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IMPORTANCE Inequities in social environments are likely associated with a large portion of
racial disparities in childhood cognitive performance. Identification of the specific exposures
associated with cognitive development is needed to inform prevention efforts.

OBJECTIVE To identify modifiable factors associated with childhood cognitive performance.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal pregnancy cohort study included 1503
mother-child dyads who were enrolled in the University of Tennessee Health Science
Center–Conditions Affecting Neurodevelopment and Learning in Early Life study between
December 1, 2006, and July 31, 2011, and assessed annually until the children were aged 4
to 6 years. The analytic sample comprised 1055 mother-child dyads. A total of 155 prenatal,
perinatal, and postnatal exposures were included to evaluate environment-wide associations.
Participants comprised a community-based sample of pregnant women who were recruited
between 16 weeks and 28 weeks of gestation from 4 hospitals in Shelby County, Tennessee.
Women with high-risk pregnancies were excluded. Data were analyzed from June 1, 2018,
to April 15, 2019.

EXPOSURES Individual and neighborhood socioeconomic position, family structure, maternal
mental health, nutrition, delivery complications, birth outcomes, and parenting behaviors.

MAIN OUTCOMES AND MEASURES Child’s full-scale IQ measured by the Stanford-Binet
Intelligence Scales, Fifth Edition, at age 4 to 6 years.

RESULTS Of 1055 children included in the analytic sample, 532 (50.4%) were female.
Among mothers, the mean (SD) age was 26.0 (5.6) years; 676 mothers (64.1%) were Black,
and 623 mothers (59.0%) had an educational level of high school or less. Twenty-four factors
were retained in the least absolute shrinkage and selection operator regression analysis and
full models adjusted for potential confounding. Associations were noted between child
cognitive performance and parental education and breastfeeding; for each increase of 1.0 SD
in exposure, positive associations were found with cognitive growth fostering from observed
parent-child interactions (β = 1.12; 95% CI, 0.24-2.00) and maternal reading ability (β = 1.42;
95% CI, 0.16-2.68), and negative associations were found with parenting stress (β = −1.04;
95% CI, −1.86 to −0.21). A moderate increase in these beneficial exposures was associated
with a notable improvement in estimated cognitive test scores using marginal means
(0.5% of an SD). Black children experienced fewer beneficial cognitive performance
exposures; in a model including all 24 exposures and covariates, no racial disparity was
observed in cognitive performance (95% CIs for race included the null).

CONCLUSIONS AND RELEVANCE The prospective analysis identified multiple beneficial and
modifiable cognitive performance exposures that were associated with mean differences
in cognitive performance by race. The findings from this observational study may help
guide experimental studies focused on reducing racial disparities in childhood cognitive
performance.
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C hildhood cognitive performance is associated with fu-
ture mortality and morbidity across a number of con-
ditions, including heart disease, cancer, and anxiety

disorders.1-3 Although once considered a primarily inherited
characteristic, childhood cognitive performance has been re-
ported to be sensitive to environmental conditions in mul-
tiple studies.4-7 This sensitivity is especially relevant among
children growing up in households with low socioeconomic
conditions, in which environmental circumstances account for
a larger proportion of the variance in childhood cognitive func-
tion than do genetic predispositions.8-10 The preponderance
of data suggests that early environmental exposures are im-
portant for early cognitive development.

Children develop in complex learning environments that
are characterized by myriad social, physical, and chemical ex-
posures, many of which have been associated with cognitive
performance and are distributed inequitably by race and so-
cioeconomic position.11,12 Exposures include those modifi-
able by prevention and intervention efforts, such as prenatal
and postnatal exposure to environmental toxins13-15; prena-
tal and postnatal nutrition16,17; parental educational level and
household income18; smoking during pregnancy18; breast-
feeding, birth weight, and maternal body mass index during
pregnancy19; exposure to domestic violence20; and parent-
ing behaviors.21 However, these exposures are often exam-
ined independently, reflecting disciplinary perspectives. Con-
current testing of multiple aspects of the early environment
may reveal targets for intervention that are most likely to be
associated with reductions in cognitive performance dispari-
ties.

We used an environment-wide association approach22,23

to examine 155 factors associated with childhood cognitive per-
formance in a prospective pregnancy cohort study of mother-
child dyads living in an urban area in the southern US. Mea-
surements included detailed multilevel and multimodal
phenotyping in the prenatal and postnatal periods; the exam-
ined variables encompassed individual and neighborhood mea-
sures of socioeconomic position, family structure, maternal
mental health, nutrition, birth outcomes, and observed and
self-reported measures of parenting behaviors.24 Our goal was
to identify modifiable exposures that may be targeted in fu-
ture interventions designed to achieve equity in early learn-
ing environments for all children.

