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Among US racial/ethnic minority women, we examined associations between maternal experiences of racial discrimination and child growth
in the first 3 years of life. We analyzed data from Project Viva, a pre-birth cohort study. We restricted analyses to 539 mother–infant pairs;
294 were Black, 127 Hispanic, 110 Asian and 8 from additional racial/ethnic groups. During pregnancy, mothers completed the Experiences
of Discrimination survey that measured lifetime experiences of racial discrimination in diverse domains. We categorized responses as 0, 1–2 or
>3 domains. Main outcomes were birth weight for gestational age z-score; weight for age (WFA) z-score at 6 months of age; and at 3 years of
age, body mass index (BMI) z-score. In multivariable analyses, we adjusted for maternal race/ethnicity, nativity, education, age, pre-pregnancy
BMI, household income and child sex and age. Among this cohort of mostly (58.2%) US-born and economically non-impoverished mothers,
33% reported 0 domains of discrimination, 33% reported discrimination in 1–2 domains and 35% reported discrimination in >3 domains.
Compared with children whose mothers reported no discrimination, those whose mothers reported >3 domains had lower birth weight for
gestational age z-score (b 20.25; 95% CI: 20.45, 20.04), lower 6 month WFA z-score (b 20.34; 95% CI: 20.65, 20.03) and lower 3-year
BMI z-score (b 20.33; 95% CI: 20.66, 0.00). In conclusion, we found that among this cohort of US racial/ethnic minority women, mothers’
report of experiencing lifetime discrimination in > 3 domains was associated with lower fetal growth, weight at 6 months and 3-year BMI
among their offspring.
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Introduction

As early as 3 years of age, children manifest cardio-metabolic
profiles that are linked to heart disease later in life.1 Weight,
adiposity and rate of change in these anthropometric parameters,
beginning in utero and continuing through early childhood,
are associated with such adverse cardio-metabolic outcomes,
including hypertension, hyperinsulinemia and insulin resistance,
in later childhood and adulthood.2–4 Prenatal determinants,
including maternal smoking, gestational weight gain and gesta-
tional diabetes are associated with child growth and adiposity,
which, in turn, may affect chronic disease risk.5–7

Substantial racial/ethnic disparities exist in adverse cardio-
metabolic outcomes.2 We recently reported racial and ethnic
differences in early life risk factors for childhood adiposity,
suggesting that contributors to disparities in cardio-metabolic
outcomes may emerge as early as the prenatal period.8 These
findings are consistent with the postulated cycle of health

inequalities by Gravlee,9 in which maternal health directly
affects fetal health, which subsequently affects the health of
the offspring during infancy and childhood.

To explain observed racial/ethnic disparities in cardio-
metabolic outcomes, one set of hypotheses posits that
maternal psychosocial and societal stressors in the prenatal
period, prevalent in racial/ethnic minority populations, may
lead to maternal inflammatory, vascular or neuroendocrine
processes that could influence child growth and adiposity.10–14

Alternatively, maternal behavioral or coping responses in the face
of chronic stress, could also influence child growth.15 Also, acute
or chronic stress could lead to unhealthy maternal emotion
regulation and insecure attachment with their children, which
can increase risk for childhood obesity.16 Maternal lifetime
experience of racial discrimination is one example of a chronic
stressor that may have adverse effects on child outcomes. For
example, some17,18 but not all studies19,20 have found that racial
discrimination experienced by mothers during pregnancy is
associated with preterm and/or low birth weight deliveries.
Although studies in adults have shown that experience of racial
discrimination is associated with hypertension and several other
adverse adult cardio-metabolic outcomes,21 no existing studies
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have examined associations of maternal experiences of racism
with child growth outcomes beyond birth. In addition, most but
not all22,23 existing studies of racial discrimination and birth
outcomes are limited to racial discrimination during pregnancy
rather than lifetime experience.

The purpose of this study was to examine associations of
maternal lifetime experiences of racial discrimination with
child growth and adiposity-related outcomes in the first 3 years
of life in a prospective pre-birth cohort study.

