
ABSTRACT
Background: Previous studies questioned the link between early
childhood anemia and detrimental child development.
Objective: A population-based study was conducted to examine
the association between early childhood anemia and mild or
moderate metal retardation at 10 y of age.
Design: The present study linked early childhood nutrition data
collected by the Special Supplemental Program for Women,
Infants, and Children (WIC) and school records. Hemoglobin
values were used to determine the relation between anemia in
early life and children’s placement in special education classes
for mild or moderate mental retardation. Subjects were all par-
ticipants in the WIC program. A computer program was used to
link data from birth, WIC, and school records.
Results: Logistic regression showed an increased likelihood of
mild or moderate mental retardation associated with anemia, inde-
pendent of birth weight, maternal education, sex, race-ethnicity,
the mother’s age, or the child’s age at entry into the WIC program.
Conclusion: These findings support the proposition that efforts
to prevent mild and moderate mental retardation should include
providing children with adequate nutrition during early child-
hood. Am J Clin Nutr1999;69:115–9.
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INTRODUCTION

In the past 20 y, possible long-term consequences of iron defi-
ciency anemia on child development have become apparent.
Recent studies have indicated that severe anemia affects both
mental and motor development in children (1–8). It is unclear
whether iron deficiency and its behavioral effects are correctable,
particularly with regard to long-term developmental outcomes.
Iron deficiency is most prevalent during the first 2 y of life when
the infant brain is still developing. Severe iron deficiency anemia
during this period may cause permanent neurologic damage (9).
Biochemical studies of humans and animals have suggested an
underlying neural mechanism linking iron deficiency and behav-
ioral abnormalities, showing that iron deficiency is a biologically
plausible cause of impaired development (10–13).

The effectiveness of intramuscular iron treatment in reversing

both iron deficiency and the behavioral effects of this deficiency
was first reported by Oski and Honig (14). Improvement in the
mental development scores of nonanemic, iron-deficient infants
after short-term, intramuscular treatment with iron was also
reported (15). Some improvement in behavioral measures in tod-
dlers or school-age children was found after treatment with oral
supplements (3, 4). Most other studies investigating short-term
effects found no improvement (1, 2).

More recent studies have reported that long-term effects of iron
deficiency anemia during infancy may be permanent (5). Long-
term or severe iron deficiency may not respond to iron therapy and
may be associated with poorer outcomes at long-term follow-up
even after iron therapy (2, 6, 7). Similar results have been reported
when maternal education, social class, birth weight, and parental
intelligence quotient were controlled (5–8). Some studies have
suggested that severe or chronic iron deficiency may be associated
with irreversible effects on brain development (2, 6, 7).

In response to the high rate of iron deficiency anemia and poor
growth among low-income children, a federal effort to reduce
the prevalence of iron deficiency, the Special Supplemental Pro-
gram for Women, Infants, and Children (WIC), was started in
1973. Among the purposes of the WIC program is providing
food supplements to low-income pregnant women, their infants,
and children. Participation in the WIC program has resulted in
improved nutritional status and increased birth weight among
low-income children (16). However, the program’s overall effec-
tiveness is not yet clear (17).

The present study examined possible long-term effects of iron
deficiency anemia on academic functioning in a sample of chil-
dren at risk for inadequate nutrition. Information from birth
records and WIC program records was related to the need for spe-
cial education because of mild or moderate mental retardation.
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SUBJECTS AND METHODS

Subjects

We linked the records of participants in the WIC program with
birth and school records by using an automated computer link-
age system. The birth record set consisted of all birth records in
Dade County, FL, from 1979 and 1980. The school record set
consisted of all school records from Dade County from 1990 and
1991. The WIC record set contained Dade County records for
children who were born in 1979 or 1980 and participated in the
WIC program between birth and 5 y of age. Birth records from
Dade County for 1979 and 1980 were linked in a previous study
with Dade County school records for 1990 and 1991 (18). This
linkage, which will be referred to as the birth-school linkage,
contained information on each subject at birth and at age 10 y
(<5th grade). This outcome age was selected because the rate of
educational handicaps peaks in 10-y-olds (19). We linked the
record sets by using the New York State Intelligence Information
System code for last name, first name, date of birth, and sex.
Codes and identifiers were chosen to be consistent with those
used in a previous study (18). About 93% of eligible school
records were linked with birth records.

The same method was used to link birth-school records with
WIC Nutrition Surveillance records. Outcome analyses were
then computed on this data set. These records will be referred to
as the birth-school-nutrition linkage. Once all records were
linked, identifiers were removed from the data. Thus, subject
identity remained confidential. Records of 5411 subjects were
found in all 3 data sources. About 69% of the sample was black,
23% was Hispanic, and 7% was white. The data linkage is
described in Figure 1.

