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Abstract

Background: We aimed to understand the association between maternal stress in the first year of
life and childhood body mass index (BMI) from 2 to 4 years of age in a large, prospective United
States (U.S.)-based consortium of cohorts.

Methods: We used data from the Environmental influences on Child Health Outcomes (ECHO)
program. The main exposure was maternal stress in the first year of life measured with the
Perceived Stress Scale (PSS). The main outcome was the first childhood BMI percentile after
age 2 until age 4 years. We used an adjusted linear mixed effects model to examine associations
between BMI and PSS quartile.

Results: The mean BMI percentile in children was 59.8 (SD 30) measured at 3.0 years (SD 1) on
average. In both crude models and models adjusted for maternal BMI, age, race, ethnicity, infant
birth weight, and health insurance status, no linear associations were observed between maternal
stress and child BMI.

Conclusions: Among 1694 maternal-infant dyads, we found no statistically significant
relationships between maternal perceived stress in the first year of life and child BMI after 2
through 4 years.

INTRODUCTION

Obesity is a pervasive public health problem associated with significant costs and
comorbidities.! Obesity problems and their comorbidities can start at an early age. A large
number of children in the United States (U.S.) enter their school years already with obesity,?
and children with obesity at 3 years of age have a 90% probability of having overweight

or obesity as an adolescent.3 Despite a long list of well-documented risk factors for obesity
that are present in the prenatal and early postnatal periods* and an array of interventions
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to reduce the incidence of obesity in early childhood," there remain significant gaps in
understanding the mechanisms of obesity in children.

Maternal stress and stress reactivity play a role in childhood development and lifespan
morbidity and mortality.6 Childhood obesity is one of the adverse health outcomes found to
be associated with parental stress, yet the mechanism through which stress affects body mass
index (BMI) in children is complex.”® The current body of literature shows that parental
stress may determine parenting practices related to a child’s diet quality, feeding behaviors,
or sedentary behaviors.? The majority of analyses assessing relationships between parental
stress and obesity-related behaviors have been conducted in older, school-age children,” and
are cross-sectional in design. The psychosocial environment during infancy, of which one
component is maternal stress, has been shown to affect adolescent BMI and intermediate
cardiometabolic outcomes.10 However, there is a lack of longitudinal studies assessing
maternal stress during infancy and subsequent childhood obesity.

Using a large U.S.-based sample, we analyzed the associations between maternal perceived
stress and early childhood obesity. Given the existing literature that shows the influence

of stress and psychosocial environment on obesity, we hypothesized that higher levels of
maternal stress during a child’s first year of postpartum life may be associated with higher
BMI percentiles in early childhood, with differences by sex.

METHODS

Data were obtained from the Environmental influences on Child Health Outcomes (ECHO),
a consortium of 69 pediatric cohort studies designed to investigate early life exposures

and child health outcomes.1112 The ECHO study protocol was approved by the local

and/or single ECHO Institutional Review Board. Written informed consent was obtained for
ECHO-wide Cohort Data Collection Protocol participation and for participation in specific
cohorts. The present study population included biological mother-child dyads with available
data on maternal perceived stress reported between the birth of the child and 1 year of age
and child height and weight measured between 2 and 4 years of age. We restricted our
population to singleton births and biological mothers with only one child enrolled in the
ECHO-wide consortium. Our study sample consisted of 1694 biological mother-child dyads
from 15 ECHO cohorts (Figure 1).

Maternal Perceived Stress

The Perceived Stress Scale (PSS) is a widely used self-report instrument that measures

the perception of stress.13 Maternal stress scores were gathered using either the 14-item,
10-item, or 4-item PSS forms, each containing items rated on a 5-point Likert scale. We
included any measure of stress prior to 1 year of age (mean 7.2 months, standard deviation
[SD] 4.0) to focus on the exposure to stress during infancy and obesity at 2 years. Item
response theory was used to harmonize the PSS to a T-score metric with a mean of 50

and an SD of 10. For mothers with multiple PSS observations, we selected the earliest
observation between the birth of the child and 1 year of age, to focus on the earliest postnatal
exposure to maternal stress. The PSS T-scores were further categorized into quartiles of the
study population: 15t quartile [22.4, 33.5], 2" quartile (33.5, 42.3], 3" quartile (42.3, 50.8],
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and 4t quartile (50.8, 82.0]. Additionally, continuous and binary PSS scores based on the
median of the study population were investigated in sensitivity analyses.

