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Abstract
Background—Dichlorodiphenyltrichloroethane (DDT) continues to be used for control of
infectious diseases in several countries. In-utero exposure to DDT and
dichlorodiphenyldichloroethylene (DDE) has been associated with developmental and cognitive
impairment among children. We examined this association in an historical cohort in which the
level of exposure was greater than in previous studies.

Methods—The association of in-utero DDT and DDE exposure with infant and child
neurodevelopment was examined in approximately 1100 subjects in the Collaborative Perinatal
Project, a prospective birth cohort enrolling pregnant women from 12 study centers in the U.S.
from 1959 to 1965. Maternal DDT and DDE concentrations were measured in archived serum
specimens. Infant mental and motor development was assessed at age 8 months using the Bayley
Scales of Infant Development, and child cognitive development was assessed at age 7 years using
the Wechsler Intelligence Scale for Children.

Results—Although levels of both DDT and DDE were relatively high in this population (median
DDT concentration, 8.9 µg/L; DDE, 24.5 µg/L), neither was related to Mental or Psychomotor
Development scores on the Bayley Scales or to Full-Scale IQ at 7 years of age. Categorical
analyses showed no evidence of dose-response for either maternal DDT or DDE, and estimates of
the association between continuous measures of exposure and neurodevelopment were
indistinguishable from 0.

Conclusions—Adverse associations were not observed between maternal serum DDT and DDE
concentrations and offspring neurodevelopment at 8 months or 7 years of age in this cohort.

Dichlorodiphenyltrichloroethane (DDT) is an organochlorine compound that was widely
used as an insecticide until its ban by most industrialized countries in the late 20th century.
The insecticide is composed primarily of the isomer p,p’-DDT (1,1,1-trichloro-2,2-bis(p-
chlorophenyl)ethane) (hereafter, DDT), which degrades or is metabolized to p,p’-DDE (1,1-
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dichloro-2,2-bis(p-chlorophenyl)ethylene) (hereafter, DDE).1 Humans are exposed to DDT
and DDE transplacentally, during breastfeeding, and through contaminated food sources.

DDT is insecticidal through toxic effects on the nervous system, and is still used in countries
where malaria vector control is needed, mostly in sub-Saharan Africa. Some studies have
reported adverse effects on human health in relation to DDT and DDE exposure, including
potential effects on the developing human nervous system.2–6 Overall, however, this
association has been examined in relatively few populations, and DDT and DDE
concentrations in these studies are generally much lower than in populations where DDT is
still in use.

To this end, our study was designed to evaluate the association of DDT and DDE levels in
maternal third-trimester serum with child performance on the Bayley Scales of Infant
Development at 8 months of age and cognitive testing at 7 years of age using the Weschler
Intelligence Scale for Children. Data are from a subset of mother-infant pairs in the
Collaborative Perinatal Project, a prospective cohort study that enrolled pregnant women
during a time of peak DDT use in the United States.1

Methods
Study population

The Collaborative Perinatal Project was a prospective cohort study designed to identify
determinants of neurodevelopmental deficits in children.7 Pregnant women were recruited
between 1959 and 1965 from 12 U.S. study centers in Baltimore, Boston, Buffalo, Memphis,
Minneapolis, New Orleans, Philadelphia, Portland, Providence, and Richmond, and from 2
centers in New York; nearly all were prenatal clinics at university hospitals. The method of
systematic sampling used to select subjects varied across center, as described previously.8

Women were ineligible if they were incarcerated, if they were planning to leave the area or
to give up the child for adoption, or if they gave birth on the day they were recruited into the
study. Of the 55,908 pregnant women recruited into the study, 4% were lost to follow-up
before delivery. Among women not lost to follow-up at delivery, approximately 80% had
been recruited after 20 weeks of gestation; all had at least one prenatal visit recorded, and
9161 had more than one pregnancy in the study. 71% of the liveborn children in the
Collaborative Perinatal Project were followed to age 7 years.

