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During the past 15 years, rates of obstetrical
interventions have been rising in the United
States.1,2 The percentage of births with induced
labor more than doubled between 1991 and
2006, from10.5% to 22.5%.1,2 After a decline in
the early 1990s, the cesarean delivery rate
increased by 50%, from 20.7% in1996 to an all-
time high of 31.1% in 2006.1 Large increases
occurred for both primary and repeat cesarean
deliveries and among mothers with no known
medical risk factors or indications for cesarean
delivery (such as diabetes, hypertension, or pre-
mature rupture of membranes).1,3,4 Recent stud-
ies have shown that changing primary cesarean
rates did not correspond to shifts in mothers’
medical risk profiles but, rather, appeared to be
related to increased use of cesarean delivery with
all medical conditions.4–6

From 1991 to 2006, the preterm (less than
37 weeks of gestation) birth rate increased by
19%, from 10.8% to 12.8% of all births1; the
preterm rate increased by13% for singletons and
by 22% for multiple births. An increase in the
preterm birth rate is of concern because rates of
death and disability are higher among preterm
infants than among infants born at term (37–41
weeks).7–9 Although rates of death and disability
are highest among infants born very preterm
(less than 32 weeks), mortality rates among
moderately preterm (32–33 weeks) and late
preterm (34–36 weeks) infants are 7 and 3
times, respectively, the mortality rates for term
infants.7

We examined the relationship between
changes in the use of obstetrical intervention
and changes in the preterm birth rate in the
United States between 1991–2006. Specifi-
cally, we explored trends in singleton preterm
births, delivery methods (cesarean or vaginal),
and induction of labor.

METHODS

We obtained our data from the 1991–2006
National Center for Health Statistics natality

data files.10 These files contain detailed infor-
mation on each of the approximately 4 million
births in the United States each year. We selected
1991 as the base year because it was the first
year in which all relevant variables were
reported by all states. Trends in cesarean de-
livery and induction of labor were examined by
gestational age. In addition to gestational age,
trends in preterm delivery were examined by
maternal age, race/ethnicity, birth order, diabe-
tes, chronic hypertension, and pregnancy-associ-
ated hypertension.

As a result of delays by states in imple-
menting the 2003 revision of the US standard
birth certificate, the revised birth certificate was
used for only half of the births in the United
States in 2006 (49%); the unrevised (1989)
birth certificate was used for the remainder.1

Because some variables were measured differ-
ently in the 1989 and 2003 versions, we limited
the variables we examined to those that were
comparable between the 2 versions.1 The only
exception was a subgroup analysis (described
subsequently) of a new ‘‘trial of labor’’ variable
available only on the 2003 birth certificate. A

2-proportion z test was used to assess the
statistical significance of trends (in the Results
section, mention of a given figure being higher
or lower than another indicates a significant
difference).

We measured gestational age as the interval
between the first day of the mother’s most
recent menstrual period and the date of birth,
except when gestational age was inconsistent
with birthweight and plurality, in which case
the clinical or obstetric estimate of gestation
was used. These methods have been described
in detail elsewhere.1 We defined preterm births
as those occurring before 37 completed weeks
of gestation.

Logistic regression was used to examine the
relative odds of preterm obstetrical interven-
tions (i.e., induction of labor, cesarean delivery,
or both) among all singleton US births during
1991, 1996, 2001, and 2006, with 1991 as the
reference year. Three models were run. The
first model was unadjusted; the second con-
trolled for maternal age (younger than 20
years, 20–34 years, 35 years or older), ma-
ternal race/ethnicity (Hispanic, non-Hispanic
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White, non-Hispanic Black, non-Hispanic
American Indian, non-Hispanic Asian or Pacific
Islander), birth order (1, 2 or above), and
gestational age (less than 32 weeks, 32–33
weeks, 34–36 weeks, 37 weeks or more);
and the third also controlled for diabetes (yes,
no), chronic hypertension (yes, no), and preg-
nancy-associated hypertension (yes, no).
Records with missing values (which accounted
for less than 3% of the data) were excluded
from the models.

