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and Emotional Problems
A Cohort Study
Jianghong Liu, PhD; Xianchen Liu, MD, PhD; Wei Wang, PhD; Linda McCauley, PhD; Jennifer Pinto-Martin, PhD;
Yingjie Wang, MS; Linda Li, BA; Chonghuai Yan, PhD; Walter J. Rogan, MD

IMPORTANCE The association between lead exposure and children’s IQ has been well studied,
but few studies have examined the effects of blood lead concentrations on children’s
behavior.

OBJECTIVE To evaluate the association between blood lead concentrations and behavioral
problems in a community sample of Chinese preschool children with a mean blood lead
concentration of less than 10 μg/dL.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study was conducted at 4
preschools in Jintan, Jiangsu province of China. Participants included 1341 children aged 3 to
5 years.

EXPOSURES Lead.

MAIN OUTCOMES AND MEASURES Blood lead concentrations were measured in children aged
3 to 5 years. Behavioral problems were assessed using Chinese versions of the Child Behavior
Checklist and Caregiver-Teacher Report Form when children were aged 6 years.

RESULTS The mean (SD) blood lead concentration was 6.4 (2.6) μg/dL, with the 75th and
90th percentiles being 7.5 and 9.4 μg/dL, respectively. General linear modeling showed
significant associations between blood lead concentrations and increased scores for
teacher-reported behavioral problems. A 1-μg/dL increase in the blood lead concentration
resulted in a 0.322 (95% CI, 0.058 to 0.587), 0.253 (95% CI, 0.016 to 0.500), and 0.303
(95% CI, 0.046 to 0.560) increase of teacher-reported behavior scores on emotional
reactivity, anxiety problems, and pervasive developmental problems, respectively (P < .05),
with adjustment for parental and child variables. Spline modeling showed that mean
teacher-reported behavior scores increased with blood lead concentrations, particularly for
older girls.

CONCLUSIONS AND RELEVANCE Blood lead concentrations, even at a mean concentration of
6.4 μg/dL, were associated with increased risk of behavioral problems in Chinese preschool
children, including internalizing and pervasive developmental problems. This association
showed different patterns depending on age and sex. As such, continued monitoring of blood
lead concentrations, as well as clinical assessments of mental behavior during regular
pediatric visits, may be warranted.
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L ead is understood to lower children’s IQ at commonly
encountered exposures, and no threshold has been de-
termined for this effect. Accordingly, in May 2012 the US

Centers for Disease Control and Prevention1 eliminated the ter-
minology “level of concern,” which was previously defined as
a blood lead concentration of 10 μg/dL (to convert to micro-
moles per liter, multiply by 0.0483). Rather, children with el-
evated blood lead concentrations will be identified using a ref-
erence value based on the 97.5th percentile of the National
Health and Nutrition Examination Survey–generated blood lead
concentration distribution in children aged 1 to 5 years; cur-
rently, this value is 5 μg/dL.

Blood lead concentrations of greater than 10 μg/dL are also
linked to behavior problems in children,2-6 delinquency in
adolescents,7-9 and criminal behavior in adults.10,11 Neverthe-
less, lead’s effect on children’s behavior is less understood com-
pared with its effect on IQ. Few studies12-14 have been done at
levels of exposure that are less than 10 μg/dL, and almost all
have focused on attention-related problems. Lead exposure is
particularly concerning in developing countries where chil-
dren have higher blood lead concentrations compared with
those in the United States or Europe.15-17 The present study ex-
amined the association between blood lead concentration
(mean, 6.4 μg/dL) and behavioral problems using data from a
community sample of Chinese preschool children.