Data collection
Participant data were collected at each prenatal visit, at delivery, and when the child was 24
hours, 4 months, 8 months, and 1, 3, 4, 7, and 8 years of age. Beginning at recruitment,
nonfasting maternal blood was collected every 8 weeks during pregnancy.9 Also at
recruitment, extensive data were collected on each woman’s reproductive and medical
history, as well as demographic and lifestyle information. The socioeconomic index
calculated for subjects was the mean of three percentile scores (for education, occupation,
and family income), where education was that of the head of the household, occupation was
that of the head of the household or the chief wage earner, and the score used to calculate the
percentile for an occupation was based on the percentiles of education and income among
those with the same occupation. Additional demographic, health, and lifestyle data were
collected during follow-up, and developmentally appropriate tests were administered to
infants and children to assess various aspects of cognitive development – including when the
children were 8 months and 7 years of age, as described below.

Jusko et al. Page 2

Epidemiology. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Outcome measures
When infants were 8 months of age, personnel trained by Nancy Bayley administered a
research version of the Bayley Scales of Infant Development to assess infant mental and
psychomotor development. The Bayley Mental Development Index assesses age-appropriate
cognitive, language, and social development. The research version of the Bayley Mental
Development Index included a 106-item scale (at 8 months, 83 items were administered),
which differed slightly from the published Mental Development Index10; the latter included
an additional 12 items, and 1 item from the research version was not included in the
published Mental Development Index. The Bayley Psychomotor Development Index
assesses various aspects of fine and gross motor coordination, and consisted of 43 items (at
8 months, infants completed 37 items). Most infants (93%) were tested between 7.5 and 9
months of age. Seven children (0.6 percent) were tested before 7.5 months; the remaining
6.4 percent were tested after 9 months and before 10 months of age. Consistent testing
protocols were ensured by regular visits by Nancy Bayley to monitor testing procedures, and
by assessments of inter-rater reliability across centers.11 Scoring of each Scale of Infant
Development was checked twice, once locally and a second time at the National Institute of
Mental Health. Both the Mental Development Index and the Psychomotor Development
Index showed good internal reliability (split-half reliabilities, r=0.89 and 0.90,
respectively).12

When the child was 7 years of age, trained psychologists administered seven of the eleven
components of the 1949 Wechsler Intelligence Scale for Children (Information,
Comprehension, Vocabulary, Digit Span, Picture Arrangement, Block Design, and Coding);
the Full-Scale IQ was based on the results from these seven components. At the time of
testing, the median age of the children was 7.0 years (quartiles, 6.9, 7.2), and the median
grade in school was close to second. Two IQ tests were administered three months apart to a
subset of study children by examiners from different study centers; correlation between the
scores was high (r=0.85, n=416).13

Selection criteria and sampling scheme
We selected mother-child pairs based on their participation in the Collaborative Perinatal
Project during pregnancy (baseline) and at 8 months and 7 years – the ages at which the
neurodevelopmental outcomes of interest were assessed. To be eligible, children had to be
singleton and with a 3 ml third-trimester maternal serum specimen. We sampled 1,256
mother-infant pairs at random from the 43,628 eligible children. Only one pregnancy per
mother was eligible for selection. As additional assurance of power, we also selected at
random: (1) 197 children whose Psychomotor Development Index was one or more standard
deviations below or above the mean and (2) an additional 207 children whose 7-year Full-
Scale Wechsler Intelligence Scale for Children IQ score was one or more standard
deviations below or above the mean. By increasing the probability of inclusion for subjects
with extreme values (outcome-dependent sampling), study power was increased relative to a
study of equivalent size with simple random sampling.14