Finally, we conducted an exploratory anal-
ysis using the trial of labor variable from the
2003 revision of the birth certificate. The
question added to the revised birth certificate
was ‘‘If cesarean, was a trial of labor attemp-
ted?’’ (yes or no).11 The instructions were to
respond yes if there was labor before the
cesarean birth.12

In 2006, 19 states reported this variable
(California, Delaware, Florida, Idaho, Kansas,
Kentucky, Nebraska, New Hampshire, New
York State [excluding New York City], North
Dakota, Ohio, Pennsylvania, South Carolina,
South Dakota, Tennessee, Texas, Vermont,
Washington, and Wyoming).1,11 Although these
19 states accounted for almost half (49%) of

all US births in 2006, results for the 19 states
may not be generalizable to the US population as
a whole.11 For example, because California and
Texas, which have substantial Mexican American
populations, are among the 19 reporting states,
the percentages of Mexican American births in
these states are higher than that of the United
States as a whole.11

The purpose of our trial of labor analysis was
to estimate the percentage of singleton preterm
births in which obstetrical interventions may
have affected gestational age at delivery. If
a woman already in labor has a preterm ce-
sarean delivery, it is unlikely to substantially
affect the infant’s gestational age, given that she
would probably have delivered in a short time.
However, if a woman not in labor has a pre-
term cesarean delivery, it may affect gestational
age at delivery because it is unknown how
much longer the pregnancy might have con-
tinued without the intervention.13,14

To yield the most conservative estimate, we
used the trial of labor variable in conjunction
with other variables indicating labor on the
2003 revised birth certificate (precipitous,
prolonged, induction of, or augmentation of
labor; fetal intolerance of labor; use of forceps

or vacuum). Cesarean births with no reported
labor were defined as births in which no labor
indications were reported. We combined this
cesarean-without-labor category with induc-
tions to yield an unadjusted estimate of the
percentage of singleton preterm births in the19
states where obstetrical interventions may have
affected gestational age at delivery.

RESULTS

The singleton preterm birth rate increased by
13% between 1991–2006, from 9.8% to 11.1%
(Table 1). Virtually all of this increase occurred
among late preterm births; rates for very pre-
term and moderately preterm births remained
relatively stable throughout the period.

The percentage of singleton preterm infants
born via cesarean delivery increased by 47%
during the study period, from 25.1% in 1991
to 36.9% in 2006 (Table 1), a larger increase
than that occurring among full-term births
(34%). The increase was slight from 1991 to
1996 but accelerated at a rapid pace thereafter,
with a rise of 17% from 1996 to 2001 and
a further 23% increase from 2001 to 2006.
Cesarean delivery rates were highest at the

TABLE 1—Percentages of Singleton Preterm Births, Singleton Births With Cesarean Delivery, and Singleton Births With Induction

of Labor, by Gestational Age: United States, 1991, 1996, 2001, and 2006

Gestational Age 1991 (n = 4 017 127), % 1996 (n = 3 788 111), % 2001 (n = 3 902 691), % 2006 (n = 4 129 440), % % Change 1991–2006

Preterm births

<37 wk 9.8 9.7 10.4 11.1 13.3*

<32 wk 1.7 1.6 1.6 1.7 0.0

32–33 wk 1.3 1.2 1.2 1.3 0.0

34–36 wk 6.9 6.9 7.6 8.1 17.4*

Cesarean deliveries

‡37 wk 21.4 19.1 22.4 28.7 34.1*

<37 wk 25.1 25.6 29.9 36.9 47.0*

<32 wk 30.8 34.9 40.7 46.6 51.3*

32–33 wk 27.7 29.4 34.5 41.5 49.8*

34–36 wk 23.3 22.8 26.9 34.3 47.2*

Induction of labor

‡37 wk 10.9 17.7 21.6 24.0 120.2*

<37 wk 7.6 12.3 14.7 15.6 105.3*

<32 wk 5.4 8.1 8.9 8.9 64.8*

32–33 wk 6.9 11.2 12.8 13.4 94.2*

34–36 wk 8.2 13.5 16.2 17.3 111.0*

Note. Missing data were excluded from percentage computations. Data were derived from the natality detail files of the National Center for Health Statistics.
*P < .001.
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lower gestational ages. By 2006, nearly half
(46.6%) of very preterm infants were delivered
via cesarean birth, compared with 41.5% of
moderately preterm and 34.3% of late preterm
infants.

