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Abstract
Objectives—Children born to teenage mothers are at risk for more physical and cognitive problems
than those born to adult mothers. Our objective was to examine differences in size and intelligence
between two cohorts of offspring born to adolescent (n = 357) and adult mothers (n = 668) who
attended the same prenatal clinic.

Methods—Two prospective study cohorts were assessed children from gestation through age 6
years. The adult cohort was studied in the mid-1980’s and the teen cohort was evaluated in the
mid-1990’s. Both samples were of low socio-economic status. The same study design and measures
allowed us to adjust for the covariates of size and IQ.

Results—Offspring of adolescent mothers had a significantly smaller mean head circumference (5
mm) (HC) and higher body mass index (BMI) than offspring of adult mothers. Offspring of
adolescent mothers scored significantly lower than the offspring of adult mothers on the Stanford-
Binet (SBIS) composite score (4 points), and the quantitative (6.2 points), verbal reasoning (4.8
points), and short-term memory (3.9 points) area scores. Additional predictors of child IQ were
maternal IQ, home environment, race, and number of siblings. When child HC was entered into our
final regression model for the SBIS, maternal age and HC significantly predicted the composite score,
the verbal reasoning, and short-term memory area scores. A 1 cm decrease in HC predicted a 1 point
decrease in the SBIS composite score.

Conclusions—Compared to offspring of adult women, children of adolescent mothers have lower
mean scores on cognitive measures, smaller head circumference, and higher BMI. These differences
were significant after adjusting for differences between the two groups. Adolescent mothers and their
children would benefit from interventions such as parenting support, education about nutritional
needs, and advice on enriching the environments of their children.
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Children of adolescent mothers may be at greater risk than children of older mothers for poorer
growth outcomes [1-5]. In a national longitudinal study of maternal age and neonatal risk status
[6], young maternal age predicted lower birthweight and shorter gestational age after
controlling for maternal health and sociodemographic status. Less is known about child growth
outcomes among older children of adolescent mothers
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In addition to growth, children of adolescent mothers may be at risk of cognitive deficits
[7-9]. Intellectual, language, and socio-emotional delays have been reported [10] as well as
lower academic achievement [11]. These differences are found even after accounting for social
and economic disadvantage [8,9]. Dahinten and colleagues [12] found that children of teen
mothers had lower math test scores adjusting for maternal depression, nurturing, and rejecting
parenting behaviors. Other studies, however, suggest that the association between maternal
age and cognitive status is explained by socio-economic status or family background. Using a
national sample, Turley [13] found that lower test scores of children born to younger mothers
were due to their family background rather than their mother’s age, while Williams and
Decoufle [14] found no association between young maternal age and the rate of mental
retardation in 10 year old offspring. Fergusson & Woodward [15] found that controlling for
home environment reduced the relation between young maternal age and poorer educational
outcomes, but did not eliminate it.

In this report, we compare body size and IQ in 6-year-olds using two cohorts, one of offspring
of adult mothers, and the other, children of teenaged mothers. The women attended the same
prenatal clinic. The study designs were similar and most of the personnel and instruments were
the same between the two studies. The first cohort has 668 offspring of adult-aged women (18
years of age and older). The second cohort has 357 offspring of teenaged women (aged 12 to
18 years of age). Our hypothesis is that children of teenaged mothers will be smaller in head
circumference, weight, and height and will have lower IQ’s at age 6 after adjusting for
significant covariates.

METHODS
Study Participants

Adult Mother Cohort—The initial study cohort was a consecutive sample of women who
attended the prenatal clinic of the Magee-Womens Hospital in Pittsburgh Pennsylvania from
1982 through 1985. The Institutional Review Board of the University of Pittsburgh approved
each phase of the study protocol and written informed consent was obtained from each woman.
There was no interventional component to this study. Women who were at least 18 years of
age were enrolled at their fourth prenatal month clinic visit. Eighty-five percent of the women
who were contacted agreed to participate in the study. Two cohorts were selected from the
initial sample: 1) All women who drank 3 or more alcoholic drinks per week and a random
sample of women who drank less often or not at all were selected for a study of the effects of
alcohol use during pregnancy, and 2) All women who used marijuana at the rate of 2 or more
joints per month and a random sample of women who used marijuana less often or not at all
were chosen for a study of the effects of marijuana exposure during gestation. Women could
be in one or in both of the cohorts. The two cohorts combined had a total of 829 women [16].
By delivery, this was reduced to 763 mothers and their live-born singletons newborns. The 66
women who did not participate at this phase of the study included 21 who moved from the
Pittsburgh area, 16 who were lost to follow-up, 8 who refused the delivery interview and
newborn examination, 2 multiple births, 18 fetal deaths, and 1 adoption. At 6 years, 668
children were examined, which was 88% of the birth cohort. Losses between birth and 6 years
occurred due to moves away from Pittsburgh (n = 41), refusals (n = 34), death of a child (n =
4), adoption or foster care (n = 8), and lost to follow-up (n = 8). We considered only those
offspring who had complete assessments at birth and 6 years. There were no differences in
maternal age, income, substance use, or race between those who were retained and those who
were not in the analysis.

