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Objective
This study aimed to examine the association between maternal pre-pregnancy underweight and the risk of small-for-
gestational-age (SGA) birth among Asian Americans compared with non-Hispanic (NH) whites.

Methods

Using 2014-2018 birth data, we categorized maternal underweight and SGA according to severity. Bivariate analyses
were performed to examine the demographics and maternal body mass index (BMI). Adjusted logistic regression
models were used to analyze the association between maternal BMI and SGA among Asian Americans compared with
NH-Whites.

Results

In Asian Americans, the likelihood of SGA birth was higher among underweight mothers than among mothers with
a normal BMI (odds ratio [OR], 1.37; 95% confidence interval [Cl], 1.30-1.46). We observed that as the severity of
maternal underweight increased, the adjusted odds of SGA increased. Underweight Asian American mothers were
more likely to give birth to SGA infants than underweight NH-White mothers (OR, 1.36; 95% Cl, 1.28-1.44).

Conclusion
This study shows the association between maternal underweight and SGA birth among Asian Americans, supporting
the development of culture-sensitive interventions addressing the impact of weight on pregnancy.
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Introduction

Asian Americans represent a fast-growing population in the
USA and encompass a heterogeneous population of ethnic
subgroups. The six largest Asian American groups are Chi-
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ese and Japanese Americans have the highest prevalence of
underweight (10.9%), whereas Filipino Americans have the
lowest prevalence of underweight (1.6%) [3]. Moreover, the
prevalence of severe birth outcomes differs between Asian
Americans and NH-Whites [4-6]. A retrospective cohort
study using data from 1992 to 2018 observed that Asian
Americans had lower odds of preterm birth than NH-Whites
[4]. It was also previously reported that Asian Americans of
advanced maternal age had reduced odds of hypertensive
disorders of pregnancy and large-for-gestational-age birth;
however, they had increased odds of small-for-gestational-
age (SGA) birth compared with NH-Whites [5].

Maternal pre-pregnancy body mass index (BMI) is an
important determinant of adverse maternal and infant
outcomes [7-11]. In underweight pregnant mothers, an in-
creased risk of fetal loss, preterm birth, anemia, infection,
fetal intrauterine growth retardation (IJUGR), and SGA birth
has been observed [12]. Studies have shown that SGA in-
fants or those with IUGR have higher neonatal mortality and
morbidity rates than infants whose weights are appropriate
for gestational age (AGA) [7-14]. In addition, SGA infants
are more likely to develop neurodevelopmental disabilities
in childhood [14] and are at an increased risk of obesity and
non-communicable diseases in adulthood [15].

Across all BMI categories, maternal weight gain below
the 2009 Institute of Medicine (IOM) recommendation was
associated with a higher risk of SGA than maternal weight
gain within the recommendation. This association was the
greatest in the underweight category of pre-pregnancy BMI
[16]. A systematic review of healthy pregnant women from
Asia found that most pregnant Indian women attained lower
gestational weight than the IOM recommendation compared
with other Asian pregnant women, in addition to having
a higher risk of low birth weight, SGA, and preterm birth
[17]. In another study, maternal weight gain and smoking
status were important predictors of delivery of SGA infants
in Japanese women in the underweight (BMI <18 kg/m?)
and 18<BMI<21 kg/m” categories [6]. Similarly, Korean un-
derweight women had a higher adjusted risk of giving birth
to IUGR and SGA infants than their normal-weight coun-
terparts. Furthermore, the rates of maternal and neonatal
complications were significantly higher among underweight
Korean women with inadequate gestational weight gain
[18]. However, no study has examined maternal underweight
and adverse pregnancy outcomes among Asian American
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women.

The purpose of this study was to examine the association
between pre-pregnancy underweight and SGA risk among
the six largest Asian American subgroups using a nationally
representative database. This study may aid in better under-
standing the relationship between maternal weight and SGA
birth in Asian Americans, as well as guide the customization
and delivery of appropriate prenatal care to optimize pre-
pregnancy maternal weight and prevent adverse neonatal
outcomes.

Materials and methods

1. Data collection

This retrospective study was conducted using the 2014-2018
natality data files obtained from the National Vital Statistics
System (NVSS) and compiled by the National Center for
Health Statistics (NCHS) [19]. Data on sociodemographic and
health characteristics as well as maternal risk factors associat-
ed with each birth were abstracted from the birth certificates
filed in the vital statistics offices of each state in the USA.
Because this study was conducted using publicly available,
de-identified data, it was classified as exempt by the Internal
Review Board of Baylor College of Medicine.

