Low-Level Lead Exposure and Behavior in Early Childhood
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ABSTRACT. Objective. To assess whether small ele-
vations in blood lead level were associated with measur-
able behavioral changes in a group of poor children
between 1 and 3 years old.

Methods. The study population consisted of children
presenting for routine well-child care to the pediatric
clinic at Bellevue Hospital Center, a large urban public
hospital. The following inclusion criteria were used for
entry into the study: age 12 to 36 months; capillary lead
screening result <1.21 pmol/L (25 pg/dL); no known
prior history either of blood lead level >1.21 wmol/L (25
pg/dL) or lead exposure requiring chelation therapy;
Latino or African-American; English or Spanish spoken
in the home; biological mother as primary caretaker;
child not presently attending day care; full-term, single-
ton gestation; birth weight at least 2500 g; no known
neurologic or developmental disorder; and no severe
chronic disease, including human immunodeficiency vi-
rus infection. Study enrollment was simultaneously
stratified by capillary lead level and age.

All children between 12 and 36 months attending the
pediatric clinic during the study period received screen-
ing capillary blood measures of lead level following the
recommendations of the Centers for Disease Control and
Prevention and the American Academy of Pediatrics as
part of routine primary care. During periods of enroll-
ment, consecutive lead measurements performed in the
pediatric clinic were reviewed by one of the researchers.
For those children meeting entry criteria based on lead
level and age, further eligibility based on the remainder
of the inclusion criteria was determined through parental
interview and review of the medical record.

Lead exposure was assessed with a single capillary
blood specimen, using atomic absorption spectropho-
tometry. Subjects were considered to be lead-exposed if
their lead level was between 0.48 and 1.20 pmol/L (10 and
24.9 pg/dL) and nonexposed if their lead level was be-
tween 0 and 0.48 pmol/L (0 and 9.9 ug/dL).

Behavior was assessed using the Behavior Rating Scale
(BRS) of the Bayley Scales of Infant Development, second
edition. The BRS in this age group consists of three
components: an Emotional Regulation Factor that mea-
sures hyperactive/distractible/easy-frustration behaviors;
an Orientation-Engagement Factor that measures fear/
withdrawal/disinterest behaviors; and a Motor Quality
Factor that assesses the appropriateness of movement
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and tone. The BRS is scored as a percentile; lower scores
reflect more problematic behaviors. Researchers per-
forming the BRS were blinded to capillary lead results.

Information was collected concerning factors that
might confound the relationship between lead and be-
havior. Demographic factors were collected, including;:
child’s age, gender, and country of origin; mother’s age,
marital status, parity, country of origin, and primary lan-
guage spoken; parental education, and occupation and
receipt of public assistance. Socioeconomic status was
determined using the Hollingshead Two-Factor Index of
Social Position. Maternal verbal IQ was assessed using
the Peabody Picture Vocabulary Test-Revised. Maternal
depression was assessed using the Center for Epidemio-
logic Studies-Depression Scale. Cognitive stimulation
provided in the home was assessed using a new office-
based instrument, the StimQ, which measures the quan-
tity and quality of play materials and parent-toddler
activities in the child’s home. To assess the child for iron
deficiency, we performed a hematocrit and mean corpus-
cular volume at the time of the capillary lead evaluation.
A presumptive diagnosis of iron deficiency was made if
the child was either anemic (defined as a hematocrit <32)
or had a mean corpuscular volume <72.

Results. The study sample consisted of 72 children.
Children in the lead-exposed group (n = 41) had a mean
BRS behavior score that was 15.8 points lower than that
of children in the nonexposed group (n = 31), which was
significant by the Student’s t test. For the emotional
regulation factor measuring hyperactive/impulsive/easy-
frustration behaviors, children in the exposed group had
a mean score that was 14.6 points lower than that of the
nonexposed group, which was significant by the Stu-
dent’s t test. For the orientation-engagement factor mea-
suring fear/withdrawal/disinterest behaviors, children in
the exposed group had a mean score that was 14.1 points
lower, significant by the Student’s t test.

Multiple linear regression analyses were used to exam-
ine the independent relationship between BRS (total and
factor scores) and lead group, after adjusting for potential
confounders. Six variables were related to either lead
group or BRS behavior score in unadjusted analysis and
were, therefore, included as potential confounders in
each of the multiple regressions: child’s age and gender,
and mother’s age, verbal IQ, depression score, and pro-
vision of cognitive stimulation.

In the analysis of the relationship between the BRS
total score and lead group, the adjusted mean BRS be-
havior score in the exposed group was 17.3 points (95%
confidence [CI]: 3.3, 31.3) lower than that of children in
the nonexposed group (sr = -0.27). In the analysis of the
relationship between the emotional regulation factor and
lead group, the adjusted mean factor score in the exposed
group was 16.6 points (95% CI: 2.1, 31.2) lower than that
for the nonexposed group (sr = -0.25). In the analysis of
the relationship between the orientation-engagement
factor and lead group, the exposed group had an adjusted
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mean score that was 14.2 points (95% CI: —2.1, 30.5) lower
than that for the nonexposed group (sr = -0.20).

