nancy could, potentially, be caused by or cause alter-
ations to maternal HPA and/or immune function. A
comprehensive study of the underlying physiological
mechanisms of pica is needed to both fully characterize
the role of pica in pregnancy and to develop strategies for
supporting maternal-fetal health.

AUTHOR CONTRIBUTIONS
Dayoon Kwon: Conceptualization, Data curation, For-
mal analysis, Visualization, Writing—original draft,
Writing—review & editing. Delaney A. Knorr: Data
curation, Investigation, Project administration, Writing—
review & editing. Kyle S. Wiley: Data curation, Investi-
gation, Writing—review & editing. Sera L. Young: Con-
ceptualization, Supervision, Writing—review & editing;
Molly M. Fox: Conceptualization, Funding acquisition,
Investigation, Project administration, Resources, Supervi-
sion, Writing—review & editing.

ACKNOWLEDGMENTS
The authors deeply thank the study participants and their
families as well as the students and volunteers of the
MCE study, Kristine Chua, Kotrina Kajokaite, Andrew
Mitchel, Valeria Vasquez, Sarah Barney, Andrea
(Nichole) Evans, Davis Mai, and Armen Akopyan. The
authors also thank the health clinics and staff that made
this research possible including Lirona Katzir and the
team at Olive View-UCLA Medical Center, Karen Roque
and the team at UCLA OB/GYN Clinic West Medical,
and Karen Lamp and the team at Venice Family Clinic
Simms/Mann Health and Wellness Center. The authors
thank colleagues and collaborators including Lyra
S. Johnson, Patricia Greenfield, Gail Greendale, Rachel
Brook, Janet P. Pregler, Laura M. Glynn, Curt
A. Sandman, and Chris Dunkel Schetter. This study was
funded by NIH National Institute of Diabetes and Diges-
tive and Kidney Diseases K01 DK105110 and R03
DK125524 to M.M.F., and F32 MD015201 to K.S.W., and
UCLA Institute of American Cultures Grant to M.M.F.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data are not publicly available because participants did
not consent to sharing individual-level data publicly.

ORCID
Dayoon Kwon https://orcid.org/0000-0001-7967-8508
Sera L. Young https://orcid.org/0000-0002-1763-1218
Molly M. Fox https://orcid.org/0000-0001-9219-8971

KWON ET AL. 9 of 11

https://orcid.org/0000-0001-7967-8508
https://orcid.org/0000-0001-7967-8508
https://orcid.org/0000-0002-1763-1218
https://orcid.org/0000-0002-1763-1218
https://orcid.org/0000-0001-9219-8971
https://orcid.org/0000-0001-9219-8971


REFERENCES
AbdulHussain, G., Azizieh, F., Makhseed, M., & Raghupathy, R.

(2020). Effects of progesterone, dydrogesterone and estrogen on
the production of Th1/Th2/Th17 cytokines by lymphocytes
from women with recurrent spontaneous miscarriage. Journal
of Reproductive Immunology, 140, 103132. https://doi.org/10.
1016/j.jri.2020.103132

Amiel-Tison, C., & Pettigrew, A. G. (1991). Adaptive changes in the
developing brain during intrauterine stress. Brain and Develop-
ment, 13(2), 67–76. https://doi.org/10.1016/s0387-7604(12)
80109-4

Anacker, C., Zunszain, P. A., Carvalho, L. A., & Pariante, C. M.
(2011). The glucocorticoid receptor: Pivot of depression and of
antidepressant treatment? Psychoneuroendocrinology, 36(3),
415–425. https://doi.org/10.1016/j.psyneuen.2010.03.007

Bakhireva, L. N., Rowland, A. S., Young, B. N., Cano, S.,
Phelan, S. T., Artyushkova, K., Rayburn, W. F., & Lewis, J.
(2012). Sources of potential lead exposure among pregnant
women in New Mexico. Maternal and Child Health Journal,
17(1), 172–179. https://doi.org/10.1007/s10995-012-0963-5

Bandoli, G., Jelliffe-Pawlowski, L. L., Feuer, S. K., Liang, L.,
Oltman, S. P., Paynter, R., Ross, K. M., Schetter, C. D.,
Ryckman, K. K., & Chambers, C. D. (2018). Second trimester
serum cortisol and preterm birth: an analysis by timing and
subtype. Journal of Perinatology, 38(8), 973–981. https://doi.
org/10.1038/s41372-018-0128-5

Brown, A. D. G. (1978). 8—The effects of pregnancy on the lower
urinary tract. Clinics in Obstetrics and Gynaecology, 5(1), 151–
168. https://doi.org/10.1016/S0306-3356(21)00677-4

Bruhn, C. M., & Pangborn, R. M. (1971). Reported incidence of pica
among migrant families. Journal of the American Dietetic Asso-
ciation, 58(5), 417–420.