We utilized birth information among Asian American and
NH-White mothers who had singleton births during 2014-
2018, within the gestational ages of 20-41 weeks. Starting
in 2014, the NCHS changed the method of measuring ges-
tational age in these data files from that based on the last
menstrual period to that based on the obstetric estimate of
gestational age. Therefore, we utilized data from 2014 on-
wards for this study.

2. Measures

We categorized infants who were in the <10th percentile
of weight for gestational age as SGA, based on a national
reference [20]. The SGA births were further subdivided into
the following categories: 1) mild SGA, defined as infants in
the 5th to <10th percentile of weight for gestational age,
2) moderate SGA, defined as infants in the 1st to <5th per-
centile of weight for gestational age, and 3) severe SGA,
defined as infants in the <1st percentile of weight for ges-
tational age. Maternal underweight was classified into the
following categories: 1) mild underweight, defined as BMI
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Table 1. Birth characteristics stratified according to maternal body mass index category

Total Normal Mild _ Modera_te Severg
(n=916,449)  (n=909,049) underweight underweight underweight P-value
(n=6,705) (n=475) (n=220)
Size for gestational age <0.01
SGA 14.90 14.86 18.97 24.42 23.18
Non-SGA 85.10 85.14 81.03 75.58 76.82
Maternal age (yr) <0.01
<19 0.63 0.63 0.64 1.26 2.73
20-29 30.26 30.18 39.19 46.74 53.64
30-39 63.53 63.60 56.20 49.68 41.36
40-49 5.53 5.54 3.94 2.32 2.27
Missing 0.06 0.06 0.03 0.00 0.00
Birth facility <0.01
Hospital 37.96 37.94 41.30 38.53 35.91
Others 0.20 0.20 0.27 0.21 0.45
Unknown 61.84 61.87 58.43 61.26 63.64
Delivery method <0.01
Vaginal 65.03 64.95 75.21 74.32 75.91
C-section 34.56 34.64 24.79 25.68 24.09
Missing 0.41 0.41 0.00 0.00 0.00
Birth attendant <0.01
Medical professionals 99.19 99.19 99.12 99.16 99.55
Other 0.75 0.75 0.79 0.84 0.45
Unknown 0.06 0.06 0.09 0.00 0.00
Sex <0.01
Male 51.79 51.79 51.81 51.79 51.36
Female 48.21 48.21 48.19 48.21 48.64
Early prenatal care <0.01
No 16.16 16.15 16.93 17.47 22.27
Yes 80.34 80.33 80.70 80.00 75.91
Missing 3.50 3.51 2.37 2.53 1.82
Smoking <0.01
No 98.22 98.22 98.85 98.32 98.18
Yes 0.45 0.45 0.36 0.63 0.91
Missing 1.33 1.33 0.79 1.05 0.91
Diabetes <0.01
No 33.92 33.88 38.99 37.89 32.73
Yes 4.21 423 2.55 0.84 3.64
Missing 61.87 61.89 58.46 61.26 63.64
Chronic hypertension <0.01
No 36.90 36.87 41.06 38.53 36.36
Yes 1.23 1.24 0.48 0.21 0.00
Missing 61.87 61.89 58.46 61.26 63.64
498 www.ogscience.org
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Table 1. Continued

Total Normal Mild Moderate Severe
(n=916,449)  (n=909,049) underweight underweight underweight P-value
o B (n=6,705) (n=475) (n=220)
Pregnancy hypertension <0.01
No 37.81 37.78 41.45 38.74 36.36
Yes 0.32 0.33 0.09 0.00 0.00
Missing 61.87 61.89 58.46 61.26 63.64
Eclampsia <0.01
No 38.07 38.04 41.54 38.74 36.36
Yes 0.06 0.06 0.00 0.00 0.00
Missing 61.87 61.89 58.46 61.26 63.64
Any comorbidity <0.01
No 94.59 94.57 96.94 98.95 96.36
Yes 5.41 5.43 3.06 1.05 3.64

Values are presented as percents.
SGA, small-for-gestational-age.

in the range of 17.00-<18.49, 2) moderate underweight,
defined as BMI in the range of 16.00-<17.00, and 3) severe
underweight, defined as BMI <16 [21].