Methods
The Conditions Affecting Neurodevelopment and Learning in
Early Life (CANDLE) study conducted through the University
of Tennessee Health Sciences Center is a prospective preg-
nancy cohort study in Shelby County, Tennessee, that was origi-
nally initiated to identify early-life factors of neurocognitive
development. From December 1, 2006, to July 31, 2011, the
CANDLE study enrolled 1503 pregnant women between 16
weeks and 28 weeks of gestation who were planning to de-
liver at 1 of 4 participating hospitals. Women with known
chronic conditions (eg, hypertension and diabetes) were ex-
cluded. Extensive longitudinal data collection included clini-

cal visits conducted twice during pregnancy and at annual in-
tervals throughout childhood.24 The analytic sample included
all children with a recorded full-scale IQ measurement from
the visit conducted at age 4 to 6 years. All research activities
were approved by the institutional review board of the Uni-
versity of Tennessee Health Sciences Center, and written in-
formed consent was obtained from all mothers. This study fol-
lowed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline for cohort
studies.

Based on previous literature and theory,4-20 we evalu-
ated the full CANDLE data set to identify factors that may be
associated with childhood cognitive performance. We ex-
cluded measures of the same construct that had high Spear-
man correlation coefficients (defined as >0.85); if subscale
scores and overall scores had high correlation coefficients, only
overall scores were included. We also calculated the mean of
the same measure at multiple points, keeping prenatal and
postnatal measurements separate if they did not have high cor-
relation coefficients. Continuous variables were standard-
ized to a mean of 0 and an SD of 1.0 for all analyses. In the first
stage of analysis, indicator variables were created from cat-
egorical variables, with indicators assigned a value of −1.0 or
1.0, and the reference group included all other categories. This
approach allowed us to examine each category as a separate
exposure. In stages 2 and 3, all categories of an exposure se-
lected in stage 1 were included in the final models. Our analy-
sis included multiple distinct measures of the following mul-
tilevel broad domains of exposure measured across the prenatal
and postnatal periods: socioeconomic position; family struc-
ture; maternal cognition, mental health, physical health, and
stress; mother and infant nutrition; labor and delivery com-
plications; birth outcomes; infant and child health; parenting
behaviors; enrollment in supplementary programs (eg, the
Women, Infants, and Children program); and maternal per-
ceptions of neighborhood quality.

A total of 161 variables were identified through this pro-
cess described in eTable 1 in the Supplement). From these vari-
ables, we identified a minimal set of a priori–defined con-
founding variables to include in all models that (1) may have

Key Points
Question Are specific exposures associated with childhood
cognitive performance and are inequities in these exposures
associated with racial disparities in cognitive test scores?

Findings In this cohort study of 1055 mother-child dyads,
24 of 155 prenatal and postnatal exposures were associated with
childhood cognitive performance; models that included all of the
exposures fully accounted for the racial disparities in cognitive test
scores. Modifiable exposures included breastfeeding, parental
educational levels, fostering of cognitive growth during
mother-child interactions, parenting stress, and maternal reading
ability, which together were associated with 0.5% of a standard
deviation difference in cognitive test scores.

Meaning The study’s results indicated that addressing inequities
in the early environment could help to reduce racial disparities in
childhood cognitive performance.
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been associated with cognitive performance, (2) were pre-
sent at the time of child’s birth, or (3) captured important study
design outcomes. These covariates comprised child’s age at as-
sessment, child’s year of birth, maternal cognitive perfor-
mance on the Wechsler Abbreviated Scales of Intelligence,25

child’s sex, and paternal and maternal ages at child’s birth.
The remaining 155 variables were considered target expo-
sures in our analyses.

Each child’s standardized full-scale IQ was assessed by
trained psychologists using the Stanford-Binet Intelligence
Scales, Fifth Edition (the mean [SD] score for the test is 100
[15] points, with higher scores indicating higher cognitive per-
formance), which has been validated and normed in large di-
verse populations and includes tasks that assess working
memory, processing speed, visual-spatial skills, vocabulary,
and language comprehension.26

Statistical Analysis
The analysis occurred in 3 stages. During stage 1, we selected
those exposures (from the 155 total exposures) that were as-
sociated with cognitive performance, adjusting for the a priori–
selected covariates that were identified as potential confound-
ing variables. Thus, using 155 independent multivariable
regression models (which were adjusted for the child’s age and
sex, maternal and paternal ages at the child’s birth, and ma-
ternal cognitive performance), we estimated associations be-
tween each target exposure and the child’s cognitive perfor-
mance. Target exposures were considered statistically
significant at P = .05 after multiple-comparison adjustment for
the false discovery rate.27,28

In stage 2, we applied the least absolute shrinkage and se-
lection operator (LASSO) method to a model that included all
target exposures that had a statistically significant associa-
tion with the outcome after correction for false discovery rate.
The LASSO method decreases unstable effect estimates to-
ward 0 and excludes colinear covariates.29-31

In stage 3, factors retained in the LASSO regression
model were incorporated into multiple parsimonious mod-
els to evaluate associations with adjustment for potential
confounding variables of the specific exposures associated
with cognitive performance that were being examined. For
example, the final models for target exposures did not
include variables that occurred after the target exposure
(eg, no postnatal covariates were included in models of pre-
natal exposures).

