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Abstract

In one study of children in 27 families with maternal retardation, those children with higher 1Q were
more likely to have multiple behavior problems than those with lower 1Q. If true, this result would
affect clinical practice, but it has not been replicated. Since the setting of the initial observation is
similar to the setting of childhood lead poisoning, we attempted a replication using data from the
Treatment of Lead-exposed Children (TLC) study, in which 780 children aged 12—-33 months with
blood lead level 20-44 pg/dL were randomized to either succimer treatment or placebo and then
followed up to 5 years. Of 656 mothers of TLC children with 1Q measured, 113 demonstrated mental
retardation (1Q < 70). Whether maternal 1Q was less than 70 or over 70, children with 1Q over 85
were rated more favorably on cognitive tests and behavioral questionnaires than children with 1Q
less than 85; these measures included Conners’ Parent Rating Scale-Revised at age 5, the
Developmental Neuropsychological Assessment at ages 5 and 7, and the Behavioral Assessment
System for Children at age 7. Among children of mothers with 1Q <70, those with 1Q over 85 did
not show more severe clinical behavioral problems, nor were they more likely to show multiple
behavior problems. Children with higher 1Q have fewer behavior problems, irrespective of the
mother’s 1Q. In the special setting of mothers with 1Q < 70, children with higher IQ are not at greater
risk of behavior problems.
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Introduction

Methods

The relation of maternal 1Q with child 1Q and child behavior is not well studied in families
with maternal mental retardation. In 1997, Feldman and Walton-Allen reported that children
of mothers with mental retardation living in poverty had more behavior problems and lower
IQ than children from similar families but without maternal mental retardation (1). In addition,
they advanced the hypothesis that, among studied children in families with maternal mental
retardation, those with higher 1Q were more likely to have multiple behavior problems than
those with lower 1Q. They based this conclusion on their observation that, among the 27
families with maternal mental retardation, none of the 11 children with 1Q < 85 scored above
the clinical threshold on all 3 sub-scales (conduct, hyperactivity, and emotional) of the Ontario
version of the Child Behavior Checklist, whereas 5 of the children with 1Q of 85 or greater did.
The authors speculated that, since parents with mental retardation may not set reasonable limits
for and communicate well with their more intelligent children, these children may take
advantage of, and rebel against, less competent parents (1). Early anti-social acts against
authorities may also develop (2).

If this hypothesis were true, it would influence clinical practice by focusing attention more on
brighter children living in poverty and with mothers with cognitive limitations, since children
with higher 1Q are not usually thought to be at high risk for behavioral or academic problems
(3-5). Because of these clinical implications, we sought to replicate Feldman’s finding in
another setting in which many relatively disadvantaged families are 5 found, that of urban lead
poisoning. We had done a large clinical trial of the treatment of lead poisoning in which we
measured maternal 1Q, and did multiple measures of child 1Q and behavior over 5 years of
follow up. We use data from that trial to attempt a direct replication of Feldman’s finding, and
to explore further the inter-relationships among maternal 1Q, child 1Q, and child behavior.

The Treatment of Lead-exposed Children (TLC) study was a multi-center randomized placebo-
controlled clinical trial to investigate the effect of treatment with succimer, an oral lead chelator,
on 1Q, neuropsychological, and behavioral measurements 36 months after the initiation of
treatment (6). Altogether 780 children aged 12-33 months with blood lead concentrations of
20-44 pg/dL were randomized to succimer or placebo between August 1994 and January 1997
at four clinical centers: Baltimore MD, Newark NJ, Philadelphia PA, and Cincinnati OH. 396
children were randomly assigned to succimer and 384 to placebo. Depending on the blood lead,
children in the succimer group could receive up to 3 26-day courses of treatment; the number
of courses given to placebo children was frequency matched to that in the succimer group. The
succimer group had a lower blood lead concentration for about 6 months, but did not show any
difference in 1Q, neuropsychological or behavior tests at 36 months of follow-up (7). An
extension of the study to 60 months of follow-up confirmed the main results (8). Since succimer
treatment did not affect test scores, we combined across treatment groups for the analysis of
maternal 1Q, child 1Q, behavior, achievement, and neuropsychological function. The study was
approved by the institutional review boards at the clinical centers, the Harvard School of Public
Health, the CDC, and the National Institute of Environmental Health Sciences. The parents of
all the children provided written informed consent at enrollment.

