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INTRODUCTION

Pica is a pathological craving for normal food constituents or for substances
not commonly regarded as food. It has fascinated the physician and nutri-
tion scientist because it is frequently associated with nutrient deficiency,
notably mineral malabsorption, although it can occasionally result in exces-
sive intakes of substances such as potassium or carotene. To the psychiatrist
or psychologist, it represents a behavioral challenge that is sometimes asso-
ciated with mental retardation. On a world-wide scale, pica is of anthropo-
logical interest, often being a consequence of cultural patterns ingrained in
the food habits of a region and possibly related to an ancestral food-short-
age. To the veterinarian or zoologist, it is evidence of a nutrient-specific
appetite in wild and/or domestic animals.
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Against this background I discuss pica as a nutritional aberration that
provides opportunities to observe deficiency diseases, to make nutritional
interventions, and to reflect on the factors that determine food habits.

The word “pica” was first used to describe a syndrome by the French
physician Ambrose Paré in the 16th century (82). Pica is a medieval Latin
word meaning magpie, a bird which, according to Cooper (37), was known
to early writers for its tendency to pick up a diversity of things to satisfy
hunger or curiosity. Other terms that have been applied to this or related
syndromes from antiquity to the 19th century include: mal d’estomac!
(French); erdessen,? das Gelusten der Schwangern Frauen,? die Schwang-
ern Weiberlust* (German); geophagy® (Aristotle); allotriophagia® (Sopho-
cles); and cachexia Africana.” In 1638 Boezo (16) first classified pica
systematically. For Boezo the word pica denoted the craving for absurd
things; the avid consumption of accustomed foods he termed malacia.

In this review, the term pica will be applied to a pathological craving both
for items normally considered food by the population, such as that some-
times reported during pregnancy (e.g. for 10 heads of lettuce daily), and for
substances not normally regarded as food (e.g. clay, coal). This definition
does not categorize such behaviors as the chewing of gum or tobacco.

Historically the term pica has been vague and its meanings have been
confounded owing to culturally based judgments. Certain early writers, for
example, declared cravings for foods such as raw cabbage, yeast, and lobster
to be pica (56), while in some societies earth is considered food and is used
as a seasoning agent (122). In the mid 19th century it was customary for
some people in northern Sweden to mix earth with flour when making bread
(202). Thus the diagnosis of pica depends upon cultural attitudes as well as
amounts ingested and degrees of craving. No sharp demarcation- exists
between pathological states and normality, nor between the ages at which
some form of pica is considered normal.

Descriptions of pica as a syndrome are found in antiquity. Examples are
summarized in Table 1. Records from as early as 40 B.c. indicate that Terra
Sigillatta, the sacred “Sealed Earth,” was used to treat a variety of diseases
in Greece. Galen visited the island of Lemnos two centuries later and took
back to Rome clay lozenges that for almost 2000 years had been used to
treat poisoning. It is related that in Germany in 1581 a condemned prisoner

Istomach illness

Zearth eating

3the hunger of pregnant women
“the pregnant wives’ craving
*consumption of soil or clay
Sindiscriminate craving
"wasting away in Africans
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Table 1 Historical record of information concerning pica
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References