The covariates considered in this study were maternal age
(categorized as <20 years, 20-29 years, 30-39 years, and
40-49 years), birth facility (divided into hospital and others
lincluding freestanding birth centers, clinic/doctor’s office,
and home]), birth attendants (categorized as medical profes-
sionals [including doctors and nurses] and others), plurality
(stratified as singletons, twins, and higher-order multiples
[triplets or more]), and delivery method (classified as vaginal
delivery and cesarean section). We created a composite vari-
able termed “early prenatal care” based on whether prenatal
care for the mother was initiated in the 1st trimester. Ma-
ternal smoking status and comorbidities (diabetes, chronic/
pregnancy-related hypertension, and eclampsia) were also
considered as covariates. A composite variable named “any
comorbidity” was created to capture the presence of any of
the four aforementioned comorbidities.

3. Analysis

We calculated the rates of SGA phenotypes according to the
maternal BMI categories. Bivariate analyses between birth
characteristics and maternal BMI categories were performed
using Pearson’s chi-square test. We also calculated the asso-
ciation between maternal BMI (normal versus underweight)
and SGA birth among Asian American mothers using a
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logistic regression model. Furthermore, for Asian American
mothers, the association between maternal underweight
phenotypes (with normal BMI as the reference) and SGA
was evaluated. Lastly, after restricting the data to women
who were underweight, logistic regression modeling was
employed to compute the adjusted odds of SGA in Asian
Americans when compared with NH-Whites within each ma-
ternal underweight subcategory. All association models were
assessed after excluding missing data from the exposure,
outcome, and covariates and were adjusted for age, mode
of delivery, smoking status, early prenatal care, and any
maternal comorbidity. Data analyses were conducted using
R (version 3.5.1) and RStudio (version 1.1.423). All tests of
hypotheses were two tailed, with the type-1 error rate set at
5%. Code availability: The codes will be made available upon
request.

Results

A total of 916,449 mothers were identified as Asian Ameri-
cans in the dataset, corresponding to 6.26% of the total
births in the USA within the study period. Of the 916,449
mothers analyzed, 136,551 (14.90%) had SGA births,
909,049 (99%) had a normal BMI, and 7,400 (0.8%) were
underweight.

Table 1 lists the characteristics of birth according to ma-
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ternal BMI. In the normal weight, mildly underweight, and
moderately underweight maternal BMI categories, births
were most common in the 30-39 years maternal age group
(63.60%, 56.20%, and 49.68%, respectively). In the severely
underweight maternal BMI category, the most predomi-
nant age group was 20-29 years, accounting for 53.64%.
In >60% of births, the facility where delivery occurred was
not stated. There were more male than female births across
all BMI categories. The frequency of cesarean section sig-
nificantly diminished with increasing degree of maternal
underweight, and nearly all births were attended by qualified
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(<1%) and was the highest in the severe underweight cat-
egory (0.91%). The prevalence of comorbidities ranged from
1% to 5%, and the prevalence of chronic hypertension,
pregnancy-related hypertension, and eclampsia showed an
inverse dose-response relationship to the underweight sta-
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distribution (U-shaped) across the maternal underweight cat-
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Fig. 1 depicts the rates of overall SGA and each SGA phe-
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Fig. 1. Rates of small-for-gestational-age (SGA) phenotypes according to maternal body mass index status.
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all SGA phenotypes, underweight mothers had a greater fre-
quency of SGA birth than mothers with a normal BMI. While
the rate of severe SGA birth among mothers in the mild un-
derweight category was similar to that among mothers with
a normal BMI (1.3%), the overall SGA rate and the rates of
other SGA phenotypes were greater in mildly underweight
mothers. Any (24.4%), mild (12.0%), and severe (2.9%)
SGA phenotypes were most frequently observed in mothers
classified in the moderate underweight category, whereas
the moderate SGA phenotype occurred with the highest
frequency in mothers in the severe underweight category
(10.5%).

Table 2 summarizes the results of the logistic regression
model that tested the hypothesis of an association between
maternal underweight and SGA birth among Asian Ameri-
can women. The results showed that the adjusted odds of
SGA were 37% greater among mothers who were classified
as underweight than among those with a normal BMI (odds

Table 2. Adjusted odds ratios for the association of maternal
body mass index and other characteristics with small-for-gesta-
tional-age birth among Asian American mothers

OR (95% CI) P-value

BMI

Normal Reference

Underweight 1.37 (1.30-1.46) <0.01
Maternal age (yr)

<19 1.14(1.07-1.22) <0.01

20-29 Reference

30-39 0.87 (0.86-0.88) <0.01

40-49 0.77 (0.75-0.79) <0.01
Delivery method

Vaginal Reference

C-section 1.03 (1.02-1.05) <0.01
Any comorbidity

No Reference

Yes 1.23(1.20-1.26) <0.01
Smoking

No Reference

Yes 1.16 (1.07-1.26) <0.01
Early prenatal care

Yes Reference

No 0.96 (0.95-0.98) <0.01

ratio [OR], 1.37; 95% confidence interval [Cl], 1.30-1.46).
Younger maternal age, delivery via cesarean section, any co-
morbidity, and prenatal smoking were associated with a sig-
nificant increase in SGA frequency regardless of the maternal
BMI category. Although early prenatal care was associated
with some increase in the likelihood of SGA, the magnitude
was modest (4%).