Buss, C., Davis, E. P., Shahbaba, B., Pruessner, J. C., Head, K., &
Sandman, C. A. (2012). Maternal cortisol over the course of
pregnancy and subsequent child amygdala and hippocampus
volumes and affective problems. Proceedings of the National
Academy of Sciences of the United States of America, 109(20),
E1312–E1319. https://doi.org/10.1073/pnas.1201295109

Carter, R. T., Johnson, V. E., Kirkinis, K., Roberson, K.,
Muchow, C., & Galgay, C. (2019). A meta-analytic review of
racial discrimination: Relationships to health and culture. Race
and Social Problems, 11(1), 15–32. https://doi.org/10.1007/
s12552-018-9256-y

Challis, J. R. G., Sloboda, D., Matthews, S. G., Holloway, A.,
Alfaidy, N., Patel, F. A., Whittle, W., Fraser, M., Moss, T. J. M.,
& Newnham, J. (2001). The fetal placental hypothalamic–pitui-
tary–adrenal (HPA) axis, parturition and post natal health.
Molecular and Cellular Endocrinology, 185(1–2), 135–144.
https://doi.org/10.1016/s0303-7207(01)00624-4

Christian, L. M., Franco, A., Glaser, R., & Iams, J. D. (2009).
Depressive symptoms are associated with elevated serum proin-
flammatory cytokines among pregnant women. Brain Behavior
and Immunity, 23(6), 750–754. https://doi.org/10.1016/j.bbi.
2009.02.012

Davis, E. P., & Sandman, C. A. (2010). The timing of prenatal expo-
sure to maternal cortisol and psychosocial stress is associated
with human infant cognitive development. Child Development,
81(1), 131–148. https://doi.org/10.1111/j.1467-8624.2009.01385.x

Diego, M. A., Field, T., Hernandez-Reif, M., Schanberg, S.,
Kuhn, C., & Gonzalez-Quintero, V. H. (2009). Prenatal

depression restricts fetal growth. Early Human Development,
85(1), 65–70.

Edwards, C. H., Johnson, A. A., Knight, E. M., Oyemade, U. J.,
Cole, O. J., Westney, O. E., Jones, S., Laryea, H., &
Westney, L. S. (1994). Pica in an urban environment. Journal of
Nutrition, 124(6 Suppl), 954S–962S. https://doi.org/10.1093/jn/
124.suppl_6.954S

Fawcett, E. J., Fawcett, J. M., & Mazmanian, D. (2016). A meta-
analysis of the worldwide prevalence of pica during pregnancy
and the postpartum period. International Journal of Gynaecol-
ogy and Obstetrics, 133(3), 277–283. https://doi.org/10.1016/j.
ijgo.2015.10.012

Field, T., & Diego, M. (2008). Cortisol: The culprit prenatal stress
variable. The International Journal of Neuroscience, 118(8),
1181–1205. https://doi.org/10.1080/00207450701820944

Field, T., Diego, M., Dieter, J., Hernandez-Reif, M., Schanberg, S.,
Kuhn, C., Yando, R., & Bendell, D. (2004). Prenatal depression
effects on the fetus and the newborn. Infant Behavior and
Development, 27(2), 216–229.

Field, T., Diego, M., Hernandez-Reif, M., Deeds, O., Holder, V.,
Schanberg, S., & Kuhn, C. (2009). Depressed pregnant black
women have a greater incidence of prematurity and low birth-
weight outcomes. Infant Behavior and Development, 32(1),
10–16.

Field, T., Hernandez-Reif, M., Diego, M., Figueiredo, B.,
Schanberg, S., & Kuhn, C. (2006). Prenatal cortisol, prematurity
and low birthweight. Infant Behavior and Development, 29(2),
268–275.