Year Event

10 B.C. Clay lozenges ingested to treat illness and poisoning 211

1000 A.D. Avicenna treated pica with iron 16

1542 ' A#tius associated pica with pregnancy 2

1630 Earth eaten in bread dough. 30 Years War: pica associated 121
with superstition

1638 Distinction made between pica for food items and pica for 16
nonfood items

1668 Stress suggested as cause of pica 124

1698 Hereditary basis for pica proposed 47

1742 Food allergy and idiosyncrasy associated with pica 212

1799-1804  First explorer report of endemic pica in South America 222

1831 Pica associated with lack of nutritious diet 89

1835 Geophagia in Africa—Cachexia Africana described 38

1843 Cachexia Africana disappeared in Dominica secondary to 100
life-style changes

1845 Cachexia Africana spreads from West Indies to Southern 24, 38,169
US with slave trade

1846 Animal studies indicate relationship between geophagia 123
and nutrient deficiency

1849 Pica reported among insane 215

1851 Infusorial earth mixed with bread flour by choice in 202
Northern Sweden

1868 Case report of pica cured by iron 68

1870 Pica associated with anemia 129

1880 Pica associated with worm infestation 37

1900 Pica thought to be a racial phenomenon 150

1900 Pica in India reported among all classes and both sexes 97

1910 Geophagia reported in Egyptian Sudan, pica in 29
pregnant women assumed normal

1912 Analysis of soil from 16th century, cation exchange 211
properties noted

1924 Lead poisoning associated with pica 182

1960s Further studies of pica responding to iron therapy 119

1960 Dwarfism, hypogonadism, hepatosplenomegaly and iron 86
deficiency syndrome identified in the Middle East

1961 Zinc deficiency described in the syndrome of dwarfism in 170, 171
Middle East

1968 Analysis of clay shown to have property of cation ex- 147
change

1970 Geophagia and amylophagia associated with pregnancy 109

1970s Pagophagia identified and responds to iron therapy 33,175

1981 Geophagia and other types of pica in the mentally re- 43

tarded associated with low plasma iron and zinc
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asked to be given 6 grams of mercuric chloride (2 grams were considered
fatal) if he could eat terra sigillata at the same time. By taking his poison
along with “a dram of Terra Sigillata in olde wine” he survived and was
freed (211).

In the early 16th century, Aétius of Amida (2) attributed the pica of
pregnancy to pressure on the viscera associated with the growth of the fetus,
while in Germany Hubrigkt (98) interpreted the same phenomenon as due
to fantasies associated with pregnancy. Avicenna (85), who lived around
1000 a.p., first mentioned beneficial effects of iron therapy in pica. Others
recommended the consumption of pigeons along with their bones, thus
foreshadowing treatment for the malabsorption of minerals associated with
certain types of pica (16). During the remainder of the 17th century, physi-
cians continued to speculate on the origins and nature of pica, prescribing
varied and exotic measures, including both dietary treatment (including
iron supplementation) and the need for psychological intervention against
the mental aberrations supposed to underlie pica.

During the course of expeditions and colonization in various parts of the
world in the 18th and 19th centuries, pica was identified under a variety of
new circumstances. The Otomac Indians of South America were observed
to eat clay colored with iron oxide without ill effects (222). In Java, a
reddish baked clay was sold in the public market; its ingestion was supposed
to make the individual slender (5, 77). Clay items to be eaten were sold in
sections of India, Ghana, Afghanistan, Africa, and other tropical areas (5,
75, 85, 97, 101, 122, 199, 222). In Peru dietary powdered lime was sold in
the market place (222). The Chinese, wrote the traveler Medhurst, mixed
gypsum into a jelly for consumption (137, 141).

Pica was practiced by the native inhabitants of North America before the
arrival of Columbus (131, 219). On plantations of the United States and the
Caribbean, slaves sometimes exhibited a craving for clay, a practice proba-
bly passed down from their African forebears. When pica is superimposed
on the classical pellagragenic diet of salt pork, corn bread, and molasses a
variety of deficiency states may appear (169). On the American plantations,
symptoms of these deficiencies were known as cachexia Africana, which
consisted of weakness, pallor and edema, enlargement of the liver, spleen,
and lymph nodes, anorexia, and rapid pulse, with later pre-terminal ulcera-
tion of the skin and eventual death (5, 24, 38, 55, 84, 100). It was commonly
accepted that nutritional treatment, including administration of iron sulfate
was effective in reversing the syndrome (89, 135). In this context, Hancock
(89) noted that slaves on Tiger Island, who also practiced clay-eating, did
not develop the cachexia, presumably because they used water from an iron
cistern. Volpata (221) reported that in 111 males and 115 females with
geophagia, 85% developed subsequent gastroenteritis, 91% chlorosis, and
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46% pellagra. The role of various B-vitamin deficiencies concurrent with
pica remains confusing (156).

INCIDENCE OF PICA

The incidence of pica is difficult to establish, although several surveys of
selected groups have been made. Interpretation of survey findings is compli-
cated by inconsistent definitions of pica, reluctance of subjects to admit to
the practice, limitations of statistical methods applied, and the impossibility
of generalization from a few observed cases. Table 2 provides examples of
selected estimates.

