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Abstract The objective of this paper is to examine pat-

terns of cognitive delay at 24 and 48 months and quantify

the effects of perinatal and sociodemographic risk factors

on persistent and variable cognitive delay. Using data from

7,200 children in the Early Childhood Longitudinal Study,

Birth Cohort (ECLS-B), multiple logistic regression mod-

els identified significant predictors of low cognitive func-

tioning at 24 and 48 months. Additional multiple logistic

models predicting cognitive delay at 48 months were

estimated separately for children with and without delay at

24 months. Of the nearly 1,000 children delayed at

24 months, 24.2% remained delayed by 48 months; 7.9%

of the children not delayed at 24 months exhibited delay at

48 months. Low and very low birthweight increased cog-

nitive delay risk at 24, but not 48 months. Low maternal

education had a strongly increasing effect (OR = 2.3 at

24 months, OR = 13.7 at 48 months), as did low family

income (OR = 1.4 at 24 months, OR = 7.0 at 48 months).

Among children delayed at 24 months, low maternal edu-

cation predicted delay even more strongly at 48 months

(OR = 30.5). Low cognitive functioning is highly dynamic

from 24 to 48 months. Although gestational factors

including low birthweight increase children’s risk of cog-

nitive delay at 24 months, low maternal education and

family income are more prevalent in the pediatric popu-

lation and are much stronger predictors of both persistent

and emerging delay between ages 24 and 48 months.

Keywords Cognitive development � Low birthweight �
Socioeconomic factors � Developmental delay � Maternal

education

The early childhood years are characterized by dramatic

growth in children’s cognitive functioning. For most chil-

dren, such growth culminates in the acquisition of the

knowledge and complex processing abilities required to

succeed in structured school settings. However, a signifi-

cant proportion of children fail to achieve this optimal

developmental trajectory and instead experience delays

that may or may not be recognized prior to their enrollment

in kindergarten. The early onset of cognitive delay lowers

children’s school readiness, and can also have persistent

and cascading effects that result in differentially poorer

mental and physical health throughout childhood and

beyond [1, 2].

Pediatric health care providers are frequently the first

health professionals in a position to observe early delays in

children’s cognitive development, and therefore to facili-

tate timely intervention. However, there is little population-

based evidence to guide practitioners in identifying
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subpopulations of children at risk, and to inform them

about the relative importance of various risk factors for

cognitive delay during the years prior to school entry. On

one hand, numerous clinical follow-up studies of children

born prematurely and at low birthweight show that these

children are more likely to display low educational

achievement in school [3–10] and into adulthood [11]. As a

result, these children are relatively more likely to be

referred for early intervention services [12]. However,

many additional factors are also hypothesized to contribute

to children’s risk of cognitive delay, yet have not been

systematically examined. Some of these factors, such as

lower maternal education and family socioeconomic status

[13–15], are more prevalent than preterm birth and low

birthweight among the general population of children [16],

and as such may be more likely to be risk factors for lower

cognitive functioning in children seen in primary care

practices [17].

Another important limitation of existing research is that

there are very few studies of child development that ana-

lyze nationally-representative data over time. Of those

studies that are longitudinal, most are constrained by rel-

atively small sample sizes to aggregate data over large

childhood age ranges rather than focusing on develop-

mental assessment at specific ages [18–20]. Consequently,

pediatric researchers and clinicians do not know the extent

to which the onset of cognitive delay as early as age 2

increases the likelihood of lower school readiness during

the children’s preschool years.

Gaining a greater understanding of the influences on

children’s early cognitive development is particularly

important in view of increasing evidence documenting

long-term adverse health and social consequences of

impaired development [1, 2, 21], and the considerable

benefits of early intervention [22–24]. The purpose of the

present study is to quantify risk factors for cognitive delay

in children between 24 and 48 months of age, and in

particular risk factors associated with persistent and

emerging cognitive delay. Identifying which groups of

children are likely to experience delays in their cognitive

growth will help pediatricians more effectively target their

screening and intervention efforts. The study analyses are

based on a new nationally representative, longitudinal

dataset, the Early Childhood Longitudinal Study, Birth

Cohort (ECLS-B) that includes multiple measures of

gestational, birth, and socio-demographic characteristics as

well as in-person child development assessments and

extensive parental interviews. Analyses of this population-

based data provide the most rigorously derived estimates

available to date of the dynamics and risk factors for

cognitive delay during a time period when pediatricians’

screening, monitoring, and intervention efforts are likely

to have the greatest impact.