Fox, M. (2021). Discrimination as a moderator of the effects of
acculturation and cultural values on mental health among
pregnant and postpartum Latina women. American Anthropol-
ogist, 123(4), 780–804. https://doi.org/10.1111/aman.13665

Fox, M. (2022). How demographics and concerns about the trump
administration relate to prenatal mental health among Latina
women. Social Science & Medicine, 307, 115171. https://doi.org/
10.1016/j.socscimed.2022.115171

Fox, M., & Wiley, K. S. (2022). How a pregnant woman's relation-
ships with her siblings relate to her mental health: A prenatal
allocare perspective. Evolution Medicine and Public Health,
10(1), 1–20. https://doi.org/10.1093/emph/eoab044

Gravlee, C. C. (2009). How race becomes biology: Embodiment of
social inequality. American Journal of Physical Anthropology,
139(1), 47–57. https://doi.org/10.1002/ajpa.20983

Haeri, S., Baker, A. M., & Ruano, R. (2013). Do pregnant women
with depression have a pro-inflammatory profile? Journal of
Obstetrics and Gynaecology Research, 39(5), 948–952. https://
doi.org/10.1111/jog.12017

Hager, E. R., Quigg, A. M., Black, M. M., Coleman, S. M.,
Heeren, T., Rose-Jacobs, R., Cook, J. T., de Cuba, S. A. E.,
Casey, P. H., Chilton, M., Cutts, D. B., Meyers, A. F., &
Frank, D. A. (2010). Development and validity of a 2-item
screen to identify families at risk for food insecurity. Pediatrics,
126(1), e26–e32. https://doi.org/10.1542/peds.2009-3146

Horner, R. D., Lackey, C. J., Kolasa, K., & Warren, K. (1991). Pica
practices of pregnant women. Journal of the American Dietetic
Association, 91(1), 34–38.

Lacey, E. P. (1990). Broadening the perspective of pica: Literature
review. Public Health Reports, 105(1), 29–35.

Lekva, T., Norwitz, E. R., Aukrust, P., & Ueland, T. (2016). Impact
of systemic inflammation on the progression of gestational

10 of 11 KWON ET AL.

https://doi.org/10.1016/j.jri.2020.103132
https://doi.org/10.1016/j.jri.2020.103132
https://doi.org/10.1016/s0387-7604(12)80109-4
https://doi.org/10.1016/s0387-7604(12)80109-4
https://doi.org/10.1016/j.psyneuen.2010.03.007
https://doi.org/10.1007/s10995-012-0963-5
https://doi.org/10.1038/s41372-018-0128-5
https://doi.org/10.1038/s41372-018-0128-5
https://doi.org/10.1016/S0306-3356(21)00677-4
https://doi.org/10.1073/pnas.1201295109
https://doi.org/10.1007/s12552-018-9256-y
https://doi.org/10.1007/s12552-018-9256-y
https://doi.org/10.1016/s0303-7207(01)00624-4
https://doi.org/10.1016/j.bbi.2009.02.012
https://doi.org/10.1016/j.bbi.2009.02.012
https://doi.org/10.1111/j.1467-8624.2009.01385.x
https://doi.org/10.1093/jn/124.suppl_6.954S
https://doi.org/10.1093/jn/124.suppl_6.954S
https://doi.org/10.1016/j.ijgo.2015.10.012
https://doi.org/10.1016/j.ijgo.2015.10.012
https://doi.org/10.1080/00207450701820944
https://doi.org/10.1111/aman.13665
https://doi.org/10.1016/j.socscimed.2022.115171
https://doi.org/10.1016/j.socscimed.2022.115171
https://doi.org/10.1093/emph/eoab044
https://doi.org/10.1002/ajpa.20983
https://doi.org/10.1111/jog.12017
https://doi.org/10.1111/jog.12017
https://doi.org/10.1542/peds.2009-3146


diabetes mellitus. Current Diabetes Reports, 16(4), 26. https://
doi.org/10.1007/s11892-016-0715-9

Lin, J. W., Temple, L., Trujillo, C., Mejia-Rodriquez, F.,
Rosas, L. G., Fernald, L., & Young, S. L. (2015). Pica during
pregnancy among Mexican-born women: A formative study.
Maternal and Child Nutrition, 11(4), 550–558. https://doi.org/
10.1111/mcn.12120

Luiza, J. W., Gallaher, M. J., & Powers, R. W. (2015). Urinary corti-
sol and depression in early pregnancy: Role of adiposity and
race. BMC Pregnancy and Childbirth, 15(1), 30–38.