Child Body Mass Index

Measurement of weight and length/height was completed according to ECHO guidelines:
stadiometers and height adjustment rulers were used to measure standing height and scales
with precision of +/- 0.10 kilogram (kg) were used to measure weight. All units were
converted to metric units (kg or centimeter [cm]). Weights and heights outside the allowable
range of 0.126-250.00 kg or 25.00-250 cm were set to missing. The small number of
participants (n=13) who had recumbent height measured after 2 years of age were measured
via infantometer or length measuring board with 0.1 cm markings. All data were transferred/
uploaded using ECHO Data collection forms. Children’s BMI (weight in kg/height in meters
[m] squared) was calculated using height and weight measurements from cohort study visits.
Furthermore, BMI percentiles for age and sex were calculated based on U.S. Centers for
Disease Control and Prevention (CDC) growth charts.14 Implausible values determined by
established CDC cutoffs were excluded (n=14). When multiple BMI values were available,
we used the average of BMI percentiles between 2 and 4 years of life for analyses.

Maternal and Child Characteristics

Biological mothers’ pre-pregnancy height and weight were obtained by each cohort from
measurements taken at the cohort study visit, medical record abstractions, or self-reported
measurements. Per ECHO data harmonization, BMI was collected as early as 13 months
prior to conception through the end of the first trimester, prioritizing the BMI closest to
conception. These height and weight measurements were used to calculate pre-pregnancy
BMI (kg/m?2). Child’s birthweight (BW, kg), gestational age (GA) at birth (in completed
weeks), and sex assigned at birth were obtained from medical records and/or parent report
and were used to calculate child’s BW-for-GA sex-specific z-score.1> Mother’s age at
delivery in years was calculated from maternal year of birth and child year of birth.
Self-reported maternal race was categorized as Black, White, and Other Race. Other Race
included American Indian/Native American, Asian, Native Hawaiian or Pacific Islander,
Multiple Race, and Other Race. Ethnicity was defined as Hispanic or Non-Hispanic, and
child sex at birth was defined as male, female, or ambiguous. Health insurance type was
categorized as no health insurance; publicly subsidized insurance based on the income

or disability of the biological mother, including Medicaid, Medical Assistance, CHIP, or
any kind of state or government assistance plan; and private insurance, including employer-
provided insurance, marketplace, TRICARE, VA, and Indian Health Services.

Statistical Analysis

Means and SDs were calculated for the continuous variables (child BMI percentile, maternal
pre-pregnancy BMI, and maternal age at delivery) for the study population and each PSS
quartile. The number of participants and percentages were reported for categorical variables
(child sex, maternal ethnicity, maternal race, and insurance) for the study population

and each PSS quartile. To evaluate unadjusted associations between PSS quartiles and
continuous variables, one-way ANOVA tests were utilized. Pearson XZ tests were performed
to determine the unadjusted associations between PSS quartiles and categorical variables.

Pediatr Res. Author manuscript; available in PMC 2024 March 14.
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We employed a linear mixed effects model to examine the adjusted associations between
PSS quartiles and child BMI percentiles at 2—4 years of age with random intercepts

