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Summary
Cognitively delayed children are at risk for poor mental and physical health throughout their lives.
The economically disadvantaged and some race/ethnic groups are more likely to experience
cognitive delay, however the age at which delays first emerge and the underlying mechanisms
responsible for disparities are not well-understood. The objective of this study is to determine
when socio-demographic disparities in cognitive functioning emerge, and identify predictors of
low cognitive functioning in early childhood. Data come from 7,308 singleton and 1,463 non-
singleton children in the Early Childhood Longitudinal Study-Birth Cohort (ECLS-B), a nationally
representative cohort of children born in 2001. Multiple logistic regression analyses examine
associations between socio-demographic characteristics and low cognitive functioning at 9 and 24
months, and whether gestational and birth-related factors mediate these associations.

Socio-demographic characteristics are statistically significant predictors of low cognitive
functioning among singletons at 24 months, including the three lowest quintiles of
socioeconomic status (lowest quintile, OR = 2.7, 95% confidence interval (CI), [1.7,4.1],
nonwhite race/ethnicity (African American OR=1.8, 95% CI [1.3,2.5]; Hispanic OR=2.3,
95% CI [1.6,3.2]), and gender (male OR = 2.1, 95% CI [1.7,2.5]). Gestational and birth
characteristics, including very low and moderately low birthweight, and very preterm and
moderately preterm delivery, have strong associations with low cognitive functioning at 9
months (VLBW OR=55.0, 95% CI [28.3,107.9]; MLBW OR=3.6, 95% CI [2.6,5.1]; VPTD
OR=3.6, 95% CI [2.0,6.7]; MPTD OR=2.4, 95% CI [1.7,3.5]), but weaker effects by 24
months (VLBW OR=3.7, 95% CI [2.3,5.9]; MLBW OR=1.8, 95% CI [1.4,2.3]; VPTD
OR=1.8, 95% CI [1.1,2.9]; MPTD OR=0.9, 95% CI [0.7,1.3]). Results for non-singletons
were similar. Gestational and birth characteristics do not mediate the socio-demographic
disparities in cognitive functioning at 24 months. Socio-demographic disparities in poor
cognitive functioning emerge by 24 months of age. Further investigation of processes
whereby social disadvantage adversely affects development prior to 24 months is needed.

Children with cognitive delays are at high risk for a range of negative social outcomes,
including school drop-out, delinquency, and unemployment,1 and have comparatively poor
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physical and mental health in adulthood.2, 3 Preventing these adverse long-term outcomes
requires identification of those factors elevating children's risk of cognitive delay, as well as
the timing at which these factors exert their negative effects. Certain subpopulations,
particularly the economically disadvantaged and members of some race/ethnic groups
including African Americans and Hispanics, are known to be at disproportionate risk for
cognitive delays and disabilities, at least by school-entry.4–9 However, the age at which
these delays first emerge, and the mechanisms responsible for disparities in risk are not well-
understood.

Known risk factors for cognitive delay include the conditions of the child's gestation (e.g.,
length of gestation; whether the mother smoked or drank alcohol during pregnancy) and
birth (e.g., birthweight and nutritional status; whether there were complications at
delivery).10–12 Resnick et al.11 found that birthweight, congenital anomalies, and
complications of labor predicted the occurrence of learning disabilities, and Stein et al.12

reported that even moderately low birthweight children were at significantly greater risk for
cognitive disability than normal birthweight children. Low cognitive functioning is also
associated with socio-demographic characteristics (e.g., child's gender, parents'
socioeconomic status, race/ethnicity). Smith, Brooks-Gunn, and Klebanov,13 for example,
found that school children living in poverty scored much lower on measures of verbal
ability, mathematics skill, and word recognition.

Few studies have comprehensively analyzed the effects of gestation, birth conditions, and a
child's socio-demographic characteristics and family conditions on his or her cognitive
development in early childhood, focusing instead on predicting an older child's cognitive
functioning at or after school entry.14 In addition, few studies have analyzed the effects of
the different sets of factors using samples of non-singletons, even though multiple births are
increasingly common15 and patterns of risk may differ between singleton and non-singleton
children.