Methods

Subjects/study design

The subjects for this study were participants in Project Viva, a
prospective cohort study of gestational factors, pregnancy
outcomes and offspring health.24 Between April 1999 and
July 2002 we recruited women who were attending their
initial prenatal visit at eight obstetrical offices of a multi-
specialty group practice in eastern Massachusetts. Further
details of recruitment and retention procedures are available
elsewhere.24

Of the 2128 women who delivered a live infant, 2104 self-
identified their race/ethnicity. Of the 704 racial/ethnic min-
ority women, 539 had non-missing data on self-reported,
lifetime experiences of racism: 294 were Black, 127 Hispanic,
110 Asian and 8 were of other race/ethnicities. These 539
women and their infants constituted the analytic dataset.
Project Viva included singleton pregnancies only. Socioeconomic
position of these 539 participants was slightly higher than the
165 participants of color excluded from this analysis, for
example 64.6% v. 55.7% had annual household incomes of
>$40,000/year, 48.6% v. 30.1% were college graduates and
58.2% v. 50.6% were US born. Of the 539 participants
included in the analysis cohort, we measured body mass index
(BMI) among 299 children aged 3 years.

After obtaining informed consent, we performed in-person
study visits with the mother at the end of the first and second
trimesters of pregnancy, and with the mother and child in
the first few days after delivery and at 6 months and 3 years
after birth. Human subjects committees of Harvard Pilgrim
Health Care, Brigham and Women’s Hospital and Beth Israel
Deaconess Medical Center approved the study protocols.

Measurements

Main exposure
In Project Viva’s Early Pregnancy Questionnaire, mothers
self-reported racism experiences using an adapted and expanded
version of the validated ‘Experiences of Discrimination’ (EOD)
measure developed by Krieger25 and Krieger et al.26 Participants
completing the EOD measure responded to the prompt ‘I have
experienced unfair or bad treatment because of my race or
ethnicity.’ Responses included yes or no answers in each of
eight different situational domains during their lifetimes: at

school, getting hired or getting a job, at work, getting housing,
getting medical care, getting service in a store or restaurant, on
the street or in a public setting and from the police or in the
courts. We summed ‘yes’ responses to produce a personal racism
exposure score (range 0–8). We categorized responses as 0, 1–2
or 3 or more self-reported domains of lifetime experiences of
racism to account for potential non-linear associations.26 The
assumption was made that the total number of settings in
which women reported racial discrimination was an indicator
of their overall exposure to racial discrimination. The survey
further assessed the time period of when the women experienced
the discrimination (before the age of 18 years, from the age of 18
years until pregnancy and during pregnancy). However, we did
not include those additional measures in this study.

Outcome measures
At each in-person visit, we measured child length or height
using a length board or calibrated stadiometer, and weight
using an electronic scale; at 3 years, we also measured sub-
scapular (SS) and triceps skinfold thicknesses (TR). Outcome
at birth was birth weight for gestational age z-score (‘fetal
growth’),27 determined using US national reference data.27

Outcome at 6 months was age- and sex-specific weight for
age (WFA) z-score. Outcomes at 3 years included age- and
sex-specific BMI z-score,28 and the sum (SS 1 TR – overall
adiposity) and ratio (SS : TR – central adiposity) of SS and TR.
Research assistants performing all measurements followed
standardized techniques.29

Study covariates
Using a combination of self-administered questionnaires and
interviews, we collected information about maternal age,
education, parity, household income and nativity (US born,
moved to the United States before the age of 17 years, moved
to the United States after the age of 17 years). Research
assistants asked mothers the question, ‘Which of the follow-
ing best describes your race or ethnicity?’ Mothers had a
choice of one or more of the following racial/ethnic groups:
Hispanic or Latina, white or Caucasian, black or African
American, Asian or Pacific Islander, American Indian or
Alaskan Native and other (please specify). For the participants
who chose ‘other’ race/ethnicity, we compared the specified
responses to the US census definitions30 for the other five race
and ethnicities and reclassified them where appropriate. If a
participant chose more than one racial/ethnic group, we used
a hierarchy: black, Hispanic, Asian, American Indian, other,
white. Mothers reported their pre-pregnancy weight and
height from which we calculated their pre-pregnancy BMI.
We categorized gestational weight gain as inadequate, adequate
or excessive for pre-pregnancy BMI categories using the 2009
Institute of Medicine guidelines.31 We assessed maternal
depressive symptoms with the Edinburgh Postnatal Depression
Scale in mid-pregnancy and at 6 months after birth.32 Finally,
we assessed smoking at mid-pregnancy and categorized responses
as former, never or current smoker.
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Statistical analysis

Our main exposure of interest was self-reported domains of
lifetime experiences of racism categorized as 0, 1–2 or 3 or
more domains. We first examined the bivariate associations
between racism score categories with other covariates and our
main outcomes. We then used multiple linear regression
models to assess the independent associations between racism
and our main outcomes.