The percentage of singleton preterm births
with induced labor more than doubled from
1991 (7.6%) to 2006 (15.6%). Induction rates
for preterm births were lower and increased at
a slower pace than did the rates for term births.
Among preterm births, the increase in induc-
tion rates was largest for late preterm births
(110%), followed by moderately preterm (96%)
and very preterm (65%) births.

In Figure 1a, the overall percentage of
singleton preterm births is divided into sub-
groups defined according to method of de-
livery: spontaneous vaginal, induced vaginal,
cesarean delivery with no induction attempt,
and cesarean delivery after an induction at-
tempt. From 1991–2006, the percentage of
spontaneous vaginal preterm births declined by
19%, from 6.8% to 5.7% of all births. By
contrast, the percentage of induced vaginal
preterm births more than doubled during the
study period, from 0.6% to 1.3%. The per-
centage of preterm cesarean deliveries after an
induction attempt also doubled from 1991
(0.2%) to 2006 (0.4%). Finally, the percentage
of preterm cesarean deliveries without an in-
duction attempt increased by 61% during the
study period, from 2.3% to 3.7%.

An examination of singleton preterm births
as a percentage of all preterm births showed
that only half (50.9%) of singleton preterm
births in 2006 were spontaneous vaginal de-
liveries, compared with 69.1% in 1991. From
1991–2006, the percentage of all singleton
preterm births that were induced vaginal de-
liveries increased from 5.9% to 12.1%, and the
percentage that were cesarean deliveries (with
or without an induction attempt) increased
from 25.1% to 37.0%.

Patterns for late preterm births and early
preterm births were similar (Figure 1b and
Figure 1c). During the study period, the per-
centage of singleton late preterm births that
were spontaneous vaginal deliveries declined
from 70% to 52%, and the percentage of early
preterm births that were spontaneous vaginal
deliveries declined from 66% to 48%.

Table 2 shows percentages of preterm sin-
gleton births, by maternal characteristics, for

Note. Births lacking information on method of delivery and whether labor was induced are excluded.

FIGURE 1—Percentages of singleton births, by method of delivery, for (a) preterm births (less

than 37 weeks), (b) late preterm births (34–36 weeks), and (c) early preterm births (less

than 34 weeks): United States, 1991–2006.
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1991, 1996, 2001, and 2006. Although the
preterm birth rate among adolescent mothers
was the highest of any of the age groups
assessed, this rate did not increase from1991to
2006. By contrast, the preterm birth rate
increased among mothers aged 20 to 34 years
(15%) and mothers 35 years or older (17%). In
the different race/ethnicity groups studied, the
preterm birth rate increased most rapidly
among non-Hispanic White women and de-
clined among non-Hispanic Black women.
Also, the preterm birth rate increased more
rapidly among women with diabetes (26%),
chronic hypertension (23%), and pregnancy-
associated hypertension (46%) than among
women without these conditions.

We used logistic regression analyses to
compute adjusted odds ratios for preterm
obstetrical intervention (cesarean section or
induction of labor) from 1991 to 2006 (Table
3). When 1991data were used as the reference
and after control for maternal demographic

and medical characteristics (model 3), the

adjusted odds ratio for preterm obstetrical

intervention increased over time to 1.88 (95%

confidence interval [CI]=1.87, 1.90) in 2006.

Thus, an infant born preterm in 2006 had

88% higher odds of having an obstetrical

intervention (cesarean or induction of labor)

than did an infant born in1991after control for

maternal demographic and medical character-

istics.