Methods

Data and Sample

The ECLS-B includes data from a cohort of *10,200

children born in the US in 2001. Note that all sample sizes

reported in this paper have been rounded to the nearest 50,

as specified by ECLS-B data confidentiality requirements

(which are available at the ECLS-B website: http://nces.

ed.gov/ecls/birthdatainformation.asp). The ECLS-B sam-

ple was selected from birth certificate records and includes

oversamples of Asian and Pacific Islanders, Native Amer-

icans and Alaska Natives, low birthweight (1,500–2,500 g)

and very low birthweight (\1,500 g) children, and multiple

births. Sample weights are provided in the ECLS-B dataset

to allow for calculation of nationally-representative esti-

mates. The ECLS-B study protocol includes direct devel-

opmental assessments and interviews with family members

when children are 9 months, 24 months, and 48 months of

age. Data used in the present analyses were gathered at the

24 and 48 month assessments.

In this study, we restricted the analytic sample to the

approximately 7,200 children having cognitive assessment

data from the 24 and 48 month developmental assessments,

as well as data for each of the other variables included in

the multivariate models. Thus, the analytic sample exclu-

ded some children who participated in the ECLS-B study

but had missing data on variables of interest. However,

those children who were excluded were generally similar to

those included in the analytic sample on most observed

socioeconomic characteristics. Data for the 48 month

developmental assessments were slightly more likely to be

missing among males and among black children, resulting

in analytic sample sizes for these groups that were smaller

than their representation in the full sample by 1.2 percent

and 3 percent, respectively.

Measures

Low Cognitive Functioning

The outcome of interest, delayed cognitive functioning, was

quantified based on standardized cognitive assessments

administered to children at the 24 and 48 month survey

waves. At 24 months, the mental scale of the Bayley Short

Form-Research Edition (BSF-R) was used. This is a mod-

ified version of the Bayley Scales of Infant Development,

Second Edition (BSID-II), which is designed for use in

children from birth to 36 months of age. In both the BSID-II

and the BSF-R, the mental score is based on trained inter-

viewer assessments of age-appropriate cognitive develop-

ment as manifested in tasks demonstrating memory,

habituation, preverbal communication, problem-solving,
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and concept attainment. The shortened BSF-R was exten-

sively tested to ensure that the psychometric properties of

the BSID-II were maintained and that it accurately mea-

sured children’s performance over the entire ability distri-

bution. The overall IRT reliability coefficient for the BSF-R

mental scale was 0.98. A mental scale score is provided in

the ECLS-B, along with the child’s age at the time of

administration. For children born preterm, age at adminis-

tration was recorded as chronological age minus the number

of weeks preterm. A dichotomous variable was created

having a value of 1 for children scoring in the lowest 10% of

the BSF-R scale distribution and 0 otherwise. This 10th

percentile cut-point has been used to identify cognitive

delay in previous research by our team [25] and by others

[26–28]. We also tested alternative specifications using 5

and 15% as cut points. The patterns of results using these

alternative cut points were consistent with the results we

report using the 10% cut point.

Administration of the Bayley assessment was no longer

age-appropriate by the 48 month time point. Instead, a

standardized assessment battery measuring literacy, math

concepts, color knowledge, and receptive vocabulary skills

was administered. Thus, the 48 months battery consisted of

items relating more directly to preschool-aged children’s

academic school readiness. The battery incorporated items

from a number of standardized assessments developed for

use in other large studies of child development such as the

Head Start Impact Study [29], and included elements of the

Peabody Picture Vocabulary Test [30], the Preschool

Comprehensive Test of Phonological and Print Processing

[31], the PreLAS 2000 [32], and the Test of Early Mathe-

matics Ability-3 [33]. We converted children’s scores on

the measures of literacy, math concepts, color knowledge,

and receptive vocabulary into z-scores and summed them to

produce a summary cognitive score. Similar to the proce-

dure used for the BSF-R scores, we created a dichotomous

variable that was given a value of 1 for those scoring in the

lowest 10% of the distribution, and 0 otherwise.