Methods
Participants
Data were obtained from an ongoing longitudinal project, the
China Jintan Child Cohort Study, which includes 1656 chil-
dren aged 3 to 5 years in Jintan, Jiangsu province, China.
Participants were drawn from 4 preschools chosen to repre-
sent the entire city’s geographic, social, and economic pro-
files and enrolled in the study from September 1, 2004, to April
30, 2005. Detailed information on the Jintan cohort has been
reported.18,19 The present study used a sample of 1341 chil-
dren (603 girls, 738 boys) with blood lead data (81% of our origi-
nal cohort). There were no significant differences in family resi-
dence, parental educational level or occupation, or marital
status of parents between children with and those without
blood lead data.18,19 Institutional review board approval was
obtained from the University of Pennsylvania and the ethics
committee for research at Jintan Hospital in China. Written in-
formed consent was obtained from the parents. Compensa-
tion was given in the form of free pediatric physical examina-
tions and small gifts for the children.

Measures
Blood Lead Concentrations
Blood lead concentrations were tested once for each child, at
age 3, 4, or 5 years, between November 2004 and March 2005.
Collection was done by nurses using a standard protocol to
avoid lead contamination. Each specimen was analyzed twice
for blood lead using a graphite furnace atomic absorption
spectrophotometer,20,21 and Kaulson Laboratories provided
blood lead reference materials for quality control. The limit of

detection was 1.8 μg/dL; half of the limit of detection was im-
puted for 3 (0.2%) samples under the limit of detection. More
details on this process are provided in Liu et al.22

Behavioral Problems
Children’s behavioral problems were assessed in their last
month of preschool, at age 6 years. Parents and teachers as-
sessed the children with Chinese versions of the Child Behav-
ior Checklist for Ages 1.5-5 (CBCL) and Caregiver-Teacher Re-
port Form (C-TRF) separately. The CBCL and C-TRF are widely
used for assessing behavioral and emotional problems in
children23-25; each consists of 99 items dealing with a child’s
behavior within the past 12 months. Items are rated on a 3-point
scale (0, not true; 1, sometimes true; and 2, often true).26

The CBCL and C-TRF scores are summarized in 3 ways:
2 broadband-of-factor structure problems (internalizing
and externalizing) and total problems; 7 syndromes (anxiety/
depression, emotional reaction, withdrawn, somatic com-
plaints, sleep problems, attention problems, and aggression);
and 5 Diagnostic and Statistical Manual (Fourth Edition)
(DSM-IV)–oriented scales (affective, anxiety, attention-
deficit/hyperactivity, oppositional defiant, and pervasive
developmental).27 The problem structure (internalizing and
externalizing) is valid when used in Chinese children.
Detailed descriptions of the setting and procedures of CBCL
and C-TRF assessment and factor structures are provided by
Liu et al.28 We calculated normalized T scores (the ratio of
behavior score’s deviation from the population mean to its
SD) from raw scores relative to the scores of a Chinese norma-
tive sample of peers.26,28 Children with a T score greater than
or equal to 60 (83rd percentile of the Chinese norm group) are
more likely to present behavioral problems in the borderline/
clinical range.26

Cognitive Performance
Children’s cognitive performance was assessed during their last
year of preschool, at ages 5 to 6 years, using the Chinese version
of the Wechsler Preschool and Primary Scale of Intelligence–
Revised (WPPSI-R). Constructed by Wechsler29 to assess the in-
telligence of children aged 3 to 7 years, the WPPSI-R was stan-
dardized in China in 1988 and is reliable in Chinese children.30,31

Details are provided in Liu and Lynn32 and Liu et al.33

Sociodemographic Variables
Parents completed a questionnaire on their child’s sex, age at
blood lead test, siblings (yes/no), parental educational level,
father’s occupation, parental marital status, and residence (city,
suburb, or rural). This information was obtained at the time
that the children's behaviors were assessed.