Variables

Anemia caused by severe iron deficiency is the third stage of
iron deficiency, in which hemoglobin or hematocrit values are ≥2
SDs below age- and sex-specific references (9, 20). An inade-
quate amount of iron in the diet is the most common cause of ane-
mia in US children, although there are other causes not related to

nutrition. In large population groups in the United States, the
hemoglobin concentration can serve as an effective index of iron
nutrition status. In this study, low hemoglobin concentrations are
used to represent the third stage of iron deficiency.

The variables included in the regression equation were hemo-
globin, birth weight, maternal education, sex, race-ethnicity, age
of mother, and age of child at entry into the WIC program. The
prevalences and mean values of the study variables are shown in
Table 1. Hemoglobin concentrations and age of child were
reported by the WIC program and were retrieved from the WIC
Nutrition Surveillance records. Hemoglobin concentrations were
coded as grams per liter. Age of child at entry into the WIC pro-
gram was coded in months. Birth weight, maternal education,
sex, race-ethnicity, and age of mother were retrieved from the
birth record. Birth weight was coded as very low (<1500 g), low
(1500 to <2500 g), and normal (≥2500 g). Maternal education
was coded as low (<12 y), normal (12 y), and high (>12 y).
Race-ethnicity was coded as white, black, or Hispanic, and age
of the mother was coded as <18, 18–35, and >35 y.

The outcome variable for the analyses was mild or moderate
mental retardation on the basis of criteria used by the Florida
Department of Education for special education placement. Mild
or moderate mental retardation is defined as educable mentally
handicapped or trainable mentally handicapped (21). This infor-
mation was retrieved from the school record.

Procedure

We used logistic regression to estimate the association
between anemia and mild or moderate mental retardation while
controlling for birth weight, maternal education, sex, race-eth-
nicity, age of mother, and age of child. The main effect of each
variable on the outcome was estimated while controlling for all
other variables in the equation. Analyses were conducted with
SPSS (SPSS Inc, Chicago).

The inverse of the hemoglobin concentration (to maintain pos-
itive directionality of the results) and the age of the child were
entered into the regression equation as continuous variables.
Hemoglobin measures were collected for subjects at the time of
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FIGURE 1. Description of the data linkage.
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entry into the WIC program. This was defined as the earliest visit
date for each child regardless of the clinic the child visited and
regardless of whether that child was treated by the program. The
children’s ages at the time of the first visit ranged from 0 to 58.3
mo (x– ± SD: 12.7± 10.6 mo).

Birth weight, maternal education, sex, race-ethnicity, and age
of mother were entered as categorical variables; simple contrasts
were used. The referent groups were the lowest risk groups: nor-
mal birth weight, >12 y of education, female, white, and mater-
nal age <18 y, respectively.

The analyses compared children with mild or moderate men-
tal retardation with those who were achieving normally; 736
children with other types of special education placement, such as
sensory handicaps or physical handicaps, were not included.
Additionally, 60 children for whom maternal education data
were missing and 848 children for whom hemoglobin concentra-
tions were missing were excluded from the analyses. Complete
data were available for 3771 children.

RESULTS

Preliminary analyses

A preliminary analysis of the demographic makeup of the
linkage populations showed that the linked study sample (birth-
school-nutrition) was significantly different from the birth-
school sample for several variables, differences that were
expected because the WIC program serves low-income families.
The study sample had a higher percentage of children with edu-
cational disabilities, a higher percentage of black subjects, and
lower means for birth weight, gestational age at birth, maternal
education level, and maternal age than did the birth-school pop-
ulation. Compared with the unlinked nutrition only population,

the study sample differed in 2 variables: percentage of black sub-
jects and percentage of children with low hemoglobin concen-
trations, both of which were lower in the study sample (22). The
sample population was therefore demographically different from
children identified by the birth-school linkage or by the nutrition
only records. A statistical comparison of the mean hemoglobin
concentration of the sample population with that of the overall
population by z score was significant. However, the differences
were slight; the sample parameters (x– ± SD: 115.6± 13.3 g/L)
were generally similar to the population parameters (m = 116.0,
s = 14.3 g/L).