In multivariate models, we included only those covariates
that were of a priori interest or confounded associations of
racism with child adiposity. Model 1 was adjusted for maternal
age and race/ethnicity, and child sex and age at outcome. Model
2 was also adjusted for maternal nativity, education and pre-
pregnancy BMI; household income; and (for WFA z-score at
6 months) birth weight for gestational age z-score. In addition,
because we were interested in fat distribution after controlling
for overall body size, we further adjusted all SS : TR models for
child’s BMI z-score. As adjustment for parity, gestational weight
gain, maternal smoking, antenatal or postpartum depression did
not materially affect the associations between racism and child
growth and adiposity outcomes, we did not include them in our
final models. We report regression estimates (b) and 95%
confidence intervals for the main predictor. Because racial dis-
crimination may vary by racial/ethnic group, we performed
analyses separately by mothers’ self-identified racial and ethnic
groups and included cross-product interaction terms to test for
multiplicative interaction. We present results for each racial/
ethnic group separately and combined. We conducted all
analyses using SAS, version 9.2 (Cary, North Carolina, USA).

In secondary analyses, we used Imputation and Variance
Estimation (IVEware) software to examine potential bias due
to missing data on self-reported domains of racism (n 5 165).33

We imputed 20 values for each missing observation to create
20 ‘completed’ datasets. After imputation, we combined

multivariable modeling estimates using Proc MI ANALYZE
in SAS version 9.2.34

Results

Table 1 shows that , 33% (176 of 539) of participants reported
0 domains of lifetime experiences of racial discrimination, 33%
(176 of 539) reported 1–2 domains of experiences and 35% (187
of 539) reported 3 or more domains of experiences (Table 1).
Black participants reported more domains of racial dis-
crimination than participants from other racial/ethnic groups.
Participants most frequently reported experiences of racial dis-
crimination when getting service at a store or restaurant, on the
street or in public settings and at school or work (Table 1).

Compared with mothers who reported no EOD, mothers
who reported 1–2 or 3 or more domains of experiences of racial
discrimination showed some differences in sociodemographic
and other characteristics. Participants born in the United States
reported more EOD than participants who moved to the United
States later in life (Table 2). Higher maternal pre-pregnancy
BMI was associated with more experiences of racial dis-
crimination. Maternal education and income had U-shaped
associations with reported experiences of racism: mothers with
higher educational attainment or income were more likely to
report 0 and to report >3 lifetime domains of discrimination
than women with lower education or income (Table 2).

Bivariate relations of reported racial discrimination and
anthropometric outcomes of the children are presented in
Table 3. In these unadjusted analyses, we observed a trend in
lower birth weight for gestational age z-score with more
experiences of racial discrimination.

In multivariate analyses adjusted for maternal age and race/
ethnicity, child age at outcome and child sex, racism scores
>3 were associated with smaller fetal growth and smaller

Table 1. Distribution of self-reported domains of lifetime experiences of racism, overall and by race/ethnicity, among 539 racial/ethnic minority
women from Project Viva, a pre-birth cohort study in Massachusetts

Situational domains in which
participants reported ever
experiencing racial discrimination

Overall
n 5 539 %

Black
n 5 294 %

Hispanic
n 5 127 %

Asian
n 5 110 %

Additional
racial/ethnic
groups n 5 8 %

At school 185 34 116 39 30 24 35 32 4 50
Getting hired or getting a job 92 17 71 24 12 9 8 7 1 13
At work 156 29 106 36 26 2 21 19 3 38
Getting housing 59 11 46 16 10 8 3 3 0 0
Getting medical care 29 5 19 7 5 4 5 5 0 0
Getting service in a store or restaurant 246 46 173 59 43 34 27 25 3 38
On the street or in a public setting 199 37 130 44 35 28 31 28 3 38
From the police or in the courts 97 18 70 24 19 15 6 5 2 25
Racism score, 3-level category

