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Abstract: Disparities in birthweight by maternal race/ethnicity are commonly observed. It is
unclear to what extent these disparities are correlates of individual socioeconomic factors. In a
prospective cohort of 1645 low-risk singleton pregnancies included in the NICHD Fetal Growth
Study (2009–2013), neonatal anthropometry was measured by trained personnel using a standard
protocol. Socioeconomic characteristics included employment status, marital status, health insurance,
annual income, and education. Separate adjusted generalized linear models were fit to both test
the effect of race/ethnicity and the interaction of race/ethnicity and socioeconomic characteristics
on neonatal anthropometry. Mean infant birthweight, length, head circumference, and abdominal
circumference all differed by race/ethnicity (p < 0.001). We observed no statistically significant
interactions between race/ethnicity and full-time employment/student status, marital status, insurance,
or education in association with birthweight, neonatal exam weight, length, or head or abdominal
circumference at examination. The interaction between income and race/ethnicity was significant
only for abdominal circumference (p = 0.027), with no other significant interactions for other growth
parameters, suggesting that racial/ethnic differences in neonatal anthropometry did not vary by
individual socioeconomic factors in low-risk women. Our results do not preclude structural factors,
such as lifetime exposure to poverty, as an explanation for racial/ethnic disparities.
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1. Introduction

Race/ethnic disparities in pregnancy outcomes continue to be a pressing public health issue [1],
and identifying contributing factors to these disparities is an ongoing area of research. The NICHD
Fetal Growth Studies–Singletons was a prospective cohort study designed to establish standards of
fetal growth and determine the need for racial/ethnic specific standards [2]. Significant racial/ethnic
differences in fetal growth, fetal growth velocity, and birthweight were observed even after adjusting for
detailed demographic and socioeconomic factors that differed among the groups including insurance,
annual income, education, and marital status [3,4]. However, whether race/ethnic differences in
birthweight varied by these socioeconomic factors was not directly assessed.

A survey found that both poor (defined as households with incomes less than 100% of the federal
poverty level) black, and white women were more likely to deliver low birthweight infants than
their counterparts with higher incomes, while poor white women had lower rates of low birthweight,
small for gestational age and preterm birth than affluent black women [5]. These findings have been
corroborated by a number of other studies [6,7], highlighting the complexity of associations between
socioeconomic factors, race, and fetal growth.

A closer investigation into socioeconomic variables in relation to neonatal anthropometry may
provide further insight into the clinical implications of birthweight differences across race/ethnic
groups, since neonatal body composition, which reflects adiposity [8], is predictive of adult metabolic
health and cognitive function [8–12]. Given the low risk status of this study population, our objective
was to explore whether the previously observed racial/ethnic differences in neonatal anthropometry
and birthweight varied by socioeconomic factors.

2. Materials and Methods

This was a secondary analysis of the NICHD Fetal Growth Studies–Singletons, a prospective cohort
study across 12 community and perinatal centers between July 2009 and January 2013 [13]. The primary
aim of the original NICHD Fetal Growth Study was to establish a standard for normal fetal growth
(velocity) and size for gestational age in the U.S. population. To achieve this aim, the study recruited
low-risk singleton pregnancies across four self-identified race/ethnic groups; non-Hispanic White,
non-Hispanic Black, Hispanic, and Asian/Pacific Islander. Inclusion criteria included maternal age
18–40 years; pre-gravid body mass index (BMI) 19.0–29.9 kg/m2 calculated from recalled pre-pregnancy
weight and height; viable singleton pregnancy between 8 weeks 0 days (8w0d) to 13 weeks 6 days
with gestational age consistent with the last menstrual period dating within a prescribed range per
screening sonogram. Women with prior adverse pregnancy outcomes, history of chronic disease,
conception using medical drugs or assisted reproductive technology, cigarette smoking, illicit drug
use or intake of ≥1 alcoholic drinks per day were excluded, as previously described [2,4]. For the
Fetal Growth Standard, we also excluded women with pregnancy complications, including preterm
delivery (<37 weeks), gestational diabetes, and hypertensive diseases, as well as neonatal conditions
including congenital anomalies and death [2]. Ethical approval was obtained from all participating
sites (institutional review board #09-CH-N152, approved December 2009) and women gave informed
consent (ClinicalTrials.gov Identifier: NCT00912132).

At enrollment, research nurses conducted in-person interviews to obtain detailed demographic
and health characteristics. Women were followed from enrollment through delivery. Birthweight at
delivery was abstracted from labor and delivery hospital records by trained research personnel.
Standardized neonatal anthropometric measures were usually obtained within 1 to 3 days after
birth (median (interquartile range) 1 (1,2)) depending on neonatal condition and timing of discharge.
Trained research nurses completed the exam assisted by a second person who helped hold the infant in
position for measurements of weight (neonatal weight), length, head circumference, and abdominal
circumference. Weight was measured using an electronic infant or beam balance scale and was recorded
in grams (g) [14]. Length in centimeters (cm) was measured, with the infant lying flat on their back,
as the distance from the soles of the feet to the top of the head using a SECA 416 Infantometer (SECA,
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Hamburg, Germany) [15,16]. Head circumference was taken with a tape measure as the distance from
the forehead above the eyebrows, posteriorly around to the maximum protrusion of the occiput and
back to the starting point [17]. The abdominal circumference was determined by placing the tape
on the abdomen above the umbilicus and perpendicular to the long mid-axis of the trunk [17–20].
Circumference measurements were made to the nearest 0.1 cm and all measurements were taken at
least twice. A third measurement was included if any of the first two measurements differed more
than the expected technical error rate for that measurement [21–25].

Trained research personnel abstracted demographic data, antenatal history, and labor, delivery and
neonatal course and outcomes from the prenatal record, labor and delivery summary, and hospital and
neonatal records.