In these multiple regression analyses, mother’s depres-
sion score was significantly associated with a lower total
BRS score (sr = -0.25) and with lower emotional regula-
tion factor (sr = -0.23). Older children had higher BRS
scores (sr = 0.20), and had significantly higher emotional
regulation factor scores (sr = 0.22). A relationship was
observed between male gender and lower emotional reg-
ulation scores that did not reach significance (sr = -0.21).
Iron deficiency, cognitive stimulation provided in the
home and mother’s verbal IQ were not related to any
measures of behavior.

Conclusions. Low-level lead exposure is associated
with adverse behavioral changes in very young preschool
children. This association may be particularly important
for poor children, who are also at risk for behavior prob-
lems on the basis of other environmental factors such as
maternal depression. Clinicians should consider screen-
ing for behavioral problems in very young children with
low-level lead exposure. Pediatrics 1998;101(3). URL:
http://www.pediatrics.org/cgi/content/full/101/3/e10; pre-
school children, lead, behavior.

ABBREVIATIONS. BRS, Behavior Rating Scale; PPVT-R, Peabody
Picture Vocabulary Test-Revised; CES-D, Center for Epidemio-
logic Studies-Depression Scale; CI, confidence interval; SD, stan-
dard deviation; B, unstandardized regression coefficient; sr, semi-
partial correlation coefficient.

large body of evidence has been compiled
concerning the relationship between lead ex-
posure and behavioral problems in children.
In school-aged children, problems found in associa-
tion with lead exposure have included both hyper-
active/impulsive/easy-frustration behaviors as well
as fear/withdrawal/disinterest behaviors.' In early
childhood, however, the ramifications remain incom-
pletely understood. Although a few studies per-
formed in early childhood have shown some evi-
dence that elevations in blood lead level may be
associated with behavioral changes,'!! others have
not been able to confirm these findings'*'> Further-
more, it is not known whether any adverse behav-
ioral effects result from blood lead levels <1.21
pmol/L (25 ug/dL). In fact, in the only study to our
knowledge that showed consistent relationships be-
tween blood lead level and behavior in very young
children," the mean lead level in the exposed group
was 1.35 umol/L (28 ng/dL).

As part of a study of the effects of lead exposure on
early child development, we examined whether
small elevations in blood lead level were associated
with measurable behavioral changes in a group of
poor children between 1 and 3 years old. Analysis of
the relationship between blood lead level and cogni-
tive and motor development will be reported on
separately.

MATERIALS AND METHODS

Subjects

The study population consisted of children presenting for rou-
tine well-child care to the pediatric clinic at Bellevue Hospital
Center (New York, NY), a large urban public hospital. The study
was approved by the New York University School of Medicine
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Institutional Board of Research Associates. Informed consent was
obtained from all participating families.

The following inclusion criteria were used for entry into the
study: age 12 to 36 months; capillary lead screening result <1.21
pmol/L (25 pg/dL); no known prior history either of blood lead
level >1.21 umol/L (25 pg/dL) or lead exposure requiring che-
lation therapy; Latino or African-American; English or Spanish
spoken in the home; biological mother as primary caretaker; child
not presently attending day care; full-term, singleton gestation;
birth weight at least 2500 g; no known developmental delay; no
known neurologic disorder; and no severe chronic disease, includ-
ing human immunodeficiency virus infection. Although our clinic
population comprises a large number of ethnic groups, Latinos
and African-Americans together make up >85% of the children.
Although children of many other ethnicities receive care at our
clinic, the number of children in any one of these ethnic groups is
small. We were therefore concerned that we would not be able to
control for cultural differences that might confound our results,
and decided to exclude children whose ethnicities were other than
Latino or African-American. Likewise, children in day care were
excluded because of the small numbers of such patients in our
population, and our resultant inability to control for the effects of
day care attendance on child behavior.

A power analysis was performed to determine an appropriate
sample size. To find a correlation of 0.30 with a power of 80% and
a level of type I error of .05 (two-tailed), 85 subjects would
be needed. Planned enrollment therefore preceded to meet this
target.

%he study took place between July 1993 and March 1995. All
children between 12 and 36 months attending the pediatric clinic
received screening capillary blood measures of lead level follow-
ing the Centers for Disease Control'® and American Academy of
Pediatrics!” recommendations as part of routine primary care.
During periods of enrollment (determined by staff availability),
consecutive lead measurements performed in the pediatric clinic
were reviewed by one of the researchers. For those children meet-
ing entry criteria based on lead level and age (see stratification
process, below), further eligibility based on the remainder of the
inclusion criteria was determined through parental interview and
review of the medical record. By the end of the study, 158 children
had been identified as potentially eligible for the study based on
lead level and age. Of these, 50 were excluded for the following
reasons: prematurity/low birth weight (9 children), known devel-
opmental delay (10), chronic illness (7), twin (3), sibling in study
(1), natural mother not primary caretaker (10), attendance in day
care (3), and ethnicity not Latino or African-American (7). There-
fore, 108 patients were identified as eligible for the study. Of these,
18 families (16.7%) refused to participate. We were unable to
locate an additional 18 families (16.7%). Although our goal had
been the enrollment of 85 families, we stopped at 72 patients
because of lack of institutional resources to continue the study.