We sampled subjects based on their Psychomotor Development Index rather than their
Mental Development Index because at the time our study was planned, the extant literature
reported adverse associations between maternal PCB concentrations and Psychomotor as
opposed to Mental Development Indices. Of the 1,453 observations selected for the Bayley
Scales of Infant Development analyses (selected at random, n=1,256; Psychomotor
Development sample, n=197), we excluded 3 duplicate observations (selected both in the
random and Psychomotor Development samples), 232 of those selected at random who were
missing Bayley Scales of Infant Development data 60 who were missing DDE values, 3 who
were missing DDT values, and 13 who were missing covariate data for maternal education.
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This left 1142 mother-infant pairs in the Bayley Scales of Infant Development analyses. Of
the 1463 observations selected for the 7-year IQ analyses (1,256 at random; IQ tail sample,
n=207), we excluded 10 duplicate observations (selected both in the random and IQ
samples), 314 of those selected at random who were missing IQ data, 86 who were missing
DDE values, 3 who were missing DDT values, and 9 who were missing covariate data for
maternal education, leaving 1041 mother-child pairs in the IQ analyses. The institutional
review board of the National Institute of Environmental Health Sciences approved the study
protocol.

Measurement of maternal serum DDT and DDE concentrations
Because more serum samples were available from the third trimester than for any other
period, we analyzed third-trimester samples. Serum samples had been stored at −20°C in
glass with no recorded thaw. In 1997–1999, the 3-ml serum samples were analyzed for
DDT, DDE, 11 specific PCB congeners, and 7 other organochlorines at the Centers for
Disease Control and Prevention using solid-phase extraction, followed by dual-column gas
chromatographic separation with electron capture detection.15 All mothers had DDE levels
greater than the limit of detection (0.61 µg/L), and all but one had DDT levels above the
limit of detection (0.66 µg/L). For the mother with the low DDT level, the measured
concentration reported by the laboratory was used in the analyses. Each analytic batch
consisted of 10 specimens, where 1 of the specimens was an aliquot from a single large pool
of serum to allow for an independent calculation of a coefficient of variation. The 9
remaining samples were individual serum specimens from mothers participating in the
Collaborative Perinatal Project. As a means of ensuring comparability across sampling strata
—owing to our use of outcome-dependent sampling to select mother-child pairs for the
analysis—all batches that included a specimen for a subject selected by Bayley or IQ score
also had at least one specimen for a subject selected at random. This was done to reduce the
potential for differential bias in DDT and DDE concentrations with regard to the outcomes
of interest (i.e. within-batch error was equally likely to affect specimens regardless of their
selection probability). The between-batch coefficient of variation was 22.1% for DDE
(mean= 11.10 µg/L) and 19.0% for DDT (mean= 29.56 µg/L). Serum cholesterol and
triglycerides were also measured by the Centers for Disease Control and Prevention using
standard enzymatic assays.

Data analyses
Our independent variables of interest were maternal serum DDT and DDE concentration,
which were modeled on a “wet-weight” basis. We created categories for DDE concentration
with cutpoints <15, 15–29.9, 30–44.9, 45–59.9 and ≥60 µg/L to be comparable with
previous analyses of related data.16 Category cutpoints for DDT were chosen a priori to
include a reasonable proportion of participants in the upper category, with the remaining
categories of equal width. We also fit models where DDT or DDE concentration was
modeled as an untransformed continuous variable in µg/L, and expressed as the change in
outcome score (points) for each 5- and 15-µg/L increase in maternal DDT or DDE
concentration, respectively. Potential confounding factors were selected using directed
acyclic graphs.17,18 A single directed acyclic graph was created for both 8-month (Bayley
Scales of Infant Development) and 7-year (IQ) outcomes, as we regarded the causal
structure of these models to be similar. The minimally sufficient set of adjustment variables
were study center, maternal education, race, and maternal age. Center and race (white/
African-American/other) were entered in models as categorical variables, and maternal age
and education were continuous variables (in years). In addition, as a secondary analysis, we
examined bivariate associations of potential confounders with organochlorine concentrations
and with child IQ, as a means of empirically identifying potential confounding factors in the
Collaborative Perinatal Project. Results are shown first for our primary model (confounders
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selected using directed acyclic graphs), then for the primary model plus maternal
triglyceride and total cholesterol concentrations, and finally for the primary model with the
potential confounders selected empirically. Models were also fit using lipid-standardized
measures of DDT and DDE (i.e. organochlorine concentrations expressed on a per-lipid
basis in ng/g lipid); results using lipid-standardized measures are reported in text. To
account for the outcome-dependent sampling design, regression models employed weights
that were the inverse of the sampling probabilities.19 Models were fit using the GLM
procedure in SAS (Version 9.2; SAS Institute, Inc., Cary, NC).

