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Objectives—Pica is the craving for and consumption of non-food items, including the ingestion
of earth (geophagy), raw starch (amylophagy), and ice (pagophagy). Pica has long been associated
with micronutrient deficiencies, but the strength of this relationship is unclear. We aimed to
evaluate the association between pica behavior and the risk of being anemic or having low
hemoglobin (Hb), hematocrit (Hct), or plasma zinc (Zn) concentrations.
Methods—We systematically reviewed studies in which micronutrient levels were reported by
pica status. We calculated the pooled odds ratio for anemia or weighted mean difference in Hb,
Hct, or Zn concentrations between groups practicing or not practicing pica behaviors.
Results—Forty-three studies including 6407 individuals with pica behaviors and 10,277 controls
were identified. Pica was associated with 2.4 times greater odds of anemia (95% CI: 1.94–2.85,
p<0.001), lower Hb concentration (−0.65 g/dL, 95% CI: −0.83–−0.48 g/dL, p<0.001), lower Hct
concentration (−1.15%, 95% CI: −1.61–−0.70%, p<0.001), and lower Zn concentration (−34.3
μg/dL, 95% CI: −59.58–−9.02 μg/dL, p=0.008). Statistical significance persisted after excluding
outliers and in subgroup analyses by pica type and life stage.
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Conclusions—Pica is significantly associated with increased risk for anemia and low Hb, Hct,
and plasma Zn. Although the direction of the causal relationship between pica and micronutrient
deficiency is unknown, the magnitude of these relationships is comparable to other wellrecognized causes of micronutrient deficiencies. Pica warrants greater public health attention;
specifically a potential physiological mechanism causing the relationship between pica and
micronutrient deficiencies merits further study.
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Introduction
Pica is the craving and purposeful consumption of non-food substances (Young et al., 2010).
It includes geophagy (consumption of earth), amylophagy (consumption of raw starch),
pagophagy (consumption of ice), and other forms of non-food consumption. Pica was first
described in 400 BCE by Hippocrates (Hippocrates, 1839), and has since been observed in
human populations worldwide (Anell and Lagercrantz, 1958; Laufer, 1930) and in hundreds
of non-human animal species (Krishnamani and Mahaney, 2000; Young et al., 2011). In the
United States, reported prevalence of pica behaviors has ranged from 4.0% among men and
women at an outpatient weight loss clinic (Delaney et al., 2014) to 68% among pregnant
women (Horner et al., 1991) to 18.5% among children (Barltrop 1966).
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Pica behavior is sometimes, but not always, found in conjunction with micronutrient
deficiencies, and the direction of this relationship is not well understood (Young et al., 2010;
Young et al., 2011). There are two mechanisms by which pica may cause these deficiencies.
Pica materials may bind to the mucosal layer of the gut, thereby preventing absorption of
micronutrients (Hunter, 1973). These materials may also absorb micronutrients in ingested
food, preventing them from being metabolized (Cavdar et al., 1983). Conversely, it has been
suggested that micronutrient deficiencies cause humans to seek out minerals from non-food
substances (Cavdar et al., 1983; Hunter, 1973; Prasad et al. 1961). Others have suggested
that pica may be a nonadaptive response to micronutrient deficiencies, perhaps operating
through neurological disturbances (Chishom and Martin, 1981; Prasad et al., 1961; von
Bonsdorff, 1977; Youdim and Iancu, 1977).
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Further, the strength of the association between pica and micronutrient deficiencies has been
inconsistent. In a recent review of 28 cross-sectional studies of the association between pica
and iron deficiency and/or anemia, pica was associated with iron deficiency or increased risk
for anemia in only 19 (Young et al., 2010). Data from the few available intervention studies
are also inconclusive. Some case series have noted that iron and zinc supplementation were
associated with cessation of pica behaviors (Bhalla et al., 1983; Chen et al., 1985; Coltman,
1969; Lofts et al., 1990), but these studies lacked controls and rigorous blinding. The two
controlled double-blind studies of the effect of iron supplementation on geophagy found no
effect (Gutelius et al., 1962; Nchito et al., 2004). The only experimental support for a causal
relationship between pica and anemia is in rats. Anemic rats consumed more ice
(pagophagy) than water compared to non-anemic controls, and recovery from anemia
eliminated pagophagy (Woods and Weisinger, 1970).
This conflicting evidence suggested the need to clarify the nature of the relationships
between pica and micronutrient deficiencies. Specifically, in this first meta-analysis of pica
and micronutrient deficiencies, our objectives were to estimate the strengths of the
associations with biomarkers most commonly associated with pica (anemia, hemoglobin,
hematocrit, and plasma zinc) and to determine if the associations were dependent upon an
Am J Hum Biol. Author manuscript; available in PMC 2016 January 01.
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individual’s life stage (age, pregnancy status) or the type of material (earth, ice, and/or
starch) consumed.
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Methods
Study Identification
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We conducted a systematic search for pica studies among humans using the keywords
“pica,” “amylophagy,” “clay eating,” “chalk eating,” “cachexia Africana,” “citta,” “mal
d’estomac,” “malacia,” “erde essen,” “aarde eten,” “dirt-eating,” “starch eating,”
“amylophagia,” “ice-eating,” “pagophagy,” “pagophagia,” “geophagy,” and “geophagia” in
Agricola, Dissertation Abstracts, Google Scholar, Human Relation Area Files, ISI Web of
Science, JSTOR, Library of Congress, LexisNexis, OCLC, Proquest Historical Newspapers,
and Pubmed. Titles and abstracts were examined to exclude irrelevant articles. A minority of
articles were obtained by expert referral, specifically those not in catalogued databases. We
then checked the reference lists of retrieved articles to identify other relevant articles. Full
texts of relevant articles were obtained to extract information on pica behavior,
micronutrient status, and population studied. Publication format was not an exclusionary