Analysis

Baseline maternal characteristics, infant sex, and socioeconomic factors were compared by
self-reported race/ethnicity. Significance was determined using χ2 or one-way ANOVA for categorical
and continuous data, respectively. Separate generalized linear models were used to test the
potential modifying effect of race/ethnicity and the combination of race/ethnicity and socioeconomic
characteristics on neonatal anthropometry. We tested this effect by including two-way interaction terms
(socioeconomic factor*race/ethnicity) for each socioeconomic factor. Both one-way models and two-way
interaction models were adjusted for days from birth to measurement (except birthweight), infant sex
(male/female), maternal characteristics: age, height, pre-gravid weight, parity, and other maternal
socioeconomic factors: full-time employment/student status (yes/no), marital status (married or living
as married/not), health insurance (private or managed care/other), annual household income (<$30,000,
$30,000–39,999, $40,000–49,999, $50,000–74,999, $75,000–99,999, ≥$100,000), and education (<high
school, high school or equivalent, some college or associate degree, bachelor’s degree, and master’s or
higher degree). All covariates were treated as continuous unless otherwise stated. We did not adjust
for gestational age at delivery because it is an intermediate on the path to neonatal anthropometry.
Additionally, racial/ethnic differences in fetal growth have previously been shown to be persistent
across developmental weeks using these data [2]. Thus, it is unlikely that gestational age at delivery
would further confound any observed associations and its inclusion may be more likely to introduce
bias. Where self-reported height and weight data were missing (n = 1 and n = 4 respectively), measured
height and weight data were used instead. We used multiple imputation (with 20 imputations) to
account for all other missing covariate information; missing income (n = 224) and missing marital status
(n = 2). Least squared means comparisons (Tukey method) were performed where the interaction
between race/ethnicity and categorical socioeconomic traits were significant.

All analyses were implemented using SAS (version 9.4, SAS Institute, Inc., Cary, NC, USA).
Significance was set at p < 0.05 for all analyses.

3. Results

There were 1737 women included in the fetal growth standard. For this analysis, we excluded
six who refused to continue and 86 without any neonatal anthropometry measurements, for a final
analytic sample of 1645.

Table 1 presents maternal and neonatal characteristics across different race/ethnic groups. The majority
of women in each race/ethnic group were either full-time employed or students and were married or living
with a partner although the percentage was lower for non-Hispanic black women (48%). The majority
of non-Hispanic white and Asian/Pacific Islander women had private or managed care plans while
non-Hispanic black and Hispanic women utilized other plans for health care access. A large proportion
of non-Hispanic black (48.3%) and Hispanic (38.2%) women had income below $30,000 while most
non-Hispanic white and Asian/Pacific Islander women had income greater than $100,000.

Neonatal anthropometry outcomes were significantly different among racial and ethnic groups
when adjusted for covariates (Table 2). In our comparison among race/ethnic groups, the non-Hispanic
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white group had significantly higher birthweight and neonatal exam weight, as well as greater exam
length, and head and abdominal circumference than all other groups, while the non-Hispanic black
group had smaller anthropometrics than all the other groups.

Table 1. Maternal and neonatal characteristics among self-reported racial/ethnic groups.

Characteristic Non-Hispanic
White

Non-Hispanic
Black Hispanic Asian/Pacific

Islander Overall

n = 468 n = 401 n = 454 n = 322 n = 1645

Maternal age, years—mean ± (SD) 30.3 (4.3) 25.4 (5.3) 27.0 (5.4) 30.5 (4.4) 28.2 (5.3)
Height, cm—mean ± (SD) 165.7 (7.1) 164.4 (6.8) 159.9 (6.2) 160.3 (5.9) 162.7 (7.0)

Pregravid Weight, kg—mean ± (SD) 63.5 (9.0) 64.9 (9.6) 62.3 (9.1) 56.9 (8.2) 62.2 (9.5)

Full-time employment/student status,
n (%)
No 79 (16.9%) 101 (25.2%) 178 (39.2%) 103 (32.0%) 461 (28.0%)
Yes 389 (83.1%) 300 (74.8%) 276 (60.8%) 219 (68.0%) 1184 (72.0%)

Marital status a, n (%)
Not married 27 (5.8%) 207 (51.8%) 120 (26.4%) 28 (8.7%) 382 (23.3%)

Married or living with partner 440 (94.2%) 193 (48.3%) 334 (73.6%) 294 (91.3%) 1261 (76.7%)

Insurance, n (%)
Other 25 (5.3%) 199 (49.6%) 275 (60.6%) 49 (15.2%) 548 (33.3%)

Private or managed care 443 (94.7%) 202 (50.4%) 179 (39.4%) 273 (84.8%) 1097 (66.7%)

Family income a, n (%)
<$30,000 17 (3.8%) 168 (48.3%) 144 (38.2%) 40 (16.5%) 369 (26.0%)

$30,000–$39,999 14 (3.1%) 26 (7.5%) 64 (17.0%) 15 (6.2%) 119 (8.4%)
$40,000–$49,999 15 (3.3%) 43 (12.4%) 40 (10.6%) 15 (6.2%) 113 (8.0%)
$50,000–$74,999 58 (12.8%) 31 (8.9%) 52 (13.8%) 32 (13.2%) 173 (12.2%)
$75,000–$99,999 86 (19.0%) 34 (9.8%) 29 (7.7%) 52 (21.4%) 201 (14.1%)
$100,000 or more 263 (58.1%) 46 (13.2%) 48 (12.7%) 89 (36.6%) 446 (31.4%)

Education, n (%)
<High school 4 (0.9%) 44 (11.0%) 99 (21.8%) 17 (5.3%) 164 (10.0%)