We assessed the impact of missing data on our results through multiple imputation, imputing
missing outcome data at 8 months and 7 years of age, and also missing covariate data. The
imputation model included maternal IQ, 4-year child IQ score, socioeconomic index, and
maternal polychlorinated biphenyl congener #153 concentration, in addition to all dependent
and independent variables in the regression analyses. Ten datasets were imputed and
analyzed using the MI and MIANALYZE procedures in SAS (Version 9.2; SAS Institute,
Inc., Cary, NC, USA). We present results for continuous measures of DDT and DDE in
relation to Bayley Scales of Infant Development and IQ using both the imputed data and the
complete-case data.

Finally, we estimated the dose-response relations of maternal DDT and DDE with the
neurodevelopmental outcomes using a generalized additive model (GAM). This model was
implemented in SAS 9.2 using the GAM procedure, specifying a smoothing spline with two
degrees of freedom. This semiparametic generalized additive model model allowed us to
adjust parametrically for the same covariates used in the linear analyses, as well as to
estimate the association between exposure and outcome nonparametically.

Results
Sample characteristics

Overall, characteristics of the selected families were similar to the entire Collaborative
Perinatal Project cohort (Table 1). Most women in our sample were between 18 and 25 years
of age at the time of their child’s birth, and nearly half of all women had had two or more
previous pregnancies. Slightly fewer than half of women reported being a current smoker,
and approximately 55% of women reported not finishing high school. Data collected in the
neonatal period showed that the great majority did not breastfeed their child.

DDT and DDE concentrations
Table 2 describes maternal DDT and DDE concentrations (and their ratio) on both a wet-
weight (µg/L) and per-lipid (µg/g lipid) basis for purposes of comparison across studies.
Median wet-weight DDT concentration was 8.9 µg/L, and ranged from 0.4 to 91.8 µg/L,
while DDE concentration was greater (median 24.5 µg/L, range 3.1 to 178.1 µg/L). The
median DDT-to-DDE ratio was 0.37. Maternal DDT and DDE concentrations were strongly
correlated (Spearman r=0.72).

Bayley Scales of Infant Development and IQ
In our study overall (random, Psychomotor Development Index, and IQ samples), scores on
the Bayley Mental Development Index averaged 86.5 (standard deviation= 15.0) and scores
on the Bayley Psychomotor Development Index averaged 87.4 (standard deviation= 18.2).
Wechsler Intelligence Scale for Children IQ scores at 7 years averaged 96.2, with a standard
deviation of 16.6. The standard deviation of scores was larger in the overall study than in the
random sample only, owing to oversampling of low and high scores. Bayley Mental
Development Index and Bayley Psychomotor Development Index scores were correlated
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with each other (Pearson r=0.59), but only weakly correlated with IQ scores at 7 years
(Pearson r=0.17 and 0.18, respectively).

Organochlorine concentrations, child IQ, and potential confounding variables
Table 3 presents bivariate associations of potential confounding variables with
organochlorine concentrations and with child IQ. Wet-weight DDT and DDE concentrations
were highest among women who were African American, had a low socioeconomic index,
had less than a high school education, and did not breastfeed for more than 1 day. These
patterns of association are consistent with predictors of DDT and DDE exposure in another
cohort of women assessed during a similar time period.20 Younger, non-white, multiparous,
and currently smoking women were more likely to have children with lower IQ scores at age
7 years, as were women who did not complete high school or who had a low socioeconomic
index. Women with higher concentrations of total cholesterol and triglycerides were more
likely to have higher wet-weight DDT and DDE concentrations, as well as to have children
with higher IQ scores (Table 3). Based on these results, we chose to adjust for
socioeconomic index (continuous), parity (categorical), maternal smoking at registration
(yes/no), breastfeeding status (breastfed more than 1 day, yes/no), and maternal lipid
concentration, in addition to study center, maternal race, education, and age in secondary
models.

