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Pica and mineral status in the mentally
retarded1 -3

Dana Erhard Danford,1 M. P. H., D. Sc., I Cecil Smith, Jr. ,� Ph.D., and

Agnes M. Huber,0 Ph.D.

ABSTRACT A study population consisting of 66 mentally retarded individuals, 60 with and

six without pica. was evaluated for iron status, and for plasma and hair zinc, copper. and magnesium

levels within a month of known dietary intake. The parameters were all within the normal range

for individuals without pica. In contrast, subjects practicing pica had low plasma zinc and elevated

plasma copper values as compared to those without pica. Plasma magnesium was in the low normal

range for all individuals in the study population. Among the indicators of iron status measured,

Hb, hematocrit, plasma iron, total iron-binding capacity, iron saturation, and plasma ferritin,

several values were low (p < 0.00 1). Depression in plasma zinc level was related to the type and

severity of the pica. In plasma. zinc was positively correlated with iron and negatively correlated

with copper. No relationships were found between dietary intakes and plasma levels of these

minerals. The data suggest that malabsorption of zinc and iron were associated with some types of

pica although the individuals received adequate dietary intake of minerals. Zinc, copper. and

magnesium concentrations in hair were within normal ranges. Hair was a less sensitive indicator

than plasma of trace element status. Am J Clin Nuir l982;35:958-967.

KEY WORDS Pica, trace element, magnesium, iron, zinc, copper, lead, mental retardation,

nutrition.

Introduction

Pica is the most common eating dysfunc-

tion noted in an institutionalized mentally
retarded population (I), and its frequency is
similar to that reported in some nonretarded
populations (2). The relation of pica to nutri-
tional deficiency is controversial. Veterinary
studies have demonstrated self-selection of
necessary nutrients by deficient animals (3, 4)
(e.g., phosophorus-deficient animals will seek
bones to chew; pigs develop coprophagia if
deficient in calcium and phosphorus). The
results of earlier studies by Davis (5, 6) on
self-selection of diets by children have pro-
mulgated the idea that children develop pica
in an effort to correct a specific deficiency,
such as iron, in the diet.

Pica has been described throughout re-

corded history, and Avicenna first advocated

iron therapy for pica around 1000 AD (7).
Iron deficiency as the cause of pica was pro-

posed by Lanzkowsky (8). In an early study,
he treated anemic children who had pica with
intramuscular iron dextran and reported si-
multaneous increase in hemoglobin and re-

mission of the pica. MacDonald and Marshall
(9) found a permanent “cure” of pica in
children if adequate Hb were maintained.
Similar observations continue to be reported
(10, 11). Gutelius et al. (12) repeated Lanz-
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kowsky’s protocol, giving saline injections to

a similar group with pica, found that saline

injections also caused cessation of the pica.
However, others point out that the saline
group also had Hb response ( I 3). These con-
flicting reports have not resolved this contin-
uing controversy.

No consistent and well-controlled data are

available to indicate that pica occurs because
certain minerals are lacking in the diet. Gu-
telius et al. (14) were the only investigators
who evaluated the dietary intakes of individ-

uals with pica. However, the dietary meth-

odology used was not specified and the re-

sults, presented as nutrient scores, are difficult
to interpret. They concluded that the 30 chil-

dren with pica had significantly lower intakes
of milk, meat, and vitamin C and ingested a

poor variety of food.
An alternative theory is that the practice of

pica may cause malabsorption of nutrients.
Low plasma levels of certain minerals have

been reported in subjects practicing geo-
phagia. Clay eaters may develop anemia re-
sulting from malabsorption due to chelation

of dietary iron by the clay (15-17). The soil
consumed by individuals practicing geo-

phagia may chelate iron (17) and zinc (18,
19), apparently resulting in impaired gas-
trointestinal absorption. In Turkey (20) and
in Iran (21, 22) a syndrome has been de-
scribed in children and adolescents consum-
ing soil and clay that is characterized by
growth retardation, hepatomegaly, hypogon-

adism (21-24) and histological changes in the

gut mucosa with malabsorption of iron and
zinc (18). Growth stimulation and sexual

maturation in adolescents have been reported
with zinc administration, indicating the pres-

ence of zinc deficiency in these groups (19,
23, 25).