Statistical Analysis
Sample characteristics were summarized by descriptive sta-
tistics; unpaired, 2-tailed t test and analysis of variance were
used to examine sex and age differences in blood lead con-
centrations, respectively. We used linear regression to exam-
ine the relationship between blood lead concentrations (mi-
crograms per deciliter) and behavior T scores while controlling
for child and family characteristics (sex, residence, parental
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educational level, father’s occupation, single child status, mari-
tal status of parents, and IQ). We treated blood lead concen-
tration as a continuous linear term with units of micrograms
per deciliter. Age in months at the time of blood tests was in-
cluded in the above analysis; age at the time of behavior as-
sessment was not included because all children were tested
at around age 6 years. The demographic variables were se-
lected based on past studies22,34 and/or our preliminary analy-
ses indicating that these variables were associated with either
or both blood lead concentration and behavioral problems. Be-
havior T scores that were not normally distributed were log
transformed.

Because the internalizing and externalizing behavior scores
differ by sex in this sample28 and associations between blood
lead concentration and behavior assessments may vary with
age at blood lead test,35 we evaluated several interactions of
age by sex. Logistic regression analysis did not find any age by
sex interaction (P > .05) on the risk of behavior problems. We
regressed behavior problem scores on spline-modeled blood
lead concentration36 while adjusting for child and family char-
acteristics; we used the F test to examine 2 sets of interaction
of blood lead concentration by sex and by 3 age groups (3, 4,
and 5 years) separately. Given the significant interaction of
blood lead concentration by sex for internalizing problems
(P = .008), we separated the data into 6 strata by sex and age
to examine the relationship between blood lead concentra-
tion and behavioral problems.

We finally performed logistic regression analyses to ex-
amine the association between blood lead concentration and
the odds of clinical-level behavioral problems. P < .05 was con-
sidered significant. We analyzed data using R, version 2.15.2
(R Development Core Team, GNU General Public License), for
spline modeling and SPSS, version 17 (SPSS Inc), for all other
analyses.

Results
Of the 1341 children with blood lead concentrations avail-
able, 1025 children had complete data. We found no signifi-
cant group difference in sex, age group, and preschool resi-
dence location between children with and those without
complete data. Characteristics of the children and their fami-
lies, including the mean and frequencies by blood lead distri-
bution, are summarized in Table 1. The mean (SD) blood lead
concentration was 6.4 (2.6) μg/dL. Distribution was as fol-
lows: 25% were 4.6 μg/dL or less, 50% were 6.0 μg/dL or less,
75% were 7.5 μg/dL or less, and 90% were 9.4 μg/dL or less. As
reported in Table 2, the mean concentration was higher in boys
than in girls and increased with age at the time of the blood
lead test for both boys and girls.

Blood Lead Concentration and Behavior Scores
Our linear regression model indicated that all teacher-
reported behavior scales scores increased with blood lead con-
centrations after adjusting for children and family factors
(Table 3). Blood lead concentrations had statistically signifi-
cant harmful associations with scores on emotional, anxiety,

and pervasive developmental problems. A 1-μg/dL increase in
the blood lead concentration resulted in a 0.322, 0.253, and
0.303 increase of behavior scores on emotional reactivity, anxi-
ety problems, and pervasive developmental problems, respec-
tively (P < .05). No parent-reported behavioral scales were sig-
nificantly correlated with blood lead concentrations. We used
spline modeling to examine the relationships between blood
lead concentration and 2 broadband problems (internalizing
and externalizing)26 in each of the 6 strata by sex and age groups
(3, 4, and 5 years).

Behavior scores for internalizing problems increased with
blood lead concentrations for girls at age 5 years (P = .04) and
age 4 years (P = .048) (Figure). Behavior scores slightly in-
creased with blood lead concentrations for boys at age 5 years
and slightly decreased for boys at age 4 years.

Behavior scores for externalizing problems increased with
blood lead concentrations for boys at age 5 years (eFigure in
the Supplement). In the group with blood lead measure-
ments at age 3 years, no clear relationship was observed for
either sex (data available on request).

