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Abstract

We examined the relationship between obstetrical intervention and preterm birth in the

United States between 2014 and 2019. This observational study analyzed 2014–2019 US

birth data to assess changes in preterm birth, cesarean delivery, induction of labor, and

associated risks. Logistic regression modeled the odds of preterm obstetrical intervention

(no labor cesarean or induction) after risk adjustment. The percentage of singleton preterm

births in the United States increased by 9.4% from 2014–2019. The percent of singleton,

preterm births delivered by cesarean increased by 6.0%, while the percent with induction of

labor increased by 39.1%. The percentage of singleton preterm births where obstetrical

intervention (no labor cesarean or induction) potentially impacted the gestational age at

delivery increased from 47.6% in 2014 to 54.9% in 2019. Preterm interventions were 13%

more likely overall in 2019 compared to 2014 and 17% more likely among late preterm

births, after controlling for demographic and medical risk factors. Compared to non-Hispanic

White women, Non-Hispanic Black women had a higher risk of preterm obstetric interven-

tions. Preterm infants have higher morbidity and mortality rates than term infants, thus any

increase in the preterm birth rate is concerning. A renewed effort to understand the trends in

preterm interventions is needed to ensure that obstetrical interventions are evidence-based

and are limited to those cases where they optimize outcomes for both mothers and babies.

Introduction

Preterm birth (birth before 37 completed weeks of gestation) has long been a critical measure

of infant health. After a decline from 2006–2014, the United States preterm birth rate increased

from 9.57% of U.S. births in 2014 to 10.23% in 2019 [1]. The increase was larger among single-

ton (9.4%) than among multiple (3.1%) births [2]. An increase in the preterm birth rate is of

concern because rates of death and disability are higher among preterm infants than among
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infants born at term (37–41 weeks) [3, 4]. In 2018, the infant mortality rate for late preterm

(34–36 weeks of gestation) infants (8.21 infant deaths per 1,000 live births) was 4 times the rate

for term infants (2.05), while the mortality rate for infants born before 34 weeks of gestation

(115.39), was 56 times the rate for term infants [5].

One study estimated the annual cost of preterm birth as $25 billion in 2016 [6]. Factors that

have been found related to the preterm birth rate include maternal stress [7], air pollution [8],

rural residential area [9], young maternal age [10] and social determinants [11]. Proposed rem-

edies for the problem have ranged from social programs [12] to low dose aspirin [13], preci-

sion medicine [14] and progesterone vaginal tablets [15].

An earlier paper explored the role obstetrical interventions might have played in the 1991–

2006 rising trend in preterm births and found much of the increase associated with increasing

use of preterm cesarean section and induction or labor [16]. The purpose of this paper is to

revisit the relationship between changes in the use of obstetrical interventions and the recent

rise in the preterm birth rate in the United States between 2014 and 2019. Specifically, we

explored trends in singleton preterm births, delivery methods (cesarean or vaginal, with or

without labor), and induction of labor.

Methods

We analyzed data from the National Center for Health Statistics natality data files from 2014–

2019. These files contain detailed information on each of the nearly 4 million births in the

United States each year [17]. Gestational age was measured using the obstetric estimate of ges-

tation, defined as “the best obstetric estimate of the infant’s gestation in completed weeks

based on the birth attendant’s final estimate of gestation.” [18].

We examined trends in singleton preterm births and in cesarean and induction of labor

among singleton, preterm births overall and by demographic and medical variables (Tables 1

and 2). Variables were categorized using the categories shown in Table 1. Race and ethnicity

was self-reported by the birthing woman. Since not all states had data on all items, for 2014,

states were dropped for the specific variable only as follows: Single race of mother: New Jersey

and Rhode Island; body mass index, and method of payment for delivery: New Jersey, Rhode

Island and Connecticut. In addition, although maternal education, diabetes, and hypertension

were reported by all states, non-comparable data for New Jersey, Rhode Island and Connecti-

cut were dropped for 2014. A two-proportion z test was used to assess statistical significance

and all text statements that a given measure was higher or lower than another indicates statisti-

cal significance at the p< .05 level.