We further tested the hypothesis that the relationship be-
tween maternal underweight and SGA is dose dependent
(i.e., with an increase in the severity of maternal under-
weight, from mild to moderate to severe, the likelihood of
SGA would increase). The results of the hypothesis test are
presented in Table 3. We observed a progressive increment in
the adjusted odds of SGA with increasing severity of mater-
nal underweight among mothers in the moderate and severe
underweight categories. The association between the other

Table 3. Association of maternal body mass index and other
characteristics with small-for-gestational-age birth among Asian
American mothers

OR (95% ClI) P-value

BMI

Normal Reference

Mild underweight 1.33(1.25-1.42) <0.01

Moderate underweight 1.82 (1.47-2.24) <0.01

Severe underweight 1.67 (1.21-2.27) <0.01
Maternal age (yr)

<19 1.14(1.07-1.22) <0.01

20-29 Reference

30-39 0.87 (0.86-0.88) <0.01

40-49 0.77 (0.75-0.79) <0.01
Delivery method

Vaginal Reference

C-Section 1.03 (1.02-1.05) <0.01
Any comorbidity

No Reference

Yes 1.23(1.20-1.26) <0.01
Smoking

No Reference

Yes 1.16 (1.07-1.26) <0.01
Early prenatal care

Yes Reference

No 0.96 (0.95-0.98) <0.01

OR, odds ratio; Cl, confidence interval; BMI, body mass index.

www.ogscience.org

OR, odds ratio; Cl, confidence interval; BMI, body mass index.
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variables and SGA remained the same as in Table 2.

In Fig. 2, we tested the hypothesis that the occurrence of
SGA would be greater among Asian Americans than among
their White counterparts and that the disparity would widen
with the severity of underweight. The findings showed that
Asian American mothers who were classified as underweight
had a 36% greater adjusted odds of delivering an SGA infant
than NH-White mothers (OR, 1.36; 95% Cl, 1.28-1.44). This
racial disparity was also evident among mothers in the mild
and moderate groups, but not among those in the severe
underweight category.

Discussion

In this large population-based study, we found that Asian
American mothers with pre-pregnancy underweight (pre-
pregnancy BMI <18.5 kg/m”) had higher odds of giving
birth to SGA infants than their Asian American counterparts
with a normal BMI (pre-pregnancy BMI between 18.5 and

24.9 kg/m®). A dose-response relationship was also observed,
in which an increase in the severity of maternal underweight
resulted in an increase in the adjusted odds of SGA among
mothers in the moderate and severe underweight categories.
We also found that Asian American mothers who were clas-
sified as underweight had higher adjusted odds of delivering
an SGA infant than underweight NH-White mothers. This
racial disparity persisted in mothers with mild and moderate
levels of underweight, but not in those with severe under-
weight.

Pre-pregnancy BMI is a well-studied determinant of birth
outcomes. However, little is known about this relationship
in the Asian American population. Only a few studies have
examined the association between suboptimal maternal pre-
pregnancy BMI and SGA risk in Asian populations, and those
studies have yielded inconsistent results [22-28]. In the cur-
rent study, we observed a higher risk of SGA birth among
underweight Asian American mothers than among normal-
weight Asian American mothers, which contradicts the find-
ings from previous studies [22,23]. Akahoshi et al. [22], in a

Any underweight | | e |
Mild underweight —o—
Moderate underweight | o |
Severe underweight | ° |
0.0 0.I1 0.‘2 O.r3 0.,4 0.‘5 O.(6 O.‘7 0.I8 0?9 1.0 151 1?2 1.‘3 1.I4 1?5 1?6 1?7 1.‘8 159 2?0 2.‘1 ZTZ 2;3 2?4 Zi5 2‘.6 2j7 Zj8 2‘.9 310

Fig. 2. Risk of small-for-gestational-age in Asian Americans compared with non-Hispanic-Whites within each maternal underweight sub-

category.