TABLE 2—Percentages of Singleton Births That Were Preterm Births, by Selected Maternal Characteristics: United States,

1991, 1996, 2001, and 2006

Maternal Characteristic 1991 (n = 4 017 127), % 1996 (n = 3 788 111), % 2001 (n = 3 902 691), % 2006 (n = 4 129 440), % % Change 1991–2006

Age, y

<20 13.9 12.9 13.3 13.9 0.0

20–34 9.1 9.1 9.8 10.5 15.4*

‡35 10.2 10.3 11.1 11.9 16.7*

Race/ethnicity

Hispanic 10.3 10.1 10.5 11.1 7.8*

Non-Hispanic White 7.7 8.1 9.0 9.7 26.0*

Non-Hispanic Black 17.9 16.3 16.0 16.6 –7.3*

Non-Hispanic American Indian 11.2 11.0 12.2 13.1 17.0*

Non-Hispanic Asian/Pacific Islander 9.5 9.2 9.2 9.5 0.0

Total birth order

1 9.8 9.8 10.3 10.8 10.2*

‡2 9.9 9.7 10.4 11.2 13.1*

Diabetes

Yes 12.0 13.4 14.3 15.1 25.8*

No 9.7 9.6 10.2 10.9 12.4*

Chronic hypertension

Yes 19.7 21.4 23.7 24.3 23.4*

No 9.7 9.6 10.3 10.9 12.4*

Pregnancy-associated hypertension

Yes 16.2 18.7 21.4 23.7 46.3*

No 9.5 9.4 10.0 10.6 11.6*

Note. Missing data were excluded from percentage computations. Data were derived from the natality detail files of the National Center for Health Statistics.
*P < .001.

TABLE 3—Odds Ratios for Preterm Obstetrical Intervention (Cesarean Delivery or Induction

of Labor): United States, 1991, 1996, 2001, and 2006

Year of Birth Model 1,a OR (95% CI) Model 2,b OR (95% CI) Model 3,c OR (95% CI)

2006 1.84* (1.82, 1.85) 1.97* (1.96, 1.99) 1.88* (1.87, 1.90)

2001 1.45* (1.43, 1.46) 1.52* (1.51, 1.54) 1.48* (1.47, 1.49)

1996 1.14* (1.13, 1.15) 1.18* (1.17, 1.19) 1.15* (1.14, 1.16)

1991 (Ref) 1.00 1.00 1.00

Note. OR = odds ratio; CI = confidence interval. Data were derived from the natality detail files of the National Center for
Health Statistics.
aUnadjusted.
bAdjusted for year of birth, maternal age, maternal race/ethnicity, total birth order, very preterm status, and moderately
preterm status.
cAdjusted for all of the variables included in model 2 along with diabetes, chronic hypertension, and pregnancy-associated
hypertension.
*P < .001.
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We used the new trial of labor variable,
available for 19 states in 2006,11 to estimate the
unadjusted percentage of preterm cesareans in
which obstetrical interventions had the potential
to change gestational age at delivery (Figure 2).
The states reporting this item covered all US
regions, and rates of induction of labor, cesarean
delivery, and preterm birth in the 19 states were
similar to those of the United States as a whole.

Of the 209530 singleton preterm births
occurring in the 19 states in 2006, there were
54301 cesarean births with no reported trial
of labor or any other labor indicators (pre-
cipitous, prolonged, induced, or augmented
labor; fetal intolerance of labor; use of forceps
or vacuum) reported on the birth certificate. An
induction without a cesarean delivery was
reported in another 33593 cases, resulting in a
total of 87894 singleton preterm births with
an obstetrical intervention and no spontaneous
onset of labor (42% of all singleton preterm
births; Figure 2).

DISCUSSION

Preterm birth has been identified as a major
and growing health concern in the United
States,13,15,16 with multiple efforts focusing on
both prevention17,18 and treatment.19 Increases in
obstetrical intervention during pregnancy have
been linked to increases in the preterm birth rate
in the United States13,20–22 as well as other
countries.14 These findings are typified by

a recent study that, although not examining
induction or births involving a trial of labor,
showed consistent increases in preterm cesarean
delivery rates across different demographic
groupings.21

We examined national trends in singleton
preterm births and their relationship to cesar-
ean deliveries and induction of labor during
pregnancy. From 1991 to 2006, whereas the
rate of singleton preterm births increased by
13%, the cesarean delivery rate for singleton
preterm births increased by 47% and the rate
of induced labor more than doubled. Given
that both the relative and absolute proportion
of spontaneous vaginal births declined from
1991 to 2006 for all gestational age groups,
our data suggest that the increase in the pre-
term birth rate was related to increases in
obstetrical interventions (Figure 1).