criterion, but all references were either articles published in peer-reviewed journals or
baccalaureate, masters, or doctoral theses. Non-English articles were translated as needed
and included in the analysis. The literature search was conducted independently in
December 2012 and July 2013 to ensure that all relevant articles were included in the metaanalysis.
Inclusion/Exclusion
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A study was considered eligible for inclusion if an effect size of pica could be calculated
from the data presented, i.e. if data were reported on the prevalence of anemia or Hb, Hct, or
Zn concentrations between individuals with pica and otherwise comparable individuals who
did not engage in pica. Studies were included in anemia analyses if counts for anemic
individuals with pica and without pica and for non-anemic individuals with pica and without
pica were reported or could be calculated. Studies were included in the Hb, Hct, and Zn
analyses if mean and SDs for the biomarker was reported by pica status. The corresponding
authors of papers with missing counts for anemia and pica status or missing means and SDs
for Hb, Hct, and Zn concentrations were contacted once by email for additional data
necessary for meta-analysis, but a response was received for only one study (Young et al.,
2010).
Definitions
Pica classifications were made based on authors’ definitions of pica within each article
(Supplemental Table 1). Because definitions for pica can vary among studies, sub-analyses
were conducted for geophagy, pagophagy, and amylophagy. The current DSM-5 definition
of pica includes consumption of nonfood, nonnutritive substances only, which includes
geophagy but not pagophagy or amylophagy (Hartmann et al., 2012), while historically,
consumption of large amounts of ice or raw starch has been considered as a pica behavior
(Danford, 1982; Young, 2010).
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Anemia was defined according to the authors’ designation in each study; these definitions
varied slightly across studies (Supplemental Table 1). These definitions were generally but
not always in agreement with WHO definitions for anemia, which are Hb <11.0 g/dL or Hct
<33% in children 6–59 months, Hb <11.5 g/dL or Hct <34% in children 5–11 years, Hb
<120 g/dL or Hct <36% in children 12–14 years, Hb <12.0 g/dL or Hct <36% in nonpregnant women, Hb <11.0 g/dL or Hct <33.0% in pregnant women, and Hb <13.0 g/dL or
Hct <39% in men (WHO, 2001). Anemia was analyzed separately from Hb and Hct because
many studies only provided data on presence or absence of anemia.
For sub-analyses by life stage, “children” was also defined according to the authors’
designations (Supplemental Table 1). “Children” ranged in age from 6 months to 15 years,
and one study included individuals up to age 18 (Geissler et al., 1998). Three of the twelve
studies among children included ages in which ingestion of non-food items could be
considered mouthing behaviors (<2 years), but these studies were not excluded because
young children comprised small minorities of the samples. Pregnancy was established by
most authors by the fact of a woman attending an antenatal clinic.
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For analyses by pica type, a study was included if pagophagy, amylophagy, or geophagy
were reported as the most common type of pica in each study. The prevalence of pagophagy
ranged from 44.4% to 100% in the eligible pagophagy studies, 63.7% to 100% for
amylophagy, and 59.1% to 100% for geophagy. Repeated analyses defining pica types as
study populations limited to those exclusively reporting geophagy, amylophagy, or
pagophagy yielded no qualitative changes to the results in this study.
Data Extraction
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We gathered data on the geographical location and year of study, population characteristics,
type of pica, prevalence of pica, sample size, effect size, and significance level for each
study using a standardized form (Supplemental Table 2). If significance level was not
reported, we calculated a p-value using a chi-squared test for anemia with counts of patients
with and without anemia or a two-sample t-test with unpooled variance for Hb, Hct, and Zn
using mean, SD, and sample size for pica and non-pica groups (Supplemental Table 2). All
included studies were either observational studies gathering information on pica status along
with anemia status and Hb, Zn, or Hct concentrations, or intervention trials comparing the
effects of supplementation on micronutrient status in populations with pica. For studies
involving clinical treatment of pica behavior, only data on patients’ micronutrient statuses
prior to treatment were included. Two readers worked independently to extract data from
each study under supervision by S. L. Y. for accuracy.
Statistical Analysis
Our primary outcome of interest was differences in micronutrient status between populations
of individuals who practiced pica behavior and those who did not. Data were available on
anemia (binary categorical variable), Hb (g/dL) (untransformed continuous variable), Zn
(μg/dL) (untransformed continuous variable), and Hct (%) (untransformed continuous
variable). All meta-analyses of the association between pica behavior and micronutrient
deficiency were performed with micronutrient data in the same units (counts of individuals
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for anemia, g/dL of Hb, μg/dL of Zn, or % Hct), so effect sizes did not require additional
adjustment. Sub-analyses were also conducted by life stage (children, adults, pregnant
women) and pica type (amylophagy, pagophagy, and geophagy) when at least 5 studies were
eligible.
We used the “metan” function in Stata/MP 12.1 (StataCorp) to calculate all pooled effect
sizes, study weights, and forest plots, and “metafunnel” to generate all funnel plots to assess
publication bias from inputs of frequencies of anemic individuals by pica behavior or mean
and standard deviation of Hb, Hct, or Zn concentrations by pica behavior. For analyses of
anemia, the primary outcome was a pooled OR of an individual being anemic, whereas the
primary outcome for the continuous variables (Hb, Hct, and Zn) was the weighted mean
difference (WMD), which is the difference in average concentration between pica and nonpica groups. Studies were weighted according to the inverse of their variances (Higgins et
al., 2011).
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The I2 statistic was calculated to determine between-study heterogeneity, where I2 >50%