The craving for particular food substances during pregnancy is a widely
recognized phenomenon (39, 51). In one series of women studied in Bir-

Table 2 Incidence of pica selected reports

Percentage
Number of Description and/or population
Study (Ref.) subjects age of group with pica
1937, Baltimore (107) 30 retarded children 50
1950, Mississippi (57) 331 pregnant 9, black 44
1957, Baltimore (37) 386 black, > 6 mo. 27
398 white, > 6 mo. 17
1962, Washington DC (145) 486 black, 1-6 years 32
294 white, 1-6 years 10
1963, Washington DC (131) 859 children, low income 55
children, high income 30
1966, Boston interview (9) 439 children, 1-6 years 15
Mail survey 277 children, 1-6 years 20
1966, England (163) 40 institutionalized, psychotic, 66
3-13 years
1967, Georgia (165) 200 pregnant 9 55
1968, Chicago (110) 987 pregnant 9 35
1969, Chicago (112) 500 pregnant 9 24
1971, California (19) 25 Spanish American, 38
pregnant @
10 Spanish American, 15
nonpregnant 9
21 Spanish American children 32
1979, Mississippi (219) 56 nonpregnant 9 57
115 children 16
33 males 0
27 adolescents 0
112 pregnant 9 28
1981, Boston (41) 991 institutionalized, retarded, 26

11-89 years
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mingham, England (91), 51% reported food cravings, with or without
aversions and alterations in their sense of taste. The most common cravings
were for fruit and other sweet-sour, sour, or sharp-tasting foods. Several
positive correlations emerged, including one between pica during pregnancy
and a history of pica and food fads in childhood. Similar food preferences
were observed in a series of pregnant women studied in New York (96); but
in Aberdeen, Taggart (206) did not find pica among 800 pregnant women
studied. Pregnant women sometimes also eat nonfood substances. Fifty
percent of the pregnant Southern black women in two studies (57, 165) ate
clay and starch. In a one-year study, Keith et al (111) noted that 35% of
987 pregnant black and white women exhibited amylophagia (starch eat-
ing). Bruhn & Pangborn (19) reported a similar proportion (38%) of pica
in pregnant Mexican women. McGanity et al (140) found 28% of 800
pregnant adolescents had a history of pica for clay, soil, starch, and refriger-
ator frost. Some authors have reported a decline over time in the incidence
of pica among similar populations of pregnant women—e.g. of geophagia
in rural populations from 55% in 1967 (165) to 18% in 1974 (18), and of
amylophagia in urban populations from 35% in 1968 (110) to 20% in 1969
(112). The reasons for these changes are not evident.

Pica in adult men appears to be underreported. Some studies note that
the incidence of pica may be decreasing in some male populations as its
victims convert to smoking or chewing tobacco (131). In a study of 302
adults in Columbus, Ohio, 25% of the pica cases were male (85). Sayers et
al (188) found that 11% of their male outpatient population reported con-
sumption of ash or earth.

Pica is also prevalent among children, being reported especially in black
children. Three authors (9, 37, 145) agree that about 30% of black children
aged 1-6 years and 10-18% of white children of the same age attending
their clinics have pica, mostly for nonfood substances. Among psychotic
mentally retarded children, the incidence of pica exceeds 50% (107, 163).
In a group of 991 mentally retarded adults the incidence of pica was found
to be 26% (41), greater than that of such other eating dysfunctions as
anorexia, rumination, or hyperphagia.

In 1974, Klein (115) estimated that 5-10% of all children 1-5 years of
age had lead poisoning. More than 30% of children with pica have been
found to have lead poisoning (102); conversely, 70-90% of children with
lead poisoning give a history of pica (15, 28, 30, 184).

ETIOLOGY AND MECHANISM OF PICA

The causation of pica has been the subject of speculation since ancient times,
and several hypotheses from that era have been mentioned above. Hypothe-
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ses currently advanced include nutritional, psychological, cultural, phar-
macologic, and disease (74, 161).

Nutritional Hypothesis

Pica has been hypothetized to be a craving generated by nutrient deficiency.

The “salt lick” of wild animals is widely considered a response to a
deficiency (17). Osteophagia in cattle, reported in many countries (71, 123,
209), is associated with phosphorus deficiency (209). Pica has also been
described in pellagrous animals (54). Animals deprived of specific nutrients
such as potassium (138), thiamin (92, 177, 179), and iron (65, 138, 224)
often lick or selectively ingest items high in the depleted nutrient (58, 92,
176). However, this animal model of deficiency-induced pica has not always
been confirmed (53, 213).

Davis (44, 45) tried to prove that children will without external guidance
select a nutritionally complete diet. However, since the foods provided
experimentally to children by Davis were mostly balanced in nutrients,
these studies failed to test this hypothesis. On the basis of information from
rat studies, Snowdon & Sanderson (197) proposed that a child deficient in
calcium may discover that lead ingestion (pica) relieves some of the defi-
ciency symptoms. Specific nutrient deficiencies, such as those of vitamin D
(106), phosphorus (104), and vitamin C (79), have been thought to prompt
the consumption of nonfood substances. However, pica for nonfood items
did not decline in children given supplements of vitamins and minerals
(unfortunately not including iron) (81). Hunter (99) hypothesizes that the
ingestion of iron and calcium-rich clays by iron- and calcium-deficient
individuals in Ghana represents diet supplementation. Similarly, it was
postulated that consumption of clay rich in calcium and magnesium was to
fulfill a physiologic deficit in Nigerian pregnant women (216).