Predictor Variables of Interest

Socio-demographic data were collected in parent interviews

and from birth certificates, and variables were included in

the analyses capturing children’s race/ethnic origin (non-

Hispanic white, non-Hispanic black, Hispanic, Asian,

Native American, and other), maternal education (less than

9th grade, 9th–12th grade, high school graduate, some

college or other training after high school, and 4-year col-

lege degree and above), family income (less than $10,000,

$10,001–20,000, $20,001–$40,000, $40,001–$75,000, or

over $75,000), maternal age, and marital status. Birth cer-

tificate records provided data on medical risk factors during

pregnancy (quantified as a count of problems present

including 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

4,000?g, or previous preterm birth), behavioral risk factors

during pregnancy (alcohol and tobacco use during preg-

nancy, coded as 1 if present and summed to form a scale that

ranged from 0 to 2), obstetrical procedures (measured as a

count of procedures including induction of labor, stimula-

tion of labor, tocolysis, amniocentesis, and cesarean

section), labor complications (measured as a count of

complications including abruption placenta, anesthetic

complications, dysfunctional labor, breech/malpresenta-

tion, cephalopelvic disproportion, cord prolapsed, fetal

distress, excessive bleeding, fever of [100oF, moderate/

heavy meconium, precipitous labor (\3 h), prolonged labor

([24 h), placental previa, or seizures during labor), multi-

ple birth, preterm delivery (represented by two dichotomous

indicator variables: (1) very preterm (B32 weeks) and (2)

moderately preterm (33–36 weeks)), low birthweight

(represented by 2 dichotomous indicator variables: (1) very

low birthweight (B1,500 g) and (2) moderately low birth-

weight (1,501–2,500 g), and presence of any congenital

anomaly. Child age was included to control for variations in

actual age at administration of the 24 and 48 month

assessments.

Analyses

Descriptive analyses were conducted for study variables, as

well as cross-tabulation of cognitive delay at 48 months by

delay status at 24 months to assess the relative stability of

cognitive delay over the two time points. Two nested

multiple logistic regression models were estimated for each

of these study time points to examine associations between

low cognitive functioning and socio-demographic charac-

teristics and gestational and birth-related factors. To iden-

tify potential differences between children with persistent

and emerging delay over the study period, additional sets

of multiple logistic models predicting cognitive delay at

48 months were estimated separately for children with and

without delay at 24 months. Analyses were weighted to

appropriately account for the oversampling of some pop-

ulation groups and the stratified cluster design of the

ECLS-B. All analyses were performed with SAS version

9.1 statistical software.

Results

Table 1 provides descriptive statistics for the study sample,

including gestational and birth factors, demographic
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characteristics, and mean cognitive scores at the 24 and

48 month assessments. Of the 11% of children born pre-

term, 9 percentage points were due to those born between

33 and 36 weeks, and 2 percentage points were due to

those born very preterm at 32 weeks gestation or fewer.

Similarly, a small percentage (1%) of the sample were born

at very low birthweight (B1,500 g), while 6% had mod-

erately low birthweight (1,501–2,500 g). Male and female

children were equally represented in the sample. White,

non-Hispanic children comprised 57% of the total. The

next largest ethnic groups, Hispanic and Black children,

made up 22 and 14% of the sample, respectively.

Table 2 displays information for two groups of children.

Data for the nearly 1,000 children who scored in the lowest

10% of the weighted cognitive score distribution at

24 months are shown in the top panel. The bottom panel

contains data for children not in the low range at

24 months. Of the children classified as cognitively

delayed at the 24 month assessment, only 24.2% remained

delayed by 48 months. This indicates a high likelihood of

improvement over time. Conversely, 7.9% of children who

were not delayed at 24 months fell into the low range by

48 months. This indicates that the majority of children

displaying cognitive delay at 24 months of age do not

display atypically low levels of school readiness at

48 months of age.