Teenage Mother Cohort—Adolescent mothers were interviewed when they came in for
their fourth month prenatal visit at the same prenatal clinic at the Magee-Womens Hospital,
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between 1990 and 1995. The Institutional Review Board of the University of Pittsburgh
approved each phase of the study protocol and written informed consent was obtained from all
participants. This was a study of substance use during pregnancy among teenagers and the
effects of substance exposure on offspring outcomes. The cohort was a sequential sample of
all pregnant adolescents. There was no intervention component to this study and no
oversampling of substance use. The initial refusal rate was 0.7%. Of the 445 teenagers who
were enrolled in the study, 15 subsequently moved out of the area and 1 refused the delivery
interview. There were 6 twins, 5 spontaneous abortions, 2 stillborn infants, and 3 liveborn
infants died of prematurity. Thus, 413 liveborn singletons were eligible for the six-year follow-
up visit.

At the six-year postpartum phase [17], 357 offspring were evaluated. Losses between birth and
six years occurred due to moves out of state (n = 9), refusals (n = 10), deaths (n = 6), placement,
adoption or foster care (n = 7), and lost to follow-up (n = 24). Almost 7% (n = 23) of the children
were not in the custody of their birth mothers. In these cases, information on their environment
was provided by their current custodians. We included only offspring who had complete
assessments at both time points. There were no differences in age, income, substance use, or
race between those who were retained and those who lost to follow-up.

Measures
Child Size—At birth, we measured weight, length, and head circumference. From these we
calculated ponderal index (weight in grams × 100 / height in cm3), % low birth weight (LBW:
weight <2500 g) and % small-for-gestational age (SGA: birth weight less than the tenth
percentile for gestational age) using the standards of Brenner et al. [18]. Measures at 6 years
included weight, height, head circumference, body mass index (or BMI weight in kg / height
in meters2), and % overweight (BMI > 95th percentile) [19]. In both cohorts, offspring were
examined by pediatric nurse clinicians who were trained to reliability and were unaware of the
substance exposure status of the children. Twenty-four children born to diabetic mothers and
two children with sickle cell anemia were excluded from the analysis.

Child Cognitive Status—Cognitive ability at 6 years was assessed using the Stanford-Binet
Intelligence Scale, fourth edition (SBIS) [20]. Outcomes included the composite score and the
verbal reasoning, abstract/visual reasoning, quantitative reasoning, and short-term memory
area scores. Because the predictors of child IQ differed by race in the adult cohort [21], we
analyzed the data with races combined and separately. Twenty-four mentally and physically
handicapped children who were unable to complete the SBIS were excluded from the analyses.

In the teen cohort, home environment was measured using the Home Observation for
Measurement of the Environment-Short Form (HOME-SF) [22]. In the adult cohort, the Home
Screening Questionnaire (HSQ) [23] was used at age six. The HOME-SF was administered in
this study at age 10. Both the HSQ and the HOME measure the quality and quantity of support
available to the child for cognitive, social, and emotional development. The HSQ correlates
well with the HOME [24]. In our analyses of the adult and adolescent cohorts, we elected to
use the same instrument whenever possible. This was not possible for the home environment.
The HSQ and HOME-SF measures within the adult cohort were standardized and compared
using the matched sign test. The difference in the standardized scores was near zero and not
statistically different, indicating that the relative distributions of the responses on the HOME
and the HSQ did not differ. Therefore, since home environment at the two phases did not
change, to maintain comparability, the HOME-SF measured at age 10 was used for the adult
cohort.

Cornelius et al. Page 3

Matern Child Health J. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Maternal cognitive status was measured in both cohorts at the six-year assessment using the
vocabulary and block design subtests of the Wechsler Adult Intelligence Scale Revised (WAIS-
R) [25]. Maternal intellectual ability is known to be highly correlated with child IQ [26].