Attempts to link pica with nutritional states have concentrated on iron
(7). Several studies agree that anemia associated with pica for nonfood
substances in children (119, 139, 151) and adults (33, 175) can be cured by
administering iron. Case reports indicate a similar effect of iron on food pica
(32, 39, 40, 166, 183). Unfortunately, no control groups were included in
these studies. A special form of pica associated with iron deficiency is
pagophagia, in which the pregnant woman consumes large amounts of ice
(averaging 700 g daily). Controlled studies by Coltman (33-35) and Rey-
nolds et al (175) demonstrated that the subnormal hemoglobin levels and
the low concentrations of serum iron in such cases respond to iron therapy,
following which the pagophagia disappears. In one series, parenteral admin-
istration of iron was effective within 5 days, while oral administration
required 11 days to stop the pica (175). Whether the ice induces iron
deficiency remains unknown.
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Results supporting the hypothesis that iron deficiency causes pica and
that such pica can be cured by giving iron have not always been obtained
(79, 81, 164, 165). The occurrence of nutrient deficiencies and pica in the
same subject does not prove a causal relationship. The disappearance of pica
after iron therapy in subjects with very low hemoglobin values suggests that
in some cases there may be a causal relationship. However, despite the high
incidence of pica associated with anemia (39, 40), only a small percentage
of individuals with anemia exhibit pica and vice versa. In cases of food pica
(39, 40), the substance craved is rarely a good source of iron, nor does food
pica during pregnancy always cease after delivery (2, 131).

Psychological Hypothesis

Pica has been explained as a persistence of the infantile hand-to-mouth
behavior pattern (178). Lourie et al (131) determined the psychological
status of the mother and child in cases of children with pica. The mother
was often found to have personality disturbances and to relate poorly to the
child, while the child sometimes had emotional problems, suffered from
abnormal dependence and anxiety, and exhibited neurotic and depressive
patterns. These authors suggest that pica is an expression of oral fixation
(146), and Cooper (37) has noted that pica occurs more frequently in
children with feeding problems such as anorexia or refusal of certain foods.
Neumann (159) suggested that pica in both children and adults expresses
a vestigial instinct related to the need to chew something solid. Others (5,
41, 122, 133) have also reported that texture, color, odor and taste are
important components of the craving in pica. Specific neurological changes
may be associated with pica results from lead poisoning but evidence indi-
cates that the pica encourages the child to consume sources of lead and not
the reverse (14). Several specific brain lesions have been associated with
pica. Lesions of the left temporal lobe in monkeys (94) and the analogous
Kliiver-Bucy syndrome in humans (116) are accompanied by pica, as is
damage to the amygdala of the cat (63). Mentally retarded individuals with
seizures may have severe pica (13, 41). In instances of pica associated with
specific brain lesions, the eating dysfunction seems confined to nonfood
substances.

In addition to the individuals with seizures referred to above, the entire
population of mentally retarded adults shows a high incidence of pica,
which varies with the degree of retardation. In our series (41), the incidence
of pica varied from 10% in mild mental deficiency to 33% in severe mental
deficiency. However, incidence of pica for food items only was not corre-
lated with severity of mental deficit.
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Cultural Hypothesis

Pica has been associated with cultural and familial factors. In antiquity, clay
lozenges were prepared on the Greek island of Lemnos, stamped with
religious symbols, and exported throughout the Mediterranean area (74).
Clay eating was encouraged among the male youths of Greece because it
was believed to produce the desirable ‘leucophlegmatic’ skin and a slender,
effeminate body (211). Symbolic geophagy occurs in many cultures (5).
Earth-eating, irrespective of cravings, has frequently been associated with
religious belief. Clay lozenges bearing Christian symbols are sold today in
the Mexican city of Oaxaca (74). It has been noted that when Muslims erase
sentences from the Koran by rubbing chalk from the board they sometimes
consume the chalk dust out of respect for the book (74).

In parts of Africa it is believed that magical properties of the soil promote
well-being. This belief results in the consumption of earth upon entering a
territory, to promote fertility in women, and during pregnancy to increase
lactation (5, 122, 216, 217). The consumption of earth during the first
trimester of pregnancy is believed to suppress nausea, and in some African
cultures young girls are taught in childhood that during pregnancy the
consumption of earth as desirable (5, 56).