The method of delivery (vaginal or cesarean), induction of labor (yes, no), and “If cesarean,

was a trial of labor attempted?” (yes, no) variables available from the birth certificate [19] were

used to group births into five separate categories: spontaneous vaginal, cesarean with labor, no

labor cesarean, induced vaginal, and cesarean after attempted induction. The purpose of this

analysis was to estimate the proportion of singleton preterm births in which obstetrical inter-

vention may have affected the gestational age at delivery. If a woman already in labor has a pre-

term cesarean delivery, it is unlikely to substantially affect the infant’s gestational age, given

that she would probably have delivered in a short time regardless of the intervention. However,

if a woman not in labor has a preterm cesarean delivery or induction of labor, it may affect ges-

tational age at delivery because it is unknown how much longer the pregnancy might have

continued without the intervention [16]. Cesarean births with no reported labor were defined

as births in which the trial of labor variable was marked “no”. We combined this cesarean-

without-labor category with inductions to yield an estimate of the percentage of singleton
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Table 1. Percent of singleton births that were preterm by selected characteristics, United States, 2014 and 2019.

Characteristics Percent change

2014 2019 2014–2019

Race/ethnicity

Total 7.73 8.46 9.4

Hispanic 7.68 8.56 11.5

Non-Hispanic

White 6.91 7.44 7.7

Black 11.24 12.12 7.8

Native American 9.12 10.27 12.6

Asian 6.65 7.32 10.1

Pacific Islander 9.61 10.02 4.3

Multiracial 8.12 9.00 10.8

Gestational age (weeks)

<37 7.73 8.46 9.4

<34 2.07 2.14 3.4

34–36 5.66 6.32 11.7

Maternal age

<20 8.84 9.36 5.9

20–24 7.84 8.46 7.9

25–29 7.2 7.89 9.6

30–34 7.23 7.92 9.5

35–39 8.53 9.47 11.0

40–44 10.59 11.84 11.8

45+ 14.19 15.33 8.0

Maternal education

High school or less 8.83 9.70 9.9

Some college 7.98 8.91 11.7

Bachelor’s degree or greater 5.96 6.56 10.1

Live birth order

1 7.84 8.52 8.7

2 6.7 7.27 8.5

3 7.78 8.52 9.5

4+ 9.95 11.16 12.2

Body Mass Index

Underweight (<25) 9.47 10.05 6.1

Normal weight (25–29.9) 6.99 7.4 5.9

Overweight (30–34.9) 7.37 7.91 7.3

Obese (35+) 8.83 9.93 12.5

Payment for delivery

Medicaid 8.82 9.83 11.5

Private insurance 6.76 7.40 9.5

Other 7.57 7.78 2.8

Diabetes

Pre-pregnancy 23.57 26.96 14.4

Gestational 10.94 11.75 7.4

Hypertensive disease

Pre-pregnancy 20.20 21.93 8.6

(Continued)
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preterm (and late preterm) births in the US where obstetrical intervention may have affected

the gestational age at delivery.

Logistic regression was used to examine the odds of preterm obstetrical intervention

(induction or no labor cesarean) among all singleton births in 2014 and 2019, with 2014 as the

reference year. Three models were run with variable categories as shown in Table 3. Model 1

adjusted for race and ethnicity. Model 2 adjusted for race/ethnicity, maternal age, education,

live birth order, body mass index, and method of payment for the delivery. Model 3 adjusted

for all variables in model 2 plus preexisting or gestational diabetes and preexisting or gesta-

tional hypertensive disease. Covariates in the model were selected based on their potential rela-

tionship with preterm birth and/or obstetric intervention. We computed adjusted odds ratios

separately for the total preterm and late preterm categories. For the preterm category, preterm

births were compared to all births regardless of gestational age. For the late preterm category,

late preterm births were compared to all late preterm and term births. Records with missing

values (<2.5% for all variables) were excluded from the models. As the study was based on de-

identified government public-use data sets that do not contain any identifiable private infor-

mation, IRB approval was not required.

Results

In 2014, there were 297,460 singleton preterm births out of 3,848,214 singleton births at any

gestational age registered in the United States. In 2019, the numbers were 306,646 and

3,623,963, respectively. Numbers were similar from 2015–2018.