The 72 children who completed the study were compared with
the 36 who were eligible but did not enroll in the study because of
either refusal or our inability to locate them. Information was
available in both of these groups concerning age, sex, and capillary
lead level; no significant differences were found.

Assessment of Lead Exposure

Lead exposure was measured by a single capillary blood spec-
imen, obtained by a trained technician. Blood lead levels were
measured by atomic absorption spectrophotometry (Hitachi
Z-9000; Danbury, CT). Quality control was assessed by comparing
paired capillary and venous specimens (obtained within 2 weeks
of each other) in a subsample of 17 children; Pearson’s correlation
coefficient was 0.94, P < .001. On average, capillary lead levels
were slightly higher than venous lead levels; the mean difference
was 0.09 umol/L(1.9 pg/dL); standard deviation was 0.15
pmol/L (3.5 ng/dL).

Stratification Process

To generate a sample of children with a balanced distribution of
lead levels across the range being studied, enrollment was strati-
fied by capillary lead level into two categories: 0-0.48 umol/L
(0-9.9 pg/dL) and 0.48-1.20 umol/L (10-24.9 ug/dL). However,
after the enrollment process had begun, it became clear that be-
cause of the skewed distribution of leads in our clinic, most of the
enrolled children had lead levels closer to the lower end of their
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stratification ranges (ie, children in the 0-0.48 wmol/L [0-9.9
g/ dL] group primarily had leads <0.24 umol/L [5 pug/dL], and
children in the 0.48-1.20 umol/L [10-24.9 pg/dL] group had
leads <0.72 umol/L [15 pg/dL]). In addition, the children with
lead levels between 0.48-1.20 umol/L (10-24.9 nug/dL) tended to
be younger than the children with lower lead levels, which could
have caused age to be a confounder in the analysis. To correct this
problem, the enrollment process was modified in the following
way: entry into the study was stratified simultaneously by both
capillary lead level and age. Capillary lead level was stratified into
four categories: 0-0.24, 0.24-0.48, 0.48-0.72 and 0.72 —1.20
umol/L (0-4.9,5.0-9.9,10.0-14.9, and 15.0-24.9 ug/dL); age was
also stratified into 4 categories: 12-17.9, 18-23.9, 24-29.9 and
30-35.9 months. Entry into the study then continued for children
whose combinations of lead and age had been under-represented
during the initial process.

Assessment of Potential Confounders

Information was collected concerning demographic, home en-
vironmental and medical factors that might influence behavior.

Demographic factors were collected by parent interview, and
included: child’s age, gender, and country of origin; mother’s age,
marital status, parity, country of origin, and primary language
spoken; parental education and occupation and receipt of public
assistance. Socioeconomic status was determined using the Holl-
ingshead Two-Factor Index of Social Position,'® based on parental
education and occupation.

Information was collected about other factors related to behav-
ior and development including maternal verbal IQ, maternal de-
pression, and a measure of cognitive stimulation provided in the
home. Maternal verbal IQ was assessed using the Peabody Picture
Vocabulary Test-Revised (PPVT-R)! Maternal depression was as-
sessed using the Center for Epidemiologic Studies-Depression
Scale (CES-D), an interviewer-administered questionnaire.”’ Both
the PPVT-R and the CES-D are standardized for use in both
English- and Spanish-speaking populations. Cognitive stimulation
provided in the home was assessed using a new office-based
instrument, the StimQ,* which measures the quantity and quality
of play materials and parent-toddler activities in the child’s home.
All interviews and tests were performed in the primary language
of the family.

There are many medical factors that can affect developmental
outcome, such as prematurity and human immunodeficiency vi-
rus infection. Our study enrollment criteria (see above) excluded
children with some of these problems. One additional problem
commonly seen in our population that may confound the relation-
ship between lead and behavior is iron deficiency.!*? To assess the
child for iron deficiency, we performed a hematocrit and mean
corpuscular volume at the time of the capillary lead evaluation. A
presumptive diagnosis of iron deficiency was made if the child
was either anemic (defined as a hematocrit <32) or had a mean
corpuscular volume <72.2

Assessment of Behavior

Behavior was assessed using the Behavior Rating Scale (BRS) of
the Bayley Scales of Infant Development, second edition.?* The scale
on which the BRS is based, the Infant Behavior Record of the
original Bayley Scales,” has been used frequently as an outcome
measure in studies of child development.!215222 Reliability studies
of the revised BRS have shown excellent internal consistency and
good to excellent test-retest stability and inter-rater agreement.?*

The BRS behavior scale was performed by one of seven trained
Bayley administrators, who observed the child’s behavior while
the child performed the tasks required of the Bayley Scales. When
two administrators were available, they each scored the BRS and
reached a consensus to determine a final score. As part of the BRS,
each parent was queried as to whether the behavior observed
during the test was typical of what occurred in the home.