Marital status has been found to be related to child cognitive outcome [27]. This measure
(married/not married) was assessed in both cohorts. In addition, maternal depression was
assessed in both cohorts using the Center for Epidemiologic Studies-Depression scale (CES-
D). The CES-D is a 20-item self-report instrument developed for use in general population
samples [28]. This scale correlates well with other established measures of depression, such
as the Zung (r = .90) and the Beck (r = .81), and has established validity [29].

Since the original aims of both of these studies were to examine prenatal substance exposures
on child outcomes, these substances were included as control variables in the current analyses.
In both cohorts, prenatal cocaine and other illicit drug use was rare, so these measures were
not included. Prenatal tobacco exposure (PTE) was measured as average daily number of
cigarettes in the first trimester. Prenatal alcohol exposure (PAE) was measured as average daily
number of drinks in the first trimester, and prenatal marijuana exposure (PME) was measured
as average daily number of joints in the first trimester.

Data Analysis
Maternal age was defined by the cohort to which the subject belonged: offspring of the adult
cohort (0)/offspring of the teen cohort (1). Initially, we tested the effects of each covariate on
each outcome by cohort. We examined whether the effect of each covariate on the outcome
variable was the same between cohorts by testing whether the slopes of the regression lines
were parallel. When the parallelism test failed, a cohort by covariate interaction term was added
to the model to represent the different effects of that covariate in the two cohorts. Stepwise
multivariate regressions were used next to examine the associations of each of the six-year
growth and IQ outcomes with maternal age. The general model tested was,

Y = α1 + β1 (cohort) + β2 (covariate) + β3 (cohort × covariate) + error where Y represented
child’s outcome variable. Tolerance, a measure of multicolinearity, was screened to insure that
the estimates of the regression slopes were stable. We also screened for outliers and influential
cases. These cases were excluded.

Body size outcomes at 6 years included: weight, height, head circumference, body mass index
(BMI), and percent overweight. Covariates that were considered in the multivariate analyses
were based on the literature. Covariates that differed by cohort were added to the regression
model. These included maternal height, prepregnancy maternal weight, race, child’s age,
gender, marital status, home environment, number of siblings, PTE, PAE, and PME.

The cognitive outcomes at age 6 included the composite score of the Stanford-Binet
Intelligence Scale (SBIS) and the area scores, verbal reasoning, abstract/visual reasoning,
quantitative reasoning, and short-term memory. The covariates adjusted in these regression
analyses were maternal IQ, race, child gender, home environment, marital status, number of
siblings in the household, maternal custody of the child, and PTE, PAE, and PME.

RESULTS
Bivariate Results

At delivery, the average age of the adult mother cohort was 23.0 years (range: 18 - 42); the
teen mother cohort was 16.3 years of age (range: 12 - 18). Teen mothers were significantly
less likely to be married, and more likely to be African-American and primigravidous than the
adult mothers. The adult mothers used more cigarettes, alcohol, and marijuana than did the
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teen mothers (Table 1). There were no significant differences between the two cohorts on
gestational age, birthweight, head circumference, and percent low birthweight or small for
gestational age. At birth, the offspring of adult mothers were shorter in length and had a higher
ponderal index than offspring of teenage mothers, who were leaner (Table 1).

The unadjusted comparison of maternal and offspring characteristics in the two cohorts at six
years is presented in Table 2. There were no differences between the adult and teen mother
cohorts in maternal years of education or levels of depressive symptoms. The adult mothers
were more likely to be married, and had a higher average IQ than did the teen mothers. There
were no significant differences in weight, height, or percent overweight between the offspring
of adult mothers and the offspring of teen mothers. However, the offspring of teen mothers
had a smaller average head circumference than the offspring of adult mothers and a higher
BMI (p = .06), than the offspring of adult mothers.

The unadjusted bivariate comparisons of Stanford Binet composite and area scores for the
offspring of the adult and teen mothers are presented in Table 2. Offspring of teen mothers
scored significantly lower on the Composite Score and on the verbal reasoning, abstract/visual
reasoning, quantitative reasoning, and short-term memory area scales. The average composite
score among the offspring of teen mothers was 7 points lower than the score for the offspring
of adults. Among the area scores, the largest difference was found with quantitative reasoning
(9.2 points) and the smallest difference was found with abstract/visual reasoning (<2 points).

Multivariate Results
Results of the linear regression analyses for growth and IQ measures are presented in Table 3.
Head circumference and BMI were the only growth-related outcomes that were significantly
different between cohorts at age 6 after controlling for other significant covariates. Head
circumference was significantly smaller for the offspring of the teen mother cohort compared
to the offspring of the adult mother cohort. The difference in average head circumference
between the two cohorts was 5.4millimeters. Other significant predictors of head circumference
included child age, gender, maternal height, maternal prepregnancy weight, and number of
siblings. The total variance in head circumference explained by the variables was 16%.