We evaluated the distributions of exposures retained in
stage 3 by race (White vs Black or other race). We also calcu-
lated the proportion of the mean difference in cognitive test
scores by race through inclusion of these exposures plus co-
variates in a single fully adjusted model.

We used the missForrest package in R software (R Foun-
dation for Statistical Computing) to impute the values of
missing indicator and control variables in the analytic
sample. This method does not rely on distributional as-
sumptions, accommodates nonlinear associations and
interactions,32 and outperforms or is similar to multivariate
imputation by chained equations for contexts in which many
exposures are examined.33

Global Chow tests34 were used to examine whether the fi-
nal models from stage 3 differed by household income (di-
chotomized at <50% of the median of disposable income for
the US in 2010, or $14 550)35 and child sex or race. If the re-
sults of the global Chow test were statistically significant, we
performed fully interactive models using the modifier of
interest.36 All data were analyzed from June 1, 2018, to April
15, 2019.

Results
Of 1503 participants enrolled, 11 fetuses and 5 children died;
71 participants withdrew from the study, and 260 partici-
pants did not attend the visit at age 4 to 6 years. Among those
who attended the visit, 101 participants did not have a com-
pleted outcome measure. The analytic sample included 1055
mother-child dyads with cognitive test scores recorded at age
4 to 6 years (mean [SD] score, 99.8 [14.9] points) (Table 1).
Among mothers in the analytic sample, the mean (SD) age was
26.0 (5.6) years; 676 mothers (64.1%) were Black, 311 moth-
ers (29.5%) were White, and 68 mothers (6.4%) were of an-
other race (most of whom were of multiple races and identi-
fied as Black). A total of 623 mothers (59.0%) had an
educational level of high school or less. A total of 630 moth-
ers (59.7%) had Medicaid or TennCare insurance, and 440
mothers (41.7%) had household incomes of less than $25 000.
Among children in the analytic sample, the mean (SD) age was
4.4 (0.5) years, and 532 children (50.4%) were female. A com-
parison of participants included in the analytic sample with
those excluded from the analysis indicated that the samples
had similar demographic characteristics. Compared with par-
ticipants excluded from the analytic sample, mothers in-
cluded in the analysis were slightly older (mean [SD] age, 25.3
[5.1] years vs 26.0 [5.6] years, respectively) and more chil-
dren were born in 2009 or later (72.5% vs 60.8%, respec-
tively). Descriptive data on all variables are available in eTable 1
in the Supplement.

We identified 29 exposures that were associated with cog-
nitive test scores after correcting for false discovery rate
(Figure). These exposures spanned multiple domains and com-
prised both modifiable and nonmodifiable characteristics, in-
cluding family structure (previous pregnancies, first birth or-
der, and adult-to-child ratio); maternal psychosocial factors
(social support, social ties in their neighborhood, and parent-
ing stress); neighborhood characteristics (maternal percep-
tions of neighborhood quality, mean total score on the Child
Opportunity Index [score range, 1-100, with higher scores in-
dicating more childhood opportunity at the neighborhood
level], and score on the education domain of the Child Oppor-
tunity Index [measured in quintiles, with higher quintiles in-
dicating more opportunity]); socioeconomic characteristics
(maternal and paternal educational levels; income adjusted for
household size; enrollment in the Women, Infants, and Chil-
dren program and reduced-price meal programs; receipt of food
stamps; and health insurance status); parenting behaviors and
cognitive enrichment (parental involvement [measured using
the Parenting Relationship Questionnaire], child abuse poten-
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tial, maternal reading ability, and fostering of cognitive growth
[assessed by trained behavioral coders who observed moth-
ers and children completing interactive tasks]); and maternal
nutrition during pregnancy and infant feeding (plasma folate
in the second trimester, total score on the Healthy Eating In-
dex [score range, 0-100, with higher scores indicating higher
dietary quality], score on the solid fats and added sugars com-
ponent of the Healthy Eating Index [score range, 0-20, with
higher scores indicating lower consumption of solid fats and
added sugars], and breastfeeding). Positive factors associ-
ated with cognitive performance at this stage included higher
educational levels (ie, mother and father completed college or
graduate school), high educational opportunity in the neigh-
borhood, and high adjusted household income. Negative fac-
tors included 3 or more pregnancies, enrollment in a reduced-
price meal program, and public health insurance, the latter 2
of which are also factors associated with low-income status.

A correlation matrix (eFigure in the Supplement) indi-
cated associations between several of the 29 exposures; LASSO
regression analysis excluded 5 exposures (public health insur-
ance; receipt of food stamps; enrollment in the Women, In-
fants, and Children program; child abuse potential; and total
score on the Child Opportunity Index). Adjusted associations
for the remaining 24 exposures were assessed using 5 sepa-
rate models. We examined exposures during childhood in a
single model, which was adjusted for the a priori covariates in-
cluded in stage 1 as well as prenatal nutrition exposures, breast-
feeding, birth weight, and maternal race (model 1). Prenatal nu-
trition exposures were examined in separate models and
included the a priori covariates as well as maternal and pater-
nal educational levels, adjusted household income, neighbor-
hood educational opportunity, and maternal race (models 2-4).
Breastfeeding was adjusted for the a priori covariates as well
as prenatal nutrition variables, maternal and paternal educa-
tional levels, adjusted household income, neighborhood edu-
cational opportunity, birth weight, and maternal race (model
5) (Table 2).

