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Abstract
The notion that maternal personality characteristics influence cognitive development in their children has been grounded in stress moderation

theory. Maternal personality traits, such as self-esteem, may buffer maternal stressors or lead to improved maternal–child interactions that directly

impact neurodevelopment. This can be extended to suggest that maternal personality may serve to attenuate or exacerbate the effects of other

neurotoxicants, although this has not been studied directly. We examined whether mothers’ self-esteem had a direct or main effect on their

children’s cognitive outcomes. We also explored the modifying effects of maternal self-esteem on the association between exposure to lead and

neurodevelopment in these children. Study participants included 379 mother–child pairs from Mexico City. Data included the Coopersmith Self-

Esteem Scale in mothers, children’s Bayley’s Scale of Infant Development (BSID) scores, and sociodemographic information. Linear regression

was used to model the relationship between maternal self-esteem and the Bayley’s Mental Development Index (MDI) and Psychomotor

Development Index (PDI) scores at age 24 months using models stratified by levels of maternal self-esteem. In adjusted models, each point increase

in maternal self-esteem was associated with children having 0.2 higher score on the Bayley’s MDI ( p = 0.04). Similar results were observed using

the PDI outcome. Moreover, there was evidence that maternal self-esteem attenuated the negative effects of lead exposure, although the interaction

fell short of conventional levels of statistical significance.

# 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The possibility that social context may modify the toxicity of

lead has been previously considered (Bellinger, 1995, 2000),

but little research has been conducted in human populations.

The social environment appears to impact neurodevelopment
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(Francis et al., 2002) and might also influence the response to

neurotoxic chemicals. Experimental research shows that an

enriched social environment will mitigate the neurotoxicity of

lead in rats when it precedes lead exposure (Schneider et al.,

2001). Likewise, an enriched social and stimulating environ-

ment can reverse the neurotoxic effects of lead on memory

function when the social enrichment follows lead exposure

(Guilarte et al., 2003).

Children living with lower socio-economic status are more

likely to be exposed to lead and some evidence suggests that the

adverse effects of lead may be more pronounced in lower

compared to higher socio-economic groups (Bellinger et al.,
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1989; Tong et al., 2000; Winneke and Kraemer, 1984). Other

previous work supports the concept that social context modifies

the effects of chemical neurotoxins. For example, material

hardship has been demonstrated to modify the neurotoxic

effects of tobacco smoke in children (Rauh et al., 2004). There

is also evidence that the adverse effects of PCBs on children are

modified by breastfeeding (Jacobson and Jacobson, 2003). This

differential vulnerability to PCBs in children who were

breastfed versus formula fed appears to be more likely due

to social characteristics than to the nutrients associated with

breastfeeding (Vreugdenhil et al., 2002).

Socially disadvantaged environments increase the risk of

exposure to chronic stress and chronic stress is toxic to the

developing brain (McEwen, 2003). The effect of stress on the

brain varies among individuals, suggesting there may also be

potential psychosocial factors that safeguard against stress. For

example, higher self-esteem has been inversely correlated with

perceived stress (Abel, 1996; Kreger, 1995) and may be a buffer

to the potentially toxic effects of the neuroendocrine responses

associated with chronic stress (Creswell et al., 2005). The same

negative life events may cause more stress in people with lower

self-esteem than people with higher self-esteem (Brown and

Dutton, 1995). Self-esteem may also correlate with parent child

interactions. Low parental self-esteem is related to increased

risk of authoritative parenting styles (Aunola et al., 1999;

Lutenbacher and Hall, 1998). High self-esteem in mothers

could act as a buffer in an environment of increased stress

allowing a mother to maintain her ability to effectively parent

the child, thereby enriching the child’s family environment.

Given this background, our goals for this study were to

determine if maternal self-esteem predicted children’s neuro-

developmental outcomes and to explore whether maternal self-

esteem modified the effects of lead on these outcomes.