Of 780 children who participated in the trial, 745 had caregiver’s 1Q measured with the
Wechsler Adult Intelligence Scale-Revised (9), among whom were 656 mothers. In this
analysis, only data from the 656 children of these mothers were used. The child’s full scale 1Q
was measured with the Wechsler Preschool and Primary Scales of Intelligence-Revised
(WPPSI-R) (10) at 36 months of follow-up (about age 5) and with the Wechsler Intelligence
Scale for Children-I11 (WISC-I11) (11) (at age 7 years). The neuropsychological and behavioral
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tests used at age 5 included the Developmental Neuropsychological Assessment (NEPSY)
(12) and Conners’ Parent Rating Scale-Revised (CPRS-R) (13), and that used at age 7 were
NEPSY (12), Conners’ Continuous Performance Test (CPT) (14), California Verbal Learning
Test for Children (CVLTC) (15), Woodcock Language Proficiency Battery-Revised (WLPB-
R) (16), Neurological Examination for Subtle Signs (NESS) (17), Behavioral Assessment
System for Children teacher rating scale (BASC-TRS) and BASC parent rating scale (BASC-
PRS) (18). The administration of CPRS-R at age 5 and BASC-PRS at age 7 by parents was
completed by trained examiners’ reading aloud questions to parents and providing clarification
of items as necessary; examiners were blind to maternal 1Q levels. Blood lead concentrations
were measured by atomic absorption spectrometry based on the methods described by Miller
et al (19).

As a first step in using data from the trial to test whether children with higher 1Q who had
mothers with mental retardation showed more behavior problems, we replicated Feldman’s
approach, comparing the neuropsychological and behavioral test scores of children with higher
(>85) or lower (<85) 1Q scores, given maternal 1Q less than 70. We did a similar analysis among
children with maternal 1Q >70. We then compared percentage of children being “at risk” for
“clinically significant” problems (CPRS-R indices or BASC problem scores >60) and
percentage of children having “clinically significant” problems (CPRS-R indices or BASC
problem scores >70) across child 1Q categories. In addition, we examined the more general
finding that children with mentally retarded mothers had lower 1Q, poorer school achievement,
and more behavior problems. The covariates used for adjustment, determined a priori based
on the literature (20-22), were clinic center (Baltimore, Newark, Philadelphia, and Cincinnati),
race (black, white and others), gender (male, female), language (English or Spanish), parent’s
education (under 12 years, 12 years, over 12 years), parents’ employment (neither working,
either working), single parent (yes, no), concurrent blood lead level (5 or 7 years) and maternal

1Q.

Finally, we attempted to assess the relative contributions of maternal 1Q, child’s IQ, and both
on neuropsychological, behavioral, and achievement scores. We made 3 sets of statistical
models, all of which included behavior, neuropsychological, or achievement scores as
dependent variables. As independent variables, the models utilized either maternal 1Q (model
1), child’s 1Q (model 2), or both (model 3), and all included the covariates: clinical center,
race, sex, language, parent’s education, parent’s employment, single parent, and concurrent
blood lead level. SAS 9.0 (SAS Institute Inc. Cary, NC) was used for all statistical analyses.

The mothers and children in these data were predominantly from low socioeconomic status
families (Table 1). The 656 children with maternal 1Q tested did not differ in baseline
characteristics from the other children of the total 780 recruited. Their mean age was about 2
years at baseline, thus 5 years at 36 months of follow-up and 7 years at last follow-up.

The mean (+ standard deviation, SD) of maternal 1Q in the 656 children’s mothers was 80 £11;
113 (17%) had 1Qs less than 70 (mean+SD: 65+4) and 543 (83%) had 1Qs 70 and over (mean
+SD: 83£10). At about age 5, 624 children had 1Q tested, with mean+SD of 81+13; at age 7,
549 children had I1Q tested, with mean+SD of 86+13. The correlation coefficient of maternal
IQ and child 1Q was 0.31 at age 5 and 0.41 at age 7; that of child IQ at age 5 and at age 7 was
0.78. The p values of the correlation tests are all <0.001.