In the final models, 7 of the 24 exposures were associated
with cognitive test scores and had 95% CIs that did not in-
clude the null. Cognitive test scores were positively associ-
ated with parental educational level. Compared with chil-
dren of parents who had a high school education or less,
children with mothers and fathers who completed graduate

Table 1. Characteristics of Participants Included in
and Excluded From the Analytic Sample

Characteristic

No. (%)

Included in analytic
sample (n = 1055)

Excluded from analytic
sample (n = 448)

Child's sex

Male 523 (49.6) 213 (47.5)

Female 532 (50.4) 194 (43.3)

Missing 0 41 (9.2)

Birth year

2007 85 (8.1) 51 (11.4)

2008 205 (19.4) 87 (19.4)

2009 248 (23.5) 84 (18.7)

2010 296 (28.1) 85 (19.0)

2011 221 (20.9) 103 (23.0)

Missing 0 38 (8.5)

Mother's age, mean (SD) 26.0 (5.6) 25.3 (5.1)

Missing 0 0

Father's age, mean (SD) 28.0 (6.8) 29.0 (6.4)

Missing 27.0 (2.6) 11.0 (2.5)

Race

Black 676 (64.1) 260 (58.0)

White 311 (29.5) 156 (34.8)

Other 68 (6.4) 30 (6.7)

Missing 0 2 (0.5)

Mother’s educational
level

≤High school 623 (59.0) 270 (60.3)

Technical school 100 (9.5) 38 (8.5)

College 209 (19.8) 90 (20.1)

Graduate school 122 (11.6) 49 (10.9)

Missing 1 (0.1) 1 (0.2)

Health insurance
status

No insurance 2 (0.2) 0

Medicaid 594 (56.3) 265 (59.2)

Medicaid and private
insurance

36 (3.4) 6 (1.3)

Private insurance 423 (40.1) 177 (39.5)

Missing 0 0

Household income, $

≤4999 136 (12.9) 55 (12.3)

5000-9999 78 (7.4) 27 (6.0)

10 000-14 999 70 (6.6) 27 (6.0)

15 000-19 999 74 (7.0) 26 (5.8)

20 000-24 999 82 (7.8) 24 (5.4)

25 000-34 999 109 (10.3) 46 (10.3)

35 000-44 999 63 (6.0) 46 (10.3)

45 000-54 999 80 (7.6) 26 (5.8)

55 000-64 999 56 (5.3) 24 (5.3)

65 000-74 999 60 (5.7) 25 (5.6)

≥75 000 165 (15.6) 69 (15.4)

Missing 82 (7.8) 53 (11.8)

(continued)

Table 1. Characteristics of Participants Included in
and Excluded From the Analytic Sample (continued)

Characteristic

No. (%)

Included in analytic
sample (n = 1055)

Excluded from analytic
sample (n = 448)

Marital status

Married 402 (38.1) 161 (35.9)

Widowed 1 (0.1) 0

Divorced 18 (1.7) 5 (1.1)

Separated 9 (0.9) 7 (1.6)

Never married 437 (41.4) 177 (39.5)

Living with partner 187 (17.7) 98 (21.9)

Missing 1 (0.1) 0
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school had higher scores of 1.70 points (95% CI, 0.33-3.07
points) and 2.36 points (95% CI, 0.70-4.02 points), respec-
tively. An increase of 1.0 SD in parenting stress was associ-
ated with a decrease of 1.04 points (95% CI, −1.86 to −0.21
points), while maternal reading ability and parenting behav-
iors that fostered cognitive growth were associated with in-
creases of 1.42 points (95% CI, 0.16-2.68 points) and 1.12 points
(95% CI, 0.24-2.00 points), respectively. Compared with the
reference group (<2 months of breastfeeding), all categories
of breastfeeding (2-4 months, 5-6 months, and ≥6 months) were
associated with higher scores; 6 months or more of breast-
feeding was associated with a higher score of 1.66 points
(95% CI, 0.51-2.80 points). Using a heuristic approach to de-
scribe the potential impact of intervention for these expo-
sures, we calculated the estimated marginal mean score for a
child with reference values for these characteristics (ie, chil-
dren with a score of 0 for continuous variables, children who
were breastfed for <2 months, and children with parents who
had a high school education or less) compared with a child
who was breastfed for 6 or more months, had parents with

college degrees, and had a mother whose reading level and ob-
served fostering of cognitive growth scores were 1.0 SD higher
than the mean and whose parenting stress level was 1.0 SD
lower than the mean. Based on coefficients from the fully ad-
justed model (eTable 3 in the Supplement), a child with more
beneficial exposures would have an estimated score of 116.2
points (95% CI, 111.2-121.2 points) compared with a reference
child’s score of 108.8 points (95% CI, 105.5-112.1 points), which
represents a mean (SD) difference of 7.4 (0.5) points.