The purpose of this paper is to determine when socio-demographic disparities in cognitive
delay emerge, and to identify significant predictors of low cognitive functioning in early
childhood. We extend previous research by analyzing a recently released, nationally
representative dataset, the Early Childhood Longitudinal Study Birth Cohort (ECLS-B). The
ECLS-B includes complete birth certificate data, information gathered from parents, and
direct assessment of children's mental and motor proficiency. This study identifies a range of
socio-demographic characteristics and gestational and birth-related risk factors that are
associated with low cognitive functioning at 9 and 24 months of age. Because twin and
higher-order multiple pregnancies are at increased risk for medical complications and early
delivery,16 we report results of analyses performed separately for singleton and non-
singleton children.

Data and Research Methods
Sample

The ECLS-B is a nationally representative, longitudinal cohort study that enrolled 10,221
children born in 2001. The study sample is based on birth certificate records and includes
oversamples of Asian and Pacific Islanders, Native Americans and Alaska Natives, low
birthweight (1,500–2,500 grams) and very low birthweight (less than 1,500 grams) children,
and twins. At approximately 9 months (2001–2002) and 24 months after the child's birth
(2003), ECLS-B field staff administered developmental assessments of the children and
interviewed the children's parents.
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We restrict our analytic sample to those children who completed the 9 and 24 month
developmental assessments. This yields a final analytic sample of 7,308 singleton children
and 1,463 non-singleton children (1,404 twins, 52 triplets, and 7 quadruplets). Although the
analytic sample excludes some of the children in the full ECLS-B sample, the two samples
appear similar: examination of percent distribution in each quintile of socioeconomic status
(SES) revealed no statistically significant differences.

Measures
Low Cognitive Functioning—Our dependent variable derives from the mental scale of
the Bayley Short Form—Research Edition (BSF-R), a condensed version of the Bayley
Scales of Infant Development, Second Edition (BSID-II) that was administered at the 9 and
24 month assessments. In both the BSID-II and the BSF-R, the mental score is based on
trained interviewers' direct assessments of children's age-appropriate cognitive development
as manifested in tasks demonstrating memory, habituation, preverbal communication,
problem-solving and concept attainment. The initial ECLS-B study protocol included the
full BSID-II, but in response to time constraints apparent in the initial field testing, the
shortened BSF-R version was developed by an expert advisory panel for the ECLS-B study
using item response theory (IRT) methodology. The BSF-R was extensively tested to ensure
that the psychometric properties of the BSID-II were maintained and that it successfully
measures children's abilities across the entire ability distribution. The overall IRT reliability
coefficient for the BSF-R mental scale was 0.98.17 Field staff received extensive training in
administration of the BSF-R, and completed certification procedures that included both a
written examination and observation of their administration of all items in the assessment.

Children were asked to complete specific age-appropriate tasks (e.g., “turn pages in a book,”
“look for contents of a box,” “put three cubes in a cup,” “respond to a spoken request”).
Low-scoring children were asked to complete additional basal items (e.g., “play with a
string,” “vocalize three different vowel sounds,” “retain two cubes for 3 seconds”). High-
scoring children were asked to complete additional ceiling items (e.g., “retrieve a toy,” “use
words to make wants known,” “put nine cubes in a cup”). A mental scale score is provided
in the ECLS-B at each assessment point. Child age was recorded at the time of
administration of the Bayley assessment. For children who were born preterm, their age at
administration of the Bayley assessment was recorded as chronological age minus the
number of weeks preterm.

We created a dichotomous variable that was given a value of 1 for children scoring in the
lowest 10 percent of the BSF-R mental scale, a percentile cut-point that has been used to
define developmental delay in previous research.18 We also tested alternative specifications
using 5 and 15 percent as cut-points, and the patterning of our results was similar. We used
these cut-off scores to determine developmental delay because while the original BSID-II
assessment provides cut-off scores for identifying delays, the abbreviated BSF-R available
in the ECLS-B does not have strictly comparable criteria. We also estimated multiple linear
regression models using mental scale score as a continuous outcome, finding results
consistent with the logistic results presented here (estimates available from the authors). We
present results using the dichotomous measure because our focus is on disparities in
cognitive delay, which have implications for screening and intervention that do not pertain
to differences at the middle or upper ends of the cognitive performance distribution.

Child Age—Although the ECLS-B study design specified developmental assessments at 9
and 24 months, in practice children's ages varied on either side of these targets. Child age in
months was included to account for increases in Bayley scores with age within these ranges.
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Child Sex—Females were the reference category, with male children coded as 1.