High school/equivalent 22 (4.7%) 114 (28.4%) 108 (23.8%) 38 (11.8%) 282 (17.1%)
Some college/associate 87 (18.6%) 144 (35.9%) 169 (37.2%) 61 (18.9%) 461 (28.0%)

Bachelor’s degree 192 (41.0%) 63 (15.7%) 62 (13.7%) 102 (31.7%) 419 (25.5%)
Postgraduate degree 163 (34.8%) 36 (9.0%) 16 (3.5%) 104 (32.3%) 319 (19.4%)

Parity, n (%)
0 249 (53.2%) 196 (48.9%) 173 (38.1%) 164 (50.9%) 782 (47.5%)
1 159 (34.0%) 135 (33.7%) 173 (38.1%) 125 (38.8%) 592 (36.0%)
≥2 60 (12.8%) 70 (17.5%) 108 (23.8%) 33 (10.2%) 271 (16.5%)

Gestational age at delivery—weeks,
mean (S.D.) 39.6 (1.0) 39.5 (1.0) 39.6 (1.0) 39.4 (1.1) 39.5 (1.0)

Infant sex, n (%)

Male 255 (54.5%) 200 (49.9%) 225 (49.6%) 165 (51.2%) 845 (51.4%)
Female 213 (45.5%) 201 (50.1%) 229 (50.4%) 157 (48.8%) 800 (48.6%)

a Not included in the totals are missing data: marital status (n = 2) and income (n = 224: 15 from Non-Hispanic
white, 53 from Non-Hispanic black, 77 from Hispanic, 79 from Asian and Pacific Islander). Note: percentages may
not add up to 100% due to rounding. All characteristic comparisons among racial/ethnic groups were statistically
significant at p < 0.0001 for χ2 tests for categorical data and ANOVA for continuous data except for infant sex.

Table 2. Means and standard deviations for neonatal anthropometry measures by race/ethnicity.

Neonatal Anthropometry
(Units)

Non-Hispanic
White

Non-Hispanic
Black Hispanic Asian/Pacific

Islander Overall
p-Value Variable n

n = 468 n = 401 n = 454 n = 322 n = 1645

mean SD mean SD mean SD mean SD mean SD

Birthweight (gm) 3498 425 3273 415 3382 422 3325 414 3377 428 <0.0001 1644
Exam Weight (gm) 3436 413 3229 414 3320 420 3265 413 3320 423 <0.0001 1642
Exam Length (cm) 50.7 2.5 49.9 2.2 50.2 2.3 50.3 2.4 50.3 2.4 <0.001 1632

Exam Head Circumference (cm) 34.4 1.4 33.8 1.4 34.2 1.3 34.1 1.4 34.1 1.4 <0.0001 1643
Abdominal Circumference (cm) 33.7 1.9 32.3 2.2 33.4 1.9 33.1 2.2 33.2 2.1 <0.0001 1637

Note: All one-way ANCOVAs with race/ethnicity as the independent variable adjusting for full-time
employment/student status, marital status, health insurance source, income, education, days from birth (except
birthweight), infant sex, and maternal characteristics: age, height, pre-gravid weight, and parity were statistically
significant at p < 0.001. Type III sums of squares p-values for race/ethnicity are presented. The analysis used
imputed data.
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Table 3 presents neonatal anthropometric measurements with respect to socioeconomic factors.
Neonatal anthropometric measurements varied by maternal marital status, insurance, family income,
and education, but not full-time employment/student status.

There were no significant interactions between race/ethnicity and full-time employment/student
status, marital status, insurance, or education in association with birthweight, neonatal weight,
length, or head or abdominal circumference at examination (Table 4). The interaction of income
with race/ethnicity was significant for abdominal circumference only (p = 0.027). There were no
significant interactions of income with other neonatal parameters. The relationship between income
and abdominal circumference stratified by race/ethnicity is presented in Figure 1. Within non-Hispanic
white or Hispanic groups, abdominal circumference did not vary significantly by income category.
Within the Asian cohort, abdominal circumference was larger for an income of $75,000 to 99,999 relative
to an income of $100,000 or more (p = 0.0065). Within the non-Hispanic black group, abdominal
circumference was smaller for incomes of less than $30,000 and incomes of $50, 000 to $74, 999, relative
to incomes of $75,000 to $99,999 (p = 0.0362 and p = 0.0187, respectively). Differences among other
income categories within the non-Hispanic black group were not significant.
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Table 3. Means and SDs for neonatal anthropometric measurements by each category of socioeconomic factor.

Birthweight
(gm) p-Value Exam

Weight (gm) p-Value Exam
Length (cm) p-Value

Exam Head
Circumference

(cm)
p-Value

Exam
Abdominal
Circumference

(cm)

p-Value

Full-time employment/student status,
mean ± (SD) 0.20 0.20 0.38 0.24 0.54

No (n = 461) 3355 (433) 3298 (432) 50.2 (2.3) 34.1 (1.5) 33.2 (2.1)
Yes (n = 1184) 3386 (426) 3329 (419) 50.3 (2.4) 34.2 (1.4) 33.2 (2.1)

Marital status, mean ± (SD) <0.0001 0.0002 0.0001 0.003 <0.0001
Not married (n = 382) 3300 (431) 3250 (425) 49.9 (2.3) 33.9 (1.5) 32.6 (2.3)

Married or living with partner (n = 1261) 3400 (425) 3342 (420) 50.4 (2.4) 34.2 (1.4) 33.3 (2.0)

Insurance, mean ± (SD) 0.001 0.003 0.02 <0.0001 0.003
Other (n = 548) 3323 (427) 3274 (423) 50.1 (2.3) 33.9 (1.3) 33.0 (2.2)

Private or managed care (n = 1097) 3404 (426) 3343 (421) 50.4 (2.4) 34.2 (1.4) 33.3 (2.0)