We observed no modification of associations by race or so-
cioeconomic position, but greater statistical significance was
found in the associations between cognitive test scores and pa-
ternal technical school education among girls (for girls, β = 3.13;
95% CI, 1.06-5.20; for boys, β = −0.92; 95% CI, −3.17 to 1.34;
P = .03) and maternal graduate school education among boys
(for boys, β = −3.09; 95% CI, −0.89 to 5.30; for girls, β = 0.60;
95% CI, −1.19 to 2.38; P = .05) (eTable 2 in the Supplement).

For all but 2 of the 24 exposures identified, Black chil-
dren were less likely to be exposed to factors that are benefi-
cial for cognitive performance, with notable differences in

Figure. Exposures Associated With Cognitive Test Scores

7.55.02.50–2.5

Difference in cognitive test score

Exposure

–5.0

≥3 Previous pregnanciesa

Reduced-cost meal programa

Public health insurancea

2-3 Previous pregnanciesa

Receipt of food stampsa

Total parenting stressb

Enrolled in WIC programa

Child abuse potentialb

Prenatal maternal plasma folateb

Social ties in neighborhoodb

Perceived neighborhood qualityb

Parental involvementb

Healthy Eating Index SoFAS scoreb

Childhood Opportunity Index total scoreb

Healthy Eating Index total scoreb

Breastfeeding for 5-6 moa

Fostering of cognitive growthb

First birth ordera

Maternal social supportb

Adult to child ratiob

Paternal educational level - collegea

Maternal educational level - collegea

Breastfeeding for 36 moa

Breastfeeding for 2-4 moa

Income adjusted for household sizeb

Maternal reading scoreb

Neighborhood educational opportunity in highest 20%a

Maternal educational level - graduate schoola

Paternal educational level - graduate schoola

Difference in cognitive test scores and 95% CIs for the 29 exposures from the
independent exposure-specific regression analyses that were adjusted for a
priori covariates (ie, maternal cognitive test score, child’s birth year, child’s sex
and age, and maternal and paternal ages at child’s birth) and were retained after
correction for false discovery rates. Black dots represent test scores, and black
horizontal lines represent 95% CIs.
a Categorical exposure. For categorical variables, binary indicators for each

category were created; the reference group included all other exposure
categories. For example, for individuals with 3 or more previous pregnancies,
the reference group included individuals with 0, 1, or 2 previous pregnancies.

Because each indicator variable was evaluated in an independent multivariable
regression analysis, all categories of a given variable (eg, maternal educational
level) may not be represented in the figure if one of the categories did not
meet the false discovery rate–corrected statistical threshold.

b Continuous exposure. All continuous variables were standardized using a
mean of 0 and an SD of 1.0; thus, the reported difference in cognitive test
scores corresponds with an increase of 1.0 SD in the continuous exposure.
All exposures examined are described in eTable 1 in the Supplement. SoFAS
indicates the solid fats and added sugars component of the Healthy Eating
Index; WIC, Women, Infants, and Children program.

Identification of Modifiable Social and Behavioral Factors Associated With Childhood Cognitive Performance Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics Published online September 21, 2020 E5

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 09/28/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.2904?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.2904
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.2904?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.2904
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.2904?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.2904
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.2904


prenatal nutrition, maternal reading ability, social support and
social ties, neighborhood educational opportunity, breastfeed-
ing, and multiple measures of SEP, including maternal edu-
cational attainment (Table 3). The unadjusted mean (SD) dif-
ference in test scores by race was 13.3 (11.6) points (mean [SD],
95.9 [14.1] points for Black participants and participants of other
races vs 109.2 [12.3] points for White participants). In a mu-
tually adjusted model that included all 24 exposures and co-
variates, we observed no difference in cognitive test scores by
race (ie, the 95% CI for the race coefficient included the null)
(eTable 3 in the Supplement).

Discussion
Our goal was to identify the most salient factors associated with
childhood cognitive performance at age 4 to 6 years and the
extent to which inequities in these exposures were associ-
ated with racial disparities. Of 155 prenatal and postnatal tar-
get exposures evaluated, 24 exposures were selected for in-
clusion in fully adjusted models; with the exception of birth
order, all of these exposures could be considered modifiable.
Exposures associated with cognitive performance included
well-known factors, such as breastfeeding and parental edu-
cational levels, as well as factors that are understudied in epi-

Table 2. Fully Adjusted Models of Target Exposures
Associated With Childhood Cognitive Test Scores at Age 4 to 6 Years