Among Black populations in the United
States that eat laundry starch, iron-deficiency
anemia is common (26, 27). It has been sug-
gested that this anemia is caused by the re-
placement of iron-rich foods by the iron-poor
starch (26) and the chelation effect of starch
on iron (27). However, cause and effect rela-
tionships are difficult to discern. Dietary in-
takes of nutrients, especially trace elements,
have not been systematically evaluated in

these individuals.
Various forms of pica, including geo-

phagia, occur among mentally retarded chil-

dren (28) and adults (29). Studies have not
verified previous reports of associations be-

tween pica and nutrient status in the mentally
retarded. Kalisz et al. (30) recently expressed
concern for intakes of vitamin D, vitamin C,
phosphorous, and iron in the mentally re-
tarded with pica. There are few studies which
evaluate the consequences of pica on mineral
availability in the mentally retarded and most
of these concentrate on lead due to paint
ingestion by children (31-33). This scant data
and the common occurrence of pica
prompted us to investigate the mineral status
of a group of institutionalized mentally re-

tarded adults with pica.

Methods

Population

Pica was previously reported to occur in 256 of the

991 institutionalized mentally retarded individuals ( I).
The incidence ofpica was higher in individuals with low

lQ (I). Sixty-six individuals, from an institution for the
mentally retarded, were referred for nutritional evalua-

tion of their pica. These sixty-six subjects were demo-

graphically representative of the total population. The

study group was 58% male and 42% female with a mean

age of 29 yr ranging from IS to 71 yr. Ten percent of

those with pica were Black, and the total institution

population was predominantly Caucasion (96%).

At the time of referral, 60 of these individuals had
pica and six did not. The individuals with pica were

classified into I I categories representing the most com-

mon types (29) of pica observed in the institution: geo-

phagia (soil), cigarettes. coprophagia (feces). foliophagia

(grass. leaves), paper, string, metal, paint, twigs. and

insects. Those who consumed a combination of two to
five items were categorized as multiple pica while those

who consumed everything were described as nondiscri-

minating.

From review of the medical records of the instituton

population. the 60 subjects with pica were matched with

60 subjects without pica. These 60 control individuals

without pica were matched according to medical diag-

nosis, level of retardation, related medical-nutritional

problems (e.g.. ulcers, rumination), drug therapy. sex

and as closely as possible for age and residential building.

Food intake meihodologt

Food intake was obtained by direct observation over

3 consecutive days (2 weekdays and I weekend) for 10-

h period each day. This observation period included all

meals. During this aggregate 30-h period the amount

and kind of substance ingested were recorded including
amount and frequency of pica substances and water.

Food intake during meals was calculated by subtracting

the quantity of food not eaten from the amount served

(portion controlled).

The food eaten was numerically coded and analyzed

using the Ohio State computerized nutrient data base

(34). Missing values for caffeine, copper. zinc. magne-
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sium, and vitamin D were added using current literature

(35-4 I ). The intakes were individually compared with

the 1980 Recommended Dietary Allowances (42) and

averaged for the group.

Blood collection for mineral assa�’s

Blood samples for measurement ofminerals in plasma
were collected with special precautions to exclude con-

tamination. Adequate fluid intake ofall individuals dur-
ing the period was ensured to prevent blood value

changes due to dehydration. After an overnight fast.

samples of blood were drawn between 7 and 9 AM from

the antecubital fossa with the individual in a reclining

position. Blood was drawn with a 2 I gauge stainless steel

“butterfly” device (Abbott Laboratories. Chicago. 1L)

coupled to a 10 ml monovette polyethylene syringe (Wal-

ter Sarstedt. Inc., Princeton, NJ) containing 3 drops of

30% sodium citrate solution (all tested and found to be

trace element free). After removal of samples of blood

for Hb and hematocrit determination, the remainder of

blood was centrifuged in the plastic syringe. Plasma was

separated with EDTA-washed Pasteur pipettes and fro-

zen in EDTA-washed polyethylene vials. None of the

samples used was hemolyzed.

Blood anahces

Hb was estimated by the cyanmethemoglobin method
(43). Three standards of known Hb content (8.4 ± 0.12,

12.2 ± 0.10, 16.4 ± 0.15 g/dl, mean ± SD) were read

durinl each analysis and interday reproducibility was

99%. Hematocrit was determined on duplicate samples

using standard procedures (44) and was reproducible to

within 99.5%.