was evidence for between-study heterogeneity (Harris et al., 2008). When I2 was >50%, a
random effects model was used to generate the DerSimonian and Laird (D-L) pooled OR or
WMD (DerSimonian and Laird, 1986; Harris et al., 2008). Where I2 was <50%, a fixed
effects model was used to generate the inverse variance (I-V) pooled OR or WMD to
increase power to detect significant differences between groups (Harris et al., 2008).
We investigated the possibility of publication bias using funnel plots (Sterne and Harbord,
2004). For anemia, log OR was plotted on the x-axis and standard error of the log OR was
plotted on the y-axis. For the other biomarkers, WMD was plotted on the x-axis and inverse
variance on the y-axis. This choice of axes allowed straight lines to be drawn to define a
region within which 95% of studies would be expected to fall in the absence of
heterogeneity and publication bias (Palmer et al., 2008; Sterne and Egger, 2001).
Additionally, we tested for small-study effects using Harbord’s test for binary outcomes
(anemia), and Egger’s test for small-study effects for meta-analysis with continuous
outcomes (Hct, Hb, and Zn) (Palmer et al., 2008). Egger’s regression line was plotted on all
funnel plots as a visual test for funnel plot asymmetry (Harbord et al., 2009).
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Assessment for robustness was carried out by excluding outliers that tended to overestimate
effect size. Outliers were defined as studies with values lying outside of the 95% confidence
limits on a funnel plot. All statistical tests were two-sided and significance was set at α
<0.05.
Throughout, we present our findings with pica as the independent variable and micronutrient
deficiencies as the dependent variables, although a causal relationship has not been
established (Young, 2010). However, because recalled information necessarily refers to past
behavior and a blood draw occurs after the behavior was reported, this presentation was the
most logical.
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Study Characteristics
Fifty-four full-text articles and dissertations were assessed for eligibility after initial
screening of abstracts for inclusion/exclusion criteria (Figure 1), and 43 were ultimately
included in this meta-analysis (Table 1 for included studies and Supplemental Table 3 for
excluded studies). The 43 studies in this analysis included data from a total of 6407
individuals with pica behavior and 10,277 controls who did not exhibit the behavior (mean
study size: 347.6 individuals; median 143). Nineteen studies were conducted in North
America, 9 in Africa, 5 in South America, 1 in Europe, and 9 in Asia.
Pica and anemia
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Pooled analysis of the relationship between pica and anemia indicated that individuals
reporting pica were 2.34 times more likely to be anemic (D-L pooled OR=2.34, 95% CI
1.94–2.85, p<0.001) (Figure 2A). There was no evidence of publication bias using
Harbord’s test for small-study effects (p=0.811) or upon visual examination of the funnel
plot (Supplemental Figure 1A). After excluding outlying studies favoring high OR, a
statistically significant association between anemia and pica persisted OR 1.94 (I-V 95% CI
1.69–2.18, p<0.001) (data not shown).
The relationship between anemia and specific types of pica indicated some heterogeneity in
the magnitude of the relationship, but all sub-analyses indicated a strong relationship
between pica behavior and anemia. Practicing geophagy was associated with 2.1 times
greater odds of anemia (Figure 2B, D-L pooled 95% CI: 1.55 –2.74, p<0.001), pagophagy
with 1.5 times greater odds (Figure 2C, I-V pooled 95% CI: 1.01–2.11, p=0.042), and
amylophagy with 3.1 times greater odds (Figure 2D, D-L pooled 95% CI: 1.75–5.54,
p<0.001).
The OR of being anemic was approximately twice as high among children (Figure 2E, D-L
pooled OR=4.23, 95% CI 1.52–11.78, p=0.006) than among pregnant women (Figure 2F, IV pooled OR=1.92, 95% CI: 1.68–2.19, p<0.001).
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The relationship between pica and anemia persisted when restricting studies to those
defining anemia as Hb or Hct at or below the WHO thresholds, though the strength of the
OR was lower than when including all studies (I-V pooled OR=2.07, 95% CI 1.80–2.37,
p<0.001) (data not shown).
Pica and hemoglobin concentration
Pica behavior was significantly associated with lower levels of Hb across all populations (DL pooled WMD=−0.65 g/dL, 95% CI: −0.83 - 0.48 g/dL, p<0.001) (Figure 3A). There was
no evidence of bias using Egger’s test or in the funnel plot (p=0.960) (Supplemental Figure
1B). After excluding outlying studies, the pooled WMD for the relationship between pica
and Hb decreased slightly to −0.57 (I-V pooled 95% CI: −0.66–−0.49 g/dL, p<0.001). The
relationship between Hb and pica was stronger in those practicing geophagy (D-L pooled
WMD=−0.95 g/dL, 95% CI: −1.34–−0.55 g/dL, p<0.001), in children (D-L pooled WMD=
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−1.17 g/dL, 95% CI: −1.86–−0.48 g/dL, p=0.001), and in pregnant women (I-V pooled
WMD=−0.68 g/dL, 95% CI: −0.76–−0.61 g/dL, p<0.001) (Figures 3B-D).
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Pica and hematocrit concentration
Individuals practicing pica had significantly lower hematocrit levels (I-V pooled WMD=
−1.15%, 95% CI: −1.61–−0.70%, p<0.001 (Figure 4A). Egger’s test did not yield evidence
of publication bias (p=0.921), and the funnel plot appeared generally symmetrical
(Supplemental Figure 1C). Although exclusion of outliers decreased the magnitude of the
effect size, it remained significant (I-V pooled WMD=−1.05%, 95% CI: −1.57–−0.53%,
p<0.001). The difference in WMD between pica and non-pica groups was slightly weaker
among pregnant women than in all studies (I-V pooled WMD = −0.99%, 95% CI: −1.55–
−0.43%, p=0.001) (Figure 4B).
Pica and plasma zinc concentration
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Plasma Zn was significantly lower in the pica than in the non-pica group (D-L pooled
WMD=−34.3 μg/dL, 95% CI: −59.6–−9.02 μg/dL, p=0.008) (Figure 5). There was no
evidence of bias using Egger’s test (p=0.478), though the funnel plot shows a number of
outliers to the left of the 95% CI (Supplemental Figure 1D). Exclusion of outliers favoring
lower plasma Zn concentrations caused the pooled WMD to increase to −19.63 μg/dL, and
the association between pica behavior and lower plasma zinc levels was no longer
statistically significant (D-L pooled 95% CI: −48.2–8.93 μg/dL, p=0.178) (data not shown).

