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Summary

Background—The relation between maternal pre-pregnancy obesity and preterm birth is
controversial and inconclusive. We aimed to clarify the association between pre-pregnancy obesity
and preterm birth by maternal age and race or ethnicity in a large, multiracial, multiethnic, and
diverse population in the USA.

Methods—We did a population-based cohort study using nationwide birth certificate data from
the US National Vital Statistics System for 2016 and 2017. We included all mothers who had a live
singleton birth and who did not have preexisting hypertension or diabetes. Pre-pregnancy obesity
was defined as a pre-pregnancy BMI of at least 30 kg/m?2. Preterm birth was defined as gestational
age of less than 37 weeks. We used logistic regression models adjusted for maternal age, race or
ethnicity, parity, education levels, smoking during pregnancy, previous history of preterm birth,
marital status, infant sex, and timing of initiation of prenatal care to estimate the odds ratio (OR)
of preterm birth.

Findings—We included 7 141 630 singleton livebirths in our analysis, 527 637 (7-4%) of which
were preterm births. 127 611 (7-5%) Hispanic mothers, 244 578 (6-6%) non-Hispanic white
mothers, and 102 509 (10-4%) non-Hispanic black mothers had preterm births. In the overall
population, maternal pre-pregnancy obesity was significantly associated with an increased risk of
preterm birth compared with maternal pre-pregnancy healthy weight (ie, BMI of 18-5-24-9 kg/m?;
adjusted OR 1:18 [95% CI 1-18-1-19]). In non-Hispanic white women, maternal obesity was
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inversely associated with preterm birth among those younger than 20 years (adjusted OR 0-92
[95% CI 0-88-0:97]), but positively associated with preterm birth among those aged 20 years or
older (1-04 [1-01-1-06], 1-20 [1-18-1-23], 1-34 [1-31-1-37], 1-40 [1-36-1-43], and 1-39 [1-31-
1.46] among those aged 20-24 years, 25-29 years, 30-34 years, 35-39 years, and =40 years,
respectively). In Hispanic women, maternal obesity was not associated with preterm birth among
those younger than 20 years (0-98 [0-93-1.04]), but positively associated with preterm birth among
those aged 20 years or older (1-06 [1-03-1-09], 1-21 [1-17-1-24], 1-32 [1-28-1-36], 1-38 [1-33—
1-43], and 1-30 [1-22-1-40] among those aged 20-24 years, 25-29 years, 30—-34 years, 35-39
years, and =40 years, respectively). In non-Hispanic black women, maternal obesity was inversely
associated with preterm birth among those younger than 30 years (0-76 [0-71-0-81] in those <20
years, 0-83 [0-80-0-86] in those aged 20-24 years, and 0-98 [0-95-1-01] among those aged 25-29
years), but positively associated with preterm birth among those aged 30 years or older (1-15
[1-11-1-19], 1-26 [1:20-1-32], and 1.29 [1-18-1-42] among those aged 30—34 years, 35-39 years,
and =40 years, respectively).

Interpretation—Maternal pre-pregnancy obesity is significantly associated with the risk of
preterm birth in the general population, but the risk differs according to maternal age and race or
ethnicity. Future investigation is warranted to understand the underlying mechanisms.

Funding—US National Institutes of Health.

Introduction

Preterm birth is a public health and clinical concern. It is the leading cause of infant
mortality and neonatal morbidity, and is associated with long-term adverse outcomes in
children.! Although the incidence of preterm birth declined between 2007 and 2014, a report
from the US National Center for Health Statistics showed that the frequency of preterm birth
rose slightly from 2014 to 2017 in the USA.2 In view of the important contribution of
preterm birth to infant mortality, identification of risk factors for preterm birth is imperative.