Table 1 Demographic characteristics, gestational and birth factors,

and cognitive test scores, early childhood longitudinal study-birth

cohort (ECLS-B) study sample (N = 7,200)

Mean or

percenta
Standard

deviation

Male 50%

Child age (months), ECLS-B wave 2 24.39 1.16

Child age (months), ECLS-B wave 3 52.54 4.10

Ethnic origin

White, non-hispanic 57%

Black 14%

Hispanic 22%

Asian 3%

Native American 0.4%

Other 4%

Mother’s education, 24 month assessment

Less than 9th grade 3%

From 9th to 12th grade 12%

High school graduate 31%

Some training/college after high school 27%

Four year college degree and above 26%

Family income, 24 month assessment

Less than $10,000 9%

Between $10,001 and $20,000 14%

Between $20,001 and $40,000 27%

Between $40,001 and $75,000 26%

At or above $75,001 24%

Mother’s education, 48 month assessment

Less than 9th grade 3%

From 9th to 12th grade 10%

High school graduate 30%

Some training/college after high school 30%

Four year college degree and above 27%

Family income, 48 month assessment

Less than $10,000 8%

Between $10,001 and $20,000 12%

Between $20,001 and $40,000 26%

Between $40,001 and $75,000 25%

At or above $75,001 28%

Maternal age = 35 or older 14%

Marital status = unmarried, 48 month

assessment

32%

Medical risk factor(s) 0.18 0.52

Behavioral risk factor(s) 0.12 0.33

Obstetric procedure(s) 0.59 0.68

Labor complication(s) 0.36 0.67

Multiple birth 3%

Gestation

Very preterm B32 weeks 2%

Moderately preterm 33–36 weeks 9%

Table 1 continued

Mean or

percenta
Standard

deviation

Birthweight

Very low birthweight B1,500 g 1%

Moderately low birthweight

1,501–2,500 grams

6%

Congenital anomalyb 5%

Bayley mental score, 24 month assessment 127.75 10.66

Literacy score, 48 month assessment 13.11 7.14

Math score, 48 month assessment 22.64 7.42

Color knowledge score, 48 month assessment 8.77 2.28

Receptive vocabulary score, 48 month

assessment

8.60 1.92

48 Month assessment score 53.12 16.00

The Bayley mental score was used as the cognitive score at

24 months; at 48 months, literacy, math, color knowledge, and

receptive vocabulary scores were converted into z-scores and summed

Sample size rounded to nearest 50 in accordance with ECLS-B

data confidentiality requirements (available at http://nces.ed.gov/ecls/

birthdatainformation.asp)
a Estimates are weighted to take the complex sampling design into

account
b Any congenital abnormality identified on the birth certificate
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Table 3 shows logistic regression models predicting

the child’s cognitive delay status separately at 24 and

48 months. Two models are shown for each time point.

The first model includes demographic information includ-

ing sex, age, and race/ethnic origin. The second model also

adds socioeconomic variables and characteristics of ges-

tation and infant status at birth. The numbers shown are the

effects of each predictor on the odds of a child displaying a

low cognitive score, after statistically controlling for all of

the other variables in the model.

Model 1, displaying findings from the 24 month

assessment, indicates that male children were approxi-

mately twice as likely as female children to exhibit low

cognitive functioning. Those children who were compara-

tively older at the time of the assessment were less likely to

have lower scores. Compared to non-Hispanic white chil-

dren, black, Hispanic, and Asian children, as well as those

of other race/ethnic origins (with the exception of Native

Americans) had significantly elevated odds of displaying

cognitive delay.

Model 2 adds gestational and birth characteristics,

as well as additional sociodemographic characteristics.

Maternal education is a strong predictor of cognitive delay.

Children of mothers in the lowest education category

experiencing over twice the risk of low cognitive scores

compared to children of highly educated mothers. Other

significant predictors of cognitive delay at 24 months

include multiple birth (OR = 1.52) and being born at very

low or moderately low birthweight (OR = 4.38 and

OR = 1.70, respectively). The addition of socioeconomic

and birth-related variables in Model 2 reduces the effects

associated with black and Hispanic race/ethnicity, but does

not completely account for those effects as race/ethnicity

remains a statistically significant risk factor.