0 176 32.7 65 22.1 54 42.6 54 49.1 3 37.5
1–2 176 32.7 95 32.3 44 34.6 35 31.8 2 25.0
31 187 34.6 134 45.6 29 22.8 21 19.1 3 37.5
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child size at 6 months and 3 years (Model 1, Table 4).
Further adjustment for maternal nativity, education, pre-
pregnancy BMI, household income and birth weight for
gestational age z-score substantially strengthened the observed
relationships (Model 2, Table 4). In fully adjusted model,
compared with children whose mothers reported 0 experi-
ences, those whose mothers reported >3 domains of EOD
had lower birth weight for gestational age z-score (b 20.25;
95% CI: 20.45, 20.04), lower 6 month WFA z-score
(b 20.34; 95% CI: 20.65, 20.03) and lower 3-year BMI
z-score (b 20.33; 95% CI: 20.66, 0.00). Although children
whose mothers reported >3 domains of discrimination
appeared to have lower SS 1 TR (b 20.65; 95% CI: 22.21,
0.91), the confidence intervals were wide and included 0.
Maternal experience of racism was not associated with the

ratio of SS to TR at the age of 3 years (Table 4). Children of
mothers reporting 1–2 domains of discrimination generally
had intermediate body size, suggesting a dose-response asso-
ciation (Table 4).

Table 4 also shows results stratified by racial/ethnic group.
Overall, the effect estimates were similar in direction across
groups, but we did observe some differences in the magni-
tudes of effect across groups for birth weight for gestational
age z-score. Among Hispanic participants the association
of racism with fetal growth (b 5 20.70; 95% CI: 21.13,
20.26 for .3 v. 0 lifetime domains) appeared to be stronger
than among Asian (b 5 20.21; 95% CI: 20.70, 0.27)
or Black (b 5 20.05; 95% CI: 20.34, 0.23) participants
(P-value for interaction 5 0.01). We did not observe effect
modification by race/ethnicity for the other outcomes.

Table 2. Characteristics of participants, overall and by racism exposure, among 539 racial/ethnic minority women from Project Viva, a pre-birth
cohort study in Massachusetts

Number of self-reported domains of experiences of racism

Characteristic Overall (n 5 539) 0 (n 5 176) 1–2 (n 5 176) 31 (n 5 187) P-valueb

Mean (S.D.)

Maternal age (years) 30.0 (5.8) 30.0 (5.7) 29.2 (5.9) 30.6 (5.9) 0.09
Pre-pregnancy BMI (kg/m2) 25.9 (6.3) 24.6 (6.1) 26.3 (5.9) 26.9 (6.6) 0.001
Breastfeeding duration (months) 5.3 (4.4) 5.2 (4.3) 5.3 (4.4) 5.3 (4.4) 0.98

n (column %)

Nativity ,0.001
US born 309 (58.2) 73 (42.2) 113 (64.9) 123 (66.9)
Moved to United States <17 years of age 120 (22.6) 37 (21.4) 40 (23.0) 43 (23.4)
Moved to United States .17 years of age 102 (19.2) 63 (36.4) 21 (12.1) 18 (9.8)

Gestational weight gain categorya 0.22
Adequate/inadequate 252 (47.2) 89 (50.9) 73 (42.0) 90 (48.7)
Excessive 282 (52.8) 86 (49.1) 101 (58.1) 95 (51.4)

Parity 0.50
1 245 (45.5) 86 (48.9) 82 (46.6) 77 (41.2)
2 185 (34.3) 56 (31.8) 56 (31.8) 73 (39.0)
31 109 (20.2) 34 (19.3) 38 (21.6) 37 (19.8)

College graduate 0.04
No 277 (51.4) 82 (46.6) 104 (59.1) 91 (48.7)
Yes 262 (48.6) 94 (53.4) 72 (40.9) 96 (51.3)

Household income 0.06
, $40,000/year 168 (35.4) 45 (30.0) 66 (42.6) 57 (33.7)
>$40,000/year 306 (64.6) 105 (70.0) 89 (57.4) 112 (66.3)

Sex of child (%) 0.56
Female 260 (48.2) 83 (47.2) 81 (46.0) 96 (51.3)
Male 279 (51.8) 93 (52.8) 95 (54.0) 91 (48.7)