Vermeer & Frate (218, 219) consider the eating of clay to be deeply
ingrained in Southern black society. There clay is fed as a pacifier for the
infant, a practice also observed in Africa (5). Geophagy occurs among the
adults (151), and it may be practiced at group social functions (131). Given
the deeply ingrained geophagy of the African cultures that supplied the bulk
of slaves to the New World, it is not surprising that the practice persists
in the black subculture of the United States (5, 218, 219). On the other hand,
geophagy is historically recorded both from Europe and the indigenous
Indian population in the New World, individuals in the United States could
also have acquired the practice from either.

Other Hypotheses

Pica may sometimes manifest itself in a person’s effort to medicate himself.
For example, medicinal properties against anemia have been attributed to
clay (5, 55, 211). Individuals who consume extraordinarily large amounts
of ground coffee (caffeine), cigarette butts (nicotine), oak leaves (tannins),
and so forth, may be seeking pharmacological effects (20, 41, 67, 69, 120,
158, 168, 205). It has been reported (41) that 59 individuals who consumed
such substances pathologically tended to exhibit behavior characteristic of
addiction (83, 130, 148), increasing both the frequency and volume of
ingested material. Such obsessive pica has been associated with nocturnal
searching for (41), and constant dreams about (125), the craved substance.
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Other physiological factors that have been thought to cause pica include
gastrointestinal malaise (5, 56, 72, 97, 99, 122, 148, 216), stress and inflam-
matory processes (13, 21, 117), toxicosis (149), parasitic infestations (56, 66,
156), disease states (122, 172, 190), and hunger (5, 122, 201).

CLINICAL DESCRIPTION OF PICA

Pica is widely thought to be age-related, with the majority of reported cases
occurring in children and pregnant women. Recent data [(41) and case
reports cited below] indicate that pica is not limited to any age, sex, or racial
group; it can occur anywhere.

Geophagia is the most commonly reported and reviewed form (5, 37, 75,
85, 122). However, the substances eaten in pica are almost limitless and
their benefits or hazards vary with the amount and type consumed (42).

Metabolic Associations

Most metabolic changes associated with pica have been observed in case
studies and interpretation in terms of cause and effect frequently is clouded
by the concurrent conditions.

Pica in children has been primarily associated with lead poisoning; as
early as 1927 Ruddock (182) described this association. As recently as the
early 1950s blood lead levels were not universally available, and the diagno-
sis of lead poisoning was primarily a clinical one. Despite the continuing
controversy over what constitutes lead toxicity, diagnosis is now based on
biochemical, gastrointestinal, and neurological parameters. Mahaffey (132)
has provided an excellent critique of current knowledge of nutritional fac-
tors in lead poisoning.

Symptoms reported in children with pica and lead toxicity include altered
hematological values (12, 83, 106, 128, 199), increased serum and urine
A-aminolevulinic acid (83, 106), elevated protoporphyrin in erythrocytes
(106), excretion of coproporphyrin II in the urine (83, 106), high blood lead
(13, 14, 31, 127, 152, 163, 192, 199), high dental lead (46), and response to
calcium EDTA-lead excretion tests (13, 14, 31, 83). The range of blood lead
levels diagnostic for lead toxicity remains debated (36, 76, 127, 128, 199).
These changes can occur before the appearance of clinical symptoms such
as vague abdominal pain, constipation, anorexia, nonspecific gastroenteritis,
and recurrent emesis (83, 106). The most serious manifestations of pediatric
plumbism are those involving the central nervous system (drowsiness,
coma, grand mal seizures, permanent brain damage) and the renal system
(83, 106). Excessive lead ingestion can impose further brain damage and
behavioral problems upon the mentally retarded (14, 31, 220, 223). Death
rates associated with severe lead toxicity have been as high as 25% (83).
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As in adults, pica in childhood has frequently been linked to iron defi-
ciency anemia. Geophagia has been associated with low hemoglobin levels
(79, 119, 139, 151), low serum iron (151), hypokalemia (142), low ascorbic
acid (30), normal serum protein (119), low albumin (119), high incidence
of respiratory infections (79), and normal anthropometric measurements
including height and weight (79). Two children thought to have potassium
craving secondary to Bartter’s syndrome, a potassium wasting disease,
consumed over a kilo of potatoes daily (70 mEq potassium/kg body weight)
and had persistent hypokalemia (172). Fulton (62) reported a case of pica
for beetles, slugs, and invertebrates that stopped suddenly without interven-
tion at the age of 14. In another case (108) a boy who consumed Comet
cleanser and had zinc deficiency was cured of his pica following oral zinc
sulfate. A patient with pica for metal (88), exhibiting poor growth and
appetite and low hair- and serum-zinc levels, improved following zinc
therapy.