2. Methods

Study participants included 379 mother–child pairs from

three cohorts from the Harvard-Mexico Project on Fetal Lead

Exposure, Risks and Intervention Strategies (FLERIS). These

cohorts consisted of 247 mother–child pairs with MDI and PDI

measured between 1996 and 2001 and 132 mother–child pairs

measured in 2004 to 2005. All three cohorts used virtually

identical inclusion criteria, methods, and sampling frameworks

and were recruited from one of the three maternity hospitals in

Mexico City. Women who attended the National Institute of

Perinatology for the 24-month developmental evaluation of their

children were asked to participate. Of theses mother–infant

pairs, 309 had complete data on blood lead, self-esteem,

Bayley’s scales, and covariates. The main difference was that

Cohort 1 was recruited at the time of delivery and Cohorts 2 and

3 during pregnancy. The study cohorts were recruited from three

maternity hospitals in Mexico City that serve a low to moderate

income populations. A month after delivery (�5 days) each

mother–infant pair attended the research center to be evaluated.

In addition to this and to the 24 month evaluation participating

mother–infant pairs were subsequently assessed and interviewed

at additional time points also after 24 months, including the ones
used in this analysis at 30 and 36 months. Full details are

described elsewhere (Gomaa et al., 2002; Tellez-Rojo et al.,

2004) Exclusion criteria included medical conditions that could

cause low birth weight, living in a household outside the

metropolitan area, intention not to breastfeed, prematurity or an

Apgar score of 6 or less (at 5 min), a condition requiring

treatment in neonatal intensive care unit, birthweight <2000 g,

or serious birth defects, a physical diagnosis of multiple fetuses,

preeclampsia, psychiatric, kidney or cardiac diseases, gesta-

tional diabetes, history of repeated urinary infections, family or

personal history of kidney stone formation, seizure disorder

requiring daily medications, ingestion of corticosteroids or

blood pressure >140 mmHg systolic or >90 mmHg diastolic,

single parent households, and factors that could interfere with

calcium metabolism. The three cohorts differed also in that

Cohort 1 was a randomized controlled trial of calcium

supplementation given to women during lactation, Cohort 2

was purely an observational study, and Cohort 3 was a

randomized controlled trial of calcium supplementation to

women during pregnancy. Otherwise, the baseline measure-

ments and methods to make those measurements were identical.

For Cohort 1, within the first month of delivery, eligible

participants were interviewed to gather information about

health status and social and demographic characteristics. For

Cohorts 2 and 3 these demographic data were collected during

pregnancy. For all three cohorts when the index child was 24

months of age, self-esteem was measured using a Spanish

version of the Coopersmith Self-Esteem Inventory (Adult Short

Form), a 25-item scale with good reliability and validity

(Blascovich and Tomaka, 1991; Lara et al., 1993). Cognitive

outcomes were measured with the Spanish version of the

Bayley Scale of Infant Development II, administered at 24, 30,

and 36 months. Lead exposure was assessed using blood lead

when children were 24 months of age. Covariates included

child gender, maternal age, maternal IQ, education, parity,

smoking, and alcohol consumption. Maternal IQ was measured

using the Wechsler Adult Intelligence Scale (WAIS) as a

continuous variable. Maternal age was recorded at the time of

delivery. Maternal education was used as a continuous variable,

indicating number of years of schooling completed. Smoking

use was classified as never or ever. Parity was classified as

number of previous pregnancies that resulted in a live birth, not

counting stillbirths or abortions. Alcohol was measured in

grams per day. In Cohorts 1 and 2 this measurement was taken

at 1 month postpartum and corresponded to alcohol in the last

year. In cohort three, the measurement was taken in the 3rd

trimester and referred to the previous month.

Using linear regression we modeled the relationship

between mother’s self-esteem and children’s neurobehavioral

test scores. Analyses examined maternal self-esteem in relation

to Bayley’s Mental Development Index (MDI) and Psycho-

motor Development Index (PDI) in children. The cohorts

spanned over 10 years time and the MDI and PDI were

conducted by different personnel in each of the three cohorts.