Plasma anal;’ses

Iron and total iron-binding capacity were estimated
by methods proposed by the International Committee

for Standardization in Hematology (45, 46) adapted to

0.5 ml volumes of plasma. When serum standards from

the Center for Disease Control (47) in Atlanta, GA were

used to check the overall accuracy of the laboratory

procedures: agreement was within 4%. Values for iron or

total iron-binding capacity that seemed unusual were

repeated and validated with good agreement in all cases
(within 94%). Ferritin was determined by radioimmu-

noassay (48) and duplicate samples read within 97% of

each other.

Zinc, copper, and magnesium were assayed by flame

atomic absorption spectrophotometry (Perkin-Etmer
Atomic Absorption Spectrophotometer. model 603, Nor-
walk. CT). Zinc was assayed in duplicate samples by a

modification of the procedure of Smith, et al. (49) scaled

down for use with 0.2 ml of plasma. Copper was assayed

in 0.5 ml of plasma and magnesium in 0.1 ml, by

standard procedures of Fernandez and Kahn (50) scaled

down to these volumes. Six readings for each assay were

averaged. High or low values were checked by re-assay
and all confirmed the original estimate (within 3%).

Three internal standards were used to validate each

assay. These included standardized serum for zinc and

copper from the Center for Disease Control (47) Atlanta,

GA. a pooled plasma sample of known trace element

content from the Trace Mineral Laboratory. Veterans

Administration Hospital, Washington. DC and another

plasma trace element standard from the Vitamin and

Mineral Nutrition Laboratory, Beltsville Human Nutri-

tion Research Center, USDA, Beltsville, MD. After every

ten samples. reproducibility was checked against stan-

dards of known zinc, copper, and magnesium content.

Standard additions were done at three levels and recov-
cries for all three elements were within 2% (98% for zinc,

99% for copper. and 101% for magnesium).

I/air anal vses

Hair was cut with stainless steel scissors close to the

scalp from the right occipital area of the head on the

same day that the blood was drawn. The kind of sham-

poo generally used was recorded. Hair samples were

processed by modification of a published method (5 I).

Hair was washed in individual plastic containers with a

metal-free nonionic 7% cleaning solution (“Acationox.”

Scientific Products) in deionized water. The containers
were shaken for 30 mm, the hair was rinsed 15 times

with deionized water and placed in a plastic Petri dish.

Samples were dried overnight at 70#{176}C,then kept in a

desiccator to stabilize dry weight and then immediately
weighed (100-mg samples were used). Samples were

transferred to EDTA-washed 20-mt scintillation glass

vials with Teflon caps and digested by heating just to

boiling in a mixture of I part of 70% perchloric acid and
two parts of 30% hydrogen peroxide. All hair samples

were analyzed by flame atomic absorption spectroscopy

(Perkin-Elmer Atomic Absorption Spectrophotometer,

model 403. Norwalk, CT). A standard hair sample and

bovine liver sample. similarly digested in acid, SRM no.
1577 certified (National Bureau of Standards) were used

as internal reference standards. The reproducibility from

day to day was within 3%. Any very low or high values
were repeated and confirmed with good reproducibility

(98%). Standard additions to hair samples at three levels

for each mineral showed good recovery (100 ± 2%).

Annual laboratory evaluation

The routine annual laboratory value done by an
independent laboratory for 60 individuals with pica were

compared with values of the 60 matched individuals
without pica. These included calcium, phosphorus, cho-

lesterol, triglyceride, total protein, albumin, globulin,

alkaline phosphatase. tactic dehydrogenase. glutamic-ox-

aloacetatic transaminase. glutamic-pyruvic transami-

nase, total serum thyroxine, and in some individuals

whole blood lead.

Data analyses

Data were analyzed by use of Statistical Package for

the Social Sciences (52). Because of the small size of the

study population descriptive statistics (mean ± SEM)
were primarily used. For the blood data on a larger

sample from the annual physical examinations, paired

tests were computed. For comparison of different mea-

surements within a single group. correlation coefficients

were computed. Comparisons between types of pica were

done using independent t test and analysis of variance.