Unlike non-modifiable risk factors—such as race, ethnicity, and genetic predisposition—pre-
pregnancy obesity is a potentially modifiable and preventable cause of adverse neonatal
outcomes.3 Maternal obesity increases the risk of gestational diabetes, hypertensive
disorders of pregnancy, and fetal malformations, all of which can contribute to medically
indicated preterm birth.1# However, the association between pre-pregnancy obesity and
preterm birth is controversial and inconclusive.3> Although pre-pregnancy obesity was a
risk factor for preterm birth in some studies, in others null” or even inverse® associations.
between pre-pregnancy obesity and preterm birth were noted. Several studies® 10 suggest
that the association between pre-pregnancy obesity and preterm birth could differ between
white and black populations—ie, a positive association in white populations and an inverse
association in black populations. Additionally, the association between pre-pregnancy
obesity and preterm birth could differ by maternal age. In the four studies!1-1# that have
been done in teenage mothers, there was an inverse association between pre-pregnancy
obesity and preterm birth.

Although the underlying mechanisms have yet to be elucidated, the effects of maternal age,
race, and ethnicity on the association between pre-pregnancy obesity and preterm birth need
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to be explored further in a large, diverse dataset with substantial available information for
potential confounding factors. Addressing this question is important to enable physicians to
provide tailored advice and prenatal care to mothers before and during pregnancy. In this
study, we used national birth certificate data in the USA to examine the association between
pre-pregnancy obesity and preterm birth.

Study design and data sources

Procedures

In this US population-based study of mother—child pairs, we used data from the National
Vital Statistics System, a major cooperative effort between state and federal agencies that
collects nationwide data on births, deaths, marriages, and other events. NVSS uses two
uniform documents (a facility worksheet and a maternal worksheet) to collect data for all
livebirths in the 50 US states and the District of Columbia. Medical and health information
is taken from medical records, and data about maternal characteristics, such as
demographics, pre-pregnancy weight and height, and smoking during pregnancy, are taken
from the mother using the maternal worksheet, which is usually completed by hospital staff.

Since 2016, the 2003 revised standard birth certificate for livebirths, in which more
information about socio-demographic and health information were added, has been fully
implemented nationwide. In this study, we used birth data for Jan 1, 2016, to Dec 31, 2017,
from the NVSS 2016-17, because data for pre-pregnancy BMI were not recorded on birth
certificates before the 2003 version. We included all mothers who had a live singleton birth
and available data for pre-pregnancy BMI and gestational age at birth. Mothers with pre-
existing hypertension or diabetes were excluded, because these diseases are strong risk
factors for adverse birth outcomes, including preterm birth. This study followed the
reporting guidelines in the Strengthening the Reporting of Observational Studies in
Epidemiology statement. Because these records are publicly available and the data are de-
identified, this study was exempt from institutional review board approval.

Maternal pre-pregnancy weight and height were used by the NVSS to calculate pre-
pregnancy BMI. Maternal pre-pregnancy BMIs were classified as underweight (ie, BMI
<185 kg/m?2), healthy (18-5-24-9 kg/m?), overweight (25-0-29-9 kg/m?2), or obese (=30.0
kg/m2) in line with the US National Heart, Lung, and Blood Institute’s categories. Obesity
was further subdivided into class 1 (ie, BMI 30-0-34-9 kg/m?), class 2 (35-0-39-9 kg/m?), or
class 3 (240-0 kg/m?2) obesity.

Gestational age was calculated on the basis of the obstetric estimate of gestation at delivery,
which was defined as the best obstetric estimate of the infant’s gestation in completed weeks
based on the birth attendant’s final estimate of gestation.1> Preterm birth, which was defined
as delivery occurring before 37 weeks of gestation, was the main outcome of interest.16 We
further subdivided this outcome into three groups: extremely preterm birth (ie, <28 weeks’
gestation), very preterm birth (28-31 weeks’ gestation), and moderately preterm birth (32—
36 weeks’ gestation).16
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Statistical analysis