Discussion
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Pica has been an enigma for more than 2000 years due to its unclear associations with
human health (Young, 2012). This meta-analysis represents an advance in our understanding
of correlates of pica by providing evidence of statistically significant and biologically
important associations with micronutrient deficiencies. Pica behavior was associated with
2.4 times increased odds of anemia, a lower Hb concentration (-0.65 g/dL), lower Hct
(−1.2%), and lower plasma Zn (−34 μg/dL) compared to similar control individuals without
pica. These associations persisted in subgroups of individuals practicing geophagy,
pagophagy, amylophagy, as well as in children and pregnant women. Further, these results
were also robust to exclusion of outliers favoring large effect size, except in the case of
plasma Zn, though this may have been due to the exclusion of 2 of 5 studies from the
original meta-analysis.
The magnitude of the effect size of pica on anemia (Figure 2A) is comparable to or larger
than other known risk factors for incident anemia, including dietary deficiencies of dietary
iron (Fe), vitamin B-12, and folate among American women (ORs 1.13, 1.16, and 1.12,
respectively) (Thomson et al., 2011), biofuel smoke exposure among children in developing
countries (OR 1.57, 95% CI 1.49–1.67) (Kyu et al., 2010), and geohelminth infection among
pregnant women (OR 2.13, 95% CI 1.10–4.13) (Larocque et al., 2005). Similarly, the effect
sizes of pica on Hb, Hct, and Zn are of biological importance. Considering that in adult
women, the normal range of Hb is 12.1–15.1 g/dL and of Hct is 36.1 − 44.3% (Bunn, 2011)
pica-associated decreases in Hb of 0.65 g/dL and Hct of 1.15% are large. For reference,
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meta-analyses found that daily Fe supplementation increased Hb by 0.99 g/dL in pregnant
women (86) and 0.78 g/dL in children aged 0–12 (Iannotti et al., 2006). Thus, the effect of
pica on Hb observed in this study is slightly greater than that observed in iron
supplementation studies. Lastly, the normal range for plasma Zn is 76–125 μg/dL for both
sexes, so the effect size of 34.3 μg/dL observed here is very large.
Although this work cannot determine if pica is causally related to micronutrient deficiencies,
it does suggest that pica is a clear marker of risk for these conditions, all of which have
serious health consequences. For example, reviews of anemia outcomes have found strong
associations with increased risk of pre-term birth and low birth weight in pregnancy (Allen,
2000) and long-lasting neural and behavioral defects in infants (Lozoff et al., 2008). Zinc
deficiencies have been found to lead to multiple morbidities as well, including diminished
immune function and insufficient reproductive hormone synthesis (Salguiero et al., 2000).
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These strong associations between pica and micronutrient deficiencies suggest that pica
status could be used as a preliminary clinical indicator for micronutrient deficiency. The
prevalence of pica is difficult to estimate due to varying definitions of pica and the
reluctance of individuals to report cravings for and ingestion of unusual materials, but
estimated prevalences among the studies included in this meta-analysis, which were
conducted in populations at risk for pica behaviors, range from 11% to 76.5% (SI Table 2).
Estimated prevalences among populations most at risk for pica behavior in the United States
have been as high as 68% in pregnant women (Horner et al., 1991) and 18.5% in children
(Barltrop, 1966). Screening for pica behavior could be a proxy for identifying risk of anemia
or Zn deficiency, of particular use in low-resource settings.
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Strengths of this analysis include the use of data from a large number of studies with study
populations of diverse age, geographic location, type of pica, and time period, providing
power to detect significant effects of pica behavior. There was also no evidence for
publication bias in any meta-analyses (Supplemental Figure 1). The funnel plot for Zn
appeared unbalanced, but this was not unusual due to the small number of studies in this
analysis (n=5), where Egger’s test may be underpowered (Geissler et al., 1998). We were
unable to find any sources of unpublished data, and despite the lack of evidence for
publication bias, unpublished data that would otherwise be eligible for inclusion in the metaanalysis could change the associations found in this study.
This meta-analysis has some weaknesses. Definitions of anemia, pica, and children varied
among studies, though these variable definitions should not have biased the results of our
meta-analysis in a particular direction. While this diversity contributed to the
generalizability of results, these differences may also make comparisons among studies
difficult. While the main analyses in this study used a broad definition of pica that
encompassed consumption of nonfood items and consumption of unusual quantities of ice or
raw starch, the association between pica behavior and increased risk of anemia and
decreased Hb concentration persisted when applying the stricter DSM-5 definition of pica
and examining only individuals practicing geophagy. Subgroup analyses, which indicated
that all associations were upheld within pica types and life stages, attempted to decrease
between-study heterogeneity and control for confounding factors, but we could not measure
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all potential confounders. For example, past studies have proposed that pica behavior is
related to psychosocial stress, e.g. a smaller social support network (Edwards et al., 1994).
We were unable to control for this factor because social relationships of the subjects were
not documented in any of the included studies. Additionally, other previous studies have
found that pica is more common among those with low socioeconomic status (Rose et al.,
2000). Thus, it is possible that socioeconomic status is associated with both low
micronutrient status and pica behavior, creating the semblance of a direct association
between micronutrient status and pica. Lastly, it is possible that illness causes individuals to
practice pica, and inflammation is sometimes associated with micronutrient deficiencies.
These variables may be interesting to investigate in future studies on the relationship
between pica and micronutrient deficiency.
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A clear next step for understanding the nature of the public health consequences of pica is
determining if the relationship between pica and micronutrient deficiencies is causal, and if
so, the nature of causality, and the mechanisms by which the relationships manifest. The
effect sizes observed here provide strong evidence that pica is of major public health
concern. A more thorough investigation of both the prevalence, especially among children
and pregnant women, as well as the physiological relationships with micronutrient
deficiencies is warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
We are grateful to Gretchen Seim for assistance with literature review, Konstantinos Economopoulous for advice
on methodology, and Maike Rahn for input on study implications. We would also like the thank Charles Nunn and
Richard Wrangham for general advice.
Funding Sources: Dr. Young was supported by K01 MH098902 from the National Institute of Mental Health.