The test scores of NEPSY and CPRS-R at age 5 stratified by maternal 1Q (<70 or >70) and
child IQ at age 5 (<85 or >85) as well as the difference of scores between two child 1Q categories
are shown in Table 2. Analogously, scores from NEPSY, CPT, CVLTC, WLPB-R, NESS,

Pediatr Res. Author manuscript; available in PMC 2006 March 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chenetal.

Page 4

BASC-TRS and BASC-PRS at age 7 are shown in Table 3. Not all children completed all tests
and so the numbers vary slightly. The tables show the adjusted differences between child 1Q
categories. The difference between the maternal 1Q categories can be obtained by subtracting
the comparable columns under each maternal 1Q category. If we look at the CPRS-R in the 5
year olds of the lower 1Q mothers, the higher 1Q children show better mean behavior scores
than the lower 1Q children. The pattern is the same for the higher 1Q mothers, and the size of
the differences between the children with different 1Q scores is the same, independent of their
mother’s 1Q. At age 7, the pattern is the same, with one exception — “internalizing problems”
on the BASC parent scale is at the same level for higher and lower 1Q children stratified by
maternal 1Q category. In these data, then, higher 1Q children generally had fewer behavior
problems than lower I1Q children in both maternal 1Q categories.

The percentages of children with behavior test scores over 60 or 70 are shown in Table 4. With
either of the clinical cut-off points, children with 1Q less than 85 generally had more behavior
problems (some comparisons achieve statistical significance) at a clinical level than their higher
1Q peers, given equivalent maternal 1Q. Among children with maternal 1Q <70, the percentage
of having both externalizing and internalizing problems, an indicator similar to “multiple
behavior problems” in the Feldman paper (1), did not differ statistically between children with
IQ < 85 and 1Q >85; this is also true for children with maternal 1Q over 70 (table 4).

BASC scores from both the teacher rating scale and the parent rating scale were checked to
see ifagreement between teachers and parents was similar for mothers with 1Q <70 and mothers
with 1Q >70. The correlation coefficients between teacher and parent reports were 0.26 for
adaptive skills, 0.21 for behavioral symptoms index, 0.35 for externalizing problems, and —0.10
for internalizing problems in mothers with 1Q < 70, and in mothers with 1Q >70, these
correlation coefficients were 0.33, 0.29, 0.36, and 0.16, respectively. The mean differences
between teacher- and parent-rated scores (parent score minus teacher score) ranged from —2.32
to 3.19, all less than 0.3 standard deviation of these scores, with no statistically significant
difference between mothers with 1Q < 70 and mothers with 1Q >70. For the percentage of
children with BASC scores > 60 or > 70 in the behavioral symptoms index and externalizing
problems, the kappa statistics between teacher and parent report were similar for mothers with
I1Q < 70 and mothers with 1Q >70 (kappa 0.13 to 0.28). However, for BASC scores >60 or >70
ininternalizing problems and both externalizing and internalizing problems, the kappa statistics
between teacher and parent reports were lower (kappa —0.05 to 0.06) in mothers with 1Q < 70
than in mothers with 1Q >70 (kappa 0.10 to 0.14).

The results of general linear models on the association of maternal 1Q and child 1Q with the
other test scores at ages 5 and 7 are shown in Table 5 and Table 6, respectively. For tests at 5
years, maternal 1Q was positively and significantly correlated to NEPSY domains but not to
CPRS-R indices. The child’s own 1Q had an effect about twice as large on the NEPSY domains,
and children with higher 1Q had significantly fewer behavior problems on the CPRS-R. When
both maternal and child 1Q are considered (model 3), child 1Q remained statistically significant,
with regression estimates largely similar to those in model 2, but maternal 1Q only had
significance on NEPSY language and memory scores and then with smaller regression
estimates. At age 7, there is a similar picture, with small effects from maternal IQ that are
marginally or not statistically significant, larger positive effects from child 1Q, and a reduction
of the maternal effect with a persistence of the child effect when both are in the model. This
finding holds consistently for neuropsychological testing (NEPSY), behavior (the BASCs) and
achievement (WLPB-R Broad reading). Additional regression models of maternal I1Q and child
1Q show the estimate (SE) of 10 point maternal 1Q on child 1Q was 3.4 (0.5) points at age 5
and 3.9 (0.5) points at age 7 after adjustment for the covariates used in Table 3/4. It is unlikely
that maternal 1Q accounts for a large proportion of the correlation between child I1Q and non-
IQ outcomes. Therefore, even considering the association of maternal 1Q with child 1Q, child
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IQ remained a strong factor that was correlated with child non-1Q outcomes at both age 5 and
age 7. Higher child 1Q was accompanied by better attention and executive function, language
proficiency, adaptive skills and by fewer teacher- or parent-reported behavioral problems.