To achieve reliability, each Bayley administrator attended a
formal training program sponsored by the publishers of the scale.
Before performing the Bayley independently, each Bayley admin-
istrator first observed the performance of at least five Bayley
examinations and then performed five Bayleys under the direct
supervision of one of the principal investigators (A.L.M. and
B.P.D.). To maintain reliability, these two investigators periodi-
cally observed administrations of the Bayley scales and provided
feedback as appropriate.
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The BRS in this age group consists of three components: an
Emotional Regulation Factor that measures hyperactive/distract-
ible/easy-frustration behaviors; an Orientation-Engagement Fac-
tor that measures fear/withdrawal/disinterest behaviors; and a
Motor Quality Factor that assesses the appropriateness of move-
ment and tone. The BRS is scored as a percentile; lower scores
reflect more problematic behaviors. Percentile scores are classified
into three categories: normal,?*~*° questionable,"'* and nonopti-
mal.!"!? Researchers performing the Bayley BRS were blinded to
capillary lead results.

Statistical Analysis

Data were analyzed using SPSS (SPSS, Inc, Chicago, IL), version
6.1 A two-tailed P value <.05 was considered to be statistically
significant.

x> analysis and two sample Student’s t tests were used to
compare participants in the study to eligible nonparticipants with
respect to age, sex, and lead level.

Because the Centers for Disease Control'® and the American
Academy of Pediatrics!” define a lead level >0.48 umol/L (10
png/dL) as high enough to warrant intervention, and because 1.21
umol/L (25 ug/dL) has typically represented the lower bound for
moderate lead exposure, subjects were divided into two groups:
low-level lead-exposed (defined as lead between 0.48 and 1.20
umol/L [10 and 24.9 ug/dL]) and nonexposed (defined as lead
between 0 and 0.48 pmol/L [0 and 9.9 ug/dL]). Two sample
Student’s ¢ tests were used to compare BRS scores and factors
between the exposed and nonexposed groups. Multiple linear
regression analyses were then used to determine the independent
associations between lead exposure and measures of behavior
after adjusting for confounders.”® In these regressions, BRS total
score, Emotional Regulation Factor score, Orientation-Engage-
ment Factor score, and Motor Factor score were the dependent
variables. Predictor variables consisted of lead group (dummy
coded so that exposed children were coded 1 and nonexposed
children were coded 0) and a set of potential confounders. All
possible covariates were considered for entry into the model,
including child’s age, sex, country of origin (US-born vs not), and
presence of iron deficiency, mother’s age, marital status (married
vs not), education (high school graduate vs not), parity, verbal IQ
(PPVT-R), depression score (CES-D), and provision of cognitive
stimulation in the home (StimQ); and family ethnicity, principal
language spoken in the home (Spanish or bilingual vs English),
Hollingshead Index of Social Position Score, and receipt of public
assistance. However, each covariate was entered into the multiple
regression model only if the P value for its simple relationship
with either lead group or BRS score was <.10 (analyzed by  test,
analysis of variance, Pearson correlation, or x> as appropriate).
Also, each covariate used in the regression analyses was assessed
for the possibility of an interaction with lead group.

In addition, the relationship between lead and behavior was
analyzed using lead as a continuous variable. Simple correlations
between lead level and BRS total score and subscores were ob-
tained. Multiple regression analyses were performed in an analo-
gous manner to the multiple regressions that had been performed
with lead considered in a dichotomous manner.

X? analysis was used to compare categorical scores on the BRS
(normal vs questionable or nonoptimal) between exposed and
nonexposed children. Multiple logistic regression analysis was
used to determine the association between lead group and cate-
gorical behavior score after adjusting for confounders (consisting
of the same variable set used in the multiple linear regression
analysis).

RESULTS
Study Participant Characteristics
Descriptive data for the 72 families who comprised
the study sample are presented in Table 1. The ma-
jority of families were of Latino origin, spoke Span-
ish as their primary language, and had low socioeco-
nomic status (Hollingshead classes IV and V). Many
mothers were depressed (defined by a CES-D score
of 16 or more). Few children were iron-deficient.
The joint frequency distribution of lead level by
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TABLE 1. Characteristics of Study Sample*
Total Sample Exposedt Nonexposedt P§
(n = 72) (n = 41) (n = 31)
Lead level, umol/L 0.50 (0.24) 0.70 (0.19) 0.23 (0.12) NA]||
Demographic factors
Child
Age, mo 22.9 (6.6) 22.3 (6.5) 23.8 (6.7) .34
Female 45.8% 56.1% 32.3% .07
Born in United States 86.1% 80.5% 93.5% 21
Mother
Age, y 26.3 (5.0) 25.2 (4.3) 28.0 (5.5) .02
Married 76.4% 78.0% 74.1% 91
Parity 2.2 (1.2) 2.1(1.2) 2.3(1.2) .61
HS grad 54.2% 46.3% 64.5% .20
Born in United States 23.6% 22.0% 25.8% 91
Family
Ethnicity .80
Latino 95.8% 97.6% 93.5%
African American 4.2% 2.4% 6.5%
Primary language 17
English 15.3% 14.9% 16.1%
Spanish 62.5% 70.7% 51.6%
Bilingual 22.2% 14.6% 32.3%
Hollingshead SES .28
SES 1-3 5.6% 7.3% 3.2%
SES 4 27.8% 26.8% 29.0%
SES 5 66.7% 65.9% 67.7%
Public assistance 47.2% 39.0% 58.1% 17
Home environment
Cognitive, StimQ9 12.5 (4.9) 11.7 (5.1) 13.6 (4.3) .09
Mother depressed 41.7% 43.9% 38.7% .84
Maternal IQ, PPVT 84.8 (22.5) 80.0 (19.8) 91.1 (24.6) .04
Medical
Iron-deficient 13.9% 9.8% 19.4% 41

* Data are presented as mean (SD) or percent.
1 Lead level between 0.48 and 1.20 umol/L (10 and 24.9 pg/dL).
1 Lead level between 0 and 0.48 umol/L (0 and 9.9 ug/dL).