Cohort also significantly predicted BMI. In contrast to the finding at birth, at age 6, offspring
of teenagers had higher BMI’s (greater weight per height) than offspring of adults. Other
significant predictors of higher BMI were: older child age, shorter maternal height, higher
prepregnancy weight, fewer siblings, poorer home environment, and higher ponderal index at
birth. The total explained variance was 12%.

The cohort variable predicted child composite scores and most of the area scores of the SBIS,
with the exception of the abstract/visual score, after adjusting for other significant covariates
(Table 3). There was a 4-point decrease in the average composite score among the offspring
of teen mothers compared to the offspring of the adult mothers. In the subscales, the differences
by cohort were 6.2, 4.8, and 3.9 points for the quantitative, verbal, and short-term memory
scores, respectively. Additional significant predictors of lower child IQ were lower maternal
IQ, poorer home environment, African-American race, and more siblings. Twenty-five percent
of the variance on the Composite Score was explained by these variables. Because race was a
significant predictor of all of the scores, with the exception of short-term memory, regressions
were rerun separately by race. For African-Americans, cohort remained a significant predictor
of the composite score, and the quantitative and verbal area scores, but not the abstract/visual
or short-term memory area scores. For Caucasians, cohort remained a significant predictor of
the composite score, quantitative, verbal, and short-term memory scores but not the abstract/
visual area score.
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There was a significant interaction between home environment and cohort for the composite
score. Home environment had a greater influence on the offspring of the adult mothers than
on the offspring of the teenage mothers. There was also a significant interaction between
maternal IQ and cohort for the short-term memory area score (Figure 1). Children born to
teenage mothers scored lower on short-term memory than children of adult mothers and the
magnitude of this difference increased with maternal IQ. For example, at a maternal IQ of 86
points, children of teenage mothers scored an average 3.9 points lower on the short-term
memory score than children of adult mothers. At a maternal IQ of 96, the short-term memory
scores differed by 6.1 points. The interaction of home environment and cohort was also a
significant predictor of the abstract/visual score. The effect of home environment was larger
on the abstract/visual scores in the offspring of adults than among the offspring of teenagers.
The main effect of cohort, however, was not significant.

Head circumference and IQ were significantly related to maternal age. Other research has
reported that lower IQ is correlated with smaller head circumference [30-32]. In order to
examine this relation, we entered head circumference into our final regression models with the
composite score and the area scores as our outcome variables (Table 4). While head
circumference significantly predicted the composite, verbal reasoning, and short-term memory
scores in the combined cohort analysis, a significant and independent effect of cohort remained.
Thus, the difference in head circumferences between cohorts did not explain the association
between cohort and child IQ.

Ten percent (n = 67) of the adult cohort were 18 years at delivery. The analyses were repeated
excluding these cases, and the results reported above remained stable.

DISCUSSION
In this comparison of offspring of adult and teenaged mothers, young maternal age significantly
predicted higher BMI and smaller head circumference in six-year-old offspring after adjusting
for significant covariates. In addition, offspring of teenagers had lower SBIS composite and
quantitative, verbal, and short-term memory area scores compared to offspring of adult
mothers.

Although offspring in the two cohorts were not significantly different on most of the birth
outcomes, the offspring of adult mothers had a higher ponderal index at birth than the offspring
of teenage mothers. This reversed by age six, when the offspring of teenagers had a higher
BMI than the offspring of adults. The higher BMI among offspring of teenagers raises public
health concern in light of the recent epidemic of childhood obesity in our nation [33] and further
research is needed to replicate this finding in other samples. On average, adolescent parents
have fewer economical resources and support systems, more stressors [34] and more unhealthy
eating behaviors [35,36]. Teenage mothers who eat less healthy diets are likely to provide a
similar diet to their children which might explain their child’s higher BMI at six years of age.
Alternatively, it is possible that the increased BMI among offspring of the adolescent mothers
can be accounted for by secular changes in body size in the 8-10 years that elapsed between
the enrollments of the study cohorts [37].