Literature Cited

NIH-PA Author Manuscript

1. Abdelgadir MA, Khalid AR, Ashmaig AL, Ibrahim ARM, Ahmed AAM, Adam I. Epidemiology of
anaemia among pregnant women in Geizera, central Sudan. J Obstet Gynaecol. 2012; 32:42–4.
[PubMed: 22185535]
2. Adam I, El-Ghazali G, Mohamedin M, Elbashir MI. Anemia in pregnant Sudanese women.
Community based study. Saudi Med J. 2004; 25:1119–20. [PubMed: 15322613]
3. Adam I, Khamis AH, Elbashir MI. Prevalence and risk factors for anaemia in pregnant women of
eastern Sudan. Trans R Soc Trop Med Hyg. 2005; 99:739–43. [PubMed: 16024057]
4. Allen LH. Anemia and iron-deficiency: Effects on pregnancy outcome. Am J Clin Nutr. 2000;
71:1280S–4S. [PubMed: 10799402]
5. Anell, B.; Lagercrantz, S. Geophagial Customs. Almqvist & Wiksells; 1958.
6. Antelman G, Msamanga GI, Spiegelman D, Urassa EJ, Narh R, Hunter DJ, Fawzi WW. Nutritional
factors and infectious disease contribute to anemia among pregnant women with human
immunodeficiency virus in Tanzania. J Nutr. 2000; 130:1950–7. [PubMed: 10917907]
7. Baig-Ansari N, Badruddin SH, Karmaliani R, Harris H, Jehan I, Pasha O, Moss N, McClure EM,
Goldenberg RL. Anemia prevalence and risk factors in pregnant women in an urban area of
Pakistan. Food Nutr Bull. 2008; 29:132–9. [PubMed: 18693477]
8. Barltrop D. The prevalence of pica. Am J Dis Child. 1966; 112:116–123. [PubMed: 5221971]
Am J Hum Biol. Author manuscript; available in PMC 2016 January 01.

Miao et al.

Page 10

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

9. Barton JC, Barton JC, Bertoli LF. Pica associated with iron deficiency or depletion: Clinical and
laboratory correlates in 262 non-pregnant adult outpatients. BMC Blood Disord. 2010; 10:9.
[PubMed: 21176208]
10. Beyan C, Kaptan K, Ifran A, Beyan E. Pica: A frequent symptom in iron deficiency anemia. Arch
Med Sci. 2009; 5:471–4.
11. Bhalla JN, Khanna PK, Srivastava JR, Sur BK, Bhalla M. Serum zinc level in pica. Indian Pediatr.
1983; 20:667–70. [PubMed: 6676321]
12. Bronstein ES, Dollar J. Pica in pregnancy. J Med Assoc Ga. 1974; 63:332–5. [PubMed: 4415076]
13. Bryant BJ, Yau YY, Arceo SM, Hopkins JA, Leitman SF. Ascertainment of iron deficiency and
depletion in blood donors through screening questions for pica and restless legs syndrome.
Transfusion. 2013; 53:1637–44. [PubMed: 23305102]
14. Bunn, HF. Approach to the Anemias. In: Goldman, L.; Schafer, AI., editors. Cecil Medicine. 24.
Philadelphia, PA: Saunders Elsevier; 2011.
15. Butler, P. MS Thesis. East Carolina University; Greenville, NC: 1982. Pica practices as an
influence on iron deficiency anemia.
16. Citak EC, Citak FE, Kurekci AE. Serum carnitine levels in children with iron-deficiency anemia
with or without pica. Pediatr Hematol Oncol. 2006; 23:381–5. [PubMed: 16728358]
17. Cavdar AO, Arcasoy A, Cin S, Gümüs H. Zinc deficiency in geophagia in Turkish children and
response to treatment with zinc sulphate. Haematologica. 1980; 65:403–8. [PubMed: 6778796]
18. Cavdar AO, Arcasoy A, Cin S, Babacan E, Gözdasoğlu S. Geophagia in Turkey: iron and zinc
deficiency, iron and zinc absorption studies and response to treatment with zinc in geophagia
cases. Prog Clin Biol Res. 1983; 129:71–97. [PubMed: 6657708]
19. Chen X, Yin T, He J, Ma Q, Han Z, Li L. Low levels of zinc in hair and blood, pica, anorexia, and
poor growth in Chinese preschool children. Am J Clin Nutr. 1985; 42:694–700. [PubMed:
3863480]
20. Chisholm JC, Martin HI. Hypozincemia, ageusia, dysosmia, and toilet tissue pica. J Natl Med
Assoc. 1981; 73:163–4. [PubMed: 7205979]
21. Coles T, Schall J, Hediger M, Scholl T. Pica during pregnancy -associations with dietary intake,
serum micronutrients and pregnancy outcome. FASEB J. 1995; 9:A443.
22. Coltman CA. Pagophagia and iron lack. Nutr Rev. 1969; 207:513–6.
23. Corbett RW, Ryan C, Weinrich SP. Pica in pregnancy: Does it affect pregnancy outcomes? MCN
Am J Matern Child Nurs. 2003; 28:183–9. [PubMed: 12771697]
24. Danford DE, Smith JC, Huber AM. Pica and mineral status in the mentally retarded. Am J Clin
Nutr. 1982; 35:958–67. [PubMed: 7081093]
25. Delaney CB, Eddy KT, Hartmann AS, Becker AE, Murray HB, Thomas JJ. Pica and rumination
behavior among individuals seeking treatment for eating disorders or obesity. Int J Eat Disord.
2014 Epub ahead of print.
26. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986; 7:177–88.
[PubMed: 3802833]
27. Dunston, B. PhD Thesis. New York University; New York City: 1961. Pica, hemoglobin, and
prematurity and perinatal mortality: an experimental investigation of the relationships between
pica, hemoglobin levels, and prematurity and perinatal mortality among a clinic.
28. Ece A, Uyamik BS, Iscan A, Ertan P, Yiğitolu MR. Increased serum copper and decreased serum
zinc levels in children with iron deficiency anemia. Bio Trace Elem Res. 1997; 59:31–9. [PubMed:
9522044]
29. Edwards CH, McDonald S, Mitchell JR, Jones L, Mason L, Trigg L. Effect of clay and cornstarch
intake on women and their infants. J Am Diet Assoc. 1964; 44:109–15. [PubMed: 14122640]
30. Edwards C, Johnson A, Knight E, Oyemade U, Cole O, Westney O, Jones S, Laryea H, Westney
LS. Pica in an urban environment. J Nutr. 1994; 124:954S–962S. [PubMed: 8201446]
31. Geissler PW, Shulman CE, Prince RJ, Mutemi W, Mnazi C, Friis H, Lowe B. Geophagy, iron
status and anaemia among pregnant women on the coast of Kenya. Trans R Soc Trop Med Hyg
1998. 1998; 92:549–53.