The rates of preterm birth according to population characteristics were calculated. Logistic
regressions were used to estimate the odds ratios (ORs) of preterm birth and 95% CI.
Maternal age (<20 years, 20-0-24-9 years vs25-0-29-9 years vs 30-0-34-9 years vs 35-0—
39:9 years vs=40-0 years), race or ethnicity (Hispanic vsnon-Hispanic black vsnon-
Hispanic white vs other [which included Non-Hispanic Native American or Alaskans, non-
Hispanic Asians, non-Hispanic Native Hawaiians or other Pacific Islanders, non-Hispanic
people of more than one race, people of unknown racial or ethnic origin, or not stated]),
parity (one child vstwo children vsthree children vsfour or more children), maternal
education level (less than high school vshigh school vs more than high school), smoking
status during pregnancy (yes vsno), previous history of preterm birth (yes vsno vs
nulliparous), marital status (yes vsno), infant sex (boy vsgirl), and timing of initiation of
prenatal care (during months 1-3 vs months 4-6 vsmonth 7 or later vsno prenatal care)
were covariates that we adjusted for in our analyses. We also calculated ORs and 95% Cls
for the subgroups of preterm birth that we defined.

We did stratified analyses according to maternal age and race or ethnicity to explore
potential disparities in the association between pre-pregnancy obesity and preterm birth. To
further clarify the association, we did analyses to detect the joint effect in each age group by
race or ethnicity subgroup. Additionally, we did a series of sensitivity analyses by excluding
women who had caesarean sections, in whom labour was induced, with pregnancy-induced
hypertension or pre-eclampsia, or with gest ational diabetes, and women who had infants
who were small for gestational age, to assess the effects of these complicated pregnancy
conditions on the association between pre-pregnancy obesity and preterm birth (appendix p
1). To examine the effect of missing covariate data in our analysis, we did a sensitivity
analysis in which women with incomplete covariate data were omitted. Two-sided p values
less than 0-05 were considered significant. All analyses were done in SAS (version 9.4).

Role of the funding source

Results

The funder of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

Our final sample consisted of 7 141 630 live singleton births (figure 1), including 527 637
(7-4%) preterm births. The proportion of births that were preterm was higher among women
younger than 20 years or older than 40 years than among other age groups, non-Hispanic
black women than among other races or ethnicities, unmarried women than among married
women, women with less education than among those with more education, women who
smoked during pregnancy than among those who did not, women who did not have prenatal
care than among those who did, and women with BMIs lower than 18-5 kg/m? or higher than
40 kg/m? than among those with other BMIs (table 1). 1 825 112 (25-6%) women had pre-
pregnancy obesity. The prevalence of each BMI category by population characteristics is
depicted in the appendix (pp 2-4).
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In the overall population, mothers who were overweight (adjusted OR 102 [95% CI 1.01-
1-03]) or obese (1-18 [1-:18-1-19]) had a significantly increased risk of preterm birth
compared with healthy weight mothers (table 2). The adjusted ORs of preterm birth
increased with increasing obesity severity (table 2; crude ORs are in the appendix [p 6])).
The associations between pre-pregnancy BMI and moderately, very, and extremely preterm
births are shown in the appendix (p 5). Compared with healthy weight, underweight was also
positively and significantly associated with preterm birth overall (adjusted OR 1-33 [95% CI
1.31-1-35]) and consistently across maternal age groups and race or ethnicity groups (table
2).