The effects of low maternal education become even

stronger at 48 months. At this time point, and controlling for

many other variables, children of mothers with the lowest

educational attainment are more than 13 times more likely to

be cognitively delayed than children of the most highly

educated mothers. The odds ratios for the lower income

categories are also significantly elevated. This indicates that

income and education each exert independent effects on

children’s risk of displaying delayed cognitive functioning

at 48 months. By 48 months, birthweight is no longer pre-

dictive of cognitive delay. However, gender and multiple

birth remain significant, and having had obstetrical proce-

dures at birth is associated with lower risk. Similar to the

findings at 24 months, the estimated effects of race/ethnicity

are generally reduced in magnitude but not eliminated after

accounting for additional social and birth-related factors.

Table 4 shows estimated effects of risk factors for

cognitive delay at 48 months, separately for children who

were, and who were not cognitively delayed at 24 months.

Looking first at those who were delayed at 24 months, the

full model (Model 2) indicates that maternal education is

an extremely strong risk factor for continued delay at

48 months (OR = 30.49 for lowest maternal education

category, and 10.66 for the second-lowest category), with

family income also shown to be important (OR = 7.58 for

the lowest income category and 4.17 for the second-lowest

category). Very low birthweight is significant in Model 2,

however race/ethnicity is not.

Among children who were not delayed at 24 months, the

results of Model 2 show both similarities and differences

with those who were delayed. One difference is that for

those not delayed at 24 months, race/ethnic origin effects

are larger and more likely to be statistically significant than

for those who were delayed. These occur for blacks

(OR = 1.89), Hispanics (OR = 2.87), and Native Ameri-

cans (OR = 3.31). Mother’s education and family income

effects are now smaller in magnitude than for the previ-

ously delayed, but still strikingly large overall. The effect

for the lowest category of mother’s education has an

OR = 11.46, while the lowest category of family income

Table 2 Patterning of cognitive scores over time in early childhood, ECLS-B unweighted study sample (N = 7,200)

Number Not Number Percent (95% CI)

Delayed at 48 Mo Delayed at 48 Mo Delayed at 48 Mo

I. All children cognitively delayed at 24 Mo (n = 1,000) 750 250 24.2a (21.6, 27.0)

II. All children not cognitively delayed at 24 Mo (n = 6,250) 5,750 500 7.9 (7.2, 8.6)

The Bayley mental score was used as the cognitive score at 24 months; at 48 months, literacy, math, color knowledge, and receptive vocabulary

scores were converted into z-scores and summed. At both 24 and 48 months, cognitive delay was defined as falling in the lowest 10% of scores

Cutoffs for the bottom 10% of scores at 24 and 48 months were determined from the weighted, full available sample of cases at each time point.

(This, plus oversampling of low birth weight and multiple birth children accounts for the fact that the analysis sample contains more than 10%

delayed children at 24 months.)

All sample sizes in this table are rounded to the nearest 50 in accordance with ECLS-B data confidentiality requirements (available at

http://nces.ed.gov/ecls/birthdatainformation.asp)
a Percentages and confidence intervals are calculated from actual sample sizes and have not been rounded
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has an OR = 6.20. Very preterm birth (OR = 3.07) and

multiple birth (OR = 1.48) are also associated with ele-

vated risk for low cognitive scores at 48 months in this

group of children, and a history of obstetric procedures is

associated with lower risk (OR = 0.81).

Collectively, these analyses indicate that particular

socioeconomic factors (i.e., low maternal education, low

family income) strongly elevate a child’s risk for cognitive

delay. This is the case for each time period separately, and,

when separate analyses are run according to cognitive

delay status at 24 months, for both persistent and emerging

delay. Such is not the case for the gestational and birth

characteristics, where effects become much weaker when

predicting cognitive delay at 48 months. The importance

and regularity of the effects of the socio-economic factors

are also underscored by the fact that they display a

monotonic increasing pattern, in that each increase in either

the mother’s education level or the family’s income cor-

responds to a decrease in a child’s risk of persistent or

variable cognitive delay. The largest of these effects occurs

at the very lowest level of mother’s education, when pre-

dicting child outcomes at 48 months.