Because these data come from a trial in which half of the children received succimer, an oral
chelating drug, for their lead poisoning, we re-analyzed the data by treatment group, and the

main results were similar for succimer and for placebo group. We also did an analysis stratified
by gender, and the main results did not differ between boys and girls. In no circumstance did
the higher 1Q children of mothers with lower 1Q have significantly more behavior problems

than lower 1Q children from similar mothers.

Discussion

The link between maternal cognitive ability and child cognition has been found to be both a
genetic and an environmental one (23-26). More recently, the link between maternal cognitive
ability and early child behavior has been explored as well (1). The few studies that have looked
at children of mentally-retarded parents and those of parents of normal intelligence have
suggested that parents with mental retardation are more likely to have children with lower
cognitive ability, and that those children with higher cognitive ability are more likely to have
behavioral problems than children of normal intelligence with parents of normal intelligence
(1,2,27).

We found that children with higher 1Q were less likely to be “at risk for” or to present with
clinically significant behavior problems, irrespective of maternal 1Q. This is true at both age
5 and age 7, and in various behavior domains measured by different behavioral tests. We thus
failed to replicate Feldman’s finding (1) that higher 1Q children of lower 1Q mothers have more
behavior problems. We also found that mothers with lower 1Q are more likely to have children
with lower 1Q and more behavior problems than mothers of higher intelligence, consistent with
previous studies (27,28).

Our study differs from Feldman’s in sample size, which may have influenced outcomes.
Feldman studied only 27 children from mothers with 1Q<70, but our study had 108 children
with such mothers for CPRS-R at age 5, 85 for BASC-TRS and 101 for BASC-PRS at age 7.
Small clinical samples such as Feldman’s may not be representative. Feldman’s studied
families were referred from community agencies providing advocacy and support services to
adults with mental retardation; the mothers were enrolled first. On the other hand, our group
of children was selected because of their elevated blood lead concentration. Despite the
difference in enrollment strategy, mothers in the Feldman study with mental retardation had
mean 1Q of 64 (SD 6) while those mothers in this analysis had mean 1Q of 65 (SD 4); they
were both of lower 1Q and not fundamentally different in intelligence level. Nonetheless, it
may be that the relationship between maternal 1Q, child 1Q, and the other psychological tests
is different in the lead-exposed children in our study. In the literature, lead exposure was
associated with child 1Q deficits (29-31) and, though less studied, behavioral problems (20—
22). We have multiple measures of their blood lead concentration, and those measures are
associated with many of the test scores reported here. We do include the blood lead
concentration measured closest to the time of psychological testing, which in these data bear
the strongest relationship to test scores, and so the result we see should not be due simply to
the effect of lead on both 1Q and behavior. Lead exposure is only one of the factors that affect
IQ and behavior, and it seems unlikely that lead exposure would bias the 1Q and behavior
relationship in TLC study because the observed relationship was similar to that in another
report in literature (3). It is also plausible that Feldman’s subjects were also lead-exposed. The
children in Feldman study were older (10 years old) and were tested by the Ontario version of
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the Child behavior Checklist (32), but that seems unlikely to cause different results in the two
studies.