Maternal DDT and DDE concentrations and Bayley Scales of Infant Development
The findings for DDT and DDE in relation to Bayley Scales of Infant Development scores
were not suggestive of an association (Table 4), despite a fair degree of precision. Adjusted
means for both the Mental Development Index and Psychomotor Development Index
showed a lack of dose-response in relation to maternal DDT concentration, as indicated by
the summary beta coefficients for the Mental Development Index of 0.1 (95% CI= −0.5 to
0.8), and for the Psychomotor Development Index of 0.7 (−0.1 to 1.5). Results for DDE also
showed a lack of dose-response, and estimates of linear trend were not different from 0.
Adjustment for maternal cholesterol and triglyceride concentrations did not materially affect
our results, nor did the addition of the potential confounders selected empirically (Table 4).
Results using lipid-standardized DDT and DDE concentrations were similarly null (data not
shown). Regression estimates of the DDT/DDE and Bayley Scales of Infant Development
association using the imputed dataset were not appreciably different from those estimated
based on the “complete case” dataset (Table 4).

Maternal DDT and DDE concentrations and child IQ
We found no evidence of an association between maternal serum DDT and DDE
concentrations and 7-year child IQ (Table 4). Specifically, the estimated change in IQ for a 5
µg/L increase in DDT was 0.3 points (95% CI= −0.3 to 0.9), and for a 15 µg/L increase in
DDE, −0.3 points (−0.9 to 0.4). Results were essentially unchanged after additional
adjustment for maternal serum cholesterol and triglyceride concentrations and after the
addition of socioeconomic index, parity, maternal smoking, and breastfeeding status (Table
4). When DDT/DDE concentrations were expressed on a per-lipid basis, results were
similarly null (data not shown). Estimates of the association between DDT/DDE and 7-year
IQ following multiple imputation were also not different from 0 (Table 4).

Nonlinear analyses
Results of the semiparametric spline models confirmed the results of the categorical and
linear trend analyses, indicating a lack of dose-response regardless of exposure or outcome
(Figure 1). There was no evidence of nonlinearity.
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Discussion
We observed no association between either DDT or DDE measured in maternal serum
during the third trimester of pregnancy and child development scores (Bayley Scales of
Infant Development at 8 months and IQ measured at 7 years of age).

Findings from previous epidemiologic studies of DDT and cognitive development vary
greatly, and potential explanations for heterogeneity in results across studies are not readily
apparent. Study populations with the highest maternal DDE concentrations and the largest
number of participants show null results, while study populations with lower concentrations
and fewer participants tend to report adverse or mixed results with regard to Bayley Scales
of Infant Development and IQ outcomes (Figure 2). In our large sample (n=1142), we found
no association between maternal DDE concentration and Mental Development Index or
Psychomotor Development Index at 8 months, and no association with child IQ at age 7
years. Similarly the North Carolina Infant Feeding Study (n=802) found no association
between cord DDE concentrations and scores on the Bayley Scales of Infant Development
assessed at 6, 12, 18, or 24 months,21,22 or McCarthy Scales of Children’s Abilities at ages
3, 4, or 5 years.23 Median maternal DDE concentrations in both studies were high relative to
most other studies (24.5 ng/ml in the Collaborative Perinatal Project and 12.6 ng/ml in the
North Carolina Infant Feeding Study). A smaller (n=330) study of Mexican-American
families living in the Salinas Valley (the CHAMACOS cohort) also had relatively high
maternal DDE concentrations (median DDE, 12.8 ng/ml), and results for DDE were
generally null: maternal concentrations were associated with poorer performance on the
Bayley Psychomotor Development Index at 6 months but not at 12 or 24 months of age.
Additionally, maternal DDE concentrations were not associated with Bayley Mental
Development Index at 6, 12, or 24 months of age.2