Table 3 Logistic regression

estimates (odds ratios) of

displaying low cognitive scores

at the 24 and 48 month

assessments (N = 7,200)

* P B 0.05, ** P B 0.01,

*** P B 0.001

Literacy, math, color

knowledge, and receptive

vocabulary scores were

converted into z-scores and

summed to produce cognitive

score at 48 months; lowest 10%

were defined as low

Bayley mental score was used

as cognitive score at 24 months;

lowest 10% were defined as low

Sample size rounded to the

nearest 50 in accordance with

ECLS-B data confidentiality

requirements (available at

http://nces.ed.gov/ecls/

birthdatainformation.asp)

24 Mo assessment 48 Mo assessment

Model 1 Model 2 Model 1 Model 2

Male 1.93*** 2.00*** 1.55*** 1.66***

Child age (months) 0.66*** 0.64*** 0.86*** 0.83***

Ethnic origin

Black 3.00*** 1.92*** 4.47*** 1.97***

Hispanic 2.89*** 2.04*** 5.69*** 2.61***

Asian 2.45*** 2.74*** 1.68 * 1.61

Native American 1.96 1.46 4.45*** 2.37***

Other 1.85* 1.49 2.40*** 1.70*

White, non-hispanic 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Mother’s education at corresponding assessment

Less than 9th grade 2.33** 13.65***

From 9th to 12th grade 2.45*** 6.88***

High school graduate 1.97*** 3.13***

Some training/college after high school 1.81** 1.83 *

Four year college degree and above 1.00 (ref) 1.00 (ref)

Family income at corresponding assessment

Less than $10,000 1.43 7.01***

Between $10,001 and $20,000 1.56 5.13***

Between $20,001 and $40,000 1.31 3.92***

Between $40,001 and $75,000 1.10 2.52**

At or above $75,001 1.00 (ref) 1.00 (ref)

Maternal age = 35 or older 0.90 0.96

Marital status = unmarried, 48 month assessment 1.10 0.99

Medical risk factor(s) 0.98 0.89

Behavioral risk factor(s) 0.79 0.87

Obstetric procedure(s) 0.85 0.83*

Labor complication(s) 1.04 1.03

Multiple birth 1.52** 1.52*

Gestation

Very preterm B32 weeks 1.52 1.86

Moderately preterm 33–36 weeks 1.07 1.10

Birthweight

Very low birthweight 4.38*** 1.10

Moderately low birthweight 1.70*** 1.17

Congenital anomaly 1.19 1.27
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Discussion

The goal of this study was to identify patterns of cognitive

delay in the US child population between 24 and 48 months

of age, and quantify the factors associated with increased

risk of experiencing such delay. The analyses indicate that

patterns of development in early childhood are highly

dynamic. The findings provide evidence for a high likeli-

hood of ‘‘recovery’’ among children who exhibit cognitive

delay at 24 months, with 76% testing in the non-delayed

range by 48 months. The analyses also identified a group of

children who repeatedly display cognitive delay during the

toddler to preschool period. The estimates indicate that

about one-quarter of those delayed at 24 months will also

experience delay at 48 months (i.e., persistently delayed

children). These children will likely require early inter-

vention services if they are to successfully meet the

increasing demands of primary school classrooms.