In a multivariate analysis, we found that
a preterm infant born in 2006 had 88% higher
odds of having an obstetrical intervention (ce-
sarean delivery or induction of labor) than did
a comparable infant born in 1991 after adjust-
ment for maternal demographic and medical
characteristics. In an exploratory analysis of new
birth certificate data for 19 states, we estimated
that obstetrical interventions had the potential
to influence gestational age at delivery in 42%
of singleton preterm births.

The strengths of this study include the
comprehensive population-based nature of our
birth certificate data, which included all births

in the United States for a given year, together
with many demographic and medical variables.
Limitations include concerns about the accu-
racy of reporting of selected items on the birth
certificate. Most demographic items and some
medical items (including maternal age, race/
ethnicity, live birth order, and method of de-
livery) are considered to be well reported.23–26

Induction of labor data have been found to be
underreported in some studies27 and well
reported in others.26 Underreporting, if present,
would tend to understate the impact of obstetri-
cal intervention on preterm birth rates.

Although gestational age data are generally
considered to be reasonably well reported,23,24

the data are subject to error owing to imperfect
maternal recall or misidentification of the date
of the mother’s most recent menstrual period.1

Improvements in the quality of gestational age
data during the period covered by our study
have been noted,28–30 in particular a lessening of
gestational age overstatement among Black
mothers of very preterm infants.28,30 For this
reason, improvements in data quality may have
led to a slight underestimate of the magnitude of
the increase in preterm births from 1991 to
2006.30

Measures of medical risk (i.e., diabetes and
hypertension) from birth certificates are gen-
erally found to be underreported relative to
data from medical records, although data on
diabetes and hypertension were often better
reported than were other medical risk fac-
tors.23–25 The trial of labor variable is new to the
birth certificate and thus has not been validated
via comparisons with medical records or other
sources. Any underreporting of this data item
might lead to an overestimate of the percentage
of births in which obstetrical intervention affects
gestational age at delivery.

The staggered implementation of the 2003
revision of the birth certificate also created
limitations in that only variables found to be
comparable between the 2 versions of the birth
certificate could be used in most of our ana-
lyses. For example, we were unable to include
premature rupture of membranes (PROM) in
our multivariate modeling because this item
was not comparable across the 2 versions1;
however, we did note that rates of preterm
PROM declined from 1990 to 2002.10,31

Reasons for preterm obstetrical interven-
tions can be grouped into 3 categories:

aStates using the 2003 revision of the US standard birth certificate.
bBirths lacking data on method of delivery, whether or not labor was induced, and whether or not a trial of labor was

attempted are excluded.
cInduction of labor (attempted or successful).
dNo reported precipitous, prolonged, or augmented labor; fetal intolerance of labor; or use of forceps or vacuum.

FIGURE 2—Estimate of the percentage of singleton preterm births in which obstetrical

intervention affected gestational age at delivery: 19 US states, 2006.
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emergency, strongly indicated, and marginally
indicated. Cesarean deliveries can be lifesaving
procedures in emergency situations such as
placental abruption. However, these emer-
gency situations are rare, and there is no clear
indication that the incidence of such disorders
has increased substantially during the past
15 years.32

Serious maternal conditions such as deterio-
rating severe preeclampsia and serious fetal
compromise with ominous biophysical signs may
be a strong indication for early cesarean delivery.
With widespread use of ultrasonography and
fetal Doppler velocimetry, fetal compromise may
now be detected earlier than in previous years.33

Despite great variations in the diagnosis and
management of fetal compromise, some obste-
tricians may be more inclined to deliver the fetus
after steroids are given and the fetus has reached
34 weeks. Cesarean delivery may be chosen
over induction as a result of breech presentation,
extreme immaturity, an unfavorable cervix, pre-
vious cesarean section, or concerns regarding
possible fetal intolerance of labor.34