for cohort membership.16 Analyses were adjusted for pre-pregnancy BMI (continuous),
BW-for-GA z-score (continuous), maternal race and ethnicity, maternal age at delivery
(continuous), and health insurance status. To investigate possible effect modification by
child sex, we stratified the adjusted model by child sex. As only 6% of the infants in our
sample were born prior to 37 weeks gestation, we elected not to stratify analyses by preterm
status, however, we did run a sensitivity analysis excluding preterm infants from the sample.
Missing data on maternal race (16%), ethnicity (13%), maternal age at delivery (6%),
pre-pregnancy BMI (25%), health insurance status (21%), and BW-for-GA z-score (2%)
were imputed using the Multivariate Imputation by Chained Imputation (MICE) package.
Results were pooled after 10 iterations.1” All analyses were performed using the R statistical
software package, version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Table 1 shows the distribution of maternal and child characteristics for the study population
and by PSS quartile (a higher PSS score and a higher quartile indicate higher perceived
stress). Overall, the mean PSS T-score was 43.1 (SD 11, median 42.3). The mean BMI
percentile for children 2—4 years of age was 59.8 (SD 30), and the mean age at BMI
observation was 3.0 years (SD 1), from an average of 1.33 (SD 1) observations per child.
The mean BW-for-GA z-score was —0.03 (SD 1), and 53% of the children were male.

The majority (71%) of the mothers were of Non-Hispanic ethnicity. Overall, 28% were
Black; 41% were White; and 15% identified as Other Races. Approximately 50% of mothers
reported having no health insurance or having public insurance, and 9% reported less than a
high school education. The mean pre-pregnancy BMI was 27.6 kg/m?2 (SD 7), and the mean
maternal age at delivery was 28.9 years (SD 6).

Child BMI percentiles at 2—4 years of age were not significantly different across PSS
quartiles (ANOVA p=.57, Table 1). We found no differences in weight-for-age z-score
changes in the first year of life and overall PSS quartiles (data not shown). However,
significant associations were observed between PSS quartiles and maternal ethnicity,
maternal race, and insurance status (chi-squared p=0.01, <0.001, and 0.01, respectively).
The proportion of first quartile PSS scores reported by Hispanic mothers was 11%, which
doubled to encompass 23% of fourth quartile scores. Similarly, the proportion of Black
mothers increased as PSS quartiles increased. Those with public insurance comprised
approximately 50% of each PSS quartile, while those with private insurance comprised a
higher percentage (35%) of first quartile scores and a lower percentage (22%) of fourth
quartile scores. No significant associations were found between PSS quartiles and child sex,
BW-for-GA z-score, pre-pregnancy BMI, and maternal age at delivery.

No linear associations were observed between maternal PSS quartiles and child BMI
percentiles at 2—4 years of age (Table 2). However, as expected, increases in pre-pregnancy
BMI (p=0.89, 95% ClI: 0.68, 1.09) and BW-for-GA z-scores (p=3.91, 95% CI: 2.59, 5.24)
were significantly associated with increasing child BMI percentiles at 2—4 years of age.
Additionally, children born to Hispanic mothers, compared with Non-Hispanic mothers, had
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a higher BMI percentile at 2—4 years ($=8.85, 95% CI: 4.61, 13.10). No significant trends
were observed in the child sex-stratified models, although a marginally significant difference
was found between the 4th and 1st quartile among females.

As sensitivity analyses, the models were run using continuous PSS and binary PSS T-
scores based on the median of the sample (43.2). No significant association was observed
between continuous or binary maternal PSS T-scores assessed during infancy and obesity in
early childhood. There was no significant variation in the outcome due to between-cohort
variation (ICC 0.01 — 0.02; Supplementary Figures 1-3). Analyzing the association with
overweight/obesity (i.e., BMI percentile = 85%) in logistic regression did not change our
results (data not shown). Additionally, exclusion of the 99 infants born preterm did not
change our results (data not shown).

DISCUSSION

In a large, longitudinal sample of children from multiple diverse cohorts in the U.S.,
maternal perceived stress during infancy was not predictive of the child’s BMI percentile
at 2-4 years of age. Although secondary to our primary question, our analysis did suggest
positive relationships between BW, maternal pre-pregnancy BMI, and Hispanic ethnicity
with child BMI, which are consistent with the existing literature.18:19

Cross-sectional studies have shown higher maternal stress is associated with higher child
BMI, yet the longitudinal effects of maternal stress on child BMI remain less clear.