Multivariate analyses involving children delayed at

24 months indicate that low levels of maternal education

Table 4 Logistic regression

estimates (odds ratios) of

displaying low cognitive scores

at 48 months, shown separately

for children with and without

cognitive delay at 24 months

* P B 0.05, ** P B 0.01,

*** P B 0.001

Literacy, math, color

knowledge, and receptive

vocabulary scores were

converted into z-scores and

summed to produce cognitive

score at 48 months; lowest 10%

were defined as low

Bayley mental Score was used

as cognitive score at 24 months;

lowest 10% were defined as low
a All sample sizes in this table

are rounded to the nearest 50 in

accordance with ECLS-B data

confidentiality requirements

(available at

http://nces.ed.gov/ecls/

birthdatainformation.asp)

Children with low

cognitive score at the

24 month assessment

(n = 1,000a)

Children with non-low

cognitive score at the

24 month assessment

(n = 6,250)

Model 1 Model 2 Model 1 Model 2

Male 0.88 1.06 1.57*** 1.68***

Child age (months) 0.85*** 0.82*** 0.85*** 0.83***

Ethnic origin

Black 2.30** 1.60 4.39*** 1.89***

Hispanic 2.32** 1.36 6.18*** 2.87***

Asian 0.88 1.10 1.73 1.54

Native American 0.86 0.38 5.66*** 3.31***

Other 3.36* 2.16 2.00* 1.40

White, non-hispanic 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Mother’s education at corresponding assessment

Less than 9th grade 30.49*** 11.46***

From 9th to 12th grade 10.66*** 5.93***

High school graduate 5.61** 2.62**

Some training/college after high school 3.03 1.56

Four year college degree and above 1.00 (ref) 1.00 (ref)

Family income at corresponding assessment

Less than $10,000 7.58*** 6.20***

Between $10,001 and $20,000 4.17** 4.85***

Between $20,001 and $40,000 3.19 * 3.86***

Between $40,001 and $75,000 3.17** 2.31*

At or above $75,001 1.00 (ref) 1.00 (ref)

Maternal age = 35 or older 1.22 0.89

Marital status = unmarried, 48 month assessment 0.78 1.02

Medical risk factor(s) 1.36 0.77

Behavioral risk factor(s) 1.17 0.83

Obstetric procedure(s) 0.91 0.81*

Labor complication(s) 0.98 1.04

Multiple birth 1.25 1.48*

Gestation

Very preterm B32 weeks 0.33 3.07**

Moderately preterm 33–36 weeks 0.82 1.17

Birthweight

Very low birthweight 3.42* 0.56

Moderately low birthweight 1.26 1.13

Congenital anomaly 1.07 1.26
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and family income are by far the most salient risk factors

for continued delay at 48 months. These factors are asso-

ciated with dramatic increases in risk of 30-fold (mother’s

education) and sevenfold (family income), respectively. In

contrast, very low birthweight status is associated with a

more modest but still significant threefold increase in risk.

Among children without delay at 24 months, socio-demo-

graphic factors including low maternal education and low

family income also had the strongest effects on the risk of

delay at 48 months, while perinatal characteristics includ-

ing prematurity and multiple gestation were associated

with lesser but still significantly elevated odds of delay.

The analyses presented here provide important new

evidence about the patterning and relative importance of

socio-demographic and perinatal factors in determining the

risk of cognitive delay over time within the general popu-

lation of young children. Much previous research about the

adverse effects of perinatal factors on subsequent child

development has been based on follow-up of clinical sam-

ples of low and very low birthweight children [5, 9, 34–37],

who are often compared with similar numbers of normal

birthweight children matched on demographic characteris-

tics [9] or selected from regional samples [5]. Consistent

with the present analyses, those prior studies identify per-

sistent negative effects of low birthweight and prematurity

on cognitive development [3, 6]. Although these studies

provide valuable information, they do not directly contrast

the relative magnitude of these gestational and birth factors

with the risks of cognitive delay associated with socioeco-

nomic disadvantage among young children who are seen in

general pediatric practice. Population-level research on

developmental outcomes has generally been limited to

secondary analysis of datasets such as the National Health

and Nutrition Examination Survey [18], the National Health

Interview Survey [19], and the Panel Study of Income

Dynamics [20], in which small sample sizes necessitate

pooling data from children of widely varying ages, often

over both child and adolescent age ranges.