Family income, mean ± (SD) 0.0002 0.001 0.01 0.001 0.0002
<$30,000 (n = 369) 3335 (418) 3282 (413) 50.1 (2.4) 34.0 (1.3) 32.9 (2.2)

$30,000–$39,999 (n = 119) 3302 (428) 3245 (417) 49.9 (2.2) 34.0 (1.2) 33.1 (2.1)
$40,000–$49,999 (n = 113) 3351 (409) 3305 (411) 50.3 (2.2) 33.8 (1.6) 33.0 (2.2)
$50,000–$74,999 (n = 173) 3417 (452) 3351 (461) 50.5 (2.2) 34.2 (1.5) 33.2 (2.0)
$75,000–$99,999 (n = 201) 3444 (412) 3380 (411) 50.7 (2.4) 34.3 (1.3) 33.5 (1.9)
$100,000 or more (n = 446) 3430 (426) 3367 (415) 50.4 (2.4) 34.3 (1.4) 33.4 (2.1)

Education, mean ± (SD) 0.0003 0.001 0.0001 0.001 0.05
<High school (n = 164) 3294 (416) 3255 (411) 49.8 (2.1) 33.8 (1.3) 33.0 (2.1)

High school/equivalent (n = 282) 3331 (419) 3271 (412) 50.1 (2.3) 34.1 (1.5) 33.0 (2.1)
Some college/associate (n = 461) 3374 (442) 3311 (435) 50.2 (2.5) 34.1 (1.4) 33.1 (2.2)

Bachelor’s degree (n = 419) 3416 (436) 3359 (429) 50.4 (2.3) 34.3 (1.3) 33.3 (2.0)
Postgraduate degree (n = 319) 3417 (402) 3358 (403) 50.7 (2.5) 34.2 (1.4) 33.3 (2.0)

Note: p-values are for the Wald chi-squared from logistic regression models adjusted for days to exam (except for birthweight).
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Table 4. Type III sum of squares p-values for race by socioeconomic interactions.

Neonatal
Anthropometry

(Units)

Full-Time
Employed/Student

p-Value

Marital
Status
p-Value

Insurance
p-Value

Income
p-Value

Education
p-Value

Infant
Sex

p-Value

Age
p-Value

Height
p-Value

Weight
p-Value

Parity
p-Value

Birthweight (gm) 0.83 0.13 0.46 0.29 0.13 0.52 0.51 0.52 0.65 0.33
Exam Weight (gm) 0.83 0.19 0.70 0.33 0.23 0.43 0.46 0.62 0.81 0.19
Exam Length (cm) 0.99 0.11 0.62 0.46 0.42 0.03 0.38 0.59 0.66 0.83

Exam Head circ. (cm) 0.55 0.51 0.99 0.48 0.33 0.03 0.31 0.48 0.79 0.55
Abdominal

Circumference (cm) 0.69 0.05 0.63 0.03 0.26 0.62 0.92 0.70 0.41 0.24

Note: Results are for two-way ANCOVA models adjusted for maternal characteristics, days to exam and infant
sex. Missing values for Marital Status (n = 2) and Income (n = 224) were imputed. Bold text indicates a statistically
significant interaction.
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Figure 1. Income level differences in fetal abdominal circumference by race.

4. Discussion

In a racial/ethnic diverse cohort of low risk women, we found that racial and ethnic differences in
neonatal anthropometry could not be explained by commonly measured individual socioeconomic
factors. Of the growth parameters evaluated, income may have moderated the association between
race/ethnicity and abdominal circumference only, and the degree of variability was more prevalent
within the black cohort for incomes that differed by more than $60,000.

Our findings highlight the complexity of the interaction between socioeconomic factors and
race/ethnicity and are generally consistent with other studies that suggest that socioeconomic
differences may not fully account for racial and ethnic disparities in neonatal anthropometry.
Frisbie et al. investigated this relationship using the National Maternal and Infant Health Survey
(NMIHS), which included a high-risk cohort of pregnant women with varying degrees of prenatal care
(inadequate versus adequate as measured by the Kotelchuck Index). Using multivariable analysis,
they concluded that the net effects of education, income, and receipt of welfare had no significant
impact on birthweight overall [26]. Another investigation utilizing data from the Early Childhood
Longitudinal Study-Birth Cohort found that education and marital status were not associated with low
birthweight across race/ethnic groups, and poverty status was only associated with low birthweight
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among US-born Mexican women [27]. In a study of disparities in child and adult health outcomes,
Braveman et al. provided evidence of a gradient effect between socioeconomic measures and health
outcomes in both non-Hispanic white and black populations, such that health outcomes improve as
socioeconomic status increases for both groups [7].

Common across these investigations is speculation that individual socioeconomic factors may be
inadequate to explain the complex associations between race/ethnicity and neonatal anthropometry,
as suggested by studies of area-level factors and birth outcomes. Higher neighborhood deprivation
has been associated with poor birth outcomes, particularly for non-Hispanic White women [28],
while residential racial segregation has been associated with low birthweight for non-Hispanic black
women [29]. In a systematic review by Blumenshine et al. [6], area-level factors, such as unemployment
and poverty concentration, were associated with poor birth outcomes across race/ethnic groups. In the
US, income, specifically, was most consistently associated with low birthweight, preterm birth and small
for gestational age, though, in contrast with our study, there were no significant racial differences [6].

For women in lower income categories, one theory that can account for the variation in abdominal
circumference by income observed in our study stems from endogenous energy storage. The liver
stores glucose and both visceral and peripheral fat stores are located within the abdomen as sources
of energy [30]. Using income as a proxy for access and subsequent nutrition, those with limited
means may have increased fetal consumption of fat stores, resulting in a decrease in the abdominal
circumference [31].