One meta-analysis of studies assessing maternal stress and child obesity included 14
cross-sectional and five longitudinal studies across five countries. Although there was a
significant, positive association between maternal stress and child obesity in pooled cross-
sectional studies, the pooled effect size from five longitudinal studies was not statistically
significant.® Of the longitudinal analyses, three measured maternal stress when the child was
1-4 years of age with two showing statistically-significant effects between maternal stress
and child obesity at 5 years of age.20-2! Two studies measured maternal stress during the first
year of life, and neither study showed an association with BMI >85% in the first 18 months
of life or at 7 years, respectively.22.23 These studies, consistent with our findings, suggest
that maternal stress during infancy may not have consistent effects on child BMI over time.

Although we found no differences in sex-stratified models, a previous study using data from
a German prospective birth cohort found that maternal perceived stress was associated with
BMI in preschool-aged girls but not boys.24 However, 79% of the parents in that cohort

had no formal education beyond high school, whereas 37% in our sample had at least

some college education. Another study that used a single-question assessment of stress in
children with overweight or obesity enrolled in a randomized trial demonstrated significant
associations between maternal stress and child BMI only when stratified by race, ethnicity,
and household income.2> Higher maternal stress was associated with higher child BMI only
among Non-Hispanic Black children and in families with an annual household income less
than $50,000. Taken together, these findings?42° suggest that sociodemographic factors may
influence associations between maternal stress and offspring obesity.

Pediatr Res. Author manuscript; available in PMC 2024 March 14.
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A composite scale of perceived stress may not reflect phenomena that directly affect

causal factors related to obesity, such as traumatic events2 or structural racism. In one
study, specific “stressors” of traffic, residential noise, and poor living conditions were
significantly associated with overall maternal perceived stress, but specific stressors were
not directly associated with child BMI. The field would benefit from a deeper investigation
into the complexities of how perceived stress and specific stressors differ in their effects on
offspring health, both for parents and their children. Some evidence suggests that maternal
stress influences offspring BMI through multiple mechanisms, including feeding behaviors,
maternal-infant attachment, and other diet-related factors.927:28

Maternal stress has been associated with infant weight changes during the first year of life.
In one analysis that independently assessed perceived stress during pregnancy, depressive
symptoms, and exposure to stressful events, only exposure to stressful events was associated
with a higher odds of rapid infant weight gain (greater than a 0.67 increase in weight-for-
age z-score from birth to 6 months) in infants. The study did not include sufficient data

to examine the mechanisms underlying rapid infant weight gain.26 Another analysis of

a longitudinal birth cohort examined relationships between maternal perceived stress at

3 months and rapid infancy weight gain, defined as greater than a 0.67 increase in the
infant’s weight-for-age z-score between 3 and 12 months of age. Although rapid weight gain
was highly prevalent in the sample (47% of infants), it was not associated with maternal
stress.29 When specific diet-related behaviors were examined in a population of women
receiving assistance from the Special Supplemental Nutrition Program for Women, Infants,
and Children (WIC), higher maternal stress was associated with higher infant energy intake,
earlier introduction of solid foods, and adding cereal to the infant’s bottle.2’

There is mixed evidence for relationships between timing of stress, infancy weight gain,
and obesity, with considerable overlap between maternal mental health, stress, and parent
perceptions of infant behavior. Stress prior to conception and birth may exert independent
effects on subsequent child health. Prenatal stress and stress prior to conception have
consistent associations with lower BW.30 Higher pregnancy perceived stress has been shown
to be predictive of preterm birth3%:31 and lower birth weight,3932 both of which have

been associated with poor child health outcomes, including insulin resistance and type 2
diabetes.33 Rapid infant weight gain is more common among infants born at lower BWs as
regression to the mean and “catch up” growth are well-described phenomena; however, the
interplay of GA, weight and length changes, and actual measured adiposity remains an area
in need of further study.343%