Results

Table 1 summarizes blood values measured
as part of the annual physical exam of 60

 by guest on M
ay 30, 2015

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


MINERAL STATUS IN PiCA 961

TABLE 1

Reported laboratory results from annual

physical exam (mean ± SEM)

Laboratory test Normal range
Pica

(n 60)
Matched control

(n 60) p

Calcium (mg/dl) 9-11 9.5 ± 0.06 9.6 ± 0.06 NS

Phosphorus (mg/dl) 2.5-4.2 3.6 ± 0.06 3.4 ± 0.07 NS

Cholesterol (mg/dl) 140-330 162 ± 3.8 161 ± 3.9 NS

Triglyceride (mg/dl) 30- 175 75 ± 6.0 85 ± 6.7 NS

Totat protein (g/dt) 6-8.5 7.3 ± 0.06 7.4 ± 0.05 NS

Albumin (g/dt) 3.5-5.5 4.1 ± 0.05 4.2 ± 0.04 NS

Globulin (g/dt) 2-4 3.2 ± 0.06 3.2 ± 0.06 NS

Alkaline phosphatase (units/l) 30-115 105 ± 7.3t 97 ± 5.0 NS

LDH (units/l) 60-230 193± 6.2 194± 5.3 NS

SOOT (units/t) 0-41 23 ± 1.1 24 ± 1.0 NS

SGPT (units/t) 0-45 26± 1.8 28± 1.8 NS

14 (jsg/dl) 4.5-12 6.1 ± 0.2 6.7± 0.2 NS

* Paired t test.

t Minus two individuals with values > 600 units/I.

individuals with pica and 60 matched mdi-
viduals without pica. All values are within

the normal ranges. The absence of a reduc-
tion in plasma inorganic phosphate level in

the pica group contrasts with reported find-
ings (1 8). Normal liver enzyme concentra-

tions indicated that active liver disease was
absent in most individuals. Two individuals
with active liver disease and elevated alkaline
phosphatase greater than 600 units/l were

omitted. Serum albumin levels were all in the
normal range. This implies that any differ-
ence noted in plasma zinc or copper is not
attributable to differences in the albumin
concentration.

Table 2 summarizes levels of iron, zinc,
copper, and magnesium in plasma, levels of

zinc, copper, and magnesium in hair, and
daily dietary intakes of iron, zinc, copper,
and magnesium. Dietary intakes were similar
in subjects with and without pica, however,
plasma zinc (p <0.01) and iron (p < 0.01)
were significantly reduced in individuals with
pica. Plasma copper was slightly, but not
significantly, elevated in those with pica.
Plasma magnesium was low normal and did
not differ significantly between groups. Al-
though plasma zinc was significantly low in
pica, hair zinc was in the normal range for all
individuals. Hair copper and magnesium
were both elevated in those with pica. The
marginal plasma magnesium levels are con-

sistent with low dietary intakes of magne-
sium.

Table 3 summarizes selected nutrient and
caloric intakes of the 66 individuals with and

without pica. Nutrient intakes were compared
to the Recommended Dietary Allowances on
an individual basis taking into account sex
and age. No differences in dietary intake

between groups were found. The food intake
of all individuals approximated or exceeded
their Recommended Dietary Allowance cx-
cept for magnesium and copper.

Table 4 summarizes iron parameters in
females and males with and without pica.
Average hematocrit and Hb values were
within the normal range for all females and
males, and did not differ significantly be-

tween individuals with and without pica.
Plasma iron was significantly lower (p < 0.01)
in males with pica but was not decreased in

females with pica. Total iron-binding capac-
ity was within the normal range for all groups,
although certain individuals with pica had
elevated values. Percentage iron saturation
was significantly lower (p < 0.05) in males
with pica, but did not differ in females.

Table 5 summarizes plasma iron, zinc, cop-
per, and magnesium in individuals without
pica as well as in the eleven pica categories.

As a group, iron was significantly lower in
individuals with pica than those without pica.
The mean plasma irons of individuals with

geophagia, coprophagia, or ingestion of paper
or twigs were significantly lower than the
group without pica.

Plasma zinc was significantly lower in the
group with pica than the group without pica.
Zinc values were low for all individuals with
geophagia. Values were lowest, in order of
decreasing severity, for those who ate soil,
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nondiscriminant substances, and paper.
Plasma copper concentrations in individ-

uals with and without pica did not signifi-
cantly differ. Copper elevations were highest

in nondiscriminant pica, coprophagia, and
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geophagia consecutively but no significant

difference was found when compared to the
group without pica. All individuals studied

had similar plasma magnesium levels and no

sO
significant differences were observed between
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different types of pica.
Table 6 shows correlation coefficients for

the relationships between various parameters
in plasma and in hair. Hb, hematocrit, plasma
iron, and total iron-binding capacity were

r� � ‘r� significantly correlated. This is consistent
+1 4� +1

�
with published data (53, 54). Plasma iron and
zinc were significantly correlated (p < 0.006)

but plasma iron and copper concentrations

did not correlate. An inverse correlation was
observed between plasma zinc and copper (p
< 0.02). Magnesium levels in plasma were
not correlated with any other mineral con-

stituents measured. A significant inverse cor-
. relation was found between magnesium in