Socioeconomic Status (SES)—A composite measure was created at each time point by
ECLS-B project staff to reflect the socioeconomic status of the household. This measure
incorporated five SES components:

1) Father/male guardian's educational attainment

2) Mother/female guardian's educational attainment

3) Father/male guardian's occupation. Occupation was coded using the Standard
Occupational Classification Manual,19 and the codes were collapsed into 23
aggregated categories with one additional category for unemployed, retired,
disabled, and unclassified workers. Occupation was then recoded to reflect the
average of the 1989 General Social Survey prestige score, computed as the
average of the corresponding prestige scores for the 2000 Census occupational
categories covered by the ECLS-B occupation.17

4) Mother/female guardian's occupation. Occupation was computed as described
above for father/male guardian's occupation.

5) Household income. Parents were asked whether their annual household income
was either $25,000 and less or greater than $25,000, and they were also asked
detailed range questions within the broad range they specified (e.g., for those in
the upper range, they were asked whether their household income was $25,001
to $30,000, $30,001 to $35,000, etc.). The midpoint of the detailed range was
used in the computation of the composite SES variable.

Not all parents responded to every question related to SES, with the proportion of data
missing for each of the education and occupation measures less than 2 percent and the
proportion missing detailed income information approximately 9 percent. Missing values
were imputed using a hot deck methodology whereby the value reported by a respondent is
assigned to a similar person with missing data on that item.17

For each component of SES, a z-score was computed with a mean of 0 and a standard
deviation of 1, and then the z-scores were averaged to create the composite SES measure. In
households where only one parent was present, not all components were defined and in
those cases the composite measure represents the average of available components. A five
category SES variable was created that represents the quintile of the distribution for the
value of the composite SES of each child. The first quintile (SES1) represents the lowest
category, and the fifth quintile (SES5) represents the highest category. In logistic regression
modeling, we created four dummy variables to represent SES, with SES5 designated as the
reference category. The 9 month models include SES information collected at that time
point, and updated SES information provided by parents at 24 months was incorporated into
the 24 month analyses.

Advanced Maternal Age—We created a dichotomous variable with a value equal to 1 for
mothers aged 35 years or older at the time of the child's birth.

Marital Status—We created an indicator of the mother's marital status at the child's birth,
where married mothers are the reference category and unmarried mothers (those reporting
that they were separated, divorced, widowed, or never married) are coded as 1.

Race/Ethnicity—Race/ethnicity is included in the analyses because members of some
race/ethnic groups including African Americans and Hispanics, have previously been found
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to be at disproportionate risk for cognitive delay.5, 7 Understanding the mechanisms
underlying this risk is of theoretical and policy interest, and therefore the present analyses
incorporate social class and other potentially relevant covariates in addition to race/ethnicity.
Race/ethnicity of the child was ascertained from parent responses to questions providing a
fixed set of race/ethnic categories, with the option to choose more than one race. In our
analyses non-Hispanic White is the reference category. The other categories are as follows:
1) African American; 2) Korean, Chinese, Indian, or Japanese; 3) Other Asian; 4) Native
American; 5) Hawaiian/Pacific Islander; 6) mixed race; and 7) Hispanic. We were able to
separate Korean, Chinese, Asian Indian, and Japanese infants from other Asian infants using
parent report supplemented with information from birth certificates, and we considered these
Asian groups separately because these children traditionally score higher on cognitive
tests.20

Medical Risk Factors—Children's outcomes may be influenced by numerous maternal
prenatal medical conditions and risk factors.21–25 To account for these risk factors without
adding numerous variables that could lead to multicollinearity problems in statistical
modeling, we constructed a count of the medical risk factors present during pregnancy as
recorded on the birth certificate from the following list: incompetent cervix, acute or chronic
lung disease, chronic hypertension, pregnancy-induced hypertension, eclampsia, diabetes,
hemoglobinopathy, cardiac disease, anemia, renal disease, genital herpes, oligohydramnios,
uterine bleeding, Rh sensitization, previous birth weighing 4000+ grams, or previous
preterm birth.

Behavioral Risk Factors—Adverse child outcomes have been associated with risk
behaviors during pregnancy including alcohol use26, 27 and smoking.26, 28 Data from the
birth certificate included information about whether or not the mother used alcohol during
pregnancy, and whether or not she used tobacco during pregnancy. For each of these
behaviors, a variable was coded 1 if use was reported, and 0 if it was not. The behavioral
risk scale consisted of the sum of the two coded values, and ranged from 0 to 2.

Obstetric Procedures—As discussed above for medical risk factors, we created a count
of the following obstetric procedures occurring during pregnancy, labor and/or delivery as
recorded on the birth certificate: induction of labor, stimulation of labor, tocolysis,
amniocentesis, and cesarean section.