Mastorakos, G., & Ilias, I. (2003). Maternal and fetal hypothalamic-
pituitary-adrenal axes during pregnancy and postpartum.
Annals of the new York Academy of Sciences, 997, 136–149.
https://doi.org/10.1196/annals.1290.016

Miao, D., Young, S. L., & Golden, C. D. (2015). A meta-analysis of
pica and micronutrient status. American Journal of Human
Biology, 27(1), 84–93. https://doi.org/10.1002/ajhb.22598

Miller, R. C., Brindle, E., Holman, D. J., Shofer, J., Klein, N. A.,
Soules, M. R., & O'Connor, K. A. (2004). Comparison of specific
gravity and creatinine for normalizing urinary reproductive
hormone concentrations. Clinical Chemistry, 50(5), 924–932.
https://doi.org/10.1373/clinchem.2004.032292

Mor, G., & Cardenas, I. (2010). The immune system in pregnancy:
A unique complexity. American Journal of Reproductive Immu-
nology, 63(6), 425–433. https://doi.org/10.1111/j.1600-0897.
2010.00836.x

Nazzari, S., Fearon, P., Rice, F., Ciceri, F., Molteni, M., &
Frigerio, A. (2020). Neuroendocrine and immune markers of
maternal stress during pregnancy and infant cognitive develop-
ment. Developmental Psychobiology, 62(8), 1100–1110. https://
doi.org/10.1002/dev.21967

Ofoefule, S. I., & Okonta, M. (1999). Adsorption studies of ciproflox-
acin: Evaluation of magnesium trisilicate, kaolin and starch as
alternatives for the management of ciprofloxacin poisoning.
Bollettino Chimico Farmaceutico, 138(6), 239–242.

Osborne, L. M., Yenokyan, G., Fei, K. Z., Kraus, T., Moran, T.,
Monk, C., & Sperling, R. (2019). Innate immune activation and
depressive and anxious symptoms across the peripartum: An
exploratory study. Psychoneuroendocrinology, 99, 80–86. https://
doi.org/10.1016/j.psyneuen.2018.08.038

Paradies, Y., Ben, J., Denson, N., Elias, A., Priest, N., Pieterse, A.,
Gupta, A., Kelaher, M., & Gee, G. (2015). Racism as a determi-
nant of health: A systematic review and meta-analysis. PLoS
One, 10(9), e0138511.

Reid, R. M. (1992). Cultural and medical perspectives on geophagia.
Medical Anthropology, 13(4), 337–351. https://doi.org/10.1080/
01459740.1992.9966056

Rouse, M. H., & Goodman, S. H. (2014). Perinatal depression influ-
ences on infant negative affectivity: Timing, severity, and co-
morbid anxiety. Infant Behavior & Development, 37(4), 739–751.
https://doi.org/10.1016/j.infbeh.2014.09.001

Roy, A., Fuentes-Afflick, E., Fernald, L. C. H., & Young, S. L.
(2018). Pica is prevalent and strongly associated with iron defi-
ciency among Hispanic pregnant women living in the
United States. Appetite, 120, 163–170. https://doi.org/10.1016/j.
appet.2017.08.033

Sarkar, P. L., Zeng, L., Chen, Y., Salvante, K. G., &
Nepomnaschy, P. A. (2013). A longitudinal evaluation of the

relationship between first morning urinary and salivary corti-
sol. American Journal of Human Biology, 25(3), 351–358.

Schminkey, D. L., & Groer, M. (2014). Imitating a stress response:
A new hypothesis about the innate immune system's role in
pregnancy. Medical Hypotheses, 82(6), 721–729. https://doi.org/
10.1016/j.mehy.2014.03.013

Schweizer-Schubert, S., Gordon, J. L., Eisenlohr-Moul, T. A.,
Meltzer-Brody, S., Schmalenberger, K. M., Slopien, R.,
Zietlow, A.-L., Ehlert, U., & Ditzen, B. (2021). Steroid hormone
sensitivity in reproductive mood disorders: On the role of the
GABAA receptor complex and stress during hormonal transi-
tions. Frontiers in Medicine, 7. https://doi.org/10.3389/fmed.
2020.479646

Shelton, M. M., Schminkey, D. L., & Groer, M. W. (2015). Relation-
ships among prenatal depression, plasma cortisol, and inflam-
matory cytokines. Biological Research for Nursing, 17(3), 295–
302. https://doi.org/10.1177/1099800414543821

Simpson, E., Mull, J. D., Longley, E., & East, J. (2000). Pica during
pregnancy in low-income women born in Mexico. Western
Journal of Medicine, 173(1), 20–24. https://doi.org/10.1136/
ewjm.173.1.20

Stein, D. J., Bouwer, C., & van Heerden, B. (1996). Pica and the
obsessive-compulsive spectrum disorders. South African Medi-
cal Journal, 86(12 Suppl), 1586–1588. 1591–1592.