The overall proportion of preterm births in the United States increased from 9.57% in 2014

to 10.23% by 2019, a percentage increase of 6.9%. Among our study population of singleton

births, the increase between 2014 (7.73%) and 2019 (8.46%) was 9.4% (Table 1). The percent of

singleton, late preterm births increased from 5.66% of all singleton births in 2014 to 6.32% in

2019 –an increase of 11.7%. The increase was much smaller (3.4%) for births that occurred ear-

lier in pregnancy. The increase in late preterm births accounted for 90.4% of the total increase

in preterm births from 2014–2019.

When examined by race/ethnicity, we found that increases in singleton preterm births were

largest for Native American (12.6%) and Hispanic (11.5%) women, and moderate for non-His-

panic Black (7.8%) and non-Hispanic White women (7.7%). Compared to non-Hispanic

White women, the 2019 singleton preterm birth rate was 62.9% higher for non-Hispanic Black

women, 38.0% higher for Native American women, and 34.6% higher for Pacific Islander

women. Increases were also larger for women aged 35–44, those with 4 or more prior births,

were obese, had pre-pregnancy diabetes, or whose births were paid for by Medicaid.

The percentage of singleton preterm births delivered by cesarean section increased from

43.2% in 2014 to 45.8% in 2019 –an increase of 6.0% (Table 2). Increases were similar for early

Table 1. (Continued)

Characteristics Percent change

2014 2019 2014–2019

Gestational or eclampsia 20.51 19.70 -3.9

Note: Not stated responses were dropped before percentages were computed. Race data are for women reporting a

single race. 2014 data excludes New Jersey and Rhode Island which did not report single/multiple race data in 2014.

Diabetes, hypertension and method of payment for delivery were not reported in New Jersey, Rhode Island, and

Connecticut in 2014.

https://doi.org/10.1371/journal.pone.0265146.t001
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and late preterm births. In 2019, non-Hispanic Black women had the highest percentage of

singleton preterm births delivered by cesarean (48.4%), followed by non-Hispanic White

(46.0%) and Hispanic (44.5%) women. Increases in preterm births delivered by Cesarean from

2014–2019 were largest for non-Hispanic Black women (9.0%). When examined by detailed

gestational age, we found that the percentage of cesarean births were generally higher in 2019

than in 2014 in the preterm categories, and lower in the term birth gestational age categories

(Fig 1).

The percentage of all singleton preterm births with induction of labor increased substan-

tially from 13.6% in 2014 to 18.9% in 2019 –an increase of 39.1% (Table 2). Compared to early

preterm births, increases were larger among late preterm births where induction rates among

singleton births averaged 21.9% in 2019 compared to 15.6% in 2014, an increase of 40.4% in a

five-year period. When examined by race and ethnicity, we found that the largest increases

were for Native American (51.9%), Hispanic (46.5%), Asian (41.0%) and non-Hispanic White

Table 2. Percentage of singleton preterm births with cesarean or induction of labor by gestational age and mater-

nal race/ethnicity, United States, 2014–2019.

Preterm

2014 2019 % change

Cesarean

Total 43.2 45.8 6.0

Gestational age

Early preterm 54.4 58.0 6.6

Late preterm 39.1 41.7 6.6

Race/ethnicity

Hispanic 43.0 44.5 3.5

Non-Hispanic

White 43.2 46.0 6.6

Black 44.4 48.4 9.0

Native American 40.8 42.0 3.0

Asian 41.0 43.2 5.3

Pacific Islander 40.7 41.6 2.2

Multiple Race 39.6 42.5 7.3

Induction

Total 13.6 18.9 39.1

Gestational age

Early preterm 8.1 10.0 22.9

Late preterm 15.6 21.9 40.4

Race/ethnicity

Hispanic 12.1 17.7 46.5

Non-Hispanic

White 14.4 20.2 40.3

Black 13.8 18.0 30.7

Native American 14.2 21.6 51.9

Asian 11.7 16.5 41.0

Pacific Islander 11.9 13.6 14.3

Multiple Race 15.3 20.0 30.7

Note: Race data shown are for women reporting a single race. 2014 data excludes New Jersey and Rhode Island which

did not report single/multiple race data in 2014.

https://doi.org/10.1371/journal.pone.0265146.t002
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(40.3%) women. When examined by detailed gestational age, inductions were higher in 2019

than in 2014 at every gestational age, with the largest differences among late preterm and early

term births (Fig 1).