The major strengths of our study include the racial/ethnic diversity and the low risk characteristics
of our cohort, which allowed us to limit confounding factors such as chronic medical diseases or
lifestyle behaviors including smoking that may have clouded the association between socioeconomic
factors and fetal growth. Previous studies have analyzed birthweight as a potential adverse
outcome in higher risk populations, including mothers with a higher body mass index, cigarette use,
and preterm deliveries [25,32,33]. Detailed neonatal anthropometry, however, following a standardized
protocol, helps to better elucidate the difference in birthweight as it relates to socioeconomic factors.
Anthropometric measurements better characterize neonatal body composition compared to birthweight
alone, and has greater relevance to clinical care, as neonatal adiposity rebound is predictive of later
metabolic health, while neonatal lean mass is predictive of later cognitive function [12,34]. Furthermore,
specific body types, particularly “thin fat” which reflects a small abdominal circumference and low
muscle mass, can be associated with an increased predisposition to medical conditions such as type
two diabetes mellitus [35]. While our study did not include muscle mass in its anthropometric
measurements, the clinical implications of these measurements are evident.

One potential limitation to our study may be the unequal distribution of women in income
categories across race/ethnic groups. Specifically, only 10% of non-Hispanic white women reported
an annual income of less than $50,000 per year, which may contribute to why we did not observe
anthropometric differences by income within this group. Another limitation is the inability to
evaluate area-level socioeconomic factors, such as poverty, or to tease apart the nuances of individual
socioeconomic factors, such as accrued wealth vs. annual household income. Specifically, there is
a history of inequity in accrual of wealth in the United States, and current household income may
not be an adequate proxy to explain racial/ethnic differences observed in wealth accumulation across
generations [36].

We did not find an impact of individual socioeconomic factors on the association between
race/ethnicity and fetal growth, but this finding does not rule out disparities that may be caused by
more widespread, societal factors, like poverty or chronic stress associated with racism. By selecting
parameters including income, education, marital status, and insurance status, we assumed that,
in aggregate, socioeconomic impact could be adequately assessed. Recently, review articles have
discussed the perils in limiting our approach to socioeconomic status in health to a one-dimensional
analysis [28,29]. Of all the socioeconomic factors evaluated, family income and marital status were
statistically significant for all neonatal anthropometric measurements. However, once race and ethnicity
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were added to the analysis, the effect of family income was attenuated. There was only a difference in
abdominal circumference across income as it related to race. This finding suggests that some race/ethnic
differences in abdominal circumference may be associated with income, consistent with previous
discussions on the interaction between socioeconomic factors and race/ethnicity [37].

The difficulty in trying to understand the socioeconomic impact on outcomes such as neonatal
anthropometric measurements across race is in discerning the contextual framework of one’s
socioeconomic status. Specifically, life course theories describe how experience across a woman’s
lifetime may have a greater influence on birth outcomes compared with those around the time of
childbirth [33,38,39]. One longitudinal study described differences in health outcomes among poor
black, Puerto Ricans and whites of the same income, and found that disparities in health outcomes of
blacks and Puerto Ricans relative to their white counterparts could be explained by the concentration
of high poverty in the neighborhoods in which blacks and Puerto Ricans reside [32].

There is substantial evidence supporting the differences in fetal growth across racial and ethnic
groups. Understanding these differences has been challenging given that only 15% of this variation may
be explained by genetic factors [40]. Studies on birthweight and nativity have found that foreign-born
African women are at lower risk of low birthweight compared with US-born African Americans,
suggesting that race/ethnic disparities in birthweight may be due to environmental rather than genetic
factors [41]. Recently, it has been demonstrated that Africans have higher birthweight-lowering
genetic variants than Europeans [42], further supporting the notion that racial/ethnic variation is most
likely explained by a combination of genetic and environmental risk factors, such as individual and
socioeconomic structural factors.

Socioeconomic factors are associated with overall differences in fetal growth, but not with
race/ethnic differences in fetal growth. This finding poses several challenges. The first is revisiting our
approach to exploring the impact of socioeconomic status in health outcome research. Our analysis was
limited to individual level socioeconomic factors that reflect a moment in time, i.e., one’s gestational
period, understanding that the effects of socioeconomic factors have far reaching and lasting effects on
one’s development. It is beyond the scope of this investigation to test multi-level models of area-level
socioeconomic factors, but our results support current evidence suggesting that individual-level
socioeconomic factors alone are unlikely to explain racial and ethnic disparities in birthweight and
fetal growth.

Thus, our approach to analyzing the socioeconomic impact on health outcomes may not entirely
reflect the SES impact in totality. By expanding our cohort to include a larger sample reflective of
different population settlements across the country, i.e., rural, suburban, and urban regions, and by
considering structural factors that influence the contextual experience of SES over time, we can begin
to unravel the nuances of how socioeconomic factors are linked to health outcomes. This may serve as
the missing link between these two dyads, namely racial/ethnic differences among birth outcomes and
socioeconomic factors’ influence on birth outcomes.

5. Conclusions

Individual socioeconomic factors did not account for the observed differences in fetal growth as
measured by birthweight and neonatal anthropometrics amongst racial and ethnic groups. A more
expansive look at how socioeconomic and other factors indirectly shape access and subsequently
health outcomes such as fetal growth is needed.

Author Contributions: All authors contributed to the interpretation of results and critical review of the manuscript
with the following specific contributions: Conceptualization, C.L., S.J.P. and K.L.G.; Methodology, N.M.G. and
A.L.; Formal Analysis, N.M.G. and A.L.; Original Investigation, Logistics, and Data Collection, W.A.G., R.B.N.,
A.B., S.J.P., and D.W.; Interpretation of results: all authors; Writing—Original Draft Preparation, C.L., J.L.G.,
and K.L.G.; Writing—Review and Editing, all authors.; Visualization, N.M.G.; Supervision, K.L.G. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Intramural Research Program of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development, National Institutes of Health (Contract Numbers:



Int. J. Environ. Res. Public Health 2020, 17, 7323 10 of 12

HHSN275200800013C; HHSN275200800002I; HHSN27500006; HHSN275200800003IC; HHSN275200800014C;
HHSN275200800012C; HHSN275200800028C; HHSN275201000009C).