Our analysis has some limitations, including only using maternal, not paternal or other
caregiver, perceived stress and combining perceived stress measures throughout the first
year of life. It is possible that perceived stress changes throughout the first year, such that
pooling perceived stress across the first year could obscure significant relationships with
more specific periods of time during infancy. However, others have found that perceived
stress is stable across the first year of life.2? Although our treatment of the perceived stress
measures may not be directly comparable to other studies that use the raw scores of the PSS,
use of item response theory during harmonization allows us to assess a large sample while
maintaining validity. The first quartile of our T-scores is roughly equivalent to a PSS-10

Pediatr Res. Author manuscript; available in PMC 2024 March 14.
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sum score of 14, which is similar to a “low stress/high stress” cutoff reported previously.3®
We did not assess differences related to preterm birth, as only 6% of infants in our sample
were born preterm. We excluded multiple-gestation births, understanding that the home
environment when caring for more than one infant may be significantly different in terms of
parental stress; however, we know this particular population deserves focus. In our sample,
excluding multiple gestations only reduced our analytic sample by 23 dyads. Excluding
dyads with complete data necessary for our analyses may have biased our results toward
the null if mothers with higher levels of stress or mothers with children more likely to have
elevated BMI were also more likely to have incomplete data or dropped out of cohorts. In
particular, excluding sibling pairs and multiple-gestation pregnancies may have biased our
results toward the null if there is a true relationship between higher maternal stress and
higher BMI and if multiple infants and young children are related to higher maternal stress.
We expected that earlier exposure to higher stress would influence the earliest possible
categorization of obesity (2 years); however, it is possible that the effects of stress may not
be evident until later ages.8 The complex nature of multiple exposures over time should be
explored in samples with repeated measures of stress, either as composite scales or specific
stressors.

Although we found no significant associations between quartiles of maternal stress and
childhood BMI, our analysis benefited from a large sample with maternal stress collected
across the first year of life that preceded the child’s BMI after 2 years of age. Our large,
longitudinal sample and the ability to capture BMI as early as 2 years of age complements
the existing literature, much of which has only examined cross-sectional relationships.®
Given that 90% of children with obesity at 3 years of age go on to have overweight or
obesity in adolescence, it is critical to examine modifiable risk factors within the early
postnatal years. However, it will be important to continue to examine child BMI within the
ECHO consortium as children age. Additionally, ongoing examination of the mechanisms
of stress, including the timing of maternal stress, and the influence of specific traumatic
events or isolated exposures on childhood growth, feeding, and the child’s own stress,37 will
continue to highlight areas for intervention to prevent obesity and improve intergenerational
health.

CONCLUSION

Using data from 1694 maternal-infant dyads among 15 cohorts in the ECHO program,

we found no statistically significant relationships between maternal perceived stress
ascertained in the first year of the infant’s life and child BMI between 2 and 4 years

of age despite adjusting for maternal age and pre-pregnancy BMI, BW-for-GA z-score,
maternal race, maternal ethnicity, and health insurance. Given the mixed evidence that
parental stress affects child obesity-related behaviors or child BMI, subsequent investigation
should measure effects of stress on BMI as children age and distinguish the influence of
specific stressors and of sociodemographic factors from global measures of perceived stress,
focusing on modifiable components that influence childhood obesity.

Pediatr Res. Author manuscript; available in PMC 2024 March 14.
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IMPACT

Although existing literature suggests relationships between parental stress
and childhood BMI, we found no linear associations between maternal stress
in the first year of life and childhood BMI at 2 to 4 years of age among
participants in ECHO cohorts.

Higher maternal stress was significantly associated with Hispanic ethnicity,
Black race, and public health insurance.