Am J Hum Biol. Author manuscript; available in PMC 2016 January 01.

Miao et al.

Page 11

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

32. Geissler PW, Mwaniki DL, Thiong’o F, Michaelsen KF, Friis H. Geophagy, iron status and
anaemia among primary school children in Western Kenya. Trop Med Int Health. 1998; 3:529–34.
[PubMed: 9705186]
33. Gutelius MF, Millican FK, Layman EM, Cohen GJ, Dublin CC. Nutritional studies of children
with pica: I. Controlled study evaluating nutritional status, II. Treatment of pica with iron given
intramuscularly. Pediatrics. 1962; 29:1012–23. [PubMed: 13903136]
34. Harbord RM, Harris RJ, Sterne JAC. Updated tests for small-study effects in meta-analyses. Stata
J. 2009; 9:197–210.
35. Harris R, Bradburn MJ, Deeks JJ, Harbord RM, Altman DG, Sterne JAC. Metan: fixed- and
random-effects meta-analysis. Stata J. 2008; 9:3–28.
36. Higgins, JPT.; Green, S., editors. Cochrane Handbook for Systematic Reviews of Interventions
Version 5.0. The Cochrane Collaboration; 2011.
37. Little, E., translator. Hippocrates. Oeuvres Complètes d'Hippocrate. Vol. 8. Paris: Baillière; 1839.
38. Horner RD, Lackey CJ, Kolasa K, Warren K. Pica practices of pregnant women. J Am Diet Assoc.
1991; 91:34–8. [PubMed: 1869757]
39. Hunter JM. Geophagy in Africa and in the United States: A culture-nutrition hypothesis. Geogr
Rev. 1973; 63:170–95.
40. Iannotti LL, Tielsch JM, Black MM, Black RE. Iron supplementation in early childhood: Health
benefits and risks. Am J Clin Nutr. 2000; 84:1261–76. [PubMed: 17158406]
41. Jacobs, T. MS Thesis. University of Utah; Salt Lake City: 1976. The relationship between pica
activity, iron deficiency anemia, and the nutritional status of Utah children.
42. Karaoglu L, Pehlivan E, Egri M, Deprem C, Gunes G, Genc MF, Temel I. The prevalence of
nutritional anemia in pregnancy in an east Anatolian province, Turkey. BMC Pub Health. 2010;
10:329. [PubMed: 20537176]
43. Karimi M, Kadivar R, Yarmohammadi H. Assessment of the prevalence of iron deficiency anemia,
by serum ferritin, in pregnant women of Southern Iran. Med Sci Monit. 2002; 8:CR488–92.
[PubMed: 12118195]
44. Kawai K, Saathoff E, Antelman G, Msamanga G, Fawzi WW. Geophagy (Soil-eating) in relation
to anemia and helminth infection among HIV-infected pregnant women in Tanzania. Am J Trop
Med Hyg. 2009; 80:36–43. [PubMed: 19141837]
45. Keith D, Keith L, Berger GS, Foot J, Webster A. Amylophagia during pregnancy: Some maternal
and perinatal correlations. Mt Sinai J Med. 1975; 42:410–4. [PubMed: 1081190]
46. Keith L, Evenhouse H, Webster A. Amylophagia during pregnancy. Obstet Gynecol. 1968;
32:415–8. [PubMed: 5268132]
47. Kettaneh A, Eclache V, Fain O, Sontag C, Uzan M, Carbillon L, Stirnemann J, Thomas M. Pica
and food craving in patients with iron-deficiency anemia: A case-control study in France. Am J
Med. 2005; 118:185–8. [PubMed: 15694906]
48. Kirsch, HE. Undergraduate Thesis. Harvard University; Cambridge, MA: 1990. “Why do I crave
that stuff?”: Determinants of pica during pregancy.
49. Krishnamani R, Mahaney W. Geophagy among primates: adaptive significance and ecological
consequences. Anim Behav. 2000; 59:899–915. [PubMed: 10860518]
50. Kyu HH, Georgiades K, Boyle MH. Biofuel smoke and child anemia in 29 developing countries: A
multilevel analysis. Ann Epidemiol. 2010; 20:811–7. [PubMed: 20933188]
51. Larocque R, Casapia M, Gotuzzo E, Gyorkos TW. Relationship between intensity of soiltransmitted helminth infections and anemia during pregnancy. Am J Trop Med Hyg. 2005;
73:783–9. [PubMed: 16222026]
52. Laufer, B. Geophagy. Chicago: Field Museum Press; 1930.
53. Lofts RH, Schroeder SR, Maier RH. Effects of serum zinc supplementation on pica behavior of
persons with mental retardation. Am J Ment Retard. 1990; 95:103–9. [PubMed: 2386628]
54. López LB, Ortega Soler CR, Langini SA, Fleischman S, Portela ML. Iron deficiency in pregnant
women with pica. J Am Diet Assoc. 2001; 101:A104.
55. López LB, Langini SH, Pita de Portela ML. Maternal iron status and neonatal outcomes in women
with pica during pregnancy. Int J Gynaecol Obstet. 2007; 98:151–2. [PubMed: 17572424]

Am J Hum Biol. Author manuscript; available in PMC 2016 January 01.