Labor Complications—Labor complications are also implicated in adverse
developmental outcomes,29, 30 and we constructed a count of the number of labor
complications experienced as recorded on the birth certificate from the following list:
abruptio placenta, anesthetic complications, dysfunctional labor, breech/malpresentation,
cephalopelvic disproportion, cord prolapse, fetal distress, excessive bleeding, fever of >100
degrees, moderate/heavy meconium, precipitous labor (<3 hours), prolonged labor (>20
hours), placenta previa, or seizures during labor.

Preterm Delivery—We constructed two indicators regarding preterm delivery. The first
indicates very preterm births. This was equal to 1 for births occurring at ≤32 weeks
completed gestation. The second indicates moderately preterm births. This was equal to 1
for birth occurring between 33 and 36 weeks completed gestation.

Birthweight—We constructed two indicators for the child's birthweight. Very low
birthweight was a dichotomous variable equal to 1 for births weighing ≤1500 grams.
Moderately low birthweight was a dichotomous variable equal to 1 for births weighing
1,501–2,500 grams.
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Congenital Anomaly—A dichotomous variable is set equal to 1 if any congenital
anomaly was present at birth.

Analyses
We performed descriptive analyses for study variables in singleton and non-singleton
children, and tested for statistically significant differences between the two groups using t-
tests. We then used logistic regression models to test whether socio-demographic
characteristics entered simultaneously (i.e., gender, socioeconomic status, marital status,
maternal age over 35, race/ethnicity) are associated with cognitive delay, measured at both 9
months and 24 months of age. We also tested whether these associations are mediated by
gestational and birth-related risk factors. Separate analyses were conducted for singleton and
non-singleton children. These models incorporated sampling weights and design effects to
appropriately account for oversampling of some population subgroups and the stratified
cluster design of the ECLS-B. All analyses were performed with SAS version 9.1 statistical
software.

Results
Table 1 shows descriptive statistics for the samples of singleton and non-singleton births,
weighted to adjust for survey design. The age and gender distributions of the two groups are
similar. However, likely due to their greater use of fertility-enhancing drugs, mothers who
are older (age 35 or older), married, with higher socioeconomic status, and of White
nonHispanic race/ethnicity are over-represented among the multiple births. These multiple
births also involved more medical risk factors, obstetric procedures, labor complications,
and pre-term and low birthweight births, and had a higher rate of congenital anomalies. At
both 9 and 24 months, slightly under 10 percent of singletons fell into the low cognitive
functioning group. This is because singletons are the great majority of all births, and we
defined cognitive delay as falling into the bottom 10 percent of scores. Among multiple
births, 24.6 percent fell into the bottom 10 percent of scores at approximately 9 months of
age, but only 17.5 percent were in the bottom 10 percent at approximately 24 months. Non-
singletons, who are more likely to be preterm, have low birthweight, and experience other
risk factors, also appear to make strong progress in overcoming the deleterious
consequences of these factors as they age, at least from 9 to 24 months.

Table 2 displays the results of logistic regression analyses predicting cognitive delay for
singletons, separately at 9 and 24 months. For each time period we present two regression
models. The first set of regressions uses only socio-demographic variables as predictors; the
second adds gestational and birth characteristics to the models. The numbers shown are the
effects of each predictor on the odds of a child displaying cognitive delay, after statistically
controlling the other variables in the equation.

We begin by examining the first and third columns of this table, showing the results using
only exogenous socio-demographics as predictors at both 9 and 24 months of age. These
regressions show the total effects associated with these variables on predicting cognitive
delay at 9 and 24 months.

Males were more likely than females to fall into the cognitively delayed group at both 9 and
24 months of age. At 9 months, socioeconomic status is generally not statistically
significantly associated with low cognitive functioning except for those in the second lowest
quintile (SES2), who have significantly higher risk (OR=1.7, 95% CI, 1.2 to 2.5) relative to
the highest SES group. By 24 months, however, significantly higher risks are seen in each of
the lower quintiles compared with the reference group, with odds ratios ranging from 1.9 to
2.7. With SES variables controlled, whether or not the mother is 35 or older, and whether or
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not she is unmarried do not exert significant effects. African-American children, both groups
of Asian children, Hispanic children, and children of mixed race show significant and
strongly increased risks of low-functioning at 24, but not at 9 months.