In many cultures pregnant women are expected to practice pica (5, 118).
An extensive list of the varieties of pica in pregnancy emerged from a British
Broadcast Corporation program (91) that generated 514 letters from listen-
ers reporting 820 pregnancies (366 cravings for fruits and vegetables, and
187 cravings for nonfood substances such as coal, soap, and paper). In the
United States geophagia, amylophagia, and pagophagia are the most com-
monly reported types of practices in pregnant women. With all three forms
association with anemia (33-35, 85, 109-113, 160, 185, 187, 203, 207) has
been observed. Bronstein & Dollar (18) observed iron/total-iron binding
capacity ratios under 16% in pregnant women with amylophagia. Parotid
enlargement has been reported in association with starch-eaters’ anemia
(144, 191), although it was not found by Roselle (181). Other documented
effects of pica during pregnancy include gastric obstruction (4), increased
incidence of toxemia (165) [not verified by Keith (113)], delivery complica-
tions (78, 95), successive picas (180), and repeated pica during multiple
pregnancies (5, 56, 118). One young pregnant woman developed an appetite
for blocks of toilet-bowl freshener (para-dichlorobenzene). She presented
with anemia and was treated with iron and folic acid. This treatment
improved neither her hemoglobin level nor her pica (23).

Pica also occurs in nonpregnant adult females and in adult males. Case
reports of nonpregnant adult females include: anemia and olive consump-
tion that ceased upon oral treatment with ferrous sulfate (27); pagophagia
in a diabetic who started consuming heads of lettuce when she was pre-
vented from eating ice and whose hematocrit then decreased from 27 to
23% (153); consumption of tomato seeds that ceased following parenteral
administration of iron (32); and consumption of burned matches (167, 184).
A study of a mentally retarded adolescent who consumed up to two pack-
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ages of cigarettes a day and had low plasma zinc levels, elevated copper
levels, and wounds that would not heal, showed a reversal of all signs after
oral administration of zinc sulfate (43). A 74 year-old black woman present-
ing with severe microcytic hypochromic anemia without blood loss was
consuming 60-180 g of magnesium carbonate daily (125). Other cases of
pica in nonpregnant women have involved cigarette ash, peanuts (goober-
phagia), hair (trichophagia) and lettuce (lectophagia) (49, 134, 157, 164,
195).

The clinical phenomena associated with pica in males has not been well
studied. However, in one study of mentally retarded adults the men suffered
more severe anemia than did their female counterparts (43). This appeared
to be a result of the higher consumption of the craved substance among the
males.

In an institutionalized, mentally retarded, primarily adult population,
pica was observed in both sexes (41-43). Clinical symptoms varied with the
type of pica. Some types of pica (geophagia, cigarette tobacco, coprophagia,
paper, string, metal/paint, and twigs) were associated with low hematocrit,
low hemoglobin, low plasma iron, elevated total-iron binding saturation,
low plasma ferritin, low plasma zinc, elevated plasma copper, normal hair
zinc, and some abnormal hair copper and magnesium (43). Other types of
pica (cravings for grass, leaves, and insects) were associated with normal
plasma values of metals and minerals (43). Five cases of geophagia with
hyperkalemia (attributed to the potassium content of the clay) have been
reported in male and female individuals with chronic renal failure (67).