§ P value for comparison between exposed and nonexposed groups based on t test or x> as appropriate.

NA = not applicable.

9 Expected mean = SD for StimQ in low SES population: 14.2 = 5.1.2!

age is shown in Table 2. The final sample was more
balanced with respect to these variables than it
would have been in the absence of our stratification
process.

A total of 92% of parents stated that the behavior
that had been observed in the clinic was typical of
what occurred in the home.

Lead and Behavior

Children in the lead-exposed group had a mean
BRS behavior score that was 15.8 points lower than
that of children in the nonexposed group, which was
significant by the Student’s t test at P = .02 (Table 3).
For the emotional regulation factor measuring
hyperactive/impulsive/easy-frustration behaviors,

TABLE 2. Joint Frequency Distribution of Study Sample for
Lead Level by Age*
Age, Lead Level, umol/L
MO 0024 024048 048072 072-120 Total
12-17.9 4 4 6 6 24
18-23.9 4 4 8 3 19
24-29.9 3 3 8 3 17
30-35.9 6 3 4 3 16
Total 17 14 26 15 72

* Data are presented as number of children having each combina-
tion of lead level and age.
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TABLE 3. Simple Comparisons of Behavior Rating Scale Total
and Factor Scores by Lead Group*

Exposedt Nonexposedi P§

(n = 41) (n = 31)
BRS total score (percentile) 469 (29.5) 62.7(26.1) .02
Emotional Regulation Factor ~ 40.8 (29.5) 55.4(29.8) .04

59.2(27.9) .06
93.0(18.0) .71

Orientation Engagement Factor 45.1 (33.8)
Motor Factor 91.3 (19.8)

* Data are presented as mean (SD).

1 Lead level between 0.48 and 1.20 umol/L (10 and 24.9 pg/dL).
1 Lead level between 0 and 0.48 umol/L (0 and 9.9 ug/dL).

§ P value based on t test.

children in the exposed group had a mean score that
was 14.6 points lower than that of the nonexposed
group, which was significant by the Student’s ¢ test at
P = .04. For the orientation-engagement factor mea-
suring fear/withdrawal/disinterest behaviors, chil-
dren in the exposed group had a mean score that was
14.1 points lower, with P = .06 by the Student’s f test.
No relationship was observed between lead and the
motor quality factor.

Multiple linear regression analyses were used to
examine the independent relationship between BRS
(total and factor scores) and lead group, after adjust-
ing for potential confounders. A variable was con-
sidered to be a potential confounder if it were related
to either lead group or BRS behavior score in unad-
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justed analysis with P < .10. As shown in Table 1,
four variables that met this criterion with their rela-
tionship to lead exposure: child’s sex, mother’s age,
mother’s verbal IQ, and provision of cognitive sup-
port in the home. In addition, two variables met this
criterion with their relationship to BRS behavior
score: child’s age (r = 0.26, P = .03) and mother’s
depression score (r = —0.22, P = .07). Therefore, six
variables were included as potential confounders in
each of the multiple regressions: child’s age and gen-
der, and mother’s age, verbal 1Q, depression score,
and provision of cognitive stimulation.

In the analysis of the relationship between the BRS
total score and lead group (Table 4), the adjusted
mean BRS behavior score in the exposed group was
17.3 points (95%CI: 3.3, 31.3) lower than that of chil-
dren in the nonexposed group (sr = —0.27, P = .02).

In the analysis of the relationship between the
emotional regulation factor and lead group (Table 5),
the adjusted mean factor score in the exposed group
was 16.6 points (95%CI: 2.1, 31.2) lower than that for
the nonexposed group (sr = —0.25, P = .03).

In the analysis of the relationship between the
orientation-engagement factor and lead group (Table
6), the exposed group had an adjusted mean score
that was 14.2 (95% CI: —2.1, 30.5) points lower than
that for the nonexposed group (sr = —0.20, P = .09).

No interactions were found between lead and any
other variable.

When BRS results were considered in a categorical
fashion, 29% of children in the lead exposed group
had BRS scores that were either questionable (11th—
25th percentile) or nonoptimal (1st-10th percentile),
compared with 13% in the nonexposed group. Al-
though the difference was not statistically significant
(P = .17), the power to find significance was only
0.48. In a multiple logistic regression analysis that
included the same set of six potential confounders,
the adjusted odds ratio for having a questionable or
nonoptimal score in the exposed group was 3.9 (95%
C10.9,17.3; P = .07).