Fewer studies have evaluated maternal DDT concentrations in relation to Bayley Scales of
Infant Development or IQ outcomes (Figure 2). In our study of archived serum specimens,
the median maternal DDT concentration was 8.9 ng/ml. Among the two other studies
evaluating similar outcomes (Figure 2), concentrations were lower by more than an order of
magnitude, and sample sizes were considerably less, yet adverse associations between DDT
and neurodevelopment were observed. In Menorca, cord DDT concentrations were
associated with poorer performance on the General Cognitive, Memory, and Verbal areas of
the McCarthy Scales of Children’s Abilities,4 and in the CHAMACOS cohort, higher
maternal DDT concentrations were associated with lower scores on the Bayley Mental
Development Index at 12 and 24 months (but not at 6 months), and lower scores on the
Bayley Psychomotor Development Index at 6 and 12 months, but not at 24 months of age.2

One possible explanation for the lack of adverse associations among studies with high DDT
and DDE concentrations relative to other studies is that the association between DDT and
DDE and neurodevelopment is nonlinear. Adverse associations might be more pronounced
(or only observable) at lower concentrations of these organochlorines. Semiparametric
modeling of the dose-response relation in the Collaborative Perinatal Project does not appear
to support this hypothesis. However, we had relatively limited power to detect associations
at very low concentrations.

The summary of studies shown in Figure 2 also suggests that contemporary studies are more
likely to observe an adverse or mixed association for DDT/DDE and cognitive development,
compared with studies based on samples collected decades ago. If we assume that in-utero
exposure to increased concentrations of DDT/DDE does not cause adverse cognitive
development in the child, DDT measures in contemporary studies may be serving as
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surrogate biomarkers for other lipophilic compounds that may be neurotoxic, such as
polybrominated diphenyl ethers.24

The limitations of the present study merit discussion. Due to loss to follow-up, 16% of
Bayley Scales of Infant Development and 21% of IQ data were missing, and we assumed
these data to be missing at random (MAR). With this assumption and the relatively low
proportion of missing data, we assumed that the degree of selection bias would be minimal,
a conclusion supported by simulation.25 Nevertheless, we used multiple imputation to
impute missing outcome data at 8 months and 7 years of age. Imputed results were
comparable to the complete-case results, and inferences were not affected. An additional
limitation is the use of an omnibus test of intelligence in the Collaborative Perinatal Project,
rather than domain-specific tests of neurobehavioral function at age 7 years. If adverse
associations are present only for more specific aspects of neurocognitive functioning, our
study would not have been able to detect them.

In addition, several forms of exposure misclassification may have biased our results towards
the null. Although we reported a higher between-batch coefficient of variation for DDE
(22.1%) and DDT (19.0%) compared with contemporary studies of DDT/DDE
concentrations, our measures of variation are consistent with another study using serum
specimens collected during the 1950’s, which estimated within-batch coefficients of
variation of 26.9% for DDE and 22.6 for DDT.26 Furthermore, error in measurement of
DDT and DDE concentrations should be considered in the context of the large between-
subject variability in DDT and DDE concentrations, which, in our population, was 69% for
DDT and 66% for DDE.

A second but related issue concerns the use of maternal serum as a biomarker for in-utero
exposure. For instance, if third-trimester maternal serum concentrations of DDT or DDE are
less optimal biomarkers of exposure than cord serum, maternal milk, or samples collected
earlier in pregnancy, this would also attenuate our measures of association. However, the
degree of attenuation is likely to be small because maternal serum concentrations of DDE
are strongly (and positively) associated across trimesters of pregnancy in the Collaborative
Perinatal Project (Pearson r=0.82 or above),27 and maternal serum DDE samples taken
around delivery are strongly related to cord serum and maternal milk specimen
concentrations.28,29