Therefore, in order to account for inter-examiner variation,

cohort was adjusted for in the analysis. Associations were also

modeled adjusting for potential confounders including child



Table 1

Descriptive statistics for maternal self-esteem, Bayley’s Mental Development Index and Psychomotor Development Index scores and other sociodemographic

variables

No. (%) Mean (S.D.) Range N

Coopersmith self-esteem (24 months) 17.2 (5.0) 1–25 379

Highest quartile 75 (19.8) 23.1 (1.0)

Lowest three quartiles 304 (80.2) 15.7 (4.5)

Child blood lead (24 months) (mg/dL) 6.4 (4.3) 0.8–25.8 319

Mental Development Index (24 months) 88.2 (13.5) 58–128 350

Psychomotor Development Index (24 months) 92.0 (10.9) 61–128 350

Child gender

Male 216 (57.0) 379

Female 163 (43.0)

Mother’s IQ (WAIS) 87.7 (13.3) 52–135 372

Mother’s age (at delivery) 26.0 (5.5) 14–45 362

Mother’s education 10.2 (3.0) 1–18 374

Parity 1.4 (1.3) 0–7 362

Maternal smoking

Ever 232 (64.1) 362

Never 130 (35.9)

Maternal alcohol consumption (g/day) 0.3 (1.4) 0–13 354
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gender, maternal age, maternal IQ (WAIS), maternal education,

parity, alcohol consumption, and smoking. Both self-esteem

and blood lead levels were measured on continuous scales.

Therefore, in order to simplify the interpretation of this

interaction, we chose to categorize self-esteem and examine the

effect of blood lead within strata of self-esteem. We were able

to take advantage of measures at multiple time points to gain

power by including MDI and PDI scores at 24, 30, and 36

months. This was done using proc mixed in SAS, a mixed

model regression method to consider the effect of self-esteem

on cognition over time, while accounting for the correlation

between cognition measured in the same individuals across

exams, baseline cognition, and also controlling for potential

confounders.

Because we were uncertain of the most appropriate cut-off,

we conducted a sensitivity analysis to test the interaction

between lead (used as a continuous variable) and self-esteem

categorized in two different ways: by the highest versus lowest

tertiles and quartiles. We assumed that the potential to mitigate

the adverse effects of lead exposure would be the greatest

among the mothers with the very highest self-esteem. Since this

study provided the first test of this hypothesis, we chose to focus

on the highest quartile group since we expected it might have

the greatest likelihood of detecting effects. All models and

cutpoints for self-esteem gave similar results. Based on

examination of this analysis, we chose to focus on the

association between blood lead and child MDI and PDI scores

in children with mothers scoring in the highest quartile of self-

esteem versus children whose mothers were in the lowers three

quartiles of self-esteem. In order to see if there was a graded

relationship between the effects of lead on children’s cognition

by level of self-esteem, we also estimated associations

separately within each quartile of self-esteem. Finally, we

plotted smoothed curves using the lowess smoothing function

in STATA to visually observe the relationship between
children’s Bayley’s MDI scores and blood lead (both measured

at 24 months).

3. Results

Of the 422 mother–child pairs invited to participate, 31 of

278 did not participate from Cohorts 1 and 2. From Cohort 3, 12

out of 144 eligible mothers declined participation. According to

the examiners, the main reason for not answering the inventory

was lack of time.

The average blood lead level for children at age 24 months

was 6.4 mg/dL (Table 1). Data on the Coopersmith Self-Esteem

Scale was complete for 379 participants. Complete data on the

Bayley scale MDI/PDI, lead, self-esteem and other covariates

were available on 309 mother–child pairs with at least one

Bayley scale assessment. The majority of the missing data was

from blood lead measurements. MDI and PDI scores were

available from 350, 185 and 225 children at 24, 30 and 36

months, respectively. Average scores on the Bayley mental

development and psychomotor development indices at 24

months were 88 (S.D. 14) and 92 (S.D. 11), respectively.

Mothers’ average score on the WAIS was 88 (S.D. 13). Our

sample included 57% boys and 43% girls. On average, the

women in our sample were 26 years old at time of delivery and

had completed 10 years of education. The average number of

births was 1.4. Sixty-four percent of the women in the study

reported having ever smoked. The average alcohol consump-

tion per day was 0.3 g during a period that corresponded to at

least part of the pregnancy.