; ‘� �
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�

plasma and hair (p < 0.02). Between plasma
and hair, levels of copper (p < 0.05), but not

of zinc were positively correlated. Finally,
dietary intake of minerals by individuals did
not significantly correlate with corresponding
levels of minerals in plasma. The high dietary

I:
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intakes of vitamin C and calcium did not
correlate significantly with plasma values of
iron and zinc.
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While the etiology of pica in the mentally
retarded remains unknown, the results of this
study indicate that there are nutrition-related
metabolic abnormalities, previously not re-
ported, associated with pica in the mentally
retarded. The suggestion (31) that the men-
tally retarded with brain damage cannot dis-

criminate between food and nonfood items,
despite our finding of pica being more prey-
alent in individuals with the lowest IQ’s (1),
was not observed in this population. In fact,
individuals with pica observed in this study
were often aggressive in their search for the
nonfood item of choice and were generally
quite deliberate about the types of items in-
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TABLE 3

Selected nutrient intakes of individuals with
and without pica (mean ± SEM)

Nutrient RDA range
Intake in individuals without

.
picat

Intake in individuals with picat

kcal 1600-2900 2259 ± 44 2306 ± 93

Protein (g) 44-56 82 ± 3 89 ± 3

Vitamin A (jig RE)� 800-1000 790 ± 190 812 ± 56
Vitamin D (jag) 5-10 5 ± 1 6 ± I
Ascorbicacid(mg) 60 199±61 192± 13
Calcium (mg) 800-1200 1145 ± 54 1223 ± 51

Phosphorus (mg) 800-1200 1340 ± 71 1509 ± 61

* Recommended Dietary Allowance range is given to cover all individual requirements dependent on sex and

age.

n = 6.
4 n = 60.

� Retinot equivalents, see Reference 42.

TABLE 4
Iron status of individuals with and without

pica (mean ± SEM)

Iron parameters Normal

range

Males

Without pica Pica (n 34) Normal

(n-4) range

Females

Without pica

(n-2)

Pica

4n-26)

Hematocrit (%) >37 42 ± 1.4 39 ± 0.5

Hb(g/dt) >12 14±0.5 14±0.2
Plasma iron (jag/dt) >60 138 ± 11* 86 ± 8*

Total iron-binding capacity

(jag/dl) 250-410 340 ± 16 357 ± 14

Iron saturation (%) >20 41 ± 4t 26 ± 3t

>31

>10

>40

250-410

>15

37 ± 1 37 ± 0.6

13 ±0.1 13 ±0.2

101 ± 10 97 ± 7

324 ± 17 367 ± 21

31 ± 5 39 ± 3

* Student’s t test p < 0.01.

t Student’s t test p < 0.05.

TABLE 5
Plasma iron, zinc, copper, and magnesium concentrations for
individuals with various types of

pica (mean ± SEM)

Types of pica n Iron Zinc Copper Magnesium

jig/dl �g/dI �ig/dl mg/dl

Withoutpica 6 125±11 81±4

Nondiscriminant 5 87 ± 28 67 ± 7

112 ±6

142 ± 14

1.8 ±0.06

1.7 ± 0.07
Multiple 8 91 ± 15 65 ± 5*

Geophagia 7 75 ± 15* 61 ± 3*

Cigarettes 4 112±15 66±3*

Coprophagia 7 84 ± 15* 71 ± 4

Fotiophagia 5 127 ± 23 76 ± 4

Paper 6 71 �9* 67 ±2*

String 8 107 ± 13 66 ± 3*

Metal/paint 4 80 ± 21 71 ± 3*
Twigs 2 .47±18* 64±10

Insects 2 85 ± 6 71 ± 6

129 ± 15

133 ± 21

119± 24

135 ± 14

104 ± 10

114±10

124 ± 19

94 ± 8
87±25

114 ± 5

1.8 ± 0.05

1.8 ± 0.05

1.8 ±0.03

1.9 ± 0.04

1.8 ± 0.06

1.8 ±0.08

1.7 ± 0.06

1.8 ± 0.06
2.1±0.18

2.0 ± 0.10

Individual groups by type of pica are significantly different from the group without pica.
* Student’s t test p < 0.05.