The association between pre-pregnancy obesity and preterm birth differed significantly by
maternal age and race or ethnicity (Pinteraction<0-0001). Stratified analysis showed that the
association between pre-pregnancy obesity and preterm birth was inverse among women
younger than 25 years and among non-Hispanic black women (table 2). Therefore, we did
further analyses by age x race or ethnicity and noted a crossover effect of age in the
association between pre-pregnancy obesity and preterm birth (figure 2). In non-Hispanic
white women, maternal obesity was inversely associated with preterm birth among those
younger than 20 years (adjusted OR 0:92 [95% CI 0-88-0-97]), but positively associated
with preterm birth among those aged 20 years or older (1-04 [1-01-1-06], 1-20 [1-18-1-23],
1.34[1-31-1-37], 1-40 [1-36-1-43], and 1-39 [1-31-1-46] among those aged 20-24 years,
25-29 years, 30-34 years, 35-39 years, and =40 years, respectively). In Hispanic women,
maternal obesity was not associated with preterm birth among those younger than 20 years
(0-98 [0-93-1-04]), but positively associated with preterm birth among those aged 20 years
or older (1-06 [1-03-1-09], 1.21 [1-17-1.24], 1-32 [1.28-1-36], 1-38 [1-33-1:43], and 130
[1-22-1-40] among those aged 20-24 years, 25-29 years, 30-34 years, 35-39 years, and =40
years, respectively). In non-Hispanic black women, maternal obesity was inversely
associated with preterm birth among those younger than 30 years (0-76 [0-71-0-81] in those
<20 years, 0-83 [0-80-0-86] in those aged 20-24 years, and 0-98 [0-95-1-01] among those
aged 25-29 years), but positively associated with preterm birth among those aged 30 years
or older (1-15 [1-11-1-19], 1-26 [1-20-1-32], and 1.29 [1-18-1-42] among those aged 30-34
years, 35-39 years, and =40 years, respectively). In all racial and ethnic groups the OR for
preterm birth increased with increasing age (at least up to age 40 years; figure 2).

To further explore the relations between maternal obesity and preterm birth, we examined
joint effects of maternal age or race or ethnicity with pre-pregnancy obesity on the risk of
preterm birth. Among Hispanic women, non-Hispanic white women, and women in the
other race or ethnicity category, those younger or older than 25-29 years, irrespective of
obesity, had increased odds of preterm delivery compared with healthy weight women aged
25-29 years did (figure 3). Among non-Hispanic black women, obese women younger than
25 years had a lower risk of preterm delivery than healthy weight black women aged 25-29
years (figure 3). Among women within the same BMI groups (healthy weight vs obese),
non-Hispanic black women in all age groups had the highest risk of preterm delivery (figure
4). Similar results were noted in the association between overweight and preterm birth
(appendix pp 10-12).

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

Page 6

Sensitivity analyses, in which we excluded women with complicated pregnancy conditions,
yielded similar results as our main analyses (appendix pp 7, 13). The frequency of missing
data was low for almost all covariates, but data for marital status was missing for 435 276
(6-1%) women (table 1). In a sensitivity analysis that omitted participants with incomplete
covariate data, the results were almost the same as those of the main analysis (appendix pp
8, 14). Finally, in a sensitivity analysis in which we included gestational weight gain per
week in models, our findings did not change significantly (appendix pp 9, 15).

Discussion

In this population-based study of more than 7 million multiracial, multiethnic mother—child
pairs, we noted a significantly increased risk of preterm birth among underweight women
and obese women compared with healthy weight women. We showed a crossover effect for
the association (ie, a change from an inverse association to a positive association) between
pre-pregnancy obesity and preterm birth by maternal age. The age at which the effect crosses
over differs across racial and ethnic groups. Consistent with the findings of previous studies,
we found that underweight women, irrespective of age and race or ethnicity, had increased
odds of preterm birth compared with healthy weight women.6:17.18

Findings in previous studies for the association between pre-pregnancy obesity and preterm
birth were inconsistent and inconclusive. In a study® of women aged 20-30 years who were
predominantly black, Hendler and colleagues showed an inverse association between pre-
pregnancy obesity and preterm birth. However, in another study2? of 11 726 people—5181
(44%) of whom were Hispanic and 4038 (34%) of whom were non-Hispanic white—with a
mean age of 26-7 years (SD 6-3), a positive association between pre-pregnancy obesity and
preterm birth was reported. Four studies!1~14 have examined the association between pre-
pregnancy obesity and preterm birth in teenage mothers, and an inverse association has
consistently been reported. Our results, which are based on a large and diverse US
population, provide for the first time a comprehensive review of the association between
maternal obesity and preterm birth for women with a broad range of ages, and suggest that
the differing age and racial or ethnic makeup of previous study populations could have
contributed to the inconsistent findings.?!