Blood Lead Concentration and Clinical-Level
Behavioral Problems
Logistic regression was conducted to examine the associa-
tion between blood lead concentrations and clinical-level be-
havioral problems (ie, T score ≥60). Odds ratios (ORs) were used
to present the strength of the association. In the unadjusted
logistic regression analysis, blood lead concentrations were sig-
nificantly associated with increased odds for attention, inter-
nalizing, and total problems, as well as for DSM-IV–oriented
pervasive developmental and attention-deficit/hyperactiv-
ity. After adjusting for child and family characteristics, the
blood lead concentration remained significantly associated
with increased odds for emotionally reactive (OR, 1.10; 95%
CI, 1.02-1.19), anxious/depressed (OR, 1.12; 95% CI, 1.03-
1.23), and total internalizing problems (OR, 1.10; 95% CI, 1.03-
1.18), as well as DSM-IV–oriented anxiety (OR, 1.10; 95% CI,
1.01-1.19) and pervasive developmental problems (OR, 1.16; 95%
CI, 1.07-1.25) (Table 4). For example, a 1-μg/dL increment in
blood lead concentration was associated with a 16% in-
creased likelihood of having pervasive developmental prob-
lems. We did not find any significant associations between
blood lead concentration and parent-reported clinical-level
behavioral problems (P > .05) (data available on request).

Discussion
Key Findings
In these 1341 children from the China Jintan Child Cohort Study,
we found that a mean blood lead concentration of 6.4 μg/dL
when children were aged 3 to 5 years was significantly
associated with increased behavioral problem scores at age 6
years. The findings are consistent with those of previous
studies.2,5,7,8,14,35,37 We also found that the risk of clinical-
level behavioral problems increased with blood lead concen-
tration, including total internalizing problems and DSM-IV–
oriented anxiety and pervasive developmental problems. This
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association showed different patterns depending on age and
sex. The results held after adjustment for potential child and
family cofounders.

Age, Blood Lead Concentrations, and Behavior
Blood lead concentrations increased with age in preschool chil-
dren (Table 2), which is consistent with past studies in

China.38-41 The blood lead concentration and age association
in China are different from those in the United States, where
blood lead concentrations increase with age in children up to
2 to 3 years and then decline.42 This may be the result of dif-
ferent sources of lead exposure in these 2 countries,22 as well
as China’s phasing out of leaded petroleum beginning in 1997
and completed in approximately 2000.43,44 This transition

Table 2. Distribution of Blood Lead Concentrations by Age and Sexa

Age, y

Blood Lead Concentration, μg/dL

P Value

Male Female

No. Mean (SD) Median (Range) No. Mean (SD) Median (Range)
3 174 5.5 (2.5) 5.1 (2.1-17.0) 142 4.8 (2.1) 4.4 (1.8-12.6) .005

4 217 6.7 (3.3) 6.4 (1.8-32.0) 198 6.2 (2.3) 6.0 (1.9-16.2) .051

5 347 7.4 (2.5) 7.0 (2.5-24.6) 263 6.6 (2.2) 6.3 (2.3-18.1) <.001

Total 738 6.8 (2.8) 6.4 (1.8-32.0) 603 6.0 (2.3) 5.9 (1.8-18.1) <.001

SI conversion factor: To convert blood lead concentration to micromoles per liter, multiply by 0.0483.
a Blood lead concentration was treated as a continuous linear term in units of micrograms per deciliter.

Table 1. Frequency and Percentage of Baseline Characteristics of 1341 Children by Blood Lead Categories

Characteristic No.a Mean

Blood Lead Concentration Category, No. (%)b

1.8-4.6 μg/dL 4.7-6.0 μg/dL 6.1-7.5 μg/dL 7.6-32.0 μg/dL
Sex

Male 737 6.8 161 (48.1) 185 (52.7) 184 (54.8) 207 (65.5)

Female 601 6.0 174 (51.9) 166 (47.3) 152 (45.2) 109 (34.5)