Outcome analyses

The effects of hemoglobin concentration, birth weight, mater-
nal education, sex, race-ethnicity, age of mother, and age of child
at entry into the WIC program on mild or moderate mental retar-
dation are reported in Table 2. The effect of hemoglobin was
significant after all covariates were entered into the equation
[odds ratio (OR): 1.28; 95% CI: 1.05, 1.60]. Therefore, for each
decrement in hemoglobin, risk of mild or moderate mental retar-
dation increased by 1.28, even after we controlled for all other
variables in the equation.

Children of mothers with low education and children of moth-
ers with normal education were 11.94 and 8.32 times as likely,
respectively, to be classified as mildly or moderately retarded as
children of mothers with high education. Children with very low
birth weights and those with low birth weights were 4.58 and
2.50 times as likely, respectively, to be classified as mildly or
moderately retarded as children with normal birth weights.
Males were 2.17 times more likely to be classified as mildly or
moderately retarded than were females. Children of mothers
aged 18–35 y were 2.51 times as likely to be classified as mildly
or moderately retarded and children of mothers aged >35 y were
4.27 times as likely as children of mothers <18 y old. In addi-
tion, the older the child at entry into the WIC program, the more
likely that child would be placed in special education for mild or
moderate mental retardation.
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TABLE 1
Study variables and definitions, data sources, and prevalences (or means)

Variable and definition Source Prevalence or mean

Hemoglobin (g/L) Nutrition record 115.6 ± 13.31

Birth weight (%) Birth record
Very low (<1500 g) 1.1
Low (1500 to <2500 g) 8.6
Normal (≥2500 g) 90.3

Maternal education (%) Birth record
Low (<12 y) 48.6
Normal (12 y) 40.1
High (>12 y) 11.2

Male sex (%) Birth record 47.2
Race-ethnicity (%) Birth record

Black 74.1
Hispanic 20.1
White 5.8

Age of mother (%) Birth record
(<18 y) 15.6
(18–35 y) 79.7
(>35 y) 4.6

Age of child at entry into Nutrition record 13.13 ± 10.41
the WIC program (mo)2

Mild or moderate mental School record 2
retardation (%)3

1x– ± SD.
2WIC, Special Supplemental Program for Women, Infants, and Children.
3Defined as educable or trainable mentally handicapped.

TABLE 2
Regression coefficients and adjusted odds ratios for the association
between risk factors and mild or moderate mental retardation1

Variable Odds ratio (95% CI)

Hemoglobin (g/L) 1.282 (1.05, 1.60)
Birth weight

Very low 4.582 (1.04, 20.12) 
Low 2.503 (1.36, 4.61)

Maternal education
Low 11.942 (1.63, 88.08)
Normal 8.322 (1.12, 62.0)

Male sex 2.173 (1.33, 3.53)
Race or ethnicity

Hispanic 0.39 (0.12, 1.22)
Black 0.79 (0.31, 2.02)

Age of mother
18–35 y 2.512 (1.11, 5.69) 
>35 y 4.272 (1.38, 13.2)

Age of child at entry into the WIC program (in mo) 1.033 (1.01, 1.05)
1Referent groups were as follows: normal birth weight, high maternal

education, female sex, white race, and age of mother <18 y.
2P < 0.05.
3P < 0.01.
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DISCUSSION

Our findings support the position that iron deficiency, as
reflected by restricted hemoglobin production, is significantly
associated with mild or moderate mental retardation. The effect
of iron deficiency persists in a low socioeconomic population,
even after the effects of birth weight, maternal education, sex,
race-ethnicity, age of mother, and age of child at entry into the
WIC program are controlled for. These findings indicate that the
risk of mild or moderate mental retardation increases with the
severity of the anemia.

There are several implications of these findings.
1) Alleviating iron deficiency during early childhood may help to

reduce the burden of educational disability in later childhood.
2) Efforts aimed at alleviating iron deficiency in the population,

such as the WIC program, may have long-term benefits.
3) Long-term academic achievement and cost of special educa-

tion services are important considerations in the study of the
effects of iron deficiency.
Generalizations of the results beyond the WIC population

must be made with caution. As expected, the results from the
preliminary analyses in a previous study (22) comparing the
linked data set with the unlinked data sets indicated differences
among the linked populations. Because the analyses were com-
puted with data on the WIC population in Dade County, which is
demographically different from the general population, the
results may not be generalizable beyond the sample population.
The study sample was generally more at risk of detrimental out-
comes than was the general population in Dade County. The
results indicate that there is a significant association between
iron deficiency and mild or moderate mental retardation in a
high-risk sample. The size of the effect may be different in a
lower-risk sample.