In Table 2, we display a model showing the relationships of

self-esteem, blood lead, gender, maternal age, maternal IQ,

education, parity, alcohol consumption and smoking to MDI and

PDI scores. In models adjusting for all covariates an increase of

one standard deviation (5 units) change on the mother’s

Coopersmith was associated with a 2.0 point increase in



Table 2

Model of main effects of lead, self-esteem and covariates on Bayley’s MDI and PDI using repeated measures at 24, 30 and 36

Mental Development

Index b (S.E.)

p-Value Psychomotor Development

Index b (S.E.)

p-Value

Coopersmith self-esteem (24 months) 0.24 (0.12) 0.04 0.18 (0.12) 0.13

Child blood lead (24 months) �0.18 (0.14) 0.20 �0.14 (0.14) 0.32

Child gender

Female 3.01 (1.10) <0.01 1.51 (1.10) 0.17

Male Reference Reference

Mother’s IQ (WAIS) 0.13 (0.05) 0.01 0.04 (0.05) 0.46

Mother’s age (at delivery) �0.05 (0.11) 0.69 0.006 (0.12) 0.96

Mother’s education 0.06 (0.27) 0.82 �0.29 (0.27) 0.28

Parity �0.57 (0.51) 0.27 �0.57 (0.52) 0.27

Maternal smoking

Never �1.40 (1.15) 0.23 �2.2 (1.16) 0.06

Ever Reference Reference

Maternal alcohol consumption (g/day) 0.12 (0.38) 0.75 0.63 (0.38) 0.10

*Models are adjusted for cohort. Analyses included 607 observations on 290 subjects.
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children’s MDI score ( p = 0.04). Female gender was related to a

3.0 point higher MDI score compared with male gender

( p = < 0.01). Each 1 unit increase in mother’s IQ was associated

with a 0.1 increase in MDI score ( p = 0.01). Using unadjusted

models, we also plotted the relationship between Bayley’s MDI

in relation to blood lead stratified by maternal self-esteem

(Fig. 1). We hypothesized that lead exposure may be on the

causal pathway between maternal self-esteem and child

cognitive outcomes, since mothers with low self-esteem may

be less likely to take measures to prevent or monitor their

children’s lead exposure. However, the association between

maternal self-esteem and MDI score changed negligibly when

child’s blood lead was not included (data not shown). Somewhat

similar results were observed for the fully adjusted model using

the PDI as an outcome. Each one standard deviation increase in

maternal self-esteem was marginally associated with 1.5 unit

higher PDI score ( p = 0.1). There were no notable or statistically

significant associations between child gender, maternal age,

maternal IQ, education, parity, smoking, or alcohol consumption

and the PDI.

In Table 3, we display childhood blood lead and MDI and

PDI scales stratified by the Coopersmith self-esteem score. We
Fig. 1. Adjusted smoothed curves of Bayley’s MDI at 24 months in relation to blood

the highest quartile of maternal self-esteem (right).
found that for children with mothers with self-esteem in the

lower three quartiles, a 1 mg/dL increase in blood lead was

associated with a 0.3 lower score on the MDI ( p = 0.04),

compared to a 0.4 higher score for children with mothers

with high self-esteem ( p = 0.4). This pattern also was similar

that for our child psychomotor skill outcome. Although not

statistically significant, in children of mothers with lower self-

esteem each unit increase in blood lead was associated with an

average a 0.3 lower score on the PDI ( p = 0.1), while a mg/dL

increase in blood lead in children of mothers with the highest

self-esteem was associated with a 0.5 point higher PDI score

( p = 0.2).