The effect of age on the association between pre-pregnancy obesity and preterm birth
suggests that the underlying mechanisms causing pre-term birth might differ by age. In
women aged 20 years or older, maternal obesity could increase the risk of gestational
diabetes and pre-eclampsia, which might subsequently increase the risk of preterm delivery.
Additionally, obesity can enhance the inflammatory status induced by pregnancy.22
Inflammation, which is related to both advanced maternal age and obesity, has been
proposed as an important risk factor in preterm birth.2% The biological mechanisms of the
inverse association between pre-pregnancy obesity and preterm birth in teenagers and
younger women is unknown. A potential explanation is that teenagers, who are still growing
and developing, might compete with the fetus for nutrients, which could subsequently affect
physiological and metabolic systems involved with parturition.24-27 A previous study?>
showed that 144 (45%)of 318 pregnant adolescents continued to grow as indicated by knee
height during pregnancy and post partum. Children who are obese have advanced bone
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maturation and usually lose their growth advantage during puberty.28 This finding could
suggest that pregnant teenagers who are obese might not need to compete (or compete to a
lesser extent) for nutrients with their babies for their own growth. This notion was supported
by animal studies. A previous study?” among adolescent sheep showed that adiposity, which
could indicate more nutrition reserves, at conception is important for still-growing
adolescents. Another study?® showed that sheep that were thin at conception had lower
concentrations of peripheral nutrients and metabolic hormones than sheep who were fat at
conception.2® Nonetheless, further investigation is warranted to elucidate the underlying
mechanisms for the intriguing inverse association between pre-pregnancy obesity and
preterm birth among young women. Additionally, higher adiposity implies higher levels of
circulating oestrogen, which has an important role during pregnancy, including triggering
fetal development.30 Another study3! suggested that healthy weight teenagers reported
higher levels of psychosocial stress, a risk factor of preterm birth, than their obese peers did.
More research is needed to elucidate the underlying mechanisms.

By contrast with the findings of previous studies that showed that pre-pregnancy obesity was
a protective factor against preterm birth in non-Hispanic black populations,29 our results
suggest that the pattern of the association in non-Hispanic black populations was similar to
that in other racial or ethnic groups. However, the age at which the association between pre-
pregnancy obesity and preterm birth changes from inverse to positive is older in non-
Hispanic black women than in other racial or ethnic groups. Although differences in muscle
and fat distribution, nutritional status, and genetics have been put forward as possible
explanations for this disparity,32:33 the exact underlying mechanisms remain unknown.

It is worth noting that our findings do not advocate weight gain as a preventive measure
against preterm birth among non-underweight young women. In fact, younger women,
whether obese or not, have a higher risk of preterm birth than women aged 25-29 years do
in Hispanic and in non-Hispanic white populations. Additionally, the adverse effects that
maternal obesity has on other perinatal and neonatal outcomes should not be overlooked.3
However, understanding the disparities in the effects of obesity on preterm birth among
women at different ages and in different racial or ethnic groups could help to identify novel
pathways in the pathogenesis of preterm birth. Our study also highlights that specific
tailored recommendations for pregnancy according to maternal age and race or ethnicity are
urgently need to accurately stratify the risk of preterm delivery, although more work is
needed.

The main strength of our study is the large sample size, which provided sufficient statistical
power to examine the association between maternal obesity and preterm birth in sub
populations. Our study also has several limitations. First, pre-pregnancy weights and heights
were self-reported. However, self-reported height and weight was previously shown to give
an accurate representation of true BMI among US women of reproductive age.34 Second, the
NVSS birth data did not specify the reason for each case of preterm birth, which precludes
us from doing analyses for each subtype of preterm birth. Third, women with preexisting
diabetes or hypertension were excluded from the analysis, and thus our findings cannot be
generalised to these populations. Fourth, gestational weight gain was not included in our
main analysis. However, in a sensitivity analysis, it did not seem to substantially affect
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results. Although gestational weight gain might be associated with preterm birth, the
magnitude of the association is probably much lower than that of the association between
pre-pregnancy obesity and preterm birth.3%:36 Furthermore, gestational weight gain acts
more like a mediator than a confounder in the association between pre-pregnancy obesity
and preterm birth.37 Fifth, we cannot identify whether the association between pre-
pregnancy obesity and preterm birth was modified by pregnancy health-care access because
of a paucity of such data (other than data for the timing of initiation of prenatal care).
Finally, although many potential confounders were adjusted for, we cannot rule out the
possibility of residual confounding by unknown factors.