In Fig 2, the overall percentage of singleton preterm births is divided into subgroups based

on method of delivery: spontaneous vaginal, cesarean with labor, no labor cesarean, induced

vaginal, and cesarean after attempted induction. The latter 3 categories represent births where

obstetrical intervention had the potential to impact the gestational age at birth. The percentage

of singleton births that were preterm among spontaneous vaginal deliveries declined by 5.8%

from 3.64% in 2014 to 3.43% in 2019. In contrast, the percentage of singleton preterm births

with a no labor cesarean rose from 2.60% in 2014 to 3.03% in 2019, a 16.5% relative increase.

For induction of labor, the increase was much larger. The percentage of singleton preterm

births with induction of labor (whether ultimately delivered vaginally or by cesarean)

increased by 52.3%, from 2014 (1.05%) to 2019 (1.60%).

Next, we examined births by method of delivery as a proportion of all singleton preterm

births. We found that the two categories that did not involve interventions that might alter ges-

tational age (spontaneous vaginal births and cesareans with labor) declined from 52.5% to

Table 3. Odds ratios for preterm obstetrical intervention (no labor cesarean or induction of labor) by race/ethnicity, United States, 2014 and 2019.

Preterm

Model 1, OR (95% CI) Model 2, OR (95% CI) Model 3, OR (95% CI)

Year

2014 Reference Reference Reference

2019 1.28 (1.27, 1.29) 1.22 (1.21, 1.23) 1.12 (1.12, 1.13)

Race/ethnicity

Hispanic 1.09 (1.08, 1.10) 0.99 (0.98, 1.00) 1.07 (1.06, 1.08)

Non-Hispanic

White Reference Reference Reference

Black 1.65 (1.63, 1.66) 1.47 (1.46, 1.49) 1.42 (1.41, 1.44)

Native American 1.31 (1.26, 1.36) 1.17 (1.13, 1.22) 1.07 (1.02, 1.11)

Asian 0.89 (0.87, 0.90) 0.92 (0.91, 0.94) 0.98 (0.96, 1.00)

Pacific Islander 1.23 (1.15, 1.32) 1.00 (0.93, 1.08) 1.04 (0.96, 1.12)

Multiracial 1.13 (1.11, 1.16) 1.09 (1.06, 1.11) 1.10 (1.07, 1.12)

Late preterm

Model 1, OR (95% CI) Model 2, OR (95% CI) Model 3, OR (95% CI)

Year

2014 Reference Reference Reference

2019 1.33 (1.32–1.34) 1.27 (1.26, 1.28) 1.17 (1.16, 1.18)

Race/ethnicity

Hispanic 1.05 (1.04, 1.07) 0.97 (0.95, 0.98) 1.04 (1.02, 1.05)

Non-Hispanic

White Reference Reference Reference

Black 1.42 (1.41–1.44) 1.28 (1.26, 1.30) 1.24 (1.22, 1.26)

Native American 1.30 (1.24–1.36) 1.17 (1.12, 1.22) 1.06 (1.01, 1.10)

Asian 0.88 (0.86–0.89) 0.92 (0.90, 0.94) 0.96 (0.94, 0.98)

Pacific Islander 1.15 (1.06–1.25) 0.93 (0.85, 1.01) 0.95 (0.87, 1.05)

Multiracial 1.06 (1.04–1.09) 1.04 (1.01, 1.07) 1.05 (1.02, 1.08)

Model 1 adjusted for race/ethnicity. Model 2 adjusted for race/ethnicity, maternal age, education, live birth order, obesity, and method of payment for delivery. Model 3

adjusted for variables in model 2 plus diabetes and hypertensive disorders.

https://doi.org/10.1371/journal.pone.0265146.t003
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Fig 1. Percentage of singleton births with cesarean or induction by gestational age, United States, 2014 and 2019.

https://doi.org/10.1371/journal.pone.0265146.g001

Fig 2. Percentage of singleton preterm births, out of total births, by method of delivery, United States, 2014–2019.

https://doi.org/10.1371/journal.pone.0265146.g002
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45.2% of all singleton preterm births (Fig 2). Together, the percentage of singleton, preterm

births where obstetrical intervention potentially impacted the gestational age at delivery

increased from 47.5% in 2014 to 54.8% in 2019.