502

www.ogscience.org



Obstetrics & Gynecology Science

Hamisu M. Salihu, et al. Pre-pregnancy underweight and SGA risk among Asian Americans

study conducted among Japanese women, found an insig-
nificant statistical association between maternal underweight
and SGA birth (adjusted OR, 1.91; 95% Cl, 0.96-3.83). Only
49 underweight women were included in their study, and
this lack of power might have accounted for the lack of as-
sociation despite the observed increased risk. In a Chinese
population, Xiao et al. [23] found no relationship between
pre-pregnancy underweight in mothers and SGA in preterm
infants. The lack of consistency with our findings may be
related to differences in the study inclusion criteria and po-
tential confounding factors that were considered. However,
the positive association between maternal pre-pregnancy un-
derweight and SGA risk in the current study was consistent
with the finding of most previous studies in Asian women in
Asian countries [24-28]. In a 2016 population-based cohort
study conducted in Wuhan, China, Zhang et al. [24] reported
that pre-pregnancy underweight (BMI <18.5 kg/m’) was as-
sociated with a 40% increased risk of SGA. In 2012, Liu et al.
[28] also observed that maternal pre-pregnancy underweight
was a risk factor for SGA in their prospective study of ap-
proximately 300,000 births in China. This may be due to in-
adequate nutrient intake leading to diminished fetal growth
[25]. Our findings may also be explained by other associated
risk factors that were not controlled for in this study, includ-
ing socioeconomic status and medical illnesses.

We observed that as the severity of maternal underweight
increased, the severity of SGA worsened. This dose-depen-
dent pattern may support a causal relationship between
maternal underweight and SGA risk. We also found that
younger maternal age, any comorbidity, and prenatal smok-
ing, irrespective of maternal underweight status, were all
associated with a higher SGA risk. Medical conditions [29],
smoking [22], and maternal age are well-known risk factors
for SGA birth.

In the current study, Asian American mothers who were
classified as underweight had higher adjusted odds of deliv-
ering an SGA infant than their underweight NH-White coun-
terparts. A racial disparity in the risk of SGA birth has been
previously reported [5]. Although the etiology related to this
disparity is unclear, inadequate weight gain during preg-
nancy and low socioeconomic status may be contributing
factors. A previous study suggested that Asian women have
a higher risk of inadequate gestational weight gain (GWG)
than White women [30], which could be a potential pathway
leading to SGA, as adequate gestational weight gain sup-
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ports fetal growth and development. Additional studies are
needed to fully elucidate the underlying etiology associated
with this disparity.

This study had some limitations. First, pre-pregnancy
weight was self-reported and thus may be inaccurate. A re-
cent study that compared preconception weight measured
from electronic health records and recalled pre-pregnancy
weight found a high correlation between the two measures,
with higher risks of misclassification in overweight and obese
women than in normal-weight women [25]. Accordingly,
the probability of misclassification of pre-pregnancy weight
in our study is expected to be low. Second, owing to a lack
of data on some potential confounders, we were unable to
control for important influencing factors, including socioeco-
nomic status, alcohol consumption, and poor diet/low caloric
intake. Previous studies have found that the risk of adverse
outcomes could differ among Asian American subgroups. In
this study, we did not perform stratified analysis according
to Asian American subgroups, as related data are not avail-
able in the database that we used. Moreover, our study only
included women who were identified as Asian Americans
or NH-Whites. We did not include women with more than
one race, as the findings of such an analysis would be dif-
ficult to interpret. Furthermore, although iron or nutritional
supplementation has been observed to improve fetal growth
[31], we were unable to consider nutritional supplementa-
tion in our study because this information was not available
in the dataset. Despite these limitations, our study had sev-
eral strengths. To our knowledge, this is the first population-
based study in the USA that examined the relationship
between maternal underweight and SGA risk in Asian Amer-
icans. This retrospective birth cohort study utilized the most
recent data from the NVSS natality dataset and had a large
sample size (n=916,449).

Our study demonstrated an association between mater-
nal pre-pregnancy underweight and SGA birth in the Asian
American population. Moreover, our findings showed that,
overall, underweight Asian American women had a higher
likelihood of giving birth to SGA infants than their under-
weight NH-White counterparts. Previous studies have not
examined the association between maternal underweight
and SGA birth among Asian Americans. Our study also
strengthens the notion that underweight women should
be counseled on the risk of adverse birth outcomes and the
importance of attaining optimal pre-pregnancy BMI when
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planning a pregnancy. Further studies are required to deter-
mine causal pathways as well as to develop appropriate and
culture-sensitive interventions that can mitigate the impact
of suboptimal gestational weight gain among underweight
pregnant women, especially Asian Americans, who have a
high prevalence of underweight.
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