The full regression models are displayed in columns 2 and 4. Here gestational and birth
characteristics are added to the equations. Doing so does not appreciably reduce the negative
effects of the socio-demographic characteristics. This suggests that the effects of socio-
demographic characteristics do not operate via gestational and birth characteristics, but
rather occur over and above any such causal mechanisms, and are related to other factors
that differ across socio-demographic groups.

A number of the gestational and birth characteristics show reasonably large effects at 9
months of age. The most powerful of these is very low birthweight, which increases a child's
odds of low cognitive functioning at 9 months by a factor of 55.0. Next in size are very pre-
term and moderately low birthweight, which multiply a child's odds of low cognitive
functioning by 3.6. Significantly increased 9-month odds are also observed for moderately
pre-term births and those with congenital anomalies.

Many of these effects decline dramatically by 24 months of age. Most importantly, the odds
for very low birthweight decline from 55.0 to 3.7. Those for very pre-term and moderately
low birthweight also decline substantially, although they remain statistically significant. The
odds ratio for moderately preterm is no longer significant. While being born very pre-term
and at both very low and moderately low birthweight still involve an increased risk of low
cognitive functioning at 24 months, many children are apparently able to overcome these
biophysical risk factors as they age.

The findings in Table 2 may be summarized as follows. First, a range of socio-demographic
variables elevate a child's risk of low cognitive functioning at 24 months, but not at 9
months of age. Noteworthy among these risk-factors are being in three of the lower SES
categories, and being African-American, Asian, Hispanic and mixed race. These effects are
not in general attributable to the association between these socio-demographic
characteristics and either gestational or birth characteristics.

Second, several of the gestational and birth characteristics increase a child's risk of low
cognitive functioning. Noteworthy among these are being born very and moderately low
birthweight, and very preterm. However, in general the magnitudes of effect of these factors
decline strongly as the infant ages from 9 to 24 months. By 24 months of age, these effects
are of similar magnitude to the independent risk factors associated with being male, having
lower SES, and being African-American, Other Asian, or Hispanic.

Table 3 repeats these analyses for non-singleton births. Children who are also either very
low birthweight, moderately low birthweight, and very or moderately preterm are
particularly likely to display low cognitive functioning at 9 months, with odds of 14.8, 3.0,
4.3, and 3.6, respectively. However, and consistent with the results for singletons, these odds
all decline substantially by 24 months, and in some cases lose statistical significance. (The
loss of statistical significance is likely partly due to the smaller sample size for non-
singletons.) Thus, as with singletons, when non-singletons age from 9 to 24 months they
tend to overcome much of the risk associated with a pre-term and/or low birthweight
delivery.

Non-singletons also show many of the patterns of socio-demographic effects observed for
singletons - increased risk for males, low SES groups, and for African-Americans and
Hispanics at 24 as compared with 9 months, and a failure of these risks to be accounted for
by gestational- and birth-related risk factors. In sum, the results for non-singletons show
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similar patterns to those observed for singletons, with differences in magnitudes of effect
and statistical significance apparently due largely to the greater fragility of children from
multiple births, and the smaller sample size available to study them.

The results in Tables 2 and 3 are based on defining “low cognitive functioning” as falling
into the bottom 10% of all student performance scores. To check on the robustness of these
results to changes in this 10% cutoff value, we replicated these regressions using both 5%
and 15% as cutoff values. In general, the overall pattern of results is the same. For
singletons, with the 5% cutoff the medical risk factor and very preterm effects become
stronger at 9 months. With the 15% cutoff, the most noticeable change is that, at 24 months,
Native Americans have significantly elevated odds of low cognitive functioning, with a
significant odds ratio of approximately 2 in both estimated equations. For non-singletons,
with the 5% cutoff the male effect at 24 months becomes larger, rising to odds ratios of 2.7
in the first model and 2.9 in the second model. With the 15% cutoff, the most noteworthy
differences are that the male effect at 24 months becomes smaller (but remains statistically
significant), declining to odds ratios of 1.5 in each model. Also the SES3 coefficient at 24
months increases to odds of 1.9 in the first model and 2.0 in the second model. In addition,
the African-American coefficient at 24 months remains significant, but the odds ratios
decrease to 3.1 in the first model and 3.3 in the second model. Finally, the odds ratio
associated with very low birthweight at 24 months decreases to 1.7 and becomes statistically
insignificant.

