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Abstract Despite the introduction of 17-alpha-hydroxy-

progesterone caproate (17P), the national preterm birth

(PTB) rate remains unchanged. Our objectives were to

determine whether the overall rate of PTB has decreased

and whether there has been a shift in the trends of pre-

maturity at our institution since the initiation of 17P use.

We performed a cross sectional study of the PTB rate and

gestational age distribution at delivery (GA-del) at our

institution over two, 2-year time periods: TP1 (pre 17P, 1

Jan 2004–31 Dec 2005) and TP2 (post 17P, 1 Jan 2008–31

Dec 2009). Statistical analyses included v2 tests for cate-

gorical data, t-tests for continuous data, and multivariable

logistic regression to control for confounders. Overall

(n = 15,421), there was no difference in the rate of PTB

from TP1 to TP2 (16.65 vs 16.95%, p = 0.62). Among

those with a history of prior PTB (n = 2,141), the mean

preterm GA-del was 10 days later in TP2 than in TP1

(33.13 vs 31.64 weeks, p \ 0.01) and significantly more

preterm infants in TP2 delivered between 34–36 6/7 weeks

than in TP1 (65.00 vs 45.63%, p \ 0.01). The odds of a

preterm infant delivering in the late preterm period was

2.3-fold higher in TP2 than TP1 (95% CI 1.49–3.54) after

controlling for confounders. The significant shift in GA-del

towards the late preterm period in TP2 may be due to the

introduction of 17P use at our institution. Additional

studies are needed to determine whether these trends per-

sist on a nationwide level.
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Introduction

In 1990, Keirse published a meta-analysis of seven studies

conducted between 1964 and 1985 which concluded that

17-alpha-hydroxyprogesterone caproate (17P), adminis-

tered in doses ranging from 250 to 1000 mg each week,

was associated with a 50% reduction in the odds of

recurrent preterm birth (PTB) [1]. Since that time numer-

ous progesterone studies have followed, including a dou-

ble-blind, placebo-controlled trial performed by the

Maternal-Fetal Medicine Units Network published in 2003

[2]. Again, 17P was found to significantly reduce the rate

of recurrent preterm delivery among women with a history

of spontaneous PTB.

Based upon these data, in 2006 it became standard of

care at our institution to offer 17P to all ‘‘eligible’’ patients,

defined as women with a singleton pregnancy and a history

of spontaneous PTB of a singleton infant between 20 and

36 6/7 weeks gestational age. Two years later, the

Poster (#483) entitled ‘‘Evaluating the change in distribution of

gestational age at delivery with the initiation of 17-alpha-

hydroxyprogesterone caproate at an urban institution’’ will be

presented at The Society for Maternal-Fetal Medicine Annual

Meeting San Francisco, California, 7 Feb 2011–12 Feb 2011.
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American College of Obstetrics and Gynecology (ACOG)

released a Committee Opinion that endorsed offering 17P

to all women with a singleton pregnancy and prior spon-

taneous singleton PTB [3].

The overall rate of PTB in the United States remains

greater than 12% [4]. While this number includes singleton

and multiple gestations as well as both spontaneous and

iatrogenic PTBs, singletons represent approximately 96.6%

of live births and approximately 75% of PTBs are sponta-

neous [5–7]. Therefore, singleton infants with spontaneous

PTB represent the greatest percentage of premature infants.

Despite the literature in support of 17P however, the PTB

rate has not significantly changed. While this may be due to

possible physician counseling biases and restricted patient

access to prenatal care, one other explanation is that most

women who deliver preterm do not have a history of prior

PTB and are therefore not eligible for 17P.

We theorized that events at our institution might reflect

nationwide trends in prematurity that cannot yet feasibly be

studied due to the lag in availability of birth certificate data.

Therefore, the primary objective of this study was to

determine whether the overall rate of PTB at our institution

has decreased since the introduction of 17P. Additionally,

in order to focus on the potential population-level impact of

17P, our secondary objective was to determine whether the

distribution of gestational ages at delivery (GA-del) in

women with a prior PTB has shifted in favor of later pre-

term gestational ages since the introduction of this

intervention.

Methods

We performed an IRB approved, retrospective, cross sec-

tional study of all women with a prior preterm birth who

delivered between 1 Jan 2004 and 31 Dec 2009 at an urban

academic medical center.

At our institution, whenever a patient is admitted to

Labor and Delivery, obstetric information is entered into an

electronic database (prior to 2007: Baby Path�; since 2007:

Baby Tracker�). Since prior to the study period, the stan-

dard of care at our institution for any patient admitted with

preterm labor (PTL) between 24 0/7 and 33 6/7 weeks is to

receive 48 h of magnesium sulfate tocolysis for the

administration of a single course (two doses) of

betamethasone.