Acknowledgments: The authors acknowledge the research teams at all participating clinical centers, including
Christina Care Health Systems, University of California, Irvine, Long Beach Memorial Medical Center,
Northwestern University, Medical University of South Carolina, Columbia University, New York Presbyterian
Queens, Queens, St. Peters’ University Hospital, University of Alabama at Birmingham, Women and Infants
Hospital of Rhode Island, Fountain Valley Regional Hospital and Medical Center, and Tufts University. The authors
also acknowledge C-TASC and The EMMES Corporations in providing data and imaging support for this multi-site
study. This work would not have been possible without the assistance of GE Healthcare Women’s Health Ultrasound
for their support and training on the Voluson and Viewpoint products over the course of this study.

Conflicts of Interest: Deborah A. Wing has been a consultant for Parsagen, for which she received no compensation.
Wing was formerly Professor of Obstetrics and Gynecology, Division of Maternal-Fetal Medicine at University of
California, Irvine during time of data collection. She currently is Senior Client Partner, Korn Ferry, Los Angeles,
California. At the time of manuscript development, Sarah J. Pugh was a postdoctoral fellow at NICHD, and she
currently is an employee of Pfizer, Inc, Collegeville, PA. A. Liu, F. Tekola-Ayele and K.L. Grantz are U.S. federal
government employees. The remaining authors report no conflict of interest.

References

1. Burris, H.H.; Hacker, M.R. Birth outcome racial disparities: A result of intersecting social and environmental
factors. Semin. Perinatol. 2017, 41, 360–366. [CrossRef] [PubMed]

2. Buck Louis, G.M.; Grewal, J.; Albert, P.S.; Sciscione, A.; Wing, D.A.; Grobman, W.A.; Newman, R.B.;
Wapner, R.; D’Alton, M.E.; Skupski, D.; et al. Racial/ethnic standards for fetal growth: The NICHD Fetal
Growth Studies. Am. J. Obstet. Gynecol. 2015, 213, 449e1–449e41. [CrossRef] [PubMed]

3. Buck Louis, G.M. Eunice Kennedy Shriver National Institute of Child Health and Human Development Fetal
Growth Studies’ Research Team; Grewal, J. Clarification of estimating fetal weight between 10–14 weeks
gestation, NICHD fetal growth studies. Am. J. Obstet. Gynecol. 2017, 217, 96–101. [CrossRef] [PubMed]

4. Grantz, K.L.; Kim, S.; Grobman, W.A.; Newman, R.; Owen, J.; Skupski, D.; Grewal, J.; Chien, E.K.; Wing, D.A.;
Wapner, R.J.; et al. Fetal growth velocity: The NICHD fetal growth studies. Am. J. Obstet. Gynecol.
2018, 219, 285e1–285e36. [CrossRef] [PubMed]

5. Parker, J.D.; Schoendorf, K.C.; Kiely, J.L. Associations between measures of socioeconomic status and
low birth weight, small for gestational age, and premature delivery in the United States. Ann. Epidemiol.
1994, 4, 271–278. [CrossRef]

6. Blumenshine, P.; Egerter, S.; Barclay, C.J.; Cubbin, C.; Braveman, P.A. Socioeconomic disparities in adverse
birth outcomes: A systematic review. Am. J. Prev. Med. 2010, 39, 263–272. [CrossRef]

7. Braveman, P.A.; Cubbin, C.; Egerter, S.; Williams, D.R.; Pamuk, E. Socioeconomic disparities in health in the
United States: What the patterns tell us. Am. J. Public Health 2010, 100 (Suppl. 1), S186–S196. [CrossRef]

8. Villar, J.; Puglia, F.A.; Fenton, T.R.; Cheikh Ismail, L.; Staines-Urias, E.; Giuliani, F.; Ohuma, E.O.;
Victora, C.G.; Sullivan, P.; Barros, F.C.; et al. Body composition at birth and its relationship with neonatal
anthropometric ratios: The newborn body composition study of the INTERGROWTH-21(st) project.
Pediatr. Res. 2017, 82, 305–316. [CrossRef]

9. Ramel, S.E.; Zhang, L.; Misra, S.; Anderson, C.G.; Demerath, E.W. Do anthropometric measures accurately
reflect body composition in preterm infants? Pediatr. Obes. 2017, 12 (Suppl. 1), 72–77. [CrossRef]

10. Wells, J.C. Body composition in infants: Evidence for developmental programming and techniques for
measurement. Rev. Endocr. Metab. Disord. 2012, 13, 93–101. [CrossRef]

11. Wells, J.C.; Chomtho, S.; Fewtrell, M.S. Programming of body composition by early growth and nutrition.
Proc. Nutr. Soc. 2007, 66, 423–434. [CrossRef] [PubMed]

12. Ramel, S.E.; Gray, H.L.; Christiansen, E.; Boys, C.; Georgieff, M.K.; Demerath, E.W. Greater Early Gains in
Fat-Free Mass, but Not Fat Mass, Are Associated with Improved Neurodevelopment at 1 Year Corrected
Age for Prematurity in Very Low Birth Weight Preterm Infants. J. Pediatr. 2016, 173, 108–115. [CrossRef]
[PubMed]