When late preterm births were examined as a proportion of total births, we found that the

percent of singleton late preterm births with spontaneous vaginal delivery declined by 5.4%

from 2014 (2.80%) to 2019 (2.65%) (Fig 3). In contrast, the percentage of singleton late preterm

births with no labor cesarean rose from 1.68% in 2014 to 1.99% in 2019, an increase of 19.9%.

For induction of labor, the increase was once again much larger. The percentage of singleton

late preterm births with induction of labor increased by 57%, from 0.88% in 2014 to 1.38% in

2019.

When examined as a proportion of all late preterm births, we found that the two categories

that did not involve interventions that might alter gestational age (spontaneous vaginal births

and cesareans with labor) declined from 54.6% of total late preterm births in 2014 to 46.5% in

2019. Conversely, the percentage of singleton late preterm births where obstetrical interven-

tion potentially impacted the gestational age at delivery increased from 45.4% in 2014 to 53.5%

in 2019.

Adjusted odds ratios for the likelihood of preterm obstetrical intervention (no labor cesar-

ean or induction of labor) from 2014–2019, with 2014 as the reference category, are presented

in Table 3. In the case of all preterm births, when race and ethnicity was controlled for (Model

1), the odds of having a preterm obstetrical intervention were 28% higher in 2019 than in

2014. When socio-demographic characteristics were also controlled for (Model 2), the odds

were 22% higher in 2019 than in 2014. And when demographic and medical characteristics

were controlled for (Model 3), the odds of having an obstetrical intervention were 13% higher

in 2019 than in 2014. In the case of late preterm births, results were similar, but the odds ratios

were larger: 33% higher in model 1, 27% in model 2 and 17% in model 3. It should be noted

that the odds of having a preterm obstetrical intervention were substantially higher for non-

Fig 3. Percentage of singleton, late preterm births, out of total births, by method of delivery, United States, 2014–2019.

https://doi.org/10.1371/journal.pone.0265146.g003
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Hispanic Black women than for women of other races/ethnicities in all models, even after con-

trolling for an array of demographic and medical risks.

Discussion

The percentage of singleton preterm births increased by 9.4% from 2014–2019, and much of

this increase involved increases in obstetrical intervention. In a period when the overall pre-

term rate was increasing, the preterm rate for spontaneous vaginal births decreased by 5.8%

and there was no change in cesareans following a trial of labor, meaning all of the increase in

preterm births was associated with labor interventions. More than half (56%) of that increase

was associated with inductions of labor, either in vaginal or cesarean births, while the remain-

der involved cesareans with no labor. Both preterm cesareans and preterm inductions have

increased between 2014 and 2019, though in the case of inductions, the increases were much

larger. While the percent of singleton preterm births with cesarean section increased by 16.1%,

the percent with induction of labor increased by 52.3%, with more than one in five (21.9%)

deliveries among late preterm (34–36 weeks) births now involving an induction. While overall

cesarean rates have remained steady since 2007, induction rates, which also remained steady

from 2008 to 2014 at 27%, began a steady climb in 2014 and have now reached 29.4% of all

births and 36.6% among planned vaginal births (vaginal births and cesareans with a trial of

labor) in 2019 [2].

More than one half (54.9%) of singleton preterm births in 2019 had an obstetrical interven-

tion that could have affected the gestational age at delivery. Preterm inductions and cesareans

save lives if the circumstances necessitate the procedure. The 2021 ACOG Committee Opinion

on Medically Indicated Late-Preterm and Early-Term Deliveries provides an excellent sum-

mary of the indications which may necessitate preterm cesarean or induction [20]. However,

overuse of these procedures can cause excess morbidity and mortality since preterm infants

have substantially worse outcomes than those born at term [5, 6]. Vital statistics data are not

sufficient to disentangle all indications for preterm induction or cesarean. However, they are

useful for tracking of national trends, and when preterm rates increase nationally, as they have

from 2014–2019, it is important to analyze the components of preterm birth, and to begin to

look at the reasons for the increase.