Depression
Mid-pregnancy 47 (12.9) 14 (11.9) 13 (11.9) 20 (14.6) 0.76
6 months postpartum 35 (11.5) 7 (7.1) 13 (13.5) 15 (13.6) 0.26

a Categories of weight gain based on the 2009 recommendations of the Institute of Medicine.31

b Chi-square P-value for categorical characteristics and global P-value from linear regression for continuous characteristics.
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In secondary analyses using multiple imputations, we observed
similar but somewhat attenuated associations compared to our
primary ‘complete case’ analysis. Examples included effect esti-
mates of 20.21 (95% CI: 20.40, 20.01) in imputed v. 20.25
(95% CI: 20.45, 20.04) in complete case analysis for birth
weight for gestational age, 20.27 (95% CI: 20.60, 20.07) v.
20.34 (95% CI: 20.65, 20.03) for 6-month WFA z-score, and
20.32 (95% CI: 20.65, 0.02) v. 20.33 (95% CI: 20.66, 0.00)
for 3-year BMI z-score, for .3 v. 0 lifetime domains of
discrimination using Model 2.

Discussion

Although previous studies have found that maternal experi-
ences of chronic stressors are associated with adverse child
outcomes including preterm birth, low birth weight and
adverse growth patterns among their offspring,17,18,35 to our
knowledge, this is the first study to examine the association of
maternal experiences of racial discrimination with child
growth and adiposity outcomes. Over two-thirds of racial/
ethnic minority women participating in Project Viva reported
1 or more domains of experiences of racial discrimination in
their lifetimes. Mothers’ reports of lifetime experiences in
more domains of racial discrimination was associated with
lower measures of fetal growth, 6-month WFA and 3-year
BMI among their offspring, after adjustment for relevant
confounders. Maternal experiences of racial discrimination
did not appear to be associated with 3-year ratio of SS to TR,
a measure of central adiposity.

Of note, we observed a U-shaped relationship in that
mothers with a higher educational attainment reported more
experiences of racial discrimination. There are several possible
explanations for this observation. First, mothers with higher
educational attainment may spend more time in settings (i.e.
school or work) in which they are exposed to discrimination.

Second, the EOD measure is dependent on the mothers’
perception of their experiences. Thus, more highly educated
women may be more aware of the institutionalized racism
experienced in the workplace or school. Finally, the higher
socioeconomic status itself may be coupled with the mothers’
perception of racial or ethnic isolation. These explanations,
however, are speculative and further studies are needed to better
understand the relationship between racial discrimination and
socioeconomic status.

Few studies have examined the influence of maternal
stressors on the long-term growth and adiposity of her off-
spring.35,36 Our findings that maternal racial discrimination
was associated with smaller body size is consistent with an
analysis from the same cohort by Ertel et al.,36 who reported
that maternal antenatal depression was associated with lower
child BMI at 3 years of age. However, Ertel et al. also found
an association of depression with elevated central adiposity,
which we did not find in relation to racism in the current
study. Family or domestic violence is another stressor that
may affect long-term growth and adiposity outcomes of the
offspring. Boynton-Jarrett et al.35 found that maternal experi-
ences of intimate partner violence were associated with elevated
offspring obesity risk at the age of 5 years, in contrast to our
results showing lower BMI. Unlike our study, the study by
Boynton-Jarret et al. did not examine associations of intimate
partner violence and child growth outcomes under the age of
5 years and included a predominantly low-income population.

Given the paucity of studies examining racism and child
growth or adiposity we can only speculate on potential pathways
by which maternal experiences of racial discrimination could
influence child growth and adiposity, drawing from other lit-
erature on stress and adverse child outcomes. For example, some
studies have suggested that physiological changes resulting from
chronic stressors over a lifetime can cumulatively result in
‘weathering’ of the physiologic stress response such as activation

Table 3. Distribution of outcome variables at birth, 6 months and 3 years, overall and by racism score, among 539 racial/ethnic minority women
from Project Viva, a pre-birth cohort study in Massachusettsa

Number of self-reported domains of experiences of racism

Child anthropometrics n Overall mean (S.D.) 0 (n 5 176) 1–2 (n 5 176) 31 (n 5 187)

Mean (S.D.)