In conclusion, the association between maternal pre-pregnancy obesity and risk of preterm
birth in the general population differs according to maternal age and race or ethnicity.
Although age and racial or ethnic disparities in pregnancy outcomes are increasingly
recognised, no tailored recommendations are available. Physicians who provide
preconceptional or prenatal care pertaining to preterm birth should take maternal age and
race or ethnicity into account. Further investigations are warranted to explore the underlying
mechanisms behind the differing associations between maternal pre-pregnancy obesity and
risk of preterm birth. Additionally, risk prediction models for preterm birth should consider
more refined categories of maternal age and race or ethnicity, especially in diverse
populations.
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Research in context

Evidence before this study

We searched PubMed with the terms “preterm birth”, “preterm delivery”, “premature”,
“maternal obesity”, “pre-pregnancy obesity”, “maternal body mass index”, and “maternal
BMI”for original articles and reviews published up to Feb 20, 2019. Findings on the
association between pre-pregnancy obesity and preterm birth are inconsistent. For
example, several studies suggest that the association could differ between white and black
populations. In four studies done in teenage mothers, pre-pregnancy obesity and preterm
birth were inversely associated. However, we identified no large studies in which age,
racial, or ethnic disparities in the association between pre-pregnancy BMI and preterm

birth were comprehensively investigated.
Added value of this study

Our study provides a comprehensive overview of the association between maternal
obesity and preterm birth by using US nationwide birth certificate data. In the overall
population, pre-pregnancy obesity was associated with an increased risk of preterm birth.
However, we showed a crossover effect of the association between pre-pregnancy obesity
and preterm birth by age. Furthermore, the age at which the effect of the association
changes from inverse to positive differed between racial or ethnic groups (age 20 years in
Hispanic and in non-Hispanic white populations, age 30 years in non-Hispanic black
populations).

Implications of all the available evidence

By clarifying the age and racial or ethnic disparities in the association between pre-
pregnancy obesity and preterm birth, our study has important clinical and public health
implications. Although encouraging pregnancy at the best reproductive age is still the
priority, our results suggest that future clinical guidelines for maternal care before and
during pregnancy should include age-specific and race-specific or ethnicity-specific
recommendations

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2020 September 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Liuetal.

7820866 births included in NVSS 2016 (n=3956112)
and NVSS 2017 (n=3864754)
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33737 excluded (not alive at the time of data collection)

7787129 live births recorded

462697 excluded
N 263539 were twin or multiple births
195833 women had no data for pre-pregnancy BMI
3325 women had no data for gestational age
4

7324432 singleton live births recorded

—»{ 182802 women had pre-existing hypertension or diabetes

\ 4
7141630 included in analysis

Figure 1: Participant flow chart
NVSS=US National Vital Statistics System.
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Figure 2: Association between pre-pregnancy obesity and risk of preterm birth in Hispanic (A),
non-Hispanic white (B), non-Hispanic black (C), and other racial or ethnic (D) populations, by

maternal age group

Data are from the US National Vital Statistics System for 2016 and 2017. Parity, education
level, smoking during pregnancy, previous history of preterm birth, marital status, infant sex,
and timing of initiation of prenatal care were adjusted for in models. Women who had a
healthy pre-pregnancy BMI (ie, 18-5-24-9 kg/m?) were the reference group. Error bars

represent 95% Cls. OR=0dds ratio.