Geographic

The combination of a diet high in phytate and fiber and the consumption
of clay and soil that can chelate metals has resulted in numerous cases of
iron and zinc deficiency in Middle Eastern populations (reviewed in 85).
The first descriptions of a syndrome characterized by geophagia, iron defi-
ciency anemia, hepatosplenomegaly, and hypogonadism appeared in the
Turkish literature in 1942 (208). Subsequently, the syndrome has been
reported in Turkey (26, 162, 186) and Iran (86, 87, 170, 171, 187). Prasad
et al (170) first described the same syndrome (nutritional dwarfism) in male
Iranians consuming clay and subsequently demonstrated that the dwarfism
was due to zinc deficiency (171). This syndrome has been reported more
recently in females (180). Many biochemical parameters have been evalu-
ated in populations with pica and zinc-deficient dwarfism, including low
hemoglobin (7, 26, 86, 162, 170, 183, 186), pallor (26, 186), low serum iron
(7, 26, 73, 86, 87, 170, 180, 186), low hematocrit (26, 86, 180), elevated
serum TIBC (7, 26, 86, 186), low transferrin saturation (7), increased
erythrocyte fragility (26), no stainable iron in bone marrow (26, 186),
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reduced hemoglobin A, (26); low serum zinc (7, 26, 87, 170), low and
elevated serum copper (26, 186), low serum magnesium (26), low serum
phosphorus (26), high alkaline phosphatase (86), achlorhydria (86), ele-
vated or normal SGOT, SGPT, BSP, CCF (26, 186); abnormal glucose
tolerance (186), decreased vitamin A absorption (26), increased iron absorp-
tion test (26), decreased plasma zinc tolerance (7), decreased total protein
(26), low albumin (26, 186), elevated globulin (186), low PBI (180, 186),
decreased folic acid (186); hepatosplenomegaly (7, 26, 73, 86, 186), liver
biopsy changes (86, 186, 187), histological changes with peroral intestinal
biopsy (7, 186), retarded bone age (7, 26, 86, 87, 186), growth retardation
(26, 73, 87, 170), delayed secondary sex characteristics (7, 73, 86, 170, 186).
Essentially normal findings include cholesterol (26), calcium (26), pro-
thrombin time (26), alkaline phosphatase (26), total protein (87, 186), ery-
throcyte glucose-6-phosphate (26), and d-xylose absorption (186).

Complications

Complications of pica repeatedly encountered include bezoars (22, 42, 107,
195, 214), intestinal perforation (48, 70), dental injury (1), intestinal ob-
struction (42, 93, 155, 214), achlorhydria (23, 64), parasitic infection (50,
55, 66, 136, 151, 189), and constipation (4, 42, 59, 106). Isolated examples
of conditions such as ulcerative colitis (50) and urinary retention (189) are
reported. Plain abdominal radiography that can visualize, depending on
their mineral content, certain of the substances consumed in pica (42, 64,
114, 119, 133, 142, 219) has been proposed as a diagnostic tool (30).

NUTRITIONAL CONSEQUENCES OF PICA

Because pica is associated with and in some cases may be caused by nutri-
tional deficiencies, the nutrient intakes of individuals with pica have been
studied. As mentioned above, Gutelius (80) found that individuals with pica
consumed less meat and milk, fewer vitamin C-rich sources, and a smaller
variety of foods than normal subjects. Geophagia has been associated with
diets low in iron-rich foods (52, 56), calories (56), thiamine (56), and niacin.
Sand eating has been encountered in children with excessive milk intake
who refuse solid food (25). In the Middle East the diets of individuals with
geophagia rarely include animal-protein foods but rather consist of bread,
rice, and a few vegetables; however, such diets are not uncommon in the
region (170). Danford et al (43) calculated the nutrient intakes of 66 men-
tally retarded adults (15-71 years old) with and without pica. Dietary
intakes of calories, protein, vitamin D, ascorbic acid, thiamin, riboflavin,
niacin, calcium, phosphorus, iron, and zinc were within the amounts speci-
fied by the Recommended Dietary Allowances. Low intakes of vitamin A,
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magnesium, and copper were noted in both individuals with and without
pica. Thus pica did not appear to interfere with total food intake in this
population. Individuals with pica consumed more coffee and water than
those without (42, 69, 205).

Dietary factors that may influence a child’s susceptibility to lead toxicity
are poorly understood. Johnson (103) found an inverse correlation between
children’s blood-lead levels and their calcium and milk intake. This rela-
tionship had previously been shown in an animal model (173). Three-day
food records revealed intakes low in calcium, iron, magnesium, pantothenic
acid, and zinc in this population (103). Mooty (154) found no dietary intake
differences between children with high and low blood lead levels. Several
studies in animals have suggested that nutritional inadequacies may potenti-
ate the toxic effects of lead. These relationships have been comprehensively
reviewed (106, 126, 128, 132, 198, 204). Sources of lead ingested by children
with pica continue to be identified (10, 74, 90, 103, 105, 115, 193, 194, 198,
200).