We also tested the robustness of our results to alternative measures of SES by repeating the
regressions in Tables 2 and 3, using each of the subscales composing SES (mother's
education, father's education, mother's occupational prestige score, father's occupational
prestige score, and household income) as predictors, one variable at a time. The results
supported the principal patterns observed for SES effects in Tables 2 and 3 - that low SES
increases the prevalence of cognitive delay more at 24 than at 9 months, particularly for
non-singleton children - for some of these subscales, but not for others. Most supportive
were the results for household income, which closely resembled those for the overall SES
scale. The other SES subscales showed one or another deviation from the overall pattern.
For mother's education, the effect for non-singletons was not stronger than that for
singletons. For father's education, and for mother's occupational prestige, the effect for
singletons was not stronger at 24 than at 9 months.

Discussion
This study sought to identify the nature and patterning of risks—both biological and socio-
demographic--for cognitive delay among children during the first two years of life.
Capitalizing on the availability of a new, nationally representative dataset containing both
complete birth certificate information and standardized developmental assessments, we
examined the effects of a range of biophysical and socio-demographic characteristics on the
likelihood of low cognitive functioning. Consistent with previous research on smaller
samples drawn from clinical settings,31–33 we found that biophysical factors including
shortened gestation and low birthweight are strongly associated with elevated risk for low
cognitive functioning. In contrast to many previous studies, cognitive assessments were
available at two points during very young childhood, allowing for an examination of change
over time. The effects of most gestational and birth characteristics, while still important,
decline in magnitude over the interval between 9 and 24 months. Concomitantly, the
influence of socio-demographic characteristics including SES and race/ethnicity increase,
and by the time children reach 2 years of age, become roughly equal in size to the effects of
the gestation and birth-related factors. Race/ethnic groups with elevated odds at the latter
time point include African Americans, Hispanics, those reporting mixed race, and both
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groups of Asians studied. While the results for Korean, Chinese, Indian and Japanese
children are surprising because their cognitive performance at older ages has generally been
shown to be favorable,20 the results presented here should be interpreted with caution given
the relatively small number of these children included in the ECLS-B.

Although rates of preterm birth and low birthweight are consistently elevated among
socioeconomically disadvantaged and non-white women,15, 34 these socio-demographic
effects on risk of low cognitive functioning were not attributable to an increased likelihood
of experiencing these gestational and birth characteristics. Instead, the risks associated with
a child's socio-demographic characteristics operated largely independently from those
mechanisms. This finding underscores the importance of determining the processes through
which socioeconomic disadvantage adversely affects cognitive development in very early
childhood. As Wachs 35 documents, the range of possible influences on individual
development is very broad. For example, multiple aspects of a child's physical health are
related to developmental functioning and are more likely to be compromised among low
income populations. Nutritional status has been repeatedly shown to be an important factor,
with suboptimal caloric intake and deficiencies in specific nutrients including iron, iodine,
and essential fatty acids known to adversely affect central nervous system functioning.36–39

Hazardous environmental exposures are more likely to occur in socio-economically
disadvantaged populations,40–42 and in many cases can lead to cognitive delay. Lead is the
most well-studied environmental toxin in this regard,43 however exposure to other toxins
including PCBs,44, 45 dioxins,46 and mercury47 have also been found to be problematic. The
health of socioeconomically disadvantaged children is also at elevated risk due to inadequate
access to high-quality health care.48 Multiple factors contribute to this impaired access
including lack of affordable health insurance,49, 50 an inadequate supply of health care
providers practicing in low-income and minority communities,51 and perceived
discrimination in health care facilities ill-equipped to treat culturally diverse and non-
English-speaking families.52, 53 Characteristics of the home environment have also been
shown to be associated with cognitive development,54 and factors such as parenting
practices differ across socio-demographic groups in ways that can impact a child's cognitive
development.55 Brooks-Gunn and Markman,28 for example, find evidence of race/ethnic
differences in several aspects of parenting including nurturance, discipline, teaching, and
language, and suggest that these differences are a significant contributor to gaps in school
readiness. The quality of substitute child care also has an important influence on
developmental outcomes,56 and socioeconomically disadvantaged families are much less
likely to have access to optimal child care arrangements.57

As rates of multiple births continue to rise, cognitive outcomes among this potentially at-risk
population are of considerable interest. We found that, as was the case among singletons,
both gestational/birth characteristics and socio-demographic factors were associated with
increased risk of low cognitive functioning at 9 months, with the strongest effects associated
with gestation ≤32 weeks. By 24 months, socio-demographic factors become increasingly
important, and lower SES and African American and Hispanic race/ethnicity are associated
with risks of low cognitive functioning that in many cases are higher than those seen among
singletons. Further research is needed to explore the mechanisms underlying the heightened
risks for these subgroups.