13. Grewal, J.; Grantz, K.L.; Zhang, C.; Sciscione, A.; Wing, D.A.; Grobman, W.A.; Newman, R.B.; Wapner, R.;
D’Alton, M.E.; Skupski, D.; et al. Cohort Profile: NICHD Fetal Growth Studies-Singletons and Twins.
Int. J. Epidemiol. 2018, 47, 25–25l. [CrossRef] [PubMed]

http://dx.doi.org/10.1053/j.semperi.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28818300
http://dx.doi.org/10.1016/j.ajog.2015.08.032
http://www.ncbi.nlm.nih.gov/pubmed/26410205
http://dx.doi.org/10.1016/j.ajog.2017.03.030
http://www.ncbi.nlm.nih.gov/pubmed/28389223
http://dx.doi.org/10.1016/j.ajog.2018.05.016
http://www.ncbi.nlm.nih.gov/pubmed/29803819
http://dx.doi.org/10.1016/1047-2797(94)90082-5
http://dx.doi.org/10.1016/j.amepre.2010.05.012
http://dx.doi.org/10.2105/AJPH.2009.166082
http://dx.doi.org/10.1038/pr.2017.52
http://dx.doi.org/10.1111/ijpo.12181
http://dx.doi.org/10.1007/s11154-012-9213-9
http://dx.doi.org/10.1017/S0029665107005691
http://www.ncbi.nlm.nih.gov/pubmed/17637095
http://dx.doi.org/10.1016/j.jpeds.2016.03.003
http://www.ncbi.nlm.nih.gov/pubmed/27056450
http://dx.doi.org/10.1093/ije/dyx161
http://www.ncbi.nlm.nih.gov/pubmed/29025016


Int. J. Environ. Res. Public Health 2020, 17, 7323 11 of 12

14. Lohman, T.G.; Martorell, R.; Roche, A.F. Anthropometric Standardization Reference Manual; Human Kinetics
Books: Champaign, IL, USA, 1988.

15. Doull, I.J.; McCaughey, E.S.; Bailey, B.J.; Betts, P.R. Reliability of infant length measurement. Arch. Dis. Child.
1995, 72, 520–521. [CrossRef]

16. Shinwell, E.S.; Shlomo, M. Measured length of normal term infants changes over the first two days of life.
J. Pediatr. Endocrinol. Metab. 2003, 16, 537–540. [CrossRef]

17. Pereira-Da-Silva, L.; Bergmans, K.I.; van Kerkhoven, L.A.; Leal, F.; Virella, D.; Videira-Amaral, J.M. Reducing
discomfort while measuring crown-heel length in neonates. Acta Paediatr. 2006, 95, 742–746. [CrossRef]

18. Catalano, P.M.; Thomas, A.J.; Avallone, D.A.; Amini, S.B. Anthropometric estimation of neonatal body
composition. Am. J. Obstet. Gynecol. 1995, 173, 1176–1781. [CrossRef]

19. NCHS. National Health and Nutrition Examination Survey, 2007–2008: Anthropometry Procedures Manual;
U.S. Department of Health and Human Services, Centers for Disease Control and Prevention:
Hyattsville, MD, USA, 2008.

20. Williams, A.M.; Brain, J.L. The normal position of the umbilicus in the newborn: An aid to improving the
cosmetic result in exomphalos major. J. Pediatr. Surg. 2001, 36, 1045–1046. [CrossRef]

21. Stetzer, B.P.; Thomas, A.; Amini, S.B.; Catalano, P.M. Neonatal anthropometric measurements to predict birth
weight by ultrasound. J. Perinatol. 2002, 22, 397–402. [CrossRef]

22. Rodriguez, G.; Samper, M.P.; Ventura, P.; Perez-Gonzalez, J.M. Sex-specific charts for abdominal circumference
in term and near-term Caucasian newborns. J. Perinat. Med. 2008, 36, 527–530. [CrossRef]

23. Fok, T.F.; Hon, K.L.; Wong, E.; Ng, P.C.; So, H.K.; Lau, J.; Chow, C.B.; Lee, W.H.; Hong Kong Neonatal
Measurements Working, G. Trunk anthropometry of Hong Kong Chinese infants. Early Hum. Dev.
2005, 81, 781–790. [CrossRef] [PubMed]

24. de Onis, M.; Onyango, A.W.; Van den Broeck, J.; Chumlea, W.C.; Martorell, R. Measurement and
standardization protocols for anthropometry used in the construction of a new international growth
reference. Food Nutr. Bull. 2004, 25 (Suppl. 1), S27–S36. [CrossRef] [PubMed]

25. Johnson, T.S.; Engstrom, J.L.; Gelhar, D.K. Intra- and interexaminer reliability of anthropometric measurements
of term infants. J. Pediatr. Gastroenterol. Nutr. 1997, 24, 497–505. [CrossRef] [PubMed]

26. Frisbie, W.P.; Echevarria, S.; Hummer, R.A. Prenatal care utilization among non-Hispanic Whites, African
Americans, and Mexican Americans. Matern. Child. Health J. 2001, 5, 21–33. [CrossRef]

27. Sparks, P.J. Do biological, sociodemographic, and behavioral characteristics explain racial/ethnic disparities
in preterm births? Soc. Sci. Med. 2009, 68, 1667–1675. [CrossRef]

28. Ncube, C.N.; Enquobahrie, D.A.; Albert, S.M.; Herrick, A.L.; Burke, J.G. Association of neighborhood
context with offspring risk of preterm birth and low birthweight: A systematic review and meta-analysis of
population-based studies. Soc. Sci. Med. 2016, 153, 156–164. [CrossRef]

29. Mehra, R.; Boyd, L.M.; Ickovics, J.R. Racial residential segregation and adverse birth outcomes: A systematic
review and meta-analysis. Soc. Sci. Med. 2017, 191, 237–250. [CrossRef]

30. Tanvig, M.; Wehberg, S.; Vinter, C.A.; Joergensen, J.S.; Ovesen, P.G.; Beck-Nielsen, H.; Jensen, D.M.;
Christesen, H.T. Pregestational body mass index is related to neonatal abdominal circumference at birth—A
Danish population-based study. BJOG 2013, 120, 320–330. [CrossRef]

31. Gardeil, F.; Greene, R.; Stuart, B.; Turner, M.J. Subcutaneous fat in the fetal abdomen as a predictor of growth
restriction. Obstet. Gynecol. 1999, 94, 209–212.