Miao et al.

Page 12

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

56. López LB, Marigual M, Martín N, Mallorga M, Villagrán E, Zadorozne ME, Martin De Portela
ML, Orgega Soler CR. Characteristics of pica practice during pregnancy in a sample of Argentine
women. J Obstet Gynaecol. 2012; 32:150–3. [PubMed: 22296426]
57. Lozoff B, Beard J, Connor J, Felt B, Georgieff M, Schallert T. Long-lasting neural and behavioral
effects of iron deficiency in infancy. Nutr Rev. 2008; 64:S34–S43. [PubMed: 16770951]
58. Malenganisho W, Magnussen P, Vennervald BJ, Krarup H, Kaestel P, Siza J, Kaatano G, Temu M,
Friis H. Intake of alcoholic beverages is a predictor of iron status and hemoglobin in adult
Tanzanians. J Nutr. 2007; 137:2140–6. [PubMed: 17709455]
59. Nchito M, Geissler PW, Mubila L, Friis H, Olsen A. Effects of iron and multimicronutrient
supplementation on geophagy: a two-by-two factorial study among Zambian schoolchildren in
Lusaka. Trans R Soc Trop Med Hyg. 2004; 98:218–27. [PubMed: 15049460]
60. Okcuoglŭ A, Arcasoy A, Minnich V, Tarcon Y, Cin S, Yörükoğlu O, Demirag B, Renda F. Pica in
Turkey. 1. The incidence and association with anemia. Am J Clin Nutr. 1966; 19:125–31.
[PubMed: 5222998]
61. O’Rourke DE, Quinn JG, Nicholson JO, Gibson HH. Geophagia during pregnancy. Obstet
Gynecol. 1967; 29:581–4. [PubMed: 5227624]
62. Palmer TM, Peters JL, Sutton A, Moreno SG. Contour-enhanced funnel plots for meta-analysis.
Stata J. 2008; 8:242–54.
63. Poy MS, Weisstaub A, Iglesias C, Fernández S, Portela ML, López LB. Pica diagnosis during
pregnancy and micronutrient deficiency in Argentine women. Nutr Hosp. 2012; 27:922–8.
[PubMed: 23114955]
64. Prasad AS, Halsted JA, Nademi M. Syndrome of iron deficiency anemia, hepatospenomgealy,
hypogonadism, dwarfism, and geophagia. Am J Med. 1961; 31:532. [PubMed: 14488490]
65. Rainville, AJ. MS Thesis. University of Texas; Austin, TX: 1996. An investigation of the pica
practices of pregnant women in Houston and Prairie View, Texas.
66. Rector WG. Pica: its frequency and significance in patients with iron-deficiency anemia due to
chronic gastrointestinal blood loss. J Gen Int Med. 1989; 4:512–3.
67. Reynolds RD, Binder HJ, Miller MB, Chang WW, Horan S. Pagophagia and iron deficiency
anemia. Ann Int Med. 1968; 69:435–40. [PubMed: 5244572]
68. Rose EA, Porcerelli JH, Neale AV. Pica: Common but commonly missed. J Am Board Fam Pract.
2000; 13:353–8. [PubMed: 11001006]
69. Sage, JC. MS thesis. Temple University; Philadelphia: 1962. The practice, incidence and effect of
starch eating on Negro women at Temple University Medical Center.
70. Salgueiro MJ, Zubillaga M, Lysionek A, Sarabia MI, Caro R, De Paoli T, Hager A, Weill R,
Boccio J. Zinc as an essential micronutrient: A review. Nutr Res. 2000; 20:737–55.
71. Saunders C, Padilha P de C, Della Líbera B, Nogueira JL, de Oliveira LM, Astulla A. Pica:
epidemiology and association with pregnancy complications. Rev Bras Ginecol Obstet. 2009;
31:440–6. [PubMed: 19876575]
72. Singhi S, Ravishanker R, Singhi P, Nath R. Low plasma zinc and iron in pica. Indian J Pediatr.
2003; 70:139–43. [PubMed: 12661808]
73. Sloan NL, Jordan E, Winikoff B. Effects of iron supplementation on maternal hematologic status
in pregnancy. Am J Public Health. 2002; 92:288–93. [PubMed: 11818308]
74. Smulian JC, Motiwala S, Sigman RK. Pica in a rural obstetric population. South Med J. 1995;
88:1236–40. [PubMed: 7502117]
75. Speer, SJ. MS thesis. Texas Woman's University; Denton: 1980. The relationship of pagophagia
and iron deficiency anemia in pregnant women.
76. Stanek EJ, Calabrese EJ, Mundt K, Pekow P, Yeatts KB. Prevalence of soil mouthing/ingestion
among healthy children aged 1 to 6. Soil Sediment Contam. 1998; 7:227–42.
77. Sterne JAC, Egger M. Funnel plots for detecting bias in meta-analysis. J Clin Epidemiol. 2001;
54:1046–55. [PubMed: 11576817]
78. Sterne JAC, Harbord RM. Funnel plots in meta-analysis. Stata J. 2004; 4:127–141.
79. Swift I, Paquette D, Davison K, Saeed H. Pica and trace metal deficiencies in adults with
developmental disabilities. Br J Dev Disabil. 1999; 45:111–7.

Am J Hum Biol. Author manuscript; available in PMC 2016 January 01.

Miao et al.