Our analysis of a large, nationally representative sample challenges
assumptions that maternal stress in the first year of life, as measured by a
widely used scale, is associated with offspring BMI.
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ECHO
Cohorts=69
Pregnancies=59,191
Children=60,182

Exclude mother-child dyads without maternal PSS data reported between
birth of the child and 1 year of age
—> Cohorts=41(59%)
Pregnancies=51,909(88%)
Children=52,834(88%)

Cohorts=28 | Pregnancies=7,282 | Children=7,348

Exclude mother-child dyads without child BMI data measured between 2-4 years of age
Exclude BMI data not collected by cohort staff during a study visit
Exclude implausible BMI percentiles based on CDC growth charts
Cohorts=11(39%)
Pregnancies=>5,544(76%)
Children=5,603(76%)

Cohorts=17 | Pregnancies=1,738 | Children=1,745

Exclude children from multiple gestation births
Cohorts=0(0%)
Pregnancies=12(1%)
Children=19(1%)

Cohorts=17 | Pregnancies=1,726 | Children=1,726

Exclude children from the same family
Exclude cohorts with <10 observations
> Cohorts=2(12%)
Pregnancies=32(2%)
Children=32(2%)

Study Population
Cohorts=15
Pregnancies=1,694
Children=1,694

Figure 1.
ECHO cohorts inclusion in the analytical data set
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Table 1.
Descriptive characteristics by maternal perceived stress T-score
Perceived stress score (T-score)
1st Quartile 2nd Quartile 3rd Quartile 4th Quartile
[22.4,33.5] (335,42.3] (42.3,50.8] (50.8, 82]
(n=447) (n=405) (n=419) (n=423) Total (N=1,694) P-value
Child BMI percentile, mean
(SD) 61.2 (28) 60.1 (30) 58.8 (30) 58.8 (30) 59.8 (30) 0.57
Number of BMI
observations per Child,
mean (SD) 1.30 (1) 1.31 (1) 1.32 (1) 1.37 (1) 1.33 (1) 0.25
Child sex, N (%) 0.19
Male 236 (53%) 222 (55%) 233 (56%) 206 (49%) 897 (53%)
Female 211 (47%) 183 (45%) 186 (44%) 217 (51%) 797 (47%)
Maternal ethnicity, N (%) 0.01
Non-Hispanic 296 (66%) 286 (71%) 311 (74%) 304 (72%) 1,197 (71%)
Hispanic 48 (11%) 65 (16%) 69 (16%) 96 (23%) 278 (16%)
Missing 103 (23%) 54 (13%) 39 (9%) 23 (5%) 219 (13%)
Maternal race, N (%) <0.001
White 189 (42%) 182 (45%) 173 (41%) 148 (35%) 692 (41%)
Black 94 (21%) 110 (27%) 135 (32%) 138 (33%) 477 (28%)
Other Race 54 (12%) 48 (12%) 55 (13%) 94 (22%) 251 (15%)
Missing 110 (25%) 65 (16%) 56 (13%) 43 (10%) 274 (16%)
Maternal education, N (%) 0.39
Less than high school 21 (5%) 39 (10%) 36 (9%) 56 (13%) 152 (9%)
High school degree or
equivalent 41 (9%) 48 (12%) 54 (13%) 67 (16%) 210 (12%)
Some college and above? 102 (23%) 164 (40%) 180 (43%) 183 (43%) 629 (37%)
Missing 283 (63%) 154 (38%) 149 (36%) 117 (28%) 703 (41%)
Insurance, N (%) 0.01
Private/Other? 158 (35%) 109 (27%) 104 (25%) 92 (22%) 463 (27%)
Public/No® 223 (50%) 213 (53%) 223 (53%) 217 (51%) 876 (52%)
Missing 66 (15%) 83 (20%) 92 (22%) 114 (27%) 355 (21%)
Parity 0.32
Nulliparous 49 (11%) 84 (21%) 111 (26%) 111 (26%) 355 (21%)
Parous 65 (15%) 97 (24%) 99 (24%) 128 (30%) 389 (23%)
Missing 333 (74%) 224 (55%) 209 (50%) 184 (43%) 950 (56%)
Birthweight-for-gestational
age z-score, mean (SD) 0.04 (1) 0.02 (1) -0.04 (1) -0.13 (1) -0.03 (1) 0.11
Missing, N (%) 8 (2%) 9 (2%) 6 (1%) 8 (2%) 31 (2%)
Maternal pre-pregnancy
BMI, mean (SD), kg/m?2 27.4(8) 27.7(7) 27.4(7) 28.0 (8) 27.6 (7) 0.71
Missing, N (%) 74 (17%) 104 (26%) 111 (26%) 127 (30%) 416 (25%)
Maternal age at delivery,
years (SD) 28.5 (5) 29.2 (6) 28.8 (6) 29.1 (6) 28.9 (6) 0.32
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Perceived stress score (T-score)