32. Kramer, M.R.; Waller, L.A.; Dunlop, A.L.; Hogue, C.R. Housing transitions and low birth weight among
low-income women: Longitudinal study of the perinatal consequences of changing public housing policy.
Am. J. Public Health 2012, 102, 2255–2261. [CrossRef]

33. Lu, M.C.; Halfon, N. Racial and ethnic disparities in birth outcomes: A life-course perspective. Matern Child.
Health J. 2003, 7, 13–30. [CrossRef] [PubMed]

34. Peneau, S.; Gonzalez-Carrascosa, R.; Gusto, G.; Goxe, D.; Lantieri, O.; Fezeu, L.; Hercberg, S.;
Rolland-Cachera, M.F. Age at adiposity rebound: Determinants and association with nutritional status and
the metabolic syndrome at adulthood. Int. J. Obes. (Lond) 2016, 40, 1150–1156. [CrossRef] [PubMed]

35. Sletner, L.; Jenum, A.K.; Morkrid, K.; Vangen, S.; Holme, I.M.; Birkeland, K.I.; Nakstad, B. Maternal life
course socio-economic position and offspring body composition at birth in a multi-ethnic population.
Paediatr. Perinat. Epidemiol. 2014, 28, 445–454. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/adc.72.6.520
http://dx.doi.org/10.1515/JPEM.2003.16.4.537
http://dx.doi.org/10.1080/08035250500516623
http://dx.doi.org/10.1016/0002-9378(95)91348-3
http://dx.doi.org/10.1053/jpsu.2001.24737
http://dx.doi.org/10.1038/sj.jp.7210754
http://dx.doi.org/10.1515/JPM.2008.077
http://dx.doi.org/10.1016/j.earlhumdev.2005.06.002
http://www.ncbi.nlm.nih.gov/pubmed/16081229
http://dx.doi.org/10.1177/15648265040251S105
http://www.ncbi.nlm.nih.gov/pubmed/15069918
http://dx.doi.org/10.1097/00005176-199705000-00001
http://www.ncbi.nlm.nih.gov/pubmed/9161941
http://dx.doi.org/10.1023/A:1011393717603
http://dx.doi.org/10.1016/j.socscimed.2009.02.026
http://dx.doi.org/10.1016/j.socscimed.2016.02.014
http://dx.doi.org/10.1016/j.socscimed.2017.09.018
http://dx.doi.org/10.1111/1471-0528.12062
http://dx.doi.org/10.2105/AJPH.2012.300782
http://dx.doi.org/10.1023/A:1022537516969
http://www.ncbi.nlm.nih.gov/pubmed/12710797
http://dx.doi.org/10.1038/ijo.2016.39
http://www.ncbi.nlm.nih.gov/pubmed/27113489
http://dx.doi.org/10.1111/ppe.12137
http://www.ncbi.nlm.nih.gov/pubmed/25060595


Int. J. Environ. Res. Public Health 2020, 17, 7323 12 of 12

36. Kane, J.B.; Miles, G.; Yourkavitch, J.; King, K. Neighborhood context and birth outcomes: Going beyond
neighborhood disadvantage, incorporating affluence. SSM Popul. Health 2017, 3, 699–712. [CrossRef]

37. Braveman, P.A.; Cubbin, C.; Egerter, S.; Chideya, S.; Marchi, K.S.; Metzler, M.; Posner, S. Socioeconomic
status in health research: One size does not fit all. JAMA 2005, 294, 2879–2888. [CrossRef]

38. Lu, M.C.; Kotelchuck, M.; Hogan, V.; Jones, L.; Wright, K.; Halfon, N. Closing the Black-White gap in birth
outcomes: A life-course approach. Ethn. Dis. 2010, 20 (Suppl. 2), 62–76.

39. Bosquet Enlow, M.; Sideridis, G.; Chiu, Y.M.; Nentin, F.; Howell, E.A.; Le Grand, B.A.; Wright, R.J.
Associations among maternal socioeconomic status in childhood and pregnancy and hair cortisol in
pregnancy. Psychoneuroendocrinology 2019, 99, 216–224. [CrossRef]

40. Freathy, R.M.; Mook-Kanamori, D.O.; Sovio, U.; Prokopenko, I.; Timpson, N.J.; Berry, D.J.; Warrington, N.M.;
Widen, E.; Hottenga, J.J.; Kaakinen, M.; et al. Variants in ADCY5 and near CCNL1 are associated with fetal
growth and birth weight. Nat. Genet. 2010, 42, 430–435. [CrossRef]

41. Howard, D.L.; Marshall, S.S.; Kaufman, J.S.; Savitz, D.A. Variations in low birth weight and preterm delivery
among blacks in relation to ancestry and nativity: New York City, 1998–2002. Pediatrics 2006, 118, e1399–e1405.
[CrossRef]

42. Tekola-Ayele, F.; Workalemahu, T.; Amare, A.T. High burden of birthweight-lowering genetic variants in
Africans and Asians. BMC Med. 2018, 16, 70. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ssmph.2017.08.003
http://dx.doi.org/10.1001/jama.294.22.2879
http://dx.doi.org/10.1016/j.psyneuen.2018.09.017
http://dx.doi.org/10.1038/ng.567
http://dx.doi.org/10.1542/peds.2006-0665
http://dx.doi.org/10.1186/s12916-018-1061-3
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