To test the significance of these differences, we used

interaction terms in models with all subjects. In sensitivity

analyses testing the interaction between maternal self-esteem

and lead levels estimated at different cutpoints for self-esteem

(tertiles and quartiles), the interaction neared statistical

significance for both MDI ( p = 0.11) and PDI ( p = 0.21) when

using quartiles. The effects were in the same direction (i.e.

higher self-esteem was protective of lead exposure) but were

not statistically significant when using tertiles. Fig. 1 displays

smoothed curves representing the relationship of child blood
lead. Comparison of the lower three quartiles of maternal self-esteem (left) with



Table 3

Relationship between childhood blood lead and Mental Development Index and Psychomotor Development Index scales using repeated measures at 24, 30 and 36

stratified by Coopersmith self-esteem score

Mental Development Index

b (S.E.), p-value

p-Value for

interaction

Psychomotor Development Index b (S.E.), p-

value

p-Value for

interaction

Lowest three quartiles

self-esteem

Highest quartile

self-esteem

Lowest three quartiles

self-esteem

Highest quartile

self-esteem

Child blood lead

(24 months) (mg/dL)

�0.31 (0.15),

p = 0.04

0.36 (0.44),

p = 0.41

0.11 �0.25 (0.15),

p = 0.10

0.48 (0.40),

p = 0.24

0.21

*Models are adjusted for cohort, child gender, maternal IQ, age at delivery, educational attainment, parity, smoking, alcohol consumption, and self-esteem as a

continuous variable.

Table 4

Relationship between childhood blood lead and Mental Development Index and Psychomotor Development Index scales using repeated measures at 24, 30 and 36

stratified by quartiles of the Coopersmith self-esteem score

Mental Development Index b (S.E.), p-value Psychomotor Development Index b (S.E.), p-value

Quartile of maternal self-esteem Quartile of maternal self-esteem

1st (low),

n = 145

2nd,

n = 148

3rd,

n = 178

4th (high),

n = 136

1st (low),

n = 146

2nd,

n = 147

3rd,

n = 178

4th (high), n = 135

Child blood lead

(24 months) (mg/dL)

�0.17 (0.25),

p = 0.50

�0.36 (0.25),

p = 0.15

�0.35 (0.31),

p = 0.26

0.38 (0.44),

p = 0.39

0.21 (0.26),

p = 0.43

�0.81 (0.23),

p < 0.01

�0.12 (0.33),

p = 0.71

0.50 (0.40),

p = 0.22

*Models are adjusted for cohort, child gender, maternal IQ, age at delivery, educational attainment, parity, smoking, and alcohol consumption.
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lead and Bayley’s MDI stratified by maternal self-esteem by

quartiles.

In the analyses that were stratified separately into each

quartile of maternal self-esteem, we found that for each of the

three lower quartiles of self-esteem child blood lead was

negatively related to MDI score, while the coefficients were in

the positive direction for children of mothers scoring in the

highest quartile of self-esteem (Table 4). Regarding the PDI

measure, the association between child blood lead level and

PDI was negatively related in children of mothers scoring in the

second to lowest quartile of self-esteem ( p < 0.01). This is

consistent with our hypothesis that exposure to lead would have

the most severe negative effects on development in children

with mothers in the lower levels of self-esteem. The estimated

coefficient for the effects of lead on the PDI in the children with

mothers in lowest quartile of self-esteem was not in the

direction we expected, but was not statistically significant. Only

one of the associations between exposure to lead and

developmental scores in any of the eight strata of self-esteem

reached statistical significance.

4. Discussion

This study shows an association between maternal self-

esteem and children’s cognitive development, whereby

increased levels of maternal self-esteem are associated with

better neurodevelopmental tests scores. Furthermore, this effect

was independent of child sex, blood lead levels, maternal IQ,

maternal years of education, parity, maternal smoking during

pregnancy, and alcohol consumption. The finding that this

effect is independent of maternal education and IQ suggests that

self-esteem is not merely a marker of mothers who are better

educated. To place the size of this effect into context, after
adjusting for covariates, an increase of one standard deviation

on the Coopersmith’s self-esteem score in mothers was

associated with a two point increase in children’s MDI and

PDI Bayley scores. In addition, our exploratory interaction

analysis suggested the potential relevance of maternal self-

esteem as a modifier of cognitive abilities in lead exposed

children. Specifically, the negative effects of exposure to lead

on the MDI score appear to be more pronounced in children of

mothers in the three lowest quartiles of self-esteem compared to

those with self-esteem in the highest quartile.