gested. Such behavior indicates that pica can- not the nutrient intake of institutionalized
not be explained by nondiscriminating oral individuals with pica is suboptimal. We com-
patterns, pared the nutrient intake from food between

One major concern has been whether or individuals with and without pica as well as
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TABLE 6

Correlation coefficients for plasma and hair

concentrations for individuals with

and without pica

Measurements r p

% Saturation/plasma iron 0.87 0.001

Hb/Hematocrit 0.83 0.001

Hb/plasma iron 0.39 0.001

% Saturation/Hb 0.36 0.002

Plasma zinc/plasma iron 0.3t 0.006

Plasma zinc/plasma copper -0.25 0.02

Hair magnesium/plasma magnesium -0.25 0.02

Hair copper/plasma copper 0.22 0.05

all individuals with the Recommended Di-

etary Allowance for their age and sex. These
comparisons did not bear out the assumption
that individuals with pica have a significantly
reduced nutrient intake (13). The amount and
frequency of the pica substance consumed
did not adversely affect the total amount of

calories, protein, or minerals consumed from
food. Thus low plasma mineral values would
have to be explained by factors other than
dietary intake.

Pica is still largely unrecognized as a med-
ical problem at this institution and relatively

few of the individuals with pica were medi-
cally referred for indepth nutritional evalua-
tion. Since medical referrals for nutritional
evaluation consisted of individuals on whom
trace element status was evaluated as a rou-
tine service, we did not have an extensive
control group of individuals without pica.
This was a limiting factor in obtaining control
information required for a definitive study of
causal relationships between diet and other

parameters associated with pica. Neverthe-
less, some striking differences were observed
between the population with and without

pica.
Our results show that low plasma levels of

zinc and iron and elevated plasma copper are
characteristic of certain types of pica in these
primarily adult mentally retarded individ-
uals. The dietary intakes of these trace min-

erals were normal. While significantly re-
duced zinc and iron levels in plasma in part
might reflect the genetic make-up of the pop-
ulation studied, the most acceptable expla-
nation is that pica causes malabsorption of
zinc and iron as previously reported in Mid-
dle Eastern geophagic populations with pica

(15-25).

This suggestion is strengthened by a highly

significant correlation between severity of
pica (measured by the observed documenta-

tion of the amount and frequency of the pica
substance ingested) and the depression of
plasma zinc and iron levels (ANOVA, p <

0.001). The pica subgroup of individuals with
geophagia among our population had low
plasma iron and zinc levels and this is con-
sistent with studies (17, 18) which demon-

strate that soil and clay can chelate iron and
zinc. Another subgroup of individuals with

pica with low plasma iron and zinc are those
who consume paper or twigs; these substances

can potentially bind metals similarly to fiber
effects noted by Reinhold et al. and others
(55-56). The dietary fiber consumed in food

by this population did not appear to approx-
imate the high fiber, high phytate diets of
Iranian villagers reported by Reinhold et al.
(55).

Among the iron status parameters mea-

sured, 30% of the group with pica had low
Hb; 45%, low hematocrit; 23%, low plasma
iron; 34%, low iron saturation and 28%, low
ferritin. In one-third of the population with
pica, despite adequate dietary intakes, at least
one or more indices of iron status reflected
deficiency levels. Interpretation of iron data
is complicated by the cutoff point chosen for
normal values (53). As a group, however,
males with pica had more parameters mdi-

cating poor iron status than either males with-
out pica or females with and without pica.
Ferritin assays (57) substantiated these find-
ings.

Plasma zinc levels were below normal
range in 53% of the individuals with pica.
The amount and frequency of pica correlated
with the decrease of plasma zinc level (AN-
OVA, p < 0.001). Zinc values were low for
all individuals with geophagia despite ade-
quate dietary zinc intake. Plasma copper was
below the normal range for our controls in
3% of the group without pica and above the
normal range in 28% of the group with pica.
Copper elevations were highest in nondiscri-
minant pica, coprophagia, and geophagia
consecutively. Excessive plasma copper levels
are not explained by dietary intakes, which
were lower than the Recommended Dietary
Allowances for both groups of individuals.
Interpretation of plasma magnesium levels
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depends upon the range used for normal.
Most clinical laboratories (58) report a nor-
mal range of 1.8 to 2.8 mg/dl. Application of

this standard to our population indicate that
33% of the individuals without and 57% of
those with pica have low magnesium. The

dietary intake of magnesium was below the
Recommended Dietary Allowances for both
groups, which is in agreement with low
plasma magnesium.