Page 13

NIH-PA Author Manuscript
NIH-PA Author Manuscript

80. Tayie FA, Lartey A. Pica practice among pregnant Ghanaians: Relationship with infant birthweight and maternal haemoglobin level. Ghana Med J. 1999; 33:67–76.
81. Thihalolipavan S, Candalla BM, Ehrlich J. Examining pica in NYC pregnant women with elevated
blood lead levels. Matern Child Health J. 2013; 17:49–55. [PubMed: 22302239]
82. Thomson CA, Stanaway JD, Neuhouser ML, Snetselaar LG, Stefanick ML, Arendell L, Chen Z.
Nutrient intake and anemia risk in the Women’s Health Initiative observational study. J Am Diet
Assoc. 2011; 111:532–4. [PubMed: 21443985]
83. Thomson J. Anaemia in pregnant women in eastern Caprivi, Namibia. S Afr Med J. 1997;
87:1544–7. [PubMed: 9472280]
84. Vermeer DE, Frate DA. Geophagia in rural Mississippi: Environmental and cultural contexts and
nutritional implications. Am J Clin Nutr. 1979; 32:2129–35. [PubMed: 484531]
85. von Bonsdorff B. Pica: a hypothesis. Br J Haematol. 1977; 35:476–7. [PubMed: 557984]
86. WHO. Iron deficiency anaemia: assessment, prevention and control. World Health Organization;
2001.
87. Wiley AS, Katz SH. Geophagy in pregnancy: A test of a hypothesis. Curr Anthropol. 1998;
39:532–545.
88. Woods SC, Weisinger RS. Pagophagia in the albino rat. Science. 1970; 169:1334–6. [PubMed:
5271640]
89. Youdim MBH, Iancu TC. Pica hypothesis. Br J Haematol. 1977; 36:298. [PubMed: 559513]
90. Young SL. Pica in pregnancy: new ideas about an old condition. Annu Rev Nutr. 2010; 30:403–22.
[PubMed: 20420523]
91. Young SL, Khalfan SS, Farag TH, Kavle JA, Ali SM, Hajji H, Rasmussen KM, Pelto GH, Tielsch
JM, Stolzfus RJ. Association of pica with anemia and gastrointestinal distress among pregnant
women in Zanzibar, Tanzania. Am J Trop Med Hyg. 2010; 83:144–5. [PubMed: 20595493]
92. Young SL, Sherman PW, Lucks JB, Pelto GH. Why on earth?: Evaluating hypotheses about the
physiological functions of human geophagy. Q Rev Biol. 2011; 86:97–120. [PubMed: 21800636]
93. Young, SL. Craving Earth: Understanding Pica--the Urge to Eat Clay, Starch, Ice, and Chalk.
Columbia University Press; 2012.

NIH-PA Author Manuscript
Am J Hum Biol. Author manuscript; available in PMC 2016 January 01.

Miao et al.

Page 14

NIH-PA Author Manuscript
Fig. 1. Flowchart of study selection process

* Several articles measured more than one biomarker, so the number of studies used in each
analysis do not sum to 43.
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Fig. 2. Forest plots of effect of pica on anemia

Horizontal displacement of squares represents odds ratio (OR) with square size proportional
to study weight in the meta-analysis. Horizontal lines represent 95% CI. Studies are
organized by increasing weight. The hollow diamond indicates the pooled OR and 95% CI.
(A) Pooled estimate of OR of pica behavior associated with anemia is shown for n=32
studies. (B) Pooled estimate of OR of geophagy behavior associated with anemia (n=12).
(C) Pooled estimate of OR of pagophagy behavior associated with anemia (n=6) (D) Pooled
estimate of OR of amylophagy behavior associated with anemia (n=4) (E) Pooled estimate
of OR of pica behavior associated with anemia in children (n=5). (F) Pooled estimate of OR
of pica behavior associated with anemia in pregnant women (n=23).
1Data for amylophagy only. 2Data for geophagy only.
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Fig. 3. Forest plots of effect of pica on hemoglobin

NIH-PA Author Manuscript

Horizontal displacement of squares represents weighted mean difference (WMD), with
square size proportional to study weight in the meta-analysis. Horizontal lines represent 95%
CI. Studies are organized by increasing weight. The hollow diamond indicates the pooled
OR and 95% CI. (A) Pooled estimate of WMD of pica behavior associated with hemoglobin
(Hb) concentration (g/dL) for n=23 studies (B) Pooled estimate of WMD of geophagy
behavior associated with Hb concentration (n=11). (C) Pooled estimate of WMD of pica
behavior associated with Hb concentration in children (n=10). (D) Pooled estimate of WMD
of pica behavior associated with Hb concentration in pregnant women (n=9).
1Children aged 6 months to 3 years with clay pica. 2Children aged 4 to 15 years with dirt
and plaster pica. 3Children aged 6 months to 3 years with dirt and plaster pica. 4Children
aged 4 to 15 years with clay pica. 5Males only. 6Females only.
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Fig. 4. Forest plots of effect of pica on hematocrit

Horizontal displacement of squares represents weighted mean difference (WMD), with
square size proportional to study weight in the meta-analysis. Horizontal lines represent 95%
CI. Studies are organized by increasing weight. The hollow diamond indicates the pooled
OR and 95% CI. (A) Pooled estimate of WMD of pica behavior associated with hematocrit
(Hct) (%) for n=9 studies. (B) Pooled estimate of WMD of pica behavior associated with
Hct (%) in pregnant women (n=6).
1Males only. 2Females only.
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Fig. 5. Forest plots of effect of pica on plasma zinc

Horizontal displacement of squares represents weighted mean difference (WMD), with
square size proportional to study weight in the meta-analysis. Horizontal lines represent 95%
CI. Studies are organized by increasing weight. The hollow diamond indicates the pooled
OR and 95% CI. Pooled estimate of WMD of pica behavior associated with plasma zinc
(Zn) (ug/dL) for n=5 studies.
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