Birth
Birth weight for gestational age z-score 539 20.08 (0.95) 20.01 (0.93) 20.06 (0.97) 20.14 (0.95)

6 months
Weight for age z-score 270 0.30 (0.99) 0.22 (0.92) 0.46 (1.08) 0.25 (0.98)

3 years
BMI z-score 299 0.45 (1.1) 0.46 (1.0) 0.52 (1.2) 0.39 (1.2)
Sum of SS 1 TR (mm) 284 16.3 (4.9) 16.5 (4.1) 16.7 (5.5) 15.9 (5.0)
SS : TR ratio 284 0.68 (0.16) 0.68 (0.18) 0.70 (0.15) 0.67 (0.15)

SS, subscapular; TR, triceps skinfold thickness.
a Data includes losses to follow-up.
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Table 4. Multivariable adjusteda associations between maternal lifetime experiences of racism (0, 1–2 and 31 domains) and child weight-related
outcomes at birth, 6 months and 3 years, overall and according to race/ethnicity, among 539 racial/ethnic minority women from Project Viva,
a pre-birth cohort study in Massachusetts

Effect estimate (95% confidence interval)

Anthropometric outcomes n Overall (n 5 539) Black (n 5 294) Hispanic (n 5 127) Asian (n 5 110)

Birth weight for gestational age z-score
Model 1 539

0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 20.04 (20.24, 0.15) 0.00 (20.29, 0.28) 20.04 (20.41, 0.34) 20.07 (20.46, 0.33)
31 racism domains 20.18 (20.38, 0.01) 0.00 (20.27, 0.27) 20.52 (20.95,20.10) 20.18 (20.66, 0.30)

Model 2 531
0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 20.11 (20.31, 0.09) 20.01 (20.31, 0.28) 20.25 (20.63, 0.14) 20.11 (20.51, 0.30)
31 racism domains 20.05 (20.34, 0.23) 20.70 (21.13,20.26) 20.21 (20.70, 0.27)

Weight for age z-score at 6 months
Model 1 270

0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 0.19 (20.12, 0.49) 0.49 (20.06, 1.04) 0.44 (20.08, 0.96) 20.21 (20.74, 0.32)
31 racism domains 20.14 (20.46, 0.17) 0.13 (20.37, 0.63) 0.12 (20.45, 0.68) 20.49 (21.17, 0.19)

Model 2 269
0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 20.02 (20.32, 0.28) 0.22 (20.35, 0.78) 0.20 (20.32, 0.73) 20.39 (20.94, 0.16)
31 racism domains 20.34 (20.65,20.03) 20.18 (20.71, 0.36) 0.01 (20.58, 0.60) 20.55 (21.25, 0.15)

BMI z-score at 3 years
Model 1 299

0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 20.01 (20.34, 0.33) 20.22 (20.79, 0.35) 0.13 (20.55, 0.81) 0.07 (20.46, 0.61)
31 racism domains 20.22 (20.56, 0.13) 20.27 (20.81, 0.27) 20.19 (20.93, 0.56) 20.51 (21.16, 0.15)

Model 2 296
0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 20.14 (20.46, 0.17) 20.31 (20.85, 0.24) 0.00 (20.63, 0.63) 20.04 (20.60, 0.52)
31 racism domains 20.33 (20.66, 0.00) 20.34 (20.87, 0.19) 20.27 (20.98, 0.45) 20.56 (21.23, 0.10)

Sum of SS 1 TR at 3 years (mm)
Model 1 284

0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 0.07 (21.41, 1.55) 22.15 (24.71, 0.41) 2.18 (21.10, 5.45) 0.76 (21.34, 2.86)
31 racism domains 20.81 (22.35, 0.73) 22.27 (24.71, 0.16) 0.64 (22.93, 4.20) 20.95 (23.52, 1.62)

Model 2 281
0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 20.04 (21.53, 1.45) 22.02 (24.58, 0.54) 1.34 (22.13, 4.82) 0.76 (21.46, 2.99)
31 racism domains 20.65 (22.21, 0.91) 21.80 (24.26, 0.67) 0.03 (23.84, 3.90) 21.32 (23.98, 1.33)

SS : TR ratio at 3 years
Model 1 283

0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 0.94 (23.92, 5.80) 1.77 (26.22, 9.76) 7.44 (22.68,17.56) 20.64 (29.56, 8.27)
31 racism domains 21.21 (26.26, 3.84) 0.84 (26.79, 8.48) 1.01 (29.94,11.96) 25.48 (216.7, 5.71)