Our findings can be used to show an association between early
childhood iron concentrations and development but are not proof
of causality. To discuss whether low hemoglobin concentrations
affect cognition directly, one must speculate and this speculation
often evokes controversy (23, 24). The method that we used
allowed us to assume that there is an association between the risk
factor (in this case, iron concentrations) and the outcome (in this
case, placement in educable or trainable mentally handicapped
special education). The evidence presented here indicates that
cognitive consequences of severe iron deficiency theoretically
might be alleviated with treatment and prevention of severe iron
deficiency during infancy and early childhood. The observed
relation provides support for a causal argument. However, to
conclusively establish causality, one would have to design an
experiment in which iron-deficient infants and children were
randomly assigned to treatment groups, an alternative that was
not possible to investigate by using the archival data set available
for the present study.

Some intervening variable may be causing the detrimental
outcome. For example, iron-deficient children may be more sus-
ceptible to lead poisoning (25), which may produce some of the
same adverse effects as iron deficiency (26). However, epidemi-
ologic studies of lead toxicity have shown that lead concentra-
tions in children in south Florida are low (27). Differences in the
response to iron therapy may be due to unrelated medical condi-
tions (28) or vitamin A deficiency (29). Low birth weight may be
an indicator for maternal malnutrition, which in turn may also
have a role in infant malnutrition, iron deficiency, and cognitive
development (30).

Other environmental factors working or occurring together
may also be responsible for effects on a child’s development. As
in previous studies, the risk factors of low birth weight, low
maternal education, and male sex of the child provided signifi-
cant additional risk for detrimental outcome (31). It is important
to note the findings when the mothers’ ages were examined.
Teenage motherhood is often a risk factor for detrimental child
outcome; however, in this WIC sample teenage mothers experi-
enced the lowest risk. It is beyond the scope of the available data
to analyze what factors contributed to this finding. One explana-
tion may be in the eligibility criteria for the WIC program. Com-
pared with older mothers, teenage mothers may meet the low-
income requirement more easily with fewer additional risk
characteristics. However, the finding may also be a statistical
artifact because other risk factors such as low education that
occur with maternal age were controlled for in the logistic
regression (32).

Other studies have attempted to control for nutritional factors,
socioeconomic status, low birth weight, and other environmental
factors believed to be associated with behavioral development.
According to a multisystems theory, these variables occur
together naturally in the environment. Therefore, as these vari-
ables interact, it becomes increasingly difficult to determine their
individual effects (33). Ecologically, these “control” variables
coexist with iron deficiency and may be acting in concert with it
against a child’s optimal development. It is important to consider
that studies that attempt to separate indicators of malnutrition,
such as iron deficiency, from other types of environmental depri-
vation may be inappropriately separating factors that occur
together naturally and that therefore cannot be differentiated.
Intervention efforts may be most effective when targeted at chil-
dren with multiple risk factors, including iron deficiency. The
clear association that we found between degree of iron deficiency
and a child’s need for special education placement because of
mild or moderate mental retardation supports efforts to provide
proper nutrition to mothers, infants, and young children.

We thank George Schmidt at the Department of Health and Rehabilitative
Services for helping to make this project possible and we are deeply grateful
to Carol Boussy and Kleanthis Goozis for their work on the original birth-
school data linkage. We also thank Ray Yip, Marcia Scott, Rick Urbano,
Gwen Wurm, and Pierre Decouflé for their interest and suggestions in the
development of this paper.

REFERENCES

1. Lozoff B, Brittenham GM, Viteri FE, Wolf AW, Urrutia JJ. The
effects of short-term oral iron therapy on developmental deficits in
iron-deficient anemic infants. J Pediatr 1982;100:351–7.

2. Walter T. Infancy: mental and motor development. Am J Clin Nutr
1989;50:655–66.

3. Pollitt E, Leibel RL, Greenfield DB. Iron-deficiency and cognitive
test performance in preschool children. Nutr Behav 1983;1:137–46.

4. Aukett MA, Parks YA, Scott PH, Wharton BA. Treatment with iron
increases weight gain and psychomotor development. Arch Dis
Child 1986;61:849–57.

5. Palti H, Meijer A, Adler B. Learning achievement and behavior at
school of anemic and non-anemic infants. Early Hum Dev 1985;
10:217–23.

6. Lozoff B, Brittenham GM, Wolf AW, et al. Iron-deficiency anemia
and iron therapy effects on infant developmental test performance.
Pediatrics 1987;79:981–95.

7. Lozoff B, Jimenez E, Wolf AW. Long-term developmental outcome
of infants with iron-deficiency. N Engl J Med 1991;325:687–94.