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2020 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Liuetal.

Page 14
A Hispanic B Non-Hispanic white
26 o Healthy weight 7
—— Obese -
52 @ Reference i

£ L t

e 1.8

E -0 ~

g :

g L 7 £ []

2 144 3 4

5 =

s ] .

3 3 s = = = * -
1.0+--------- . @ 4. & e [P — & .
06 T T T T T 1 T T T T T 1

C Non-Hispanic black D Other race or ethnicity
26 - }
2.2 4

kS 4

,_g

£ 184 B }

P :

]

g $

o :

2 4 E 14 I (]

5 s 3@ 7 } s
1.0_”! ,,,,,,, .. o zg----B A I,,,' ,,,,,, L

k3 = 4
06 1

T T T T T T T T T T 1
<20 20-24 25-29 30-34 35-39 =240 <20 20-24 25-29 30-34 35-39 =240
Age (years) Age (years)

Figure 3: Joint association of maternal age and pre-pregnancy obesity status with risk of
preterm birth in Hispanic (A), non-Hispanic white (B), non-Hispanic black (C), and other racial
or ethnic (D) populations

Data are from the US National Vital Statistics System for 2016 and 2017. Parity, education
level, smoking during pregnancy, previous history of preterm birth, marital status, infant sex,
and timing of initiation of prenatal care were adjusted for in models. Healthy weight refers
to a BMI of 18-5-24-9 kg/m?. Obese refers to a BMI =30 kg/m?2. Women aged 25-29 years
who were a healthy weight before pregnancy were the reference group. Error bars represent
95% Cls. OR=0dds ratio.
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Figure 4: Joint association of maternal race or ethnicity and pre-pregnancy obesity status with
risk of preterm birth among women aged younger than 20 years (A), 20-24 years (B),25-29 years
(C), 30-34 years (D), 35-39 years (E), and 40 years or older (F)