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile

[22.4,33.5] (335, 42.3] (42.3,50.8] (50.8, 82]

(n=447) (n=405) (n=419) (n=423) Total (N=1,694) P-value
Missing, N (%) 53 (12%) 21 (5%) 18 (4%) 14 (3%) 106 (6%)

a H H ’ H H ’ ’
Includes some college with no degree, associate’s degrees, trade school, or higher levels of education (bachelor’s, master’s, or doctoral degrees).

bAny type of private insurance for the biological mother, including employment-based, marketplace, TRICARE, VA, and HIS (Indian Health
Services).

Includes insurance coverage through Medicaid, Medical Assistance, CHIP, or any kind of state or government assistance plan based on income or
disability of the biological mother or child.

BMI, body mass index; SD, standard deviation.
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Table 2.

Maternal perceived stress and child mean BMI percentile

Page 16

Crude

(n=1694)

Fully Adjustedb
(n=1694)

B coefficient (95% C|)a B coefficient (95% CI)

Sex-Stratified - Male
(n=897)
B coefficient (95% CI)

Sex-Stratified - Female
(n=797)
B coefficient (95% CI)

Intercept

PSS 1st quartile

PSS 2nd quartile
PSS 3rd quartile
PSS 4th quartile

Maternal pre-pregnancy BMI

BW-for-GA z-score

Maternal race
White
Black
Other Race
Maternal ethnicity
Non-Hispanic

Hispanic

Maternal age at delivery

Health insurance
Private/Other
Public/No

59.36 (55.52, 63.19)
REF

-0.62 (-4.65, 3.41)

-1.82 (-5.85, 2.22)

-1.27 (-5.40, 2.86)

36.46 (24.45, 48.48)
REF

-1.27 (-5.14, 2.60)

-1.78 (-5.67, 2.12)

-2.12 (-6.16, 1.91)

0.89 (0.68, 1.09)

3.91(2.59, 5.24) "

REF
-1.86 (-6.02, 2.3)
-0.39 (-4.77, 4.00)

REF

8.85 (4.61, 13.10)
-0.11 (-0.40, 0.18)

REF
1.79 (-2.37, 5.96)

33.29 (16.57, 50.01)
REF
-1.27 (-6.61, 4.08)
-1.62 (-6.91, 3.68)
-0.78 (-6.4, 4.85)

0.86 (0.58, 1.15)

3.79 (1.96,5.62)

REF
0.04 (-0.38, 0.45)
~1.47 (-7.35, 4.41)

REF
-1.2(-7.13,4.73)

5.84 (0.05, 11.64) *

REF
1.99 (-3.58, 7.56)

43.62 (28.39, 58.85)
REF

-2.29 (~7.88, 3.30)

-2.87 (-8.44, 2.71)

-5.11 (-10.5, 0.27)

*

0.91 (0.61, 1.22) *

*

412 (2.23,6.01) "

REF
-0.33 (-0.71, 0.05)
-2.41 (~7.48, 2.66)

REF
0.55 (-6.01, 7.12)

12.82 (6.82, 18.82) **

REF
2.13 (-3.33, 7.59)

a - . . . - A .
Data are beta coefficients from linear mixed effects regression models reflecting change in child mean BMI percentiles.

b . . . - .
Model adjusted for pre-pregnancy BMI (continuous), BW-for-GA z-score (continuous), maternal race, maternal ethnicity, maternal age at delivery,

health insurance, with random intercept for ECHO cohort membership.

*
p<0.05,

*:

*
p<0.01

PSS, Perceived Stress Scale; BMI, body mass index; BW, birthweight; GA, gestational age
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