There are several potential mechanisms which may

explain our findings. Self-esteem may work via behavioral

pathways, biological pathways or both. With respect to

behavioral pathways, higher self-esteem is associated with a

variety of positive health practices (Mitchell et al., 2005;

Torres and Fernandez, 1995; Yarcheski et al., 2004),

suggesting it is likely also to be associated with other

positive mother–child interactions, such as more educational

interactions, improved dietary practices, or other caregiving

practices that may lead to children’s improved cognitive

abilities. As such, self-esteem may be a marker of parenting

qualities not captured by other covariates. We speculate that

there may be other reasons why higher maternal self-esteem

could be beneficial for lead exposed children, e.g. mothers

with higher self-esteem may be less depressed, communicate

a more positive attitude to their children, and provide a

higher level of intellectual stimulation and/or emotional

support. Strong evidence exists to show that depressed

mothers have poorer interactions with their children (Cooper

and Murray, 1998; Newport et al., 2002). Indeed our results

demonstrate positive effects of self-esteem independent of

factors such as maternal IQ or years of education. Since we

do not have other indicators of socioeconomic status (e.g.
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income data), our study does not provide information about

the relationship between income and self-esteem.

Besides behavioral pathways involving parenting, there are

other potential mechanisms for our observed association

between self-esteem and neurodevelopment. We hypothesize

that self-esteem could be a buffer to lessen the stress response, a

notion grounded in stress moderation theory (Cohen and

Rodriquez, 1995). Because low maternal self-esteem is

correlated with maternal stress (Aunola et al., 1999), it may

serve as a marker of a social environment which is also stressful

for the child (Caldji et al., 2000; Essex et al., 2002). Self-esteem

may lessen a mother’s perception of stress or enhance her ability

to deal with it, i.e. high self-esteem may directly help her to

protect herself from stressors (Longmore and DeMaris, 1997;

Spencer et al., 1993). Animal behavioral studies have confirmed

the adverse effects of both prenatal and post-natal chronic stress

on memory and learning (Aleksandrov et al., 2001; Frisone et al.,

2002; Vallee et al., 1999; Zaharia et al., 1996). In humans,

chronic stress in parents has been associated with lower child

development scores, suggesting that maternal stress is a marker

of child stress and therefore a risk factor for predicting

neurodevelopmental outcomes. For example, maternal anxiety

during pregnancy and postnatally, have been associated with a

1.5- to 2-fold increase in risk for behavioral/emotional problems

in children at 4 years of age (O’Connor et al., 2002a,b). In

addition, Badr Zahr (2001) reported that parental measures of

perceived stress predicted lower 24-month Bayley MDI scores in

a cohort of low-birth weight Latino children (Badr Zahr, 2001).

The positive effects of maternal self-esteem noted in our study

may well be due to self-esteem buffering the stress response in

mothers and decreasing the stress levels experienced by the child.

Indeed, higher self-esteem has been noted to attenuate the

biological response to stress towards more adaptive neuroendo-

crine rhythms (Creswell et al., 2005). It is likely that these

pathways are not mutually exclusive and the most likely

explanation for our findings is a combination of the behavioral

and biological benefits of higher esteem.

We believe our exploratory analysis of stress–lead interac-

tions is particularly intriguing and may suggest that higher

maternal self-esteem may mitigate the effects of toxic

neurochemicals such as lead in children. The modifying effect

of self-esteem on the association of lead and MDI scores

provides some support for interactions documented in animal

studies (Guilarte et al., 2003; Schneider et al., 2001), although

our sample size may be too small to measure a stable estimate

of this interaction. This effect is consistent with the concept that

social environment modifies the neurotoxicity of lead. Previous

work on this topic has been conducted mainly in animals, and to

our knowledge this is the first study to address the effect of this

aspect of social environment on lead toxicity in humans. These

studies include experiments in rats suggesting that social

engagement can lessen the effects of lead in abilities of spatial-

memory (Schneider et al., 2001) and that exposure to

stimulating environments even following lead exposure can

recuperate some memory function (Guilarte et al., 2003).