When the relationship between lead and behavior
was analyzed with lead as a continuous variable, the
correlation was negative but nonsignificant (r =
—0.18, P = .11). In a multiple regression with lead
analyzed as a continuous variable and controlling for
the same set of six potential confounders, a nonsig-
nificant relationship was observed between lead and
total BRS score (B = 1.1, sr = —0.20, P = .08; overall
F =21, P = .06). In a multiple logistic regression

TABLE 4. Multiple Regression Results for Behavior Rating
Scale Total Score*

Independent Variable B srt p
Child’s age (mo) 1.0 0.20 .07
Male gender —8.6 -0.14 22
Cognitive stimulation 0.3 0.04 74
Mother’s age (y) -0.5 —-0.08 49
Mother’s verbal 1Q —0.1 —0.06 .57
Mother’s depression score -0.8 -0.25 .03

Child lead-exposedt —-17.3 -0.27 .02

* Overall regression: F = 2.6; P = .02.
1 sr, Semipartial correlation coefficient.
T Lead level between 0.48 and 1.20 umol/L (10 and 24.9 ug/dL).
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TABLE 5. Multiple Regression Results for Emotional Regula-
tion Factor Score*

Independent Variable B sr P
Child’s age (mo) 1.1 0.22 .04
Male gender —14.0 —0.21 .06
Cognitive stimulation -0.1 —-0.02 .89
Mother’s age -0.1 —0.22 .84
Mother’s verbal 1Q -0.1 —0.05 .66
Mother’s depression score -0.8 —0.23 .04
Child lead-exposedt —16.6 -0.25 .03

* Overall regression: F = 2.8; P = .01.
1 Lead level between 0.48 and 1.20 umol/L (10 and 24.9 pg/dL).

TABLE 6. Multiple Regression Results for Orientation En-
gagement Factor Score*

Independent Variable B sr P
Child’s age (mo) 0.2 0.16 .16
Male gender -7.3 -0.11 .37
Cognitive stimulation -0.4 —-0.05 .64
Mother’s age —0.1 —0.02 .87
Mother’s verbal 1Q 0.1 0.04 .73
Mother’s depression score -0.7 —0.20 .10
Child lead-exposedt —14.2 —0.20 .09

* Overall regression: F = 1.4; P = .24
t Lead level between 0.48 and 1.20 umol/L (10 and 24.9 ug/dL).

analysis with lead analyzed as a continuous variable
and BRS considered categorically, the adjusted odds
ratio for having a questionable or nonoptimal score
in the exposed group was 1.1 for each 0.05 umol/L
(1 ug/dL) increase in lead level (P = .13).

Covariates/Confounders and Behavior

In multiple regression analyses (see Tables 4 and
5), mother’s depression score was significantly asso-
ciated with lower total BRS score (sr = —0.25, P =
.03) and with lower emotional regulation factor (sr =
—0.23, P = .04). Older children had higher BRS
scores (sr = 0.20, P = .07), and had significantly
higher emotional regulation factor scores (sr = 0.22,
P = .04). A nonsignificant relationship was observed
between male gender and lower emotional regula-
tion scores (st = —0.21, P = .06). Iron deficiency,
cognitive stimulation provided in the home, and
mother’s verbal IQ were not related to any measures
of behavior.

DISCUSSION

In this study of very young children, we were able
to document a statistically significant association be-
tween postnatal lead levels in the range of 0.48 to
1.20 wmol/L (10-24.9 pg/dL) and increased hyper-
activity, distractibility and low frustration tolerance,
and a trend toward a similar association with in-
creased fearfulness, social withdrawal and disinter-
est in surroundings. These associations persisted af-
ter controlling for potential confounders, including
child’s age and gender, and mother’s age, verbal 1Q,
depression score, and provision of cognitive stimu-
lation. Although we did not show a statistically sig-
nificant relationship between behavior and lead con-
sidered in a continuous manner, it is possible that
this was a power issue, because we did not succeed
in enrolling our entire planned sample of 85 children.
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To our knowledge, these findings have not previ-
ously been reported at such a young age with low-
level lead exposure. The association between lead
exposure and behavior is particularly important to
consider in poor children, whose behavior may be
adversely affected on the basis of other environmen-
tal factors.

Previous studies have yielded conflicting results.
In a study by Sciarillo™ of 2- to 5-year-old African-
American children in Baltimore, children with an
average lead of 1.35 umol/L (28 pg/dL) had an
increase in both hyperactive/impulsive and fear/
withdrawal behaviors when compared with children
with an average lead of 0.43 umol/L (9 ug/dL). In
contrast, in a study of 2- to 5-year-old Latino children
in Los Angeles with lead levels between 0.14 and 1.30
pmol/L (3 and 27 ug/dL), Johnson'® showed an
association between lead level and aggressive behav-
ior in only one subgroup (4- to 5-year-old girls).
However, no association was found in the overall
group or in any other subgroup. Furthermore, Wolf'®
found no relationship between lead level obtained
from 1- to 2-year-old Costa Rican children (range
0.24-1.79 pumol/L (5-37 wng/dL)) and measures of
behavior at 5 years. Finally, in a prospective study
performed in Cincinnati, Dietrich'? showed no asso-
ciation with either hyperactive/impulsive or fear/
withdrawal behavior in 2-year-olds with mean life-
time blood leads <0.97 umol/L (20 ug/dL). Given
these conflicting results, additional research would
be useful in confirming the findings of our study.