With the significant recent advances in
neonatal care, severe neonatal morbidity and
mortality are relatively low after 34 weeks.
This may foster a sense of safety with respect
to late preterm delivery. Although the guide-
lines of the American College of Obstetricians
and Gynecologists indicate that medically
elective cesarean deliveries should not be
performed before 39 weeks unless there is
documentation of fetal lung maturity,35 there
is evidence that these guidelines are not always
followed.36,37

Among births with more marginal indica-
tions, there is evidence of a declining threshold
before obstetrical interventions are deemed
to be necessary. For example, Leitch and
Walker, in a study of changes in indications for
cesarean delivery over time, concluded that
although indications for cesarean deliveries
have not changed much over time, ‘‘there has
been a lowering in the overall threshold con-
cerning the decision to carry out a cesarean
section.’’38(p621)

Recent studies have also suggested a trend
toward more aggressive management of vari-
ous medical conditions during pregnancy, such
as PROM,39,40 oligohydramnios,41 hyperten-
sion,42,43 and diabetes,42 and this trend is
reflected as well in our data. For example,16% of

women with pregnancy-associated hypertension
delivered a preterm infant in 1991, compared
with 24% in 2006 (Table 2), a more rapid
increase than that observed among nonhyper-
tensive women. However, evidence is still scarce
as to the exact circumstances in which the
balance of benefits and risks favors cesarean
delivery over expectant management (i.e.,
attempting to delay delivery, when possible, until
the fetus is more mature).44

Some studies conducted in the 1990s
revealed a positive relationship between in-
creases in preterm obstetrical interventions and
decreased fetal or perinatal mortality rates.14,31

The lack of decline in the US infant mortality
rate from 2000 to 2005 related to increases in
preterm birth and preterm-related causes of
death7,45 and the lack of decline in the fetal
mortality rate from 2003 to 200546 suggest the
need for a reexamination of this issue with more
recent data.

Also, studies that compare morbidity and
mortality for births with obstetrical interven-
tion with spontaneous deliveries at the same
gestational age invite methodological difficul-
ties. This is because it is impossible to know
how much longer the pregnancy might have
continued without the intervention, thus
moving a preterm fetus into a lower-risk ges-
tational age category. Of course, in the case of
a medically complicated pregnancy, delays
might also lead to increased risk. More detailed
studies are needed to disentangle such complex
relationships.

What is clear is that preterm birth is associ-
ated with increased rates of infant morbid-
ity47,48 and mortality.7–9,47 Even among late
preterm infants, mortality rates are 3 times those
among term infants.7 Although the risk of severe
morbidity and mortality for late preterm births
is relatively low, such births contribute signifi-
cantly to infant mortality in the United States
because of their large numbers.9

The public health community can draw
several lessons from this analysis. First, our
findings reinforce the value of periodic re-
visions of vital statistics to incorporate new
items, such as the trial of labor measure, that
can allow more sensitive analyses of key trends,
such as preterm birth. Second, publication
by the public health community of case–mix-
adjusted preterm rates and related interven-
tions by hospital can provide the public and

policymakers with critical information that can
assist in efforts to reduce preterm birth rates.

Finally, preterm birth has been identified as
a major factor in the poor performance of the
United States in international comparisons of
infant mortality.49 The public health community
can lead the effort to ensure more judicious
use of medically elective interventions, joining
with advocacy groups (e.g., the March of Dimes)
and provider groups. In 2009, for instance,
the American College of Obstetricians and
Gynecologists issued guidelines calling for no
elective inductions before 39 weeks.50 The
combining of clinical and public health research
into the causes and consequences of preterm
birth will enable us to begin to address this major
maternal and child health challenge.

In conclusion, given the frequency of pre-
term birth after labor induction or cesarean
section without a trial of labor, the 88%
increased odds of preterm obstetrical inter-
vention in 2006 relative to 1991, and the
recent lack of decline in US infant and fetal
mortality rates,7,46 further research is needed
into the decision-making process surrounding
obstetrical intervention in preterm births. Be-
cause of the increased risk of morbidity and
mortality for preterm infants relative to term
infants,7–9,51 it is important to ensure that all
preterm obstetric interventions are truly medi-
cally necessary. j
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