118 HURTADO ET AL

 by guest on M
ay 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


8. Lozoff B. Methodologic issues in studying behavioral effects of
infant iron-deficiency anemia. Am J Clin Nutr 1989;50(suppl):
641–54.

9. Scrimshaw NW. Functional consequences of iron-deficiency. J Nutr
Sci Vitaminol 1984;30:47–63.

10. Youdim MBH, Green AR. Iron-deficiency and neurotransmitter syn-
thesis and function. Proc Nutr Soc 1978;37:173–9.

11. Youdim MBH, Woods HF, Mitchell B, et al. Human platelet
monoamine oxidase activity in iron-deficiency anemia. Clin Sci
Mol Med 1975;48:289–9. <<QUERY>>

12. Mackler B, Person F, Miller LR. Iron-deficiency in the rat: bio-
chemical studies of brain metabolism. Pediatr Res 1978;12:217–20.

13. Voorhess ML, Stuart MJ, Stockman JA, et al. Iron-deficiency and
increased urinary norepinephrine excretion. J Pediatr 1975;86:
542–7.

14. Oski FA, Honig  AS. The effects of therapy on the developmental
score of iron-deficient infants. J Pediatr 1978;92:21–4.

15. Oski FA, Honig AS, Helu B, Howanitz P. Effect of iron therapy on
behavior performance in nonanemic, iron-deficient infants. Pedi-
atrics 1983;71:877–80.

16. Yip R, Binkin NJ, Trowbridge FL. Declining prevalence of anemia
among low-income children in the United States. JAMA 1987;
258:1619–23.

17. Chemlimsky E. Evaluations of the Special Supplemental Program
for Women, Infants, and Children’s (WIC) effectiveness. Child
Youth Serv Rev 1984;6:219–26.

18. Boussy CA. A comparison of hand and computer linked records.
PhD dissertation. University of Miami, 1992.

19. Scott KG, Carran DT. Identification and referral of handicapped
infants: research integration of selected issues in the education of
handicapped children. Tallahassee, FL: Department of Education,
Office of Special Education Programs, 1985.

20. Yip R. Iron deficiency: contemporary scientific issues and interna-
tional programmatic approaches. J Nutr 1994;124:1479S–90S.

21. Dade County Public Schools. Special programs and procedures for
exceptional students 1990–1991. Miami: Office of Exceptional Stu-
dent Education, Instructional Leadership Bureau of Special Pro-
grams, 1990. (Publication no. 6Gx13–6A-1.331.)

22. Krieger EH. Long term effects of iron-deficiency during infancy and
early childhood. Master’s thesis. University of Miami, 1993.

23. Rothman KJ. Modern epidemiology. Boston: Little, Brown, 1986.
24. MacMahon B, Pugh TF. Epidemiology: principles and methods.

Boston: Little, Brown, 1970.
25. Yip R, Norris TN, Anderson AS. Iron status of children with ele-

vated blood lead concentrations. J Pediatr 1981;98:922–5.
26. Rutter M. Raised lead levels and impaired cognitive/behavioral

functioning: a review of the evidence. Dev Med Child Neurol 1980;
22(suppl):1–26.

27. Hopkins R, Quimbo R, Watkins S. Elevated blood lead prevalence
in Florida two-year-olds. J Fla Med Assoc 1995;82:193–7.

28. De Vizia B, Poggi V, Vajro P, Cucchiara S, Acampora A. Iron mal-
absorption in giardiasis. J Pediatr 1985;107:75–8.

29. Mejia LA, Chew F. Hematological effect of supplementing anemic
children with vitamin A alone and in combination with iron. Am J
Clin Nutr 1988;48:595–600.

30. Read MS. Malnutrition and behavior. Appl Res Ment Retard 1982;
3:279–91.

31. Claussen AH, Boussy CA, Scott KG. Birth weight and maternal edu-
cation as predictors of developmental disabilities: the Florida Child
Health and Development Project. In: 26th Annual Gatlinburg Con-
ference on Mental Retardation and Developmental Disabilities,
Gatlinburg, Tennessee, 1993. Lawrence, KS: Program Committee for
the Gatlinburg Conference on Research and Theory in Mental Retar-
dation and Developmental Disabilities, University of Kansas, 1993.

32. Gordon T. Hazards in the use of the logistic function. J Chronic Dis
1974;27:97–102.

33. Barrett DE, Frank DA. The effects of undernutrition on children’s
behavior. New York: Gordon and Breach Science Publishers, 1987.

EARLY CHILDHOOD ANEMIA 119

 by guest on M
ay 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/