Exposure
Childhood cognitive
test score, β (95% CI) P value

Model 1: childhood characteristicsa

Family structure

Previous pregnancies

0 (First pregnancy) 1 [Reference] NA

1 −0.48 (−1.86 to 0.91) .50

2 −0.95 (−2.60 to 0.71) .26

≥3 −1.64 (−3.46 to 0.17) .08

Adult:child ratiob 0.44 (−0.58 to 1.45) .40

First birth order compared
with other birth order

−0.12 (−1.59 to 1.36) .88

Mother’s psychosocial factors

Total parenting stressb −1.04 (−1.86 to −0.21) .01

Social supportb 0.43 (−0.44 to 1.31) .33

Perceived neighborhood qualityb 0.36 (−0.43 to 1.14) .37

Social ties in neighborhoodb 0.43 (−0.37 to 1.24) .30

Individual and neighborhood
socioeconomic position

Mother's educational level

≤High school 1 [Reference] NA

Technical school 1.08 (−0.11 to 2.27) .07

College 1.36 (0.31 to 2.41) .01

Graduate school 1.70 (0.33 to 3.07) .02

Father's educational level

≤High school 1 [Reference] NA

Technical school 0.89 (−0.60 to 2.38) .24

College 0.90 (−0.26 to 2.05) .13

Graduate school 2.36 (0.70 to 4.02) .005

Income adjusted for household
sizeb

−0.26 (−1.47 to 0.96) .68

Reduced cost meal program
compared with no meal program

−0.43 (−1.55 to 0.69) .46

Neighborhood educational
opportunity quintilec

1 1 [Reference] NA

2 0.11 (−1.07 to 1.30) .85

3 −0.35 (−1.50 to 0.81) .56

4 −0.09 (−1.36 to 1.17) .88

5 1.08 (−0.36 to 2.52) .14

Parenting behaviors and cognitive
enrichment

Parental involvement
(based on PRQ)b

0.50 (−0.31 to 1.31) .23

Fostering of cognitive growthb 1.12 (0.24 to 2.00) .01

Mother’s reading abilityb 1.42 (0.16 to 2.68) .03

Models 2-4: prenatal nutritiond

Prenatal nutrition

Mother’s plasma folate level
(model 2)b

0.51 (−0.29 to 1.32) .21

Heathy Eating Index score

Total (model 3)b 0.82 (−0.11 to 1.74) .08

SoFAS (model 4)b 0.78 (−0.11 to 1.68) .09

(continued)

Table 2. Fully Adjusted Models of Target Exposures
Associated With Childhood Cognitive Test Scores at Age 4 to 6 Years
(continued)

Exposure
Childhood cognitive
test score, β (95% CI) P value

Model 5: breastfeedinge

<2 mo 1 [Reference] NA

2-4 mo 2.30 (1.07 to 3.53) <.001

5-6 mo 0.96 (−0.12 to 2.05) .08

≥6 mo 1.66 (0.51 to 2.80) .005

Abbreviations: NA, not applicable; PRQ, Parenting Relationship Questionnaire;
SoFAS, solid fats and added sugars component of the Healthy Eating Index.
a Model 1 includes maternal cognitive test score, child sex, birth year, paternal

age at child’s birth, maternal age at child’s birth, child age at assessment,
maternal race, maternal plasma folate, Healthy Eating Index total score,
Healthy Eating Index–SoFAS score, breastfeeding, and birth weight.

b Continuous variable. All continuous variables were standardized using a
mean of 0 and an SD of 1.0. Coefficient estimates for continuous variables can
be interpreted as the difference in cognitive test score points associated with
an increase of 1.0 SD in exposure.

c Measured by the education domain of the Child Opportunity Index, with
quintile 1 indicating 0% to 20% opportunity, quintile 2 indicating 21% to 40%
opportunity, quintile 3 indicating 41% to 60% opportunity, quintile 4
indicating 61% to 80% opportunity, and quintile 5 indicating 81% to 100%
opportunity.

d Models 2 to 4 include maternal cognitive test score, child sex, birth year,
paternal age at child’s birth, maternal age at child’s birth, child age at
assessment, maternal race, mother’s education, father’s education, adjusted
household income, and neighborhood educational opportunity. Each prenatal
exposure is modeled separately, as indicated.

e Model 5 includes maternal cognitive test score, child sex, birth year, paternal
age at child’s birth, maternal age at child’s birth, child age at assessment, race,
mother’s education, father’s education, adjusted household income,
neighborhood educational opportunity, maternal plasma folate, Healthy
Eating Index total score, Healthy Eating Index–SoFAS score, and birth weight.
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demiological cohorts, such as parenting stress, maternal read-
ing ability, and a measure of observed maternal fostering of
cognitive growth. When comparing estimated mean scores be-
tween a child with a moderate increase in these exposures and

a child with reference values, we observed a mean difference
of 0.5% of an SD. In a mutually adjusted model that included
all target exposures and covariates, we observed no associa-
tion between race and cognitive test scores.