One of the principal strengths of this study is the novelty of

our study question. Little prior research exists to explore the
influence of maternal self-esteem on child development or the

effects of maternal psychosocial resources on lead exposed

children. To our knowledge, no prior studies have examined the

relationship between maternal self-esteem and mental devel-

opment in children. Most research to evaluate lead–stress

interactions has been done in laboratory based studies in

animals (Cory-Slechta et al., 2004). Studying interactions

between the social environment and neurotoxins may be more

pertinent to human experience since they more closely

resemble what commonly occurs outside of the laboratory

(Cory-Slechta et al., 2004). The prospective nature of our data

collection, with self-esteem measurements preceding the

children’s cognitive tests in two of our three time points that

were included for use in this study (at 30 and 36 months), is

another strength of this study.

Our population did not include women of very high (or

very low) socioeconomic status. Likewise there was almost no

variability in ethnicity in our population, suggesting that

cultural factors do not confound our results. Restriction of our

sample to lower middle class families of Mexican heritage

enhances the internal validity of our study, since confounding

by these factors is essentially controlled. However, we cannot

comment on the external validity of our study with respect to

culture and income. Nonetheless, we believe maternal self-

esteem is an important marker of the social environment in

which a child develops and should be considered as a potential

predictor of cognition/behavior in neurodevelopmental

studies, either as a covariate or a modifier of other exposures.

In addition, our analysis was restricted to a sample with fairly

low lead exposures (m = 6.4, S.D. = 4.3, with 75% of the

children with levels below 8.1 mg/dL) preventing general-

izability of these findings to populations in which social

factors such as maternal self-esteem may be more or less

important.

One of the main study limitations is the absence of a stress

biomarker such as salivary cortisol to provide information as

to how maternal self-esteem could alter the effects of lead on

children’s mental development through specific pathways (i.e.

whether the effect is via mediation of stress effects). Another

major limitation of the study is the relatively small number of

participants evaluated in this exploratory analysis. Tests of

interaction tend to require sample sizes that are substantially

higher than when examining main effects and the interactions

we report have relatively low power in our sample. Thus,

the borderline significant interaction effects seen in these

analyses may be related to the relatively small sample size and

unstable effect estimates. Concerning data collection, we had

consistent differences in interrater reliability on the MDI/PDI

across the three waves of Bayley’s Scale of Infant Develop-

ment data collection, as different psychologists evaluated the

children in each cohort. We have addressed this by adjusting

for the cohort effect in the analysis, although it is still possible

that inter-examiner differences may have introduced error that

was not completely controlled by adjusting models for

examiners. We were also limited to the measurement of lead

and self-esteem available in our data, which as pilot data, was

only a subset of the larger cohorts. Other unmeasured time
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points (such as early pregnancy) may represent critical

developmental windows in which the proposed main effects

(or interactions) are more prominent. Likewise, because we

were restricted to variables in our data base, the role of other

factors related to self-esteem could not be evaluated.

While the interaction between self-esteem and blood lead is

considered preliminary, we believe this analysis provides

justification for further study of social context and chemical

poisoning. Guilarte et al. (2003) demonstrated that social

environment can mitigate lead poisoning in animals. Likewise,

although it is speculative, it may be that social interventions can

mitigate the effects of lead in humans. There is uncertain but

burgeoning evidence from interventions that self-esteem and/or

other features of the social environment may be somewhat

modifiable (Chen et al., 2006; Ekeland et al., 2005; Knapen

et al., 2005), leaving open the possibility that one day

behavioral interventions directed at parents might reduce lead

toxicity in children.

In summary, we observed that increased maternal self-esteem

predicted higher mental developmental scores in children at two

years of age independent of socioeconomic status. An

exploratory analysis provides suggestive but inconclusive

evidence for effect modification between lower levels of

maternal self-esteem and the effects of lead exposure in children.

These findings open up an array of questions outside the scope of

this study regarding the nature of this relationship and

mechanisms that may be important. These topics and the issue

of potential effect-modification by maternal self-esteem and/or

stress need to be further explored and confirmed in studies

designed specifically to address these important questions.
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