The present analyses underscore the strong effects of

lower socioeconomic status, including lower maternal

education and family income, on children’s developmental

risk. In particular, children with cognitive delay at

24 months who have less educated mothers are at markedly

elevated risk of persistent delay through 48 months. Lower

socioeconomic status is known to be associated with a

range of exposures that can adversely influence cognitive

development. These exposures include suboptimal nutri-

tional status, both in overall caloric intake and with regard

to specific nutrients needed for central nervous system

functioning including iron, iodine and essential fatty acids

[38–41], as well as increased incidence of chronic health

conditions such as asthma [42]. Economically disadvan-

taged families are also more likely to live in neighborhoods

that contain sources of lead [43], PCBs [44], and other

toxins that can impair cognitive functioning. Lower

socioeconomic status is also associated with less optimal

home [13] and childcare [45] environments that tend to

provide less cognitive stimulation [46]. For example,

mothers with lower education levels typically use both

lower quantity and quality vocabularies when interacting

with their children [47]. Children in low-income families

tend to watch TV more frequently [48], and often lack

access to storybooks and other types of print material

[49, 50].

The finding in this study that black, Hispanic, and

Native American children are at increased risk of emerging

delay after taking family income and education into

account is consistent with findings that minority families

are differentially more likely to experience adverse health-

related and environmental exposures than white families of

similar socioeconomic status [51, 52]. Culturally diverse

and non-English-speaking families also tend to have

reduced access to and utilization of high quality pediatric

health care that could counteract or buffer at least some of

the effects of adverse physical and environmental expo-

sures [53, 54].

The study findings have a number of practical implica-

tions for providers of pediatric health care. First, universal

and comprehensive developmental screening in pediatric

practice is critical for detecting early developmental delays

[55]. A recent survey of pediatricians, however, indicates

that only about a quarter adhere to current screening

guidelines [56], which call for standardized developmental

screening tests at 9, 18, and 24 or 30 months of age, and

screening for school readiness at age 4 [55]. Moreover,

findings of the present study suggest that this recommended

timetable may be insufficient for timely identification of

cognitive delay in socioeconomically disadvantaged pop-

ulations. In addition to standardized testing, evidence

suggests that systematically eliciting and evaluating

parental concerns about their children’s developmental

progress at each well-child care visit is a highly beneficial

component of surveillance [57].

Results of the present study also underscore the

importance of strategies to facilitate cognitive develop-

ment. In reviewing the evidence base for primary health

care services to promote early child development, Rega-

lado and Halfon [57] found support for the efficacy of

anticipatory guidance encouraging positive parent-child

contact through education about children’s normal social

development and emphasizing the importance of respon-

sive reciprocal interactions. The incorporation in pediatric

practices of structured programs such as Reach Out and

Read that facilitate interactive reading among parents

and children have also been found to increase children’s

cognitive and language test scores [58, 59]. Pediatric
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practitioners can also stress the importance of high quality

child care in promoting child development, and provide

information to parents about the components of quality

programs [60].

The present study has several limitations. Gestational

and birth information comes from birth certificates, which

although widely used may contain erroneous information,

especially concerning complications of pregnancy and

delivery, prenatal substance use, and congenital abnor-

malities (some of which may not be recognized until after

the newborn period) [61]. Delayed cognitive functioning

was measured with different instruments at the two study

time points. This was because the standardized cognitive

assessment included in the ECLS-B at 24 months, the short

form research version of the Bayley assessment, was not

age-appropriate for administration to 48 month olds. In its

place, the designers of the ECLS-B administered age-

appropriate tests of early literacy, mathematics, color

knowledge, and receptive vocabulary at 48 months.

Although we cannot directly assess how use of different

assessments at the two time points may have influenced the

results, our strategy of specifying a cutoff of the 10th

percentile of standardized score to identify delay has been

used in other research [26], and it is reassuring that tests of

alternative 5 and 15 percentile cutoff values yielded similar

patterns of results.

In conclusion, this study underscores the dynamic nature

of cognitive developmental progress from 24 to 48 months

of age. Although low birthweight increases the risk of

cognitive delay, especially at 24 months, socioeconomic

disadvantage is more common in the pediatric population

and is by far a much stronger predictor of persistent as well

as emerging delay. Comprehensive developmental screen-

ing in pediatric practice is needed, especially in low-income

subpopulations, to identify children who are experiencing

delays and initiate ameliorative action.
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