Finally, although DDE is considered to be relatively resistant to degradation in a variety of
situations,30 few data exist concerning the impact of long-term frozen storage on DDT and
DDE concentrations in human serum. To the extent that degradation of organochlorine
concentrations occurred in the archived specimens used in the Collaborative Perinatal
Project, the effect of degradation would likely bias our results towards the null. However,
the degree of potential misclassification due to degradation is likely minimal, as some
studies suggest that DDE (at least) resists degradation in frozen storage. For instance,
breastmilk samples stored at −20 degrees C in 1972 showed no evidence of degradation
when DDE concentrations were analyzed after 15 and 25 years of storage.31,32 Similarly,
lipid concentrations appear to be unaffected by long-term frozen storage, and degradation is
thus unlikely to have biased our estimates of association.33,34

Our study has several strengths. First, the Collabrative Perinatal Project resource allowed a
well-powered study that included approximately 1100 families for whom extensive outcome
and covariate data were available. Second, our study had enhanced statistical power because
(1) we oversampled children at the tails of the Bayley Psychomotor Development Index and
IQ distributions and (2) we had a greater range of maternal DDT and DDE concentrations
compared with other studies of DDT/DDE and neurodevelopment. In addition, we were able
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to assess neurodevelopment at multiple points during development, in particular after school
entry when IQ tests tend to have greater predictive validity for aspects of learning such as
school achievement.35 Furthermore, measures of neurodevelopment underwent strict quality
control in the Collaborative Perinatal Project, and were of high quality. Collaborative
Perinatal Project investigators undertook several validity studies of the collected data: in one
study of data collected during pregnancy and the first postnatal year, less than 0.1% of data
were found to be erroneous.7

We examined maternal DDT and DDE concentrations in relation to neurodevelopment at
several time points during infancy and childhood. Exposure to DDT in this population was
substantial, as was the distribution of exposure, making it well suited to address the question
of whether maternal exposure to DDT affects infant neurodevelopment. Results suggest that
DDT does not have adverse effects on infant and child neurodevelopment.
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Figure 1.
Semiparametric spline functions, with 2 degrees of freedom, illustrating the relation between
maternal serum DDT and DDE concentrations and (A–B) Mental Development Index (MDI)
and (C–D) Psychomotor Development Index (PDI) scores on the Bayley Scales of Infant
Development (BSID) and (E–F) the Wechsler Intelligence Scale for Children (WISC),
adjusted for the categorical variables of study center and maternal race and for the
continuous variables of maternal age and education, in years (n≈1100).
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Figure 2.
Selected characteristics of studies on DDE/DDT and Bayley Scales of Infant Development
and IQ. For studies with outcomes reported at multiple time points, we report largest number
of subjects. To compute the median, studies reporting cord serum or lipid-adjusted maternal
concentrations were converted to maternal serum wet-weight equivalent using conversion
factors reported by Needham and colleagues.28 For some studies, we used the geometric
mean as an estimate of the median. IQ outcomes included the Wechsler Intelligence Scale
for Children and the McCarthy Scales of Children’s Abilities.
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Table 1

Characteristics of mothers and children in the present study subsamples and those in the overall Collaborative
Perinatal Project cohort.

Characteristic Bayley
(n=1142)

(%)a

7-year IQ
(n=1041)

(%)a

Entire Cohort
(n=44,099)

(%)a

Mothers and families

Mother’s age at child’s birth (years)

    <18 8 8 10

    18–24.9 51 51 50

    25–29.9 22 20 21

    30+ 19 21 18

Race

    African American 48 49 47

    White 46 48 46

    Other 6 3 7

Previous pregnancies

    0 32 30 31

    1 23 23 23

    2+ 45 47 46

Current smoker

    Yes 45 45 47

    No 55 55 54

Socioeconomic indexb

    <4 37 35 39

    4–5.9 33 33 31

    6+ 31 32 30

Education (years)

    < high school 55 55 57

    high school 32 30 31

    > high school 13 14 12

Child

Sex

    Boy 49 51 51

    Girl 51 49 49

Breastfed > 1 day

    Yes 14 17 16

    No 86 83 84

a
Percents may not sum to 100 because of rounding.

b
See Methods section of text for definition of socioeconomic index.
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