Data are from the US National Vital Statistics System for 2016 and 2017. Parity, education
level, smoking during pregnancy, previous history of preterm birth, marital status, infant sex,
and timing of initiation of prenatal care were adjusted for in models. Healthy weight refers
to a BMI of 18-5-24.9 kg/m2. Obese refers to a BMI =30 kg/m?2. The reference group were
non-Hispanic white women who had a healthy BMI before pregnancy. Error bars represent
95% Cls. OR=0dds ratio.
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Table 1:
Prevalence of preterm birth in the study population
N Preterm birth Moderately Very preterm  Extremely
preterm birth  birth preterm
birth
Overall 7141630 527637 (7-4%) 458916 (6:4%) 43 690 (0-6%) 25 031 (0-4%)
Age, years
<20 384699  33473(87%) 28312 (74%) 3064 (08%) 2097 (0-5%)
20-24 1465686 111116 (7-6%) 96143 (6:6%) 9379 (0-6%) 5594 (0-4%)
25-29 2099891 144982 (6-9%) 126 58 (6:0%) 11619 (0-6%) 6805 (0-3%)
30-34 2003581 137853 (6:9%) 120628 (6:0%) 11104 (0-6%) 6081 (0-3%)
35-39 977659 78532 (8:0%) 68490 (7-0%) 6510 (0-7%) 3532 (0-4%)
240 210114 21681 (103%) 18785(8:9%) 1974 (09%) 922 (0-4%)
Race or ethnicity
Hispanic 1692126 127611 (75%) 111603 (66%) 10111 (0-6%) 5897 (0-3%)
Non-Hispanic white 3723040 244578 (6:6%) 217 784 (58%) 18028 (0.5%) 8766 (0-2%)
Non-Hispanic black 981654 102509 (10-4%) 82914 (84%) 11361 (12%) 8234 (0-8%)
Other 744810 52939 (100%) 46 615(6:3%) 4190 (0-6%) 2134 (0-3%)
Education level
Less than high school 954384 85314 (8:9%) 73800 (7-7%) 7283 (0-8%) 4231 (0-4%)
High school 1791583 148661 (8:3%) 128132 (7-2%) 12759 (0-7%) 7770 (0-4%)
More than high school ~ 4315516 287 435 (6:7%) 251641 (5:8%) 23079 (05%) 12 715 (0-3%)
Missing 80147 6227 (7:8%) 5343 (6:7%) 569 (0-7%) 315 (0-4%)
Marital status
Married 4036 400 260 640 (6:5%) 230882 (5:7%) 19619 (0-5%) 10 139 (0-3%)
Unmarried 2669954 238796 (8:9%) 203117 (7-6%) 21892 (0-8%) 13 787 (0-5%)
Missing 435276 28201 (65%) 24917 (57%) 2179 (05%) 1105 (0-3%)
Smoked during pregnancy
Yes 497527 54508 (11.0%) 47221 (95%) 4749 (1.0%) 2538 (0-5%)
No 6616 141 470339 (7-1%) 409329 (6:2%) 38 684 (0-6%) 22 326 (0-3%)
Missing 27962 2790 (10-0%) 2366 (8:5%) 257 (0-9%) 167 (0-6%)
Parity
One child 2757355 206868 (7:5%) 175343 (6-4%) 19262 (0-7%) 12 263 (0-4%)
Two children 2292577 146464 (6-4%) 129516 (56%) 11028 (0-5%) 5920 (0-3%)
Three children 1205538 89193 (74%) 78992 (66%) 6758 (0-6%) 3443 (0-3%)
Four or more children 868564 83264 (9-6%) 73511 (8:5%) 6457 (0.7%) 3296 (0-4%)
Missing 17596 1848 (10:5%) 1554(8-8%) 185 (1-1%) 109 (0-6%)
Timing of initiation of prenatal care
1st-3rd month 5399926 384450 (7-1%) 335914 (6:2%) 30 950 (0-6%) 17 586 (0-3%)
4th—6th month 1162737 81491 (7:0%) 71020 (61%) 6813 (0-6%) 3658 (0-3%)
7th to final month 319100 18937 (59%)  18233(57%) 693 (0-2%) 11 (<0-1%)
No prenatal care 103625 22314 (215%) 17523 (16:9%) 2711 (2:6%) 2080 (2:0%)
Missing 156242 20445 (13-1%) 16226 (10-4%) 2523 (1.6%) 1696 (1.1%)
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N Preterm birth Moderately Very preterm  Extremely
preterm birth  birth preterm
birth
BMI, kg/m?
<185 252685 23804 (94%) 20820 (82%) 2016 (08%) 968 (0-4%)
18.5-24.9 3189165 217098 (6:8%) 190998 (6:0%)  17152(0-5%) 8948 (0-3%)
25.0-29.9 1874668 133593 (7-1%) 116 399 (6:2%) 10915 (0-6%) 6279 (0-3%)
30.0-34.9 1017698 80838 (7-9%) 69283 (6:8%) 7052 (0-7%) 4503 (0-4%)
35.0-39.9 482914 41462 (86%) 35189 (7-3%) 3783 (0:8%) 2490 (0-5%)
240.0 324500 30842 (95%) 26227 (8:1%) 2772 (09%) 1843 (0-6%)
Previous history of preterm birth
Yes 212163 52666 (24-8%) 45011 (212%) 5065 (24%) 2590 (1-2%)
No 4169248 267 745 (6:4%) 238258 (5:7%) 19325 (0-5%) 10 162 (0-2%)
Nulliparous 2755067 206 601 (7:5%) 175121 (6-4%) 19241 (0-7%) 12 239 (0-4%)
Missing 5152 625 (12:1%) 526 (10-2%) 59 (1-1%) 40 (0-8%)

Preterm birth was defined as delivery occurring before 37 weeks of gestation. Moderately preterm births were those at 32-37 weeks’ gestation.
Very preterm births were those at 28—-31 weeks’ gestation. Extremely preterm births were those before 28 weeks’ gestation.
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