Age at blood lead test, y

3 314 5.2 158 (47.2) 61 (17.4) 55 (16.4) 40 (12.6)

4 414 6.5 102 (30.4) 111 (31.6) 105 (31.2) 96 (30.4)

5 610 7.0 75 (22.4) 179 (51.0) 176 (52.4) 180 (57.0)

Residence

City 518 6.3 150 (44.8) 125 (35.6) 114 (33.9) 129 (40.8)

Suburban 538 6.3 144 (43.0) 140 (39.9) 143 (42.6) 111 (35.1)

Rural 282 6.9 41 (12.2) 86 (24.5) 79 (23.5) 76 (24.1)

Father's educational level

≤Middle school 486 6.7 100 (31.1) 123 (38.8) 119 (37.9) 144 (45.6)

High school 408 6.4 113 (35.1) 95 (30.0) 103 (32.8) 97 (30.7)

≥College 375 6.0 109 (33.8) 99 (31.2) 92 (29.3) 75 (23.7)

Father’s occupation

Unemployed 50 6.2 13 (4.2) 12 (3.9) 13 (4.0) 12 (4.2)

Physical worker 692 6.5 167 (53.7) 164 (53.6) 197 (61.4) 164 (56.9)

Professional worker 484 6.4 131 (42.1) 130 (42.5) 111 (34.6) 112 (38.9)

Mother’s educational level

≤Middle school 638 6.7 137 (42.4) 156 (49.4) 157 (50.0) 188 (59.3)

High school 376 6.1 114 (35.3) 89 (28.2) 95 (29.3) 78 (24.6)

≥College 256 6.1 72 (22.3) 71 (22.5) 62 (19.8) 51 (16.1)

Marital status of parents

Married 1123 6.3 280 (95.9) 294 (95.1) 276 (95.8) 273 (95.1)

Divorced 53 6.3 12 (4.1) 15 (4.8) 12 (4.2) 14 (4.9)

Only child

Yes 943 6.3 254 (85.5) 240 (83.9) 244 (80.3) 205 (75.1)

No 217 6.9 43 (14.5) 46 (16.1) 60 (19.7) 68 (24.9)

SI conversion factor: To convert blood lead concentration to micromoles per
liter, multiply by 0.0483.
a The number of children differs across sample characteristics because of

missing values.

b Blood lead concentration was treated as a continuous linear term in units of
micrograms per deciliter. The 4 categories were determined using the 25th,
50th, and 75th percentiles of blood lead concentration.

Research Original Investigation Lead and Behavioral Problems in Preschool Children

740 JAMA Pediatrics August 2014 Volume 168, Number 8 jamapediatrics.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

Figure. Teacher-Reported Internalizing Problem Scale Scores Among Children
Whose Blood Lead Concentration Was Measured at Ages 4 and 5 Years
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Table 3. Adjusted Regression Coefficients of Blood Lead Concentration on Behavioral Problemsa

Behavioral Problem

Adjusted Regression Coefficient (95% CI)

Parent-Reported
Behavior (CBCL)

(n = 1026)

Teacher-Reported
Behavior (C-TRF)

(n = 1025)

Syndrome

Internalizing problems –0.029 (–0.28 to 0.222) 0.223 (–0.037 to 0.484)

Emotionally reactive –0.117 (–0.365 to 0.131) 0.322 (0.058 to 0.587)b

Anxious/depressedc 0.101 (–0.151 to 0.354) 0.001 (–0.001 to 0.003)

Somatic complaintsc –0.171 (–0.436 to 0.094) 0.001 (–0.003 to 0.001)

Withdrawn 0.096 (–0.158 to 0.349) 0.001 (–0.001 to 0.003)

Sleep problems 0.016 (–0.241 to 0.273) NA

Externalizing problemsc 0.011 (–0.243 to 0.265) 0.001 (–0.001 to 0.003)

Attention problemsc 0.001 (–0.002 to 0.002) 0.136 (–0.115 to 0.386)