There were several strengths in our study design
that may have enabled us to find significant results.
For example, the study sample was socially homo-
geneous and relatively free of confounding medical
factors. Also, in using our stratification process, we
guaranteed sufficient numbers of children with a
wide range of lead level in both the exposed and
nonexposed groups. These strategies, also used in
studies of the effects of lead exposure in school-aged
children,”* may have enabled us to show a signifi-
cant association even with a relatively small sample
size.

The clinical importance of the behaviors observed
in association with elevated blood lead level depends
in part on the degree to which they in fact reflect
adverse behavioral changes seen in other settings
and in part on whether they predict later outcomes
related to behavior. Rapoport,’ in a study of hyper-
active children, found a high correlation between
behavior observed by professionals in a clinic and
behavior observed by parents in the home. In our
study, the great majority of mothers considered the
behavior seen to be typical. Furthermore, we do not
know whether the behaviors that we observed will
persist as that child gets older. Egeland® found that
71% of withdrawn preschoolers and 80% of acting-
out preschoolers had persistence of these problems
in first or second grade; however, his sample differed
from ours in that he studied somewhat older chil-
dren who were considered to be at high risk for
persistent behavioral problems on the basis of care-
giver issues. Finally, we do not know whether the
magnitude of the behavior changes observed in this
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study will have clinical significance for the child and
family. Longitudinal follow-up through school age
of a study cohort such as our own would help to
determine whether the types of adverse behaviors
reported in this study persist and whether they are
associated with later problems involving school
functioning or social adaptation.

Interestingly, the children in the nonexposed
group scored somewhat better than would have been
expected from a random sample of the population;
similarly, fewer scored in the questionable or nonop-
timal range. We speculate that one cause might have
been our selection process, in which we preselected
children who were neurologically normal and had
no known developmental delays. Therefore, our pa-
tients had higher than average scores on the motor
component of the behavior scale (see Table 3).

One limitation of our study was the use of a single
blood sample as our measure of lead burden. Studies
that have observed the stability of lead levels over
time have yielded conflicting evidence. Ernhart® and
Cooney?* each found an intercorrelation among con-
secutive lead levels performed in the first 4 years of
life to be between 0.4 and 0.75. Rabinowitz®* found
an intercorrelation between 0.1 and 0.6 in the first 12
to 24 months, with between 38% and 55% remaining
in a given lead exposure category during any
6-month interval. Furthermore, as pointed out by
Rutter,* a normal level does not exclude past expo-
sure. Using serial measures of lead exposure would
have strengthened any results that were found.
However, had our single blood sample not been
reflective of past exposure, we would have expected
that this would have tended to make the lead ex-
posed and nonexposed groups less different; the fact
that we found behavioral changes in the exposed
group suggests that our measure of lead was mean-
ingful.

Consistent with other studies,''*” maternal depres-
sion was adversely related to behavior. Given its
high prevalence, depression may play an important
role in preschool behavior problems in our popula-
tion. In contrast to some other studies,'** possible
iron deficiency was not related to behavior. How-
ever, given the small number of iron-deficient chil-
dren in our sample, there may not have been suffi-
cient power to show an effect.

CONCLUSION

In summary, the early morbidity of low-level lead
exposure may include behavioral changes. Consider-
ation should be given to screening for behavioral
problems in young children with low-level lead ex-
posure. Clinicians should continue in their efforts in
the prevention of the exposure of young children to
environmental lead.

ACKNOWLEDGMENTS

We thank Loretta Y. Au, MD, and Susan Barasch, MD, for their
help in conducting this research.

REFERENCES

1. Needleman HL, Riess JA, Tobin M], Biesecker GE, Greenhouse ]B.
Blood lead levels and delinquent behavior. JAMA. 1996,275:363-369

LOW-LEVEL LEAD EXPOSURE AND BEHAVIOR IN EARLY CHILDHOOD



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Bellinger D, Leviton A, Allred E, Rabinowitz M. Pre- and postnatal lead

exposure and behavior problems in school-aged children. Environ Res.
1994;66:12-30

. Bellinger D, Hu H, Titlebaum L, Needleman H. Attentional correlates of

dentin and bone lead levels in adolescents. Arch Environ Health. 1994;
49:98-105

. David O, Clark J, Voeller K. Lead and hyperactivity. Lancet. 1972;1:

900-903

. Fergusson DM, Fergusson JE, Horwood L], Kinzett NG. A longitudinal

study of dentine lead levels, intelligence, school performance and be-
havior. | Child Psychol Psychiatry. 1988;29:811-824

. Fergusson DM, Horwood L], Lynskey MT. Early dentine lead levels and

subsequent cognitive and behavioral development. | Child Psychol Psy-
chiatry. 1993;34:215-227

. Needleman H, Gunnoe C, Leviton A, et al. Deficits in psychologic and

classroom performance of children with elevated dentine lead levels.
N Engl | Med. 1979;300:689—-695