Table 3. Distribution of Indicators of Cognitive Test Scores by Race in the Analytic Sample

Exposure

Race, No. (%)

P valueBlack or other (n = 744) White (n = 311)
Family structure

Number of previous pregnancies

0 (first pregnancy) 202 (27.1) 110 (35.4)

<.001
1 191 (25.7) 95 (30.5)

2 134 (18.0) 65 (20.9)

≥3 217 (29.2) 41 (13.2)

Adult:child ratio, mean (SD) −0.06 (1.05) 0.16 (0.84) <.001

First birth order 275 (37.0) 142 (45.7) <.001

Mother’s psychosocial factors, mean (SD)

Total parenting stress −0.02 (1.05) 0.04 (0.88) .45

Social support −0.23 (0.89) 0.51 (0.97) <.001

Perceived neighborhood quality −0.10 (1.07) 0.24 (0.77) <.001

Social ties in neighborhood −0.23 (0.98) 0.56 (0.82) <.001

Individual and neighborhood socioeconomic position

Mother's educational level

≤High school 362 (48.6) 64 (20.6)

<.001
Technical school 118 (15.9) 26 (8.4)

College 178 (23.9) 117 (37.6)

Graduate school 86 (11.6) 104 (33.4)

Father's educational level

≤High school 585 (78.6) 105 (33.8)

<.001
Technical school 46 (6.2) 29 (9.3)

College 86 (11.6) 115 (37.0)

Graduate school 27 (3.6) 62 (19.9)

Income adjusted for household size, mean (SD) −0.35 (0.76) 0.82 (1.02) <.001

Reduced meal program 294 (39.5) 17 (5.5) <.001

Neighborhood educational opportunity quintilea

1 187 (25.1) 19 (6.1)

<.001

2 181 (24.3) 27 (8.7)

3 213 (28.6) 24 (7.7)

4 114 (15.3) 85 (27.3)

5 49 (6.7) 156 (50.2)

Parenting behaviors and cognitive enrichment,
mean (SD)

Parental involvement (based on PRQ) 0.03 (1.02) −0.08 (0.91) .12

Fostering of cognitive growth −0.23 (0.92) 0.45 (0.83) <.001

Mother’s reading ability −0.46 (0.86) 0.63 (0.62) <.001

Prenatal nutrition, mean (SD)

Plasma folate −0.17 (0.97) 0.41 (0.95) <.001

Heathy Eating Index score

Total −0.29 (0.91) 0.49 (0.90) <.001

SoFAS −0.23 (0.89) 0.40 (0.98) <.001

Breastfeeding

<2 mo 359 (48.3) 43 (13.8)

<.001
2-4 mo 98 (13.2) 39 (12.5)

5-6 mo 170 (22.8) 80 (25.7)

≥6 mo 117 (15.7) 149 (48.0)

Abbreviations: PRQ, Parenting
Relationship Questionnaire;
SoFAS, Solid Fats and Added Sugars.
a Measured by the education domain

of the Child Opportunity Index,
with quintile 1 indicating 0% to 20%
opportunity, quintile 2 indicating
21% to 40% opportunity, quintile 3
indicating 41% to 60% opportunity,
quintile 4 indicating 61% to 80%
opportunity, and quintile 5
indicating 81% to 100%
opportunity.
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Maternal reading ability was positively associated with child-
hood cognitive performance in a model adjusted for multiple
confounders, such as maternal cognitive performance and edu-
cationallevel.Maternalreadingabilityisassociatedwiththenum-
ber of words spoken in the home and the literacy environment
(eg, the number of books in the home)37-39 and reflects the qual-
ity of the mother’s early educational environment.40 In the US,
14% of adults are illiterate, and 15% of adults graduate high
school with only basic reading skills.41 The quality of early edu-
cational environments varies substantially by socioeconomic po-
sition and race, which some have called the education debt to
refer to the legacy of disparities in education access and quality42

that is particularly prevalent in the southern US.43 Addressing
these disparities in educational quality is necessary to reduce the
consequences of this legacy for the next generation of US chil-
dren and to minimize inequitable downward trajectories in
cognitive performance among children whose parents are in
low-quality educational environments.

The fostering of cognitive growth, which was assessed by
trained behavioral coders who observed mothers and chil-
dren completing interactive tasks, was also positively associ-
ated with childhood cognitive performance. Psychological
studies have reported similar associations between maternal
behaviors that encourage cognitive growth and improved cog-
nitive outcomes.21,44 However, most parenting research using
observed behavioral coding has relied on small samples of pri-
marily White mother-child dyads without robust adjustment
for potential confounders, such as socioeconomic position or
breastfeeding.45 We observed an association that was inde-
pendent of family and neighborhood socioeconomic posi-
tion, maternal cognitive performance and reading ability, birth
weight, and breastfeeding. Notably, even in environments with
high levels of adversity, parenting behaviors have been ob-
served to change in response to intervention, with subse-
quent improvements in childhood cognitive development46;
therefore, expanding accessibility to interventions aimed at im-
proving parent-child interactions during cognitive tasks may
help to improve childhood cognitive development.