Model 2 280
0 racism domains 0.0 (ref) 0.0 (ref) 0.0 (ref) 0.0 (ref)
1–2 racism domains 2.11 (22.87, 7.10) 2.78 (25.54,11.10) 8.14 (21.81,18.09) 4.44 (24.99,13.86)
31 racism domains 0.35 (24.91, 5.61) 2.49 (25.57,10.54) 1.54 (29.55,12.63) 22.09 (213.7, 9.55)

BMI, body mass index; SS, subscapular; TR, triceps skinfold thickness.
a Model 1 was adjusted for maternal age and race/ethnicity, child age at outcome and child sex. Multivariate Model 2 was adjusted for all

variables in Model 1 plus maternal nativity (US born, moved to United States before the age of 17 years, moved to United States after the age
of 17 years), education and pre-pregnancy BMI; household income; and (for weight for age z-score at 6 months) birth weight for gestational
age z-score. All SS : TR models are additionally adjusted for BMI z-score at 3 years of age.
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of the mothers’ hypothalamic–pituitary–adrenocortical axis, or
permanently alter immune and vascular function, thus affecting
maternal health and possibly child growth.37 Other potential
pathways are more speculative. For example, racism’s effects on
child growth could involve its influence on antenatal depression.
In another study in Project Viva, antenatal depression is related
to lower BMI at the age of 3 years.36,38 However, adjustment for
maternal depression did not attenuate our observed relationships
and was not associated with maternal experiences of racism. It is
also possible that mothers who have experienced more racial
discrimination are at higher risk of psychosocial stress; severe
psychosocial stress even in the absence of depression may cause
poor infant feeding practices that lead to slower weight gain in
infancy.39–41 Another possibility is that mothers with more
reported experiences of racial discrimination may have adverse
coping behaviors that can be sensed and internalized by their
child,42 although no studies have related coping behaviors or the
child’s response to weight gain.16 Furthermore, it is possible that
mothers with more reported experiences of racial discrimination
may have difficulty with emotion regulation that can impact
their attachment with their child. Insecure child attachment has
been shown to increase risk for childhood obesity.16

The long-term implications of our findings await further
cohort follow-up and similar analyses in other cohorts. Lower
fetal growth is associated with increased rates of cardiovas-
cular disease in adult life,43–47 but it is not clear whether this
phenomenon results from racial discrimination or other
determinants of reduced fetal growth. Further, the highest
risk is among children born small who gain excess weight in
childhood; we did not observe this phenotype in relation to
racial discrimination. In this era of epidemic obesity, most
would consider lower WFA at 6 months and lower BMI at
3 years to be favorable outcomes.48,49 However, as WFA and
BMI are determined both by adipose and lean muscle tissue,
future work is needed to determine which component is asso-
ciated with maternal stressors. Although the reductions in
6-month and 3-year weight status were not severe in this rela-
tively well-off cohort, it is possible that a similar magnitude of
racism’s effect in a more disadvantaged population could lead to
enough weight faltering to have chronic adverse effects.50

As with any study, it is important to consider limitations
and strengths. First, although our measure of self-reported
experiences of racial discrimination examined lifetime experi-
ences in different situations, we did not ask respondents to
enumerate specific events or to indicate their level of severity
or the frequency with which they occurred, suggesting that our
results offer a conservative assessment of the association between
racial discrimination and the specified outcomes. Second, the
educational and income levels of our study population were
relatively high. Our results may not be generalizable to racial/
ethnic minority women with fewer socioeconomic resources.
Third, our relatively limited sample size makes it difficult to
detect any interaction effects by race/ethnicity. Fourth, in any
observational study it is possible that unmeasured characteristics
or inadequately measured characteristics might explain the

observed associations between exposure and outcome. Never-
theless, we were able to control for important recognized
demographic, socio-economic and weight-related confounders.
An additional strength of our study was the multiple imputation
approach, which strengthened our inferences insofar as they
show that the results based on the observed data are not unduly
biased by missing data.

In conclusion, our findings suggest that maternal lifetime
experience of racial discrimination is associated with lower
weight status in the first 3 years of life. Although further
studies are needed to examine the long-term associations
between maternal psychosocial stressors and child growth,
adiposity and metabolic sequelae, as well as biological and
psychosocial mechanisms for such associations, our study
suggests that maternal experiences of racial discrimination
may leave an imprint on offspring health.
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