. Thomson GOB, Raab GM, Hepburn WS, Hunter R, Fulton M, Laxen

DPH. Blood-lead levels and children’s behavior—results from the
Edinburgh Lead Study. | Child Psychol Psychiatry. 1989;30:515-528

. Yule W, Urbanowicz MA, Lansdown R, Millar IB. Teachers’ ratings of

children’s behavior in relation to blood lead levels. Br | Dev Psychol.
1984;2:295-305

Johnson SR, Winkleby MA, Boyce WT, McLaughlin R, Broadwin R,
Goldman L. The association between hemoglobin and behavior prob-
lems in a sample of low-income Hispanic preschool children. Dev Behav
Pediatr. 1992;13:209-214

Sciarillo WG, Alexander G, Farrell KP. Lead exposure and child behav-
ior. Am | Public Health. 1992;82:1356-1360

Dietrich K, Succop P, Bornschein R, et al. Lead exposure and neurobe-
havioral development in later infancy. Environ Health Perspect. 1990;89:
13-19

Milar CR, Schroeder SR, Mushak P, Boone L. Failure to find hyperac-
tivity in preschool children with moderately elevated lead burden.
J Pediatr Psychol. 1981;6:85-95

Padich RA, Dietric KN, Pearson DT. Attention, activity level, and lead
exposure at 18 months. Environ Res. 1985;38:137-143

Wolf A, Jimenez E, Lozoff B. No evidence of developmental ill effects of
low-level lead exposure in a developing country. | Dev Behav Pediatr.
1994;15:224-231

Centers for Disease Control. Preventing Lead Poisoning in Young Children.
US Department of Health and Human Services; 1991

American Academy of Pediatrics, Committee on Environmental Health.
Lead poisoning: from screening to primary prevention. Pediatrics. 1993;
92:176-183

Hollingshead AB. Two Factor Index of Social Position. New Haven, CT:
Yale University; 1958

Dunn LM, Dunn LM. Peabody Picture Vocabulary Test-Revised. Manual for

http:/ /www.pediatrics.org/cgi/content/full /101/3/e10

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Forms L and M. Circle Pines, MN: American Guidance Service; 1981
Radloff, LS. The CES-D Scale: a self-report depression scale for research
in the general population. Appl Psychol Measure. 1977,3:385-401
Dreyer BP, Mendelsohn AL, Tamis-LeMonda CS. Assessing the child’s
cognitive home environment through parental report: reliability and
validity. Early Dev Parenting. 1996,5:271-288

Walter T, DeAndraca I, Chadud P, Perales CG. Iron deficiency anemia:
adverse effects on infant psychomotor development. Pediatrics. 1989;84:
7-17

American Academy of Pediatrics, Committee on Nutrition. Pediatric
Nutrition Handbook. 3rd ed. Elk Grove Village, IL: American Academy of
Pediatrics; 1993

Bayley N. Bayley Scales of Infant Development. 2nd ed. San Antonio, TX:
The Psychological Corporation; 1993

Bayley N. Manual for the Bayley Scales of Infant Development. New York,
NY: The Psychological Corporation; 1969

Deinard A, Gilbert A, Dodds M, Egeland B. Iron deficiency and behav-
ioral deficits. Pediatrics. 1981;68:828-833

Norasis MJ. SPSS for Windows: Professional Statistics, Release 6.0. Chicago,
IL: SPSS, Inc; 1993

Cohen J, Cohen P. Applied Multiple Regression/Correlation Analysis for the
Behavioral Sciences. Hillsdale, NJ: Lawrence Erlbaum Associates
Publishers; 1983

Fulton M, Thomson G, Hunter R, Raab G, Laxen D, Hepburn W.
Influence of blood lead on the ability and attainment of children in
Edinburgh. Lancet. 1987;(May 30):1221-1225

Munoz H, Romieu I, Palazuelos E, Mancilla-Sanchez T, Meneses-
Gonzalez F, Hernandez-Avila M. Blood lead level and neurobehavioral
development among children living in Mexico City. Arch Environ
Health. 1993;48:132-139

Rapoport JL, Benoit M. The relation of direct home observations to the
clinic evaluation of hyperactive school age boys. | Child Psychol Psychi-
atry. 1975;16:141-147

Egeland B, Kalkoske M, Gottesman N, Erickson MF. Preschool behavior
problems. Stability and factors accounting for change. | Child Psychol.
Psychiatry. 1990;31:891-909

Ernhart C, Morrow-Tlucak M, Marler M, Wolf A. Low-level lead expo-
sure in the prenatal and early preschool periods: early preschool devel-
opment. Neurotoxicol Teratol. 1987;9:259-270

Cooney G, Bell A, McBride W, Carter C. Low-level exposures to lead:
the Sydney Lead Study. Dev Med Child Neurol. 1989;31:640—649
Rabinowitz M, Leviton A, Needleman H. Variability of blood lead
concentrations during infancy. Arch Environ Health. 1984;39:74-77
Rutter M. Raised lead levels and impaired cognitive/behavioral
functioning: a review of the evidence. Dev Med Child Neurol. 1980;
42(suppl):1-36

Lee CM, Gotlib IH. Maternal depression and child adjustment: a longi-
tudinal analysis. | Abnorm Psychol. 1989;98:78 -85

7 of 7