For plasma zinc, copper, and magnesium
no sex differences were observed. At the time

of the study two males with pica were receiv-
ing daily ferrous sulfate therapy, one of whom
was nevertheless anemic. This may be a trib-

ute to the chelation capacity of pica sub-
stances. It is interesting to note that low
plasma iron values, characteristic of anemia,
occurred more commonly in males than in
females, in constrast to the incidence of iron
deficiency anemia in the general population.
Males generally consumed greater amounts
of pica substances, and this might explain the
difference. Parameters of iron sufficiency are
difficult to evaluate in this group as many do
not represent uncomplicated iron deficiency.
Ferritin assays (57, 59) were done to measure

iron stores. The low ferritin values (3 ng/ml)
found in individuals with geophagia indicate
that iron deficiency can occur in this popu-
lation in association with pica. The total pop-

ulation studied did not show any consistent
effects of drugs or disease on plasma iron
and/or zinc. Since plasma zinc decreases in
infectious states, we took note of liver en-
zymes, whether individuals were positive for
Australia antigen, and also reviewed medical
records for diagnosed infectious disease.
Eleven percent were positive for Australia
antigen but none of the above parameters
had consistent relation to plasma zinc levels.
None of the females in our study was taking
oral contraceptive drugs that would alter
plasma, zinc, copper, or iron.

We found a correlation between hair cop-

per and magnesium and their corresponding
plasma levels but no relationship with zinc.
Some investigators have considered hair a
reliable indicator of long-term zinc status
(60). Our data and those of others (61, 62)

indicate that zinc, copper, and magnesium
levels in hair are not reliable indicators of

trace element status. Methodologies and en-

vironmental contamination of hair samples

continue to plague interpretation of results
(62, 63). In our population, the copper values
for hair covered a wide range and we ex-

cluded data from three individuals with hair
copper that repeatedly measured greater than
800 jzg/g. Our experience has confirmed the
difficulty of obtaining reliable measurements
from hair (61, 64).

Lead toxicity in relation to pica has been
documented (30, 33) and in the mentally
retarded one remains concerned that further
brain damage secondary to lead toxicity can

be superimposed on mental retardation (31).
Six study individuals with pica were referred
for lead screening. Of the two individuals
with geophagia and the two individuals who

consumed paint, none had high plasma lead
levels, thus ruling out lead toxicity and the
possibility that low plasma iron or zinc is
secondary to lead burden. The only elevated
lead level observed (>82 j.tg/dl) was in an
individual who ingested large amounts of

paper (65, 66). In this case, her plasma zinc
was in the normal range; however, her plasma

iron was low despite a normal ferritin of 21
ng/ml.

Low plasma mineral concentrations merely
suggest deficiencies. Only a clear-cut re-
sponse to supplementation under controlled
conditions would constitute definitive evi-
dence of deficiency. One individual, a woman
with cigarette pica, had low plasma zinc level
and wounds which refused to heal for over a

year. Daily treatment with 220 mg oral zinc
sulfate three times a day raised her plasma
zinc level (63 to 110) �ig/dl, decreased her

elevated copper level (240 to 125) �zg/dl and
initiated wound granulation with rapid heal-
ing. Individuals with pica and low plasma
levels of iron and zinc should be treated with

appropriate supplements and their clinical
response monitored. Responses such as
wound healing can be useful in the monitor-
ing of clinical parameters of zinc deficiency.

Pica in the mentally retarded is underre-
ported and continues to need nutritional eval-

uation. Other factors such as metabolic dis-
orders, infectious states, and drugs that can
chelate with dietary iron and zinc and possi-

bly other mineral elements can compound
this risk for mineral deficiencies in the men-
tally retarded. In view of the high frequency
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of pica we observed and possible other con-
tributory factors, trace element and mineral
status should be evaluated in the mentally
retarded and nonretarded populations prac-
ticing certain types of pica. Such evaluation
would be a valuable contribution toward bet-

ter nutritional care for the mentally retarded.
Perhaps the major population at risk, how-
ever, is the nonhospitalized general popula-
tion who are habituated to geophagia in this

and other countries. In this large group all
over the world, trace element content of the
body may well be subnormal, with conse-
quences that are as yet unknown and proba-
bly nutritionally very significant.
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