Another issue is that the accuracy of parent rating scale for those mothers with 1Q < 70 may
impact results. When we checked the agreement between teacher and parent BASC 14 ratings
for scores at age 7, we found mothers with 1Q < 70 and mothers with 1Q >70 had similar levels
of agreement with teachers for reporting behavior scores except for internalizing problems.
The correlation coefficients and kappa statistics between teacher and parent reports in this study
are similar to literature reports of parent-teacher behavior ratings of children (33-35). It is
unlikely that these mothers (with 1Q score of 65) completely lack the ability to report child
behavioral problems. The results of teacher rated scores also confirmed the findings from parent
rated scores in our study. Nevertheless, our results suggest that clinicians need to be mindful
of the discrepancies between teacher and parent report of internalizing problems in the setting
of low maternal 1Q. In such situations, clinicians need to ask more specific questions of lower
IQ mothers to inquire about symptoms of a child’s mental health problems, particularly
internalizing problems such as anxiety and depression. Clinicians may also need to ask directly
children of mothers with lower 1Q about mental health symptoms.

We can speculate about why mother’s intelligence level was not as influential as child’s 1Q in
shaping child’s behavior patterns. It may be true that lower 1Q mothers cannot handle mother-
child interaction in an ideal way, but the influence from other family members, neighborhood,
community and school will gain more strength as the child grows, if the child is sufficiently
intelligent to allow this societal interaction to take effect. Similarly, among children of parents
suffering from psychiatric problems, higher 1Q is associated with better personal and social
adaptation (36,37).

The relative contributions of maternal 1Q and child 1Q to child behavior outcomes merit further
consideration. In this analysis, the effect of maternal 1Q is always smaller than the effect of
child 1Q on behavior, and when both variables are included in the model, the effect of maternal
IQ is very small and not significant. Maternal 1Q per se might have some effect on both child
IQ and child behavior. In a small data set with two variables that are highly correlated, the
analytical model has very few discordant observations to work with, and thus the individual
parameters are unstable when both are present in a model. At the extreme, if there are no higher
IQ children of lower 1Q mothers, the model cannot estimate independent effects. The data set
we use, however, is relatively large, and the correlation between maternal and child 1Q
relatively modest, and thus the model’s partitioning of the effect to the child is plausible. It
would still be useful to see if this holds in other data sets. In a sample of 411 13-year-old twins
of normal intelligence, Goodman et al (3) found lower child 1Q was associated with more
behavioral problems, while lower parental 1Q (average of maternal and paternal 1Q) did not
significantly predict behavioral problems. Compared with parental 1Q, child 1Q may be more
powerful in the inter-relationship of parental 1Q, child 1Q and child behavior. While it may
also be that behavioral problems (e.g., hyperactivity) leads to lower 1Q (38), the observation
that remission of child psychiatric disorder is not associated with a change in measured 1Q
suggests child 1Q is more likely to be a cause rather than consequence of child behavioral
problems (3), probably via poorer ability in dealing with distress or lower self-esteem (39,
40).

Overall we conclude that given any maternal 1Q, the higher 1Q child is always at lower risk
for behavior and other problems than the lower 1Q child. Among children with similar 1Q,
maternal 1Q does not explain much of the variation in child behavior, neuropsychological
function or achievement. These findings support continued efforts to investigate and address
factors influencing child cognitive outcomes, such as preventing lead exposure and providing
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pports to children with lower cognitive ability in an effort to prevent poor behavioral

outcomes.
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Table 1

Demographic characteristics and blood lead levels of 656 TLC children at baseline and follow-ups

Page 10

Characteristics

% or mean+SD

Clinic center
Baltimore
Newark
Philadelphia
Cincinnati
African-American
Boys
English-speaking
Parent’s education less than 12 years
Neither parent working
Living with single Parent
Succimer (treatment) group
Blood lead level (ug/dL)
Baseline (n=656)
36 months follow-up (n=628)
60 months follow-up (n=530 )
Age (years)
Baseline
36 months follow-up blood lead and 1Q
36 months follow-up CPRS-R
36 months follow-up NEPSY
60 months follow-up blood lead
60 months follow-up 1Q, CVLTC and BASC-PRS
60 months follow-up BASC-TRS
60 months follow-up NEPSY, CPT, WLPB-R and NESS

29
26
20
24
7
54
95
40
59
74
51

2645
1245
8+4

2.0+0.5
5.0+0.5
5.1+0.5
5.2+0.5
7.0+0.2
7.1+0.2
7.3x0.4
7.5+0.2

*
One child with unexpectedly high blood lead level of 51 pg/dL at 60 months follow-up was excluded from the analysis of 7 year outcomes.
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