From 2009–2014, The March of Dimes and other organizations ran the “Think 39” cam-

paign to prevent non-medically indicated cesareans and inductions prior to 39 weeks gestation

[21, 22]. The campaign was spurred in part by prior research showing the role interventions

had played in the earlier rise in prematurity rates [16, 23] and it perhaps played a role in revers-

ing the earlier rise in prematurity, which peaked in 2006 and began a steady decline until 2014.

More recently, the Joint Commission National Quality Measures added a measure for the

number of births with elective cesareans or inductions from 37–39 weeks’ gestation [24]. This

measure, while useful, does not directly address preterm inductions or cesareans.

Preterm interventions were 13% more likely overall in 2019 compared to 2014 and 17%

more likely among late preterm births, after controlling for demographic and medical risk fac-

tors. Some of the rise in preterm interventions during this period may be associated with

increasing rates of chronic illness, including hypertension among women, although we did

control for hypertensive disorders in the multivariate modeling. For example, data indicate

increasing rates of preeclampsia, which is a leading indication for preterm intervention [25,

26]. Additionally, concern with rising rates of maternal mortality and morbidity, may lead to

more aggressive management of delivery in an effort to optimize both maternal and infant

outcomes.
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While increases in rates of preterm births were relatively similar among White and Black

women from 2014 to 2019, we did find overall disparities in use of preterm interventions by

race and ethnicity. After controlling for a wide range of demographic and medical risk factors,

including obesity, diabetes and hypertension, non-Hispanic Black women were 42% more

likely to receive an obstetrical intervention prior to 37 weeks gestation and 24% more likely

between 34 and 36 weeks gestation than were White women. Our finding of higher use of

obstetrical intervention in preterm deliveries to non-Hispanic Black women is consistent with

prior research documenting higher rates of cesarean deliveries for Black women overall [1].

Black women have higher rates of pregnancy complications, maternal morbidity and mortality

[27–30] and higher rates of preterm interventions may reflect more aggressive management to

optimize maternal outcomes. In addition, growing evidence suggests that both implicit and

explicit bias impact delivery [30, 31]. Whether differential treatment drives some of the ele-

vated rates of preterm birth interventions among Black women is unclear. In the setting of

term pregnancies, investigators have found that standardization of hospital protocols for labor

induction reduces disparities and improves maternal and neonatal outcomes among Black

women. [32].

Strengths and limitations

The strengths of the study include the comprehensive population-based data set which

included all births in the United States for a given year together with many demographic and

medical variables. Limitations include concerns about the accuracy of reporting of some items

on the birth certificate. Most demographic items and some medical items (maternal age, race/

ethnicity, live birth order, method of delivery, payment for delivery, gestational age), are con-

sidered to be well reported on birth certificates [33–36]. Other variables such as induction of

labor, diabetes, and hypertensive disorders tend to be underreported on birth certificates

[33¸34, 37–39]. In addition, birth certificate data do not capture indication for preterm birth,

which would allow for a more comprehensive assessment of trends in preterm intervention.

Also, while we controlled for a wide range of demographic and medical conditions, the racial

and ethnic differences we found may be the result of other factors not captured in our dataset.

Conclusions

The United States prematurity rate increased by 20% between 1990 and 2006 [40]. After the

considerable positive effect of campaigns to reduce prematurity that saw the prematurity rate

decline 11.8% between 2006 and 2014, the U.S. has experienced another trend toward increas-

ing rates of prematurity. Notably, however, as in the earlier period of rising rates, prematurity

among spontaneous vaginal births has declined while the overall rate has increased. All of the

increase since 2014 is associated with pre-labor cesareans and inductions. One of the primary

remedies for the earlier crisis was a national effort to reduce primary cesareans and non-medi-

cally indicated inductions. Our findings suggest that the latest increase is more strongly related

to inductions and raises the question of why inductions prior to 37 weeks are rising so rapidly.

Such a shift could be the result of a deteriorating medical risk profile for U.S. women, with

inductions an appropriate step to mitigate rising trends in maternal morbidity and optimize

outcomes for the maternal infant dyad, or it could reflect a cultural predisposition to intervene

in some maternity units [41]. In addition to exploring biomedical reasons for prematurity,

there needs to be a renewed effort to understand the trends in preterm interventions to ensure

that obstetrical interventions are evidence-based, and are limited to those cases where they

optimize outcomes for both mothers and babies.
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