A limitation of our study is that the analyses rely heavily upon information reported on birth
certificates. Although widely used, these data may be subject to error, particularly with
regard to complications of pregnancy and delivery and substance use during pregnancy.58

Also, the outcome of interest, low cognitive functioning, may have been measured with
more precision at 24 months than at 9 months, since a wider range of behaviors can be
observed as the child matures.
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The study findings have important implications. Most significantly, assessment of risks for
cognitive delay in early childhood should include not only well-recognized biological
factors such as length of gestation and birthweight, but also multiple features of the child's
social environment. While elevated odds of poor cognitive functioning at 9 months are most
strongly associated with very low birthweight and being very preterm, by 24 months social
factors are equally important in predicting cognitive delay. The change in risk patterns from
9 to 24 months suggests that early childhood is a crucial transition period for the promotion
of cognitive growth, and that policy interventions focused on maximizing social,
educational, and economic resources among disadvantaged families with young children
may serve to reduce subsequent disparities in school readiness and academic achievement.
In addition, the recommended developmental assessment schedule during this period, which
includes routine surveillance during well child visits and a standardized assessment at 9 and
18 months,59 may be insufficient in socio-economically disadvantaged populations.
Moreover, a recent survey of pediatricians indicates that only about one-fourth adhere to
current screening guidelines.60 While much remains to be learned about the mechanisms
through which social disadvantage translates into developmental delay even at the earliest
ages, appropriate developmental screening and provision of high-quality remedial services
when indicated are likely to have an important positive impact on subsequent cognitive
growth.
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Table 2

Odds Ratios from Multiple Logistic Regressions Modeling Low Cognitive Functioning
a
 at Approximately 9

and 24 Months of Age, Singleton Children (n=7,308)

9 Months 24 Months

Child age (months) 0.2* [0.2,0.3] 0.2* [0.1,0.2] 0.6* [0.6,0.7] 0.6* [0.6,0.7]

Child sex=male 1.3* [1.1,1.6] 1.4* [1.2,1.7] 2.1* [1.6,2.5] 2.1* [1.7,2.5]

SES1 1.5 [1.0,2.3] 1.3 [0.8,2.0] 2.7* [1.8,4.1] 2.7* [1.7,4.1]

SES2 1.7* [1.2,2.5] 1.5 [1.0,2.2] 2.3* [1.5,3.3] 2.3* [1.5,3.3]

SES3 1.3 [0.9,1.7] 1.1 [0.8,1.5] 2.5* [1.7,3.8] 2.5* [1.7,3.7]

SES4 1.3 [0.9,1.8] 1.2 [0.8,1.8] 1.9* [1.3,2.9] 1.9* [1.3,2.9]

Maternal age=35 or older 0.9 [0.7,1.1] 0.8 [0.6,1.0] 1.1 [0.8,1.4] 1.1 [0.8,1.4]

Marital status=unmarried 1.1 [0.8,1.4] 1.0 [0.7,1.3] 1.2 [0.9,1.5] 1.2 [0.9,1.6]

African American 1.1 [0.8,1.6] 1.0 [0.7,1.5] 2.0* [1.5,2.7] 1.8* [1.3,2.5]

Korean, Chinese, Indian or Japanese 1.2 [0.8,1.7] 1.2 [0.8,1.9] 1.8* [1.1,2.9] 1.7* [1.1,2.8]

Other Asian 1.0 [0.6,1.6] 1.0 [0.6,1.6] 3.0* [2.0,4.6] 3.0* [2.0,4.5]

Hispanic 0.9 [0.6,1.3] 0.9 [0.6,1.3] 2.4* [1.7,3.3] 2.3* [1.6,3.2]

Native American 1.1 [0.6,2.1] 1.2 [0.6,2.3] 0.9 [0.4,2.0] 0.9 [0.4,2.1]

Hawaiian\Pacific Islander 1.3 [0.2,9.6] 1.4 [0.2,14.0] 1.2 [0.5,3.0] 1.1 [0.4,3.0]

Mixed Race 1.2 [0.8,1.7] 1.0 [0.7,1.5] 1.8* [1.2,3.0] 1.8* [1.1,2.9]

Medical Risk Factor(s) 1.3 [1.0,1.7] 1.0 [0.8,1.2]

Behavior Risk Factor(s) 1.2 [0.8,1.7] 0.8 [0.6,1.1]