Szpunar, M. J., Malaktaris, A., Baca, S. A., Hauger, R. L., &
Lang, A. J. (2021). Are alterations in estradiol, cortisol, and
inflammatory cytokines associated with depression during
pregnancy and postpartum? An exploratory study. Brain,
Behavior, and Immunity – Health, 16, 100309. https://doi.org/
10.1016/j.bbih.2021.100309

Wang, W., Sung, N., Gilman-Sachs, A., & Kwak-Kim, J. (2020). T
helper (Th) cell profiles in pregnancy and recurrent pregnancy
losses: Th1/Th2/Th9/Th17/Th22/Tfh cells. Frontiers in Immu-
nology, 11, 2025. https://doi.org/10.3389/fimmu.2020.02025

Williams, D. R. (2018). Stress and the mental health of populations
of color: Advancing our understanding of race-related stressors.
Journal of Health and Social Behavior, 59(4), 466–485. https://
doi.org/10.1177/0022146518814251

Young, S. L. (2010). Pica in pregnancy: New ideas about an old con-
dition. Annual Review of Nutrition, 30(30), 403–422. https://doi.
org/10.1146/annurev.nutr.012809.104713

Young, S. L. (2011). Craving earth: Understanding pica: The urge to
eat clay, starch, ice, and chalk. Columbia University Press.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Kwon, D., Knorr, D. A.,
Wiley, K. S., Young, S. L., & Fox, M. M. (2023).
Association of pica with cortisol and inflammation
among Latina pregnant women. American Journal
of Human Biology, e24025. https://doi.org/10.1002/
ajhb.24025

KWON ET AL. 11 of 11

https://doi.org/10.1007/s11892-016-0715-9
https://doi.org/10.1007/s11892-016-0715-9
https://doi.org/10.1111/mcn.12120
https://doi.org/10.1111/mcn.12120
https://doi.org/10.1196/annals.1290.016
https://doi.org/10.1002/ajhb.22598
https://doi.org/10.1373/clinchem.2004.032292
https://doi.org/10.1111/j.1600-0897.2010.00836.x
https://doi.org/10.1111/j.1600-0897.2010.00836.x
https://doi.org/10.1002/dev.21967
https://doi.org/10.1002/dev.21967
https://doi.org/10.1016/j.psyneuen.2018.08.038
https://doi.org/10.1016/j.psyneuen.2018.08.038
https://doi.org/10.1080/01459740.1992.9966056
https://doi.org/10.1080/01459740.1992.9966056
https://doi.org/10.1016/j.infbeh.2014.09.001
https://doi.org/10.1016/j.appet.2017.08.033
https://doi.org/10.1016/j.appet.2017.08.033
https://doi.org/10.1016/j.mehy.2014.03.013
https://doi.org/10.1016/j.mehy.2014.03.013
https://doi.org/10.3389/fmed.2020.479646
https://doi.org/10.3389/fmed.2020.479646
https://doi.org/10.1177/1099800414543821
https://doi.org/10.1136/ewjm.173.1.20
https://doi.org/10.1136/ewjm.173.1.20
https://doi.org/10.1016/j.bbih.2021.100309
https://doi.org/10.1016/j.bbih.2021.100309
https://doi.org/10.3389/fimmu.2020.02025
https://doi.org/10.1177/0022146518814251
https://doi.org/10.1177/0022146518814251
https://doi.org/10.1146/annurev.nutr.012809.104713
https://doi.org/10.1146/annurev.nutr.012809.104713
https://doi.org/10.1002/ajhb.24025
https://doi.org/10.1002/ajhb.24025

	Association of pica with cortisol and inflammation among Latina pregnant women
	1  INTRODUCTION
	2  METHODS
	2.1  Study population
	2.2  Pica behavior assessment
	2.3  Cortisol and cytokine measures
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