Parenting stress was negatively associated with childhood
cognitive test scores. Although raising a child with developmen-
taldelaysisassociatedwithincreasesinparentingstress,47-49 lon-
gitudinal research describes these associations in children with
typical development as bidirectional, such that parenting stress
isassociatedwithincreasedriskofworseoutcomesforchildren.50

Interventions to reduce parenting stress have been associated
with improvements in the cognitive outcomes of children; al-
though these interventions may have the most impact for par-
ents of children with developmental delays, benefits have been
observed for parents of all children.51,52

We also replicate previous studies that have reported posi-
tive associations between childhood cognitive performance and
parental educational levels.18,19 Although the coefficients for ma-
ternaleducational leveldescribedinthepresentstudyaresmaller
than those of similar studies,18,19 they are consistent with coef-
ficients found in a study that accounted for shared genetic vari-
ance between siblings.4 Our inclusion of multiple salient factors
associated with childhood cognitive performance in the final
models may produce more accurate coefficients within a cohort

of unrelated children. While recent genome-wide association
studies have developed polygenic risk scores to estimate educa-
tional attainment, the study with the most statistical power53 ex-
plained only 11% to 13% of the variance. Among adopted children
for whom the association between genetic factors and environ-
mental conditions were addressed, the explained variance was
further reduced.54 In contrast, multiple overarching social fac-
tors associated with racial and socioeconomic disparities in edu-
cational attainment have been elucidated, including bans on af-
firmative action,55,56 impoverished early-learning environments
that inadequately prepare marginalized groups for higher
education,57,58 and attendance at undercapitalized universities
in which dropout rates are higher.59,60 In our sample, 71.1% of
White mothers had a college education or more compared with
35.5% of Black mothers; our findings highlight the potential in-
tergenerational impact of these socially driven patterns of edu-
cational attainment for childhood cognitive performance.

We adjusted for directly assessed maternal cognitive perfor-
mance in all models; this adjustment is a strength of our study
and provides evidence that the associations between exposures
andchildhoodcognitiveperformancearenotconfoundedbyma-
ternal cognitive ability. However, it is also important to note the
likely inequities in the early learning environments of mothers
inourstudy.Amongadultsfromfamilieswithlowsocioeconomic
positions, substantial variance in cognitive performance is asso-
ciatedwithenvironmentalfactors.8 Thus,ouradjustmentforma-
ternal cognitive performance may yield conservative estimates
oftheassociationsbetweenpotentiallymodifiablesocioeconomic
factors and childhood cognitive performance given the intergen-
erational persistence of poverty in the US, which is more likely
among minority groups.61

Although correlation coefficients in the present study are
consistent with those of previous studies,62,63 we did not ob-
serve a dose-response association between breastfeeding and
cognitive test scores, which may be explained by our reliance
on maternal retrospective reports. Children with mothers who
had 3 or more previous pregnancies had lower cognitive test
scores (although 95% CIs included the null), which is consis-
tent with previous studies.18,19 Despite the use of widely used,
reliable survey instruments, maternal prenatal depression,64

maternal experiences of interpersonal violence during
pregnancy,20 and birth weight and gestational age18,19 did not
meet the threshold for statistical significance in the indepen-
dent models with minimal covariate adjustment (stage 1).
We did not observe modification of associations by race or so-
cioeconomic position.

Limitations
This study has several limitations. First, the estimated correla-
tion coefficients from these models may be biased by unmea-
sured confounding. The intended use of our findings is to guide
intervention studies and quasi-experimental research to further
assess the associations between the identified factors and child-
hood cognitive performance. Second, important environmen-
tal exposures, such as lead, that are known to be associated with
cognitive development and may be inequitably distributed by
race were not measured in the CANDLE study.65 Residual con-
founding from this type of exposure and measurement errors in
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the exposures that were included57 may have produced an un-
derestimation of the proportion of racial disparity in cognitive
test scores associated with modifiable exposures. Third, differ-
ences in exposure assessment and measurement errors reduced
ourabilitytodirectlycompareexposuretypes.However,formost
exposures, measurements were similar or had better reliability
and validity compared with other longitudinal epidemiological
cohorts. The CANDLE study excluded women with high-risk
pregnancies at enrollment, and mothers had lower rates of pre-
term birth and low birth weight compared with the general popu-
lation of Shelby County,24 which may have limited our ability to
detect associations for these exposures. Fourth, the results of the
CANDLE study are largely representative of Shelby County, Ten-
nessee, limiting their generalizability to the US population. How-
ever, our participants share characteristics with other primarily
Black communities with high levels of socioeconomic disadvan-
tage in urban areas of the southern US.

Conclusions

In an analysis that was well adjusted for potential confound-
ing variables, we identified multiple modifiable factors asso-
ciated with childhood cognitive performance that, if ad-
dressed, could help improve cognitive test scores. We
conducted this study among a sample of children in the south-
ern urban US, which comprises a population that is often un-
derrepresented in large studies of childhood cognitive
development.18,19 In our study population, Black children ex-
perienced notably lower levels of most of the beneficial cog-
nitive performance exposures, and inclusion of these expo-
sures in a fully adjusted model accounted for the racial disparity
in cognitive test scores. Our findings suggest that increasing
equity in early social environments may help to reduce dis-
parities in childhood cognitive performance.
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