Obstetric procedures 0.8* [0.7,0.9] 0.9 [0.8,1.1]

Labor complications 0.9 [0.8,1.1] 1.0 [0.8,1.2]

Very Pre-term ≤ 32 weeks 3.6* [2.0,6.7] 1.8* [1.1,2.9]

Moderately Pre-term, 33 to 36 weeks 2.4* [1.7,3.5] 0.9 [0.7,1.3]

Very low birthweight, ≤ 1500 gm 55.0* [28.3,107.9] 3.7* [2.3,5.9]

Moderately low birthweight, 1501–2500 gm 3.6* [2.6,5.1] 1.8* [1.4,2.3]

Congenital Anomaly 1.6* [1.0,2.4] 1.6* [1.1,2.3]

a
Lowest 10% of Bayley Mental Score

*
Significant at p=0.05
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Table 3

Odds Ratios from Multiple Logistic Regressions Modeling Low Cognitive Functioning
a
 at Approximately 9

and 24 Months of Age, Non-Singleton Children (n= 1,463)

9 Months 24 Months

Child age (months) 0.5* [0.4,0.6] 0.3* [0.2,0.4] 0.7* [0.6,0.9] 0.7* [0.6,0.9]

Child sex=male 1.1 [0.8,1.4] 1.2 [0.8,1.7] 2.2* [1.6,2.9] 2.3* [1.7,3.1]

SES1 1.1 [0.6,2.1] 1.6 [0.8,3.1] 3.0* [1.4,6.4] 3.6* [1.7,7.8]

SES2 1.5 [0.7,2.9] 1.8 [1.0,3.5] 3.4* [1.8,6.3] 4.0* [2.1,7.4]

SES3 1.1 [0.6,2.0] 1.4 [0.8,2.4] 1.8* [1.0,3.0] 1.9* [1.1,3.1]

SES4 1.1 [0.7,1.8] 1.2 [0.7,2.1] 1.1 [0.6,1.9] 1.2 [0.7,2.0]

Maternal age=35 or older 1.2 [0.8,1.9] 1.3 [0.8,2.1] 1.4 [0.9,2.3] 1.6* [1.0,2.5]

Marital status=unmarried 1.1 [0.6,1.7] 1.2 [0.7,2.1] 0.8 [0.5,1.2] 0.7 [0.5,1.2]

African American 1.3 [0.7,2.3] 0.8 [0.4,1.6] 3.7* [2.3,6.0] 3.9* [2.5,6.0]

Korean, Chinese, Indian or Japanese 1.4 [0.5,3.7] 1.6 [0.6,4.2] 1.1 [0.2,5.2] 1.3 [0.3,6.5]

Other Asian 0.2 [0.1,1.6] 0.6 [0.1,4.8] 2.8 [0.7,12.0] 4.5 [1.0,20.7]

Hispanic 0.9 [0.6,1.5] 0.7 [0.4,1.1] 1.8 [1.0,3.5] 2.0* [1.0,3.7]

Native American 1.6 [0.7,3.7] 0.8 [0.4,1.8] 5.8* [1.1,31.3] 4.7* [1.0,20.9]

Hawaiian\Pacific Islander 0.9 [0.1,10.5] 0.4 [0.1,2.6] 3.4* [1.8,6.6] 2.7* [1.3,5.8]

Mixed Race 1.0 [0.5,2.1] 0.7 [0.3,1.4] 1.9 [0.7,5.0] 1.9 [0.7,5.3]

Medical Risk Factor(s) 0.9 [0.7,1.2] 1.1 [0.8,1.4]

Behavior Risk Factor(s) 0.5 [0.3,1.0] 1.0 [0.6,1.8]

Obstetric procedures 0.9 [0.7,1.2] 1.2 [0.9,1.6]

Labor complications 1.1 [0.8,1.3] 1.1 [0.8,1.4]

Very Pre-term ≤ 32 weeks 4.3* [2.1,9.1] 2.3* [1.1,4.8]

Moderately Pre-term, 33 to 36 weeks 3.6* [2.5,5.2] 1.3 [0.8,2.0]

Very low birthweight, ≤ 1500 gm 14.8* [8.8,24.9] 2.2* [1.1,4.5]

Moderately low birthweight, 1501–2500 gm 3.0* [2.0,4.4] 1.5 [1.0,2.4]

Congenital Anomaly 0.9 [0.4,2.0] 1.0 [0.6,1.8]

a
Lowest 10% of Bayley Mental Score

*
Significant at p=0.05
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