Aggressive behaviorc –0.018 (–0.264 to 0.229) 0.001 (–0.001 to 0.003)

Total problems 0.016 (–0.231 to 0.263) 0.202 (–0.051 to 0.455)

DSM-IV–oriented problems

Affective problemsc 0.019 (–0.234 to 0.272) 0.001 (–0.001 to 0.003)

Anxiety problems 0.044 (–0.212 to 0.299) 0.253 (0.016 to 0.500)b

Pervasive developmental problems 0.093 (–0.159 to 0.345) 0.303 (0.046 to 0.560)b

Attention-deficit/hyperactivity
problemsd

0.001 (–0.002 to 0.002) 0.073 (–0.177 to 0.322)

Oppositional defiantc –0.030 (–0.279 to 0.220) 0.223 (–0.037 to 0.484)

Abbreviations: CBCL, Child Behavior
Checklist; C-TRF, Caregiver-Teacher
Report Form; DSM-IV, Diagnostic and
Statistical Manual of Mental Disorders
(Fourth Edition); NA, not applicable.
a Blood lead concentration was

treated as a continuous linear term
in units of micrograms per deciliter.
The regression coefficients were
adjusted for age at blood lead
concentration test, sex, preschool
residence, father’s educational level,
mother’s educational level, father’s
occupation, parents’ marital status,
single child status, and IQ.

b P < .05.
c Teacher-reported scale score was

log transformed for normal
distribution.

d Parent-reported scale score was log
transformed for normal distribution.
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suggests that our cohort (born between 1999 and 2001) might
have less lead exposure compared with those born earlier.

The blood lead concentration and behavior association also
varied with the age of the child at the time of blood lead mea-
surement. In our stratified analysis by age at the time of blood
lead measurement, we found that there was an increased risk
for behavioral problems with an increased blood lead concen-
tration in older children (4 and 5 years) but not in 3-year-old
children (Figure and eFigure in the Supplement). Our find-
ings are consistent with patterns reported by Chen et al,35 where
blood lead concentrations at 7 years had a direct effect on con-
current behavioral problems, and blood lead concentrations
at 2 years were not associated with behavior at age 7 years. Simi-
lar effects were reported by Hornung et al42: blood lead con-
centrations at age 6 years were more strongly associated with
cognitive and behavioral development than were those mea-
sured in early childhood. Adult gray matter brain volume re-
duction is also more highly associated with blood lead con-
centrations at 5 and 6 years compared with those measured
at earlier ages.45 Taken together, these findings suggest that
relatively high blood lead concentrations beyond toddler-
hood can have detrimental effects on behavior.

Sex, Blood Lead Concentrations, and Behavior
Although boys in this study had higher mean blood lead con-
centrations compared with girls (Table 2), the association with
behavior was more consistent in girls when taking into ac-
count the time that had elapsed since blood lead measure-
ment (Figure and eFigure in the Supplement). Separate logis-
tic regression analyses by sex also showed stronger associations
between blood lead concentrations and an increased risk for
behavioral problems for girls (Table 4). The results of other
studies7,14,45-48 examining the cognitive and behavioral ef-
fects of lead exposure between sexes have been mixed. Nev-
ertheless, few studies have specifically examined the effects
of blood lead concentrations on behavior by age and sex or they
have treated sex only as a covariate. Our findings could par-

tially reflect biological and sociologic differences between
sexes, such as different sensitivities to lead and its effects on
the development of particular brain areas.49,50 For instance,
animal models suggest that whereas lead exposure may alter
hippocampal glial metabolism and induce behavioral altera-
tions of hyperactivity in male rats,51 female rats exposed to lead
may have attenuated hippocampus potentiation52 and ex-
press depressive-like behavior not seen in male counterparts.53

More studies on susceptibility to environmental toxicants be-
tween sexes are warranted.