Children of adolescent mothers had, on average, a smaller head circumference than the
offspring of the adult mothers at age 6, although they did not differ on height or weight in the
multivariate analyses. Head circumference was not different between the two cohorts at birth,
and thus, the difference at 6 years could reflect environmental differences. It is known that the
structure of the brain is sensitive to the environment and that environmental variables can affect
the brain development of children in humans [38] and laboratory animals [39,40]. Head
circumference correlates with brain volume and is used as an approximate measure of brain
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growth [41]. Several studies in children have shown that postnatal head growth, as measured
directly by MRI or indirectly by head circumference predicted performance on cognitive tests.
The larger the brain, the higher the test scores [32,42-44]. Two additional studies have shown
that the brain volume achieved by age 1 predicts intelligence in later childhood [31,45]. Shaw
et al. [38] demonstrated that the thickness of the cerebral cortex is correlated with intelligence.
Differences in postnatal brain growth likely reflect the influence of cognitive stimulation and
parenting practices during infancy. Cognitive enrichment early in life is associated with
improved cognitive performance [46-48]. However, when head circumference and cohort were
entered in a final analysis using the combined cohorts in this study, both head circumference
and cohort predicted the composite, verbal reasoning, and short-term memory scores. Thus,
both of these variables independently predicted cognitive development, and head
circumference did not mediate the effect of maternal age on the measures of IQ.

Offspring of the teenage mothers had lower scores on the composite IQ and several of the area
scales compared to offspring of adults after controlling for significant covariates such as
maternal cognitive status and the home environment. Previous studies have demonstrated that
the quality of the home environment is critical during early childhood [26,38-40]. However,
in our study we found that these potential factors have a lesser effect on the children of teenage
mothers than the adult mothers. The quality of parenting is also an important factor: Compared
with matched samples of older mothers, adolescent mothers were less verbal [49-51], less
empathic, less sensitive [52], less warm, had more negative attitudes toward parenting [53],
and provided less intellectual stimulation [49], so that by the time their offspring reached school
age, they had fallen behind their contemporaries in terms of cognitive abilities.

There were limitations to these analyses. We adjusted for many important factors related to
growth and cognition; however, there were additional variables that we could not consider
including diet, physical activity levels, paternal IQ and measures of attachment and parenting
skills. Each of these is known to be important in predicting growth and cognitive development.
In addition, both cohorts were of low socioeconomic status and the results may not represent
the association between maternal age and child development among mother-child dyads of
higher socioeconomic status. Further, the adult cohort was not a random sample of women
who attended the prenatal clinic. The women were selected based on their substance use. This
may affect the sample’s generalizability to other populations, although we adjusted for
substance use in our analyses to control for these variables. Finally, the two cohorts were
sampled from the same site, but they were one decade apart, which also might have led to some
differences. Cohort effects for increasing height, weight and BMI have been found in most
industrialized countries [e.g., 54-57], so it is possible that some of the difference in BMI
between the two cohorts may be accounted for by these population trends. On the other hand,
IQ scores are also increasing at about 3 points per decade [58] giving credence to our findings
of lower IQ scores among the offspring of teenagers who were measured ten years later.

We have found that, at 6 years of age, offspring of adolescent mothers have more cognitive
deficits, smaller head circumference and a higher weight to height ratio compared to offspring
of adult women. It is important to follow these children of adolescent mothers to determine
whether these findings predict additional problems as the children mature. These results
suggest that the offspring of adolescent mothers should be identified early and that they may
benefit from interventions such as parenting support, education about nutrition needs, and
advice on enriching the home environments of the children. Well baby clinics and pediatric
offices would be prime locations to target teenage mothers and introduce such interventions.
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Figure 1.
Adjusted Short-term Memory Scores for Offspring in the Adult and Teen Cohorts by Maternal
IQ
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Table 4
Head Circumference and Cohort as Predictors of Cognitive Status

Composite Score

R2 = 0.25 Beta T

Cohort -3.76 -4.17#

Maternal IQ 0.32 7.89#

Home Environment 0.87 4.88#

Head Circumference 0.07 2.68**

Race 4.36 4.76#

Number of Siblings -1.39 -3.71#

Home Environment X Cohort -0.56 -1.84*

Verbal

R2 = 0.30 Beta T

Cohort -4.38 -5.83#

Maternal IQ 0.26 7.75#

Home Environment 0.62 5.14#

Head Circumference 0.06 2.98**

Race 3.30 4.44#

Number of Siblings -2.02 -6.65#

PME -1.74 -2.08*

Short-term Memory

R2 = 0.14 Beta T

Cohort -3.47 -3.30#

Maternal IQ 0.37 7.44#

Home Environment 0.66 3.97#

Sex -2.08 -2.27*

Head Circumference 0.09 2.80**

Number of Siblings -0.98 -2.27*

Maternal IQ X Cohort -0.20 -2.27*

*
P-value p < .05;

**
P-value p < .01;

#
P-value p < .001
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