Nutritional status may be influenced by pica in several ways. First, the
consumption of the craved substance can reduce the intake of normal
dietary sources of nutrients. For instance, large intakes of laundry starch
have been reported to depress intake of regular foods (6, 18, 110, 181, 185,
207). However, amylophagia may not interfere with appetite (43, 56), and
can cause obesity (133). Second, pica can reduce the bioavailability of
minerals. To geophagia has been attributed reduced absorption of iron (7,
26, 43, 143, 147), zinc (7, 26, 43), and potassium (146), perhaps due to
chelation. Others have observed high phytate diets in geophagic populations
which could potentially decrease absorption of iron and zinc (174). Starch
has been shown to reduce iron absorption (15, 207, 210), and magnesium
carbonate was reported to interfere with iron absorption (125). On the other
hand, some clays can be a source of such minerals as magnesium (216),
potassium (67), iron (99), zinc (196), and calcium (99, 216).

THERAPY FOR PICA

Two major treatment modalities—the nutritional and the behavioral—are
recommended in the literature. Many early references advocate the use of
iron and “nutritious” food (37). The anemia and low plasma zinc of individ-
uals with pica (especially geophagia) indicate appropriate mineral therapy.

Iron and zinc supplementation may result in improvements in the clinical
picture. This is illustrated by cases of Middle Eastern dwarfism, wherein
oral zinc administration (26, 58, 87, 170, 180) for pica-induced zinc defi-
ciency resulted in sexual maturation and improved growth rates and iron
therapy reversed anemia (7, 26, 86). Many instances of apparent responses
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to treatment with iron (11, 26, 104, 119, 139, 151) and zinc (88, 108) can
be cited. More rapid disappearance of the pica following parenteral iron has
been claimed (25, 28, 151, 175). Not all nutrient therapies affect pica. In the
series studied by Gutelius et al (81), the oral administration of fat-soluble
vitamins, B-vitamins and ascorbic acid supplements raised the plasma as-
corbic acid levels of children with pica, but failed to cure the pica. Cure rates
have rarely been evaluated over a long period. In a double-blind controlled
trial McDonald & Marshall (139) observed a relapse of pica in individuals
after 6 months of iron therapy (this was accompanied by a decrease in
hemoglobin).

The sporadic success of iron therapy for pica has been postulated to be
related to whether the therapy causes critical threshold levels of hemoglobin
(139) or serum iron levels (175) to be exceeded. Others hypothesize that the
defect behind pica involves iron-dependent tissue enzymes (35, 101, 175).
Pica tends to disappear with age. Even double-blind iron therapy studies in
young children have not accounted for this (80). Caution must therefore be
exercized in evaluating and accepting the results of treatment, notably in
the numerous single case reports in the literature.

Pica has in the past been, and is still being, “treated” by physical restraint
of its practitioners/sufferers with masks and other devices. However, since
individuals with pica persistently seek the specific substances they crave (42,
131, 178)—sometimes, for example, traveling great distances to obtain clay
from special areas (5, 218, 219), a behavior also observed in lower animals
(60) and primates (B. Marriott, personal communications)—attempts to
restrain them are often unsuccessful.

Modern psychotherapy has concentrated on overcorrection techniques in
which the pica practitioner is punished with mouth wash-outs (negative
reinforcement) for indulgence of the craving and rewarded for the absence
of pica with pleasant foods (positive reinforcement). A series of behavioral
treatments (8, 20, 59, 61), has resulted in some regression of pica, even in
the mentally retarded individuals in whom little spontaneous change was
likely. Reviewing the literature on behavioral treatment, Albin (3) notes
that experimental conditions are poor, follow-up data inadequate, and thus
conclusions difficult.

CONCLUSIONS

The medical and nutritional implications of certain types of pica have been
grossly underestimated. Despite extensive investigation, few studies present
a comprehensive nutrition picture and none elucidate the etiology of pica.
A review of the literature reveals that pica appears to have multiple etiolo-
gies. One may not be able to compare the results of one study to another,
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particularly if the two studies consider different forms of pica. Thus the type
of pica should be elucidated, the significant preceding events determined.

Like alcoholism, the consumption of nonfood items is difficult to diagnose
by means of an interview. Often the condition is first revealed when the
sufferer is X-rayed for other reasons. Identification of individuals at risk is
extremely important, especially children and pregnant women who present
with anemia and/or other nutrient deficiencies.

In populations habituated to geophagia, amylophagia, and other types of
pica associated with iron deficiency, trace element and mineral status
should be evaluated. Trace element levels in the body may be subnormal,
with consequences that are as yet unknown but perhaps nutritionally signifi-
cant. Heavy metal toxicity can still be a problem for individuals ingesting
substances containing metals such as lead. Treatment modalities vary with
the type of pica. Nutritional therapy should be instituted when appropriate
and the effects of such intervention systematically documented.
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