Blood Lead Concentrations and Internalizing
Behavior Problems
Previous research has reported associations between blood lead
concentrations and externalizing problems in children and ado-
lescents including attention-related3,6,12,54 and conduct7-9,37

problems. Our spline model also indicates that the external-
izing behavior score in boys at age 5 years was increased with
the blood lead concentration (eFigure in the Supplement). Our
logistic regression analysis, however, shows significant rela-
tionships between the blood lead concentration and the in-
ternalizing problems of anxiety and depression. Our findings
extend those noted by Liu et al55 that in young Chinese chil-
dren, adverse outcomes of child temperament, including with-
drawal and mood, were associated with lead exposure asso-
ciated with electronic waste recycling. Our findings also
support those of past studies of significant problems with anxi-
ety, emotion regulation, and frustration tolerance in lead-
exposed toddlers,5 as well as anxiety and emotional prob-
lems in young children.14,56 Indeed, experimental animal
studies57,58 suggest that lead exposure may induce anxiety and
withdrawal by altering the hypothalamic-pituitary-axis and
neurotransmitter systems.

In the present study, increased blood lead concentrations
was associated with an increased risk of DSM-IV–oriented per-
vasive developmental problems as measured by 13 items, such
as avoids eye contact, can’t stand things out of place, shows

Table 4. Adjusted Odds of Blood Lead Concentration on Teacher-Reported Behavioral Problemsa

Behavioral Problem

Odds Ratio, 95% CI
Total Score
(N = 1021)

Boys’ Scores
(n = 557)

Girls’ Scores
(n = 464)

Internalizing problems 1.10 (1.03 to 1.18)b 1.09 (1.00 to 1.19) 1.12 (1.00 to 1.26)c

Emotionally reactive 1.10 (1.02 to 1.19)c 1.04 (0.94 to 1.16) 1.17 (1.03 to 1.34)c

Anxious/depressed 1.12 (1.03 to 1.23)c 1.11 (0.98 to 1.24) 1.14 (0.98 to 1.32)

Somatic complaints 1.01 (0.90 to 1.13) 1.08 (0.94 to 1.24) 0.91 (0.75 to 1.09)

Withdrawn 1.02 (0.93 to 1.12) 0.98 (0.87 to 1.11) 1.09 (0.94 to 1.26)

Externalizing problems 1.02 (0.95 to 1.10) 0.99 (0.91 to 1.08) 1.08 (0.93 to 1.25)

Attention problems 1.07 (0.98 to 1.16) 1.05 (0.95 to 1.16) 1.09 (0.93 to 1.27)

Aggressive behavior 1.07 (0.98 to 1.17) 1.03 (0.93 to 1.14) 1.21 (0.99 to 1.47)

Total problems 1.06 (0.99 to 1.12) 1.02 (0.95 to 1.10) 1.11 (0.99 to 1.23)

DSM-IV–oriented problems

Affective problems 1.04 (0.96 to 1.13) 1.06 (0.96 to 1.18) 1.03 (0.90 to 1.18)

Anxiety problems 1.10 (1.01 to 1.19)c 1.05 (0.94 to 1.17) 1.17 (1.03 to 1.34)c

Pervasive developmental problems 1.16 (1.07 to 1.25)d 1.11 (1.00 to 1.23)c 1.22 (1.07 to 1.40)c

Attention-deficit/hyperactivity problems 1.08 (0.99 to 1.18) 1.04 (0.94 to 1.16) 1.15 (0.98 to 1.35)

Oppositional defiant problems 1.06 (0.98 to 1.15) 1.02 (0.92 to 1.13) 1.12 (0.97 to 1.29)

Abbreviations: DSM-IV, Diagnostic
and Statistical Manual of Mental
Disorders (Fourth Edition); NA, not
applicable.
a Blood lead concentration was

treated as a continuous linear term
in units of micrograms per deciliter.
The odds were adjusted for age at
blood lead concentration test, sex,
preschool residence, father’s
educational level, mother’s
educational level, father’s
occupation, parents’ marital status,
single child status, and IQ.

b P < .01.
c P < .05.
d P < .001.
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little affection, speech problem, and withdrawn,26 for both
sexes, although the association was stronger for girls. Perva-
sive developmental conditions are associated with the devel-
opment of clinical psychiatric disorders such as autism,59,60 and
degrees of severity in autism spectrum disorder are report-
edly well correlated with elevations in lead, mercury, and cop-
per concentrations.61 However, our results should be inter-
preted with caution because we used only a relatively
nonspecific CBCL subscale rather than the criterion standard
clinical diagnostic scales. In addition, we cannot conclude
whether the difference in findings for internalizing com-
pared with externalizing behavior can be contributed to cul-
tural underpinnings.

Because behavior may be influenced by or manifested in
the setting in which it occurs, such as the home or school, the
use of multiple informants is valuable in assessing children’s
behavioral and emotional problems.28 For example, care-
givers may be better at detecting disruptive problems, while
teachers have been found to be better informants on
hyperactivity/inattentiveness62 and internalizing problems in
preschool children.63 In the present study, we found that the
blood lead concentration was significantly associated with
teacher-reported behavioral problems, especially in internal-
izing and developmental problems, but not with parent-
reported problems. One possible explanation is that teachers
are exposed to relatively large groups of same-aged children
and may be more sensitive to behavioral deviations than are
parents. This may be particularly relevant in China, where most
parents’ understanding of child behavior is limited to their
only child because of the single-child policy. It is also pos-
sible that teachers’ perceptions of child behavior may be less
susceptible to the influence of their own psychopathologic
status and levels of stress, whereas this is not necessarily true
for parents.64

Limitations
The present study has several limitations. First, because we
measured blood lead concentrations once in children aged 3
to 5 years, it is unclear whether problems seen at 6 years of age
reflect lead exposure at the time of measurement, during the
prenatal period, or during the first 2 years of life. Second, we
measured behavior using teacher and parent reports rather than

clinical diagnosis. Third, although we adjusted for parental edu-
cational level, occupation, and residence, there may be other
confounders that we did not control for that affected teacher
reports of behavioral problems. Finally, we did not assess be-
havioral problems at the time the blood lead concentrations
were measured. Thus, it is possible that behaviors associated
with developmental disorders (eg, pica) contribute to el-
evated blood lead concentrations.61,65

Conclusions
Childhood lead poisoning is well documented and persists as
a major, yet preventable, global public health problem. Lead-
related health problems cost $43.4 billion annually in the
United States.66 Lead exposure remains common in Chinese
children,67,68 and nearly one-quarter of children in China have
blood lead concentrations greater than 10 μg/dL, with a rela-
tively high mean of 8.1 μg/dL.69 The comparatively low mean
blood lead concentration (6.4 μg/dL) in our sample, which is
from the small city of Jintan, may be the result of better envi-
ronmental conditions in China’s smaller cities than in its larger
metropolises.70

Our findings show that frequently encountered blood lead
concentrations in preschool children are associated with in-
creased behavioral problems, especially internalizing prob-
lems in children at 6 years. To our knowledge this is one of the
first studies to comprehensively examine the relationship be-
tween blood lead concentrations and behavioral problems in
a large sample of young Chinese children. This study contrib-
utes further evidence that blood lead concentrations even be-
low the Centers for Disease Control and Prevention’s previ-
ously defined level of concern (<10 μg/dL) are harmful71,72 and
that exposures now commonly encountered in China may have
implications for children’s behavioral developments. As such,
continued monitoring of blood lead concentrations as well as
clinical assessments of mental behavior during regular pedi-
atric visits may be warranted. Further examination is needed
to more clearly delineate the biological effects of environmen-
tal lead exposure and resulting behavioral impairments among
children and to assess the long-term clinical significance of
these findings.
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