Prior to 2006, women at our institution with a singleton

pregnancy and a history of spontaneous PTB of a singleton

infant between 20 and 36 6/7 weeks gestational age

patients were not routinely offered 17P. However, in 2006

the decision was made to change practice guidelines

regarding the management of patients with this obstetric

history. As a result, the Maternal-Fetal Medicine (MFM)

division at our institution adopted the policy that all ‘‘eli-

gible’’ women should be offered weekly intramuscular

injections of 250 mg of 17P starting between 16 0/7 and 20

6/7 weeks.

We queried our electronic databases to identify all

deliveries that occurred at our institution between 1 Jan

2004 and 31 Dec 2009. The plurality of each pregnancy

was noted. Deliveries were divided into two time periods

(TP1, TP2) distinguished by whether or not 17P was rou-

tinely offered to ‘‘eligible’’ patients. Specifically, during

TP1 (1 Jan 2004–31 Dec 2005) 17P was not routinely

offered while during TP2 (1 Jan 2008–31 Dec 2009) 17P

was routinely offered. Deliveries that occurred in the year

during (2006) or after (2007) the initiation of routine 17P

use were excluded to allow for a ‘‘wash out’’ period.

We subsequently performed sub-analyses in which we

excluded the following patients: (1) women without a

history of preterm birth, since 17P is only offered to

women with this obstetric history; (2) multiple gestations,

since these patients are not offered 17P regardless of their

obstetric history; (3) infants delivered prior to 21 weeks,

since 17P administration may not be initiated until

20 weeks gestation; (4) anomalous fetuses, since this

condition may predispose to PTB through a separate

mechanism; and (5) women who delivered preterm due to

preeclampsia since 17P would have no effect on the timing

of delivery for these infants.

Finally, we examined two subgroups of women to whom

17P would not be recommended in a current pregnancy:

women with a history of prior PTB who are currently

pregnant with twins, and women with no history of prior

PTB. We theorized that, if the same trends were observed

in these subgroups as in the subgroup eligible for 17P that

perhaps something other than 17P might be contributing to

those patterns. However, if the trends did not persist in

these subgroups, then this might be further evidence of the

potential for 17P to reduce the PTB rate.

International Classification of Diseases, 9th Revision,

Clinical Modification (ICD-9-CM) coding was used to

compare demographic information between the two

groups. Gestational age (weeks) at delivery was recorded

for each patient based upon information obtained from the

electronic obstetric databases.

In accordance with the objectives of our study, the pri-

mary outcome was the overall rate of PTB within each time

period and secondary outcome was the percentage of

patients with a history of PTB who had recurrent PTB

during each pre-specified gestational age range (21–23 6/7,

24–27 6/7, 28–31 6/7, 32–33 6/7, and 34–36 6/7 weeks).

Statistical analyses were performed using Stata version

10.1 (College Station, TX). Categorical data were com-

pared using v2 tests. Means of continuous data were

compared using Student’s t-tests. Multivariable logistic
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regression was performed to estimate the odds of preterm

birth while controlling for confounders.

Results

There were 15,421 deliveries during the study period:

14,717 singletons (TP1: n = 6,736; TP2: n = 7,979) and

706 multiple gestations (TP1: n = 310; TP2: n = 396).

Overall, there was no significant difference between the

PTB rate in TP1 and TP2 (16.65 vs 16.95%, p = 0.62).

Furthermore, there was no difference in the mean GA-del

between the two time periods (37.98 vs 37.96 weeks,

p = 0.52) when evaluating all women.

After excluding women without a history of PTB,

multiple gestations, infants delivered prior to 21 weeks,

anomalous fetuses, and women who delivered preterm due

to preeclampsia, there were 2,141 singletons (TP1:

n = 965; TP2: n = 1,176) included in our sub-analyses.

Since the focus of our study is the potential population-

level impact of 17P, the remainder of our results focuses on

this subgroup that is eligible for 17P.

Demographic characteristics of the women who

delivered during each time period were compared

(Table 1). There were significantly fewer African Amer-

ican patients in TP1 than TP2. Although the two time

periods also differed significantly with respect to mean

maternal age and insurance status, there was no differ-

ence between the percentage of women with extremes of

maternal age defined as B18 or C35 years (24.77 vs

22.28%, p = 0.18) or in the prevalence of women

without insurance (1.14 vs 1.19%, p = 0.91) between

TP1 and TP2.

Within this subgroup of patients eligible to receive 17P,

there was no difference in the rate of PTB \37 weeks

(16.58 vs 17.01%, p = 0.79) or the mean GA-del (37.66 vs

37.88 weeks, p = 0.21) from TP1 to TP2.

When further restricting our analyses to those women

eligible for 17P who delivered preterm within the study

period, the mean GA-del was 10 days earlier in TP1 than

TP2 (31.64 vs 33.13 weeks, p \ 0.01). Furthermore, from

TP1 to TP2 there were significantly fewer PTBs between

21 and 33 6/7 weeks (54.37 vs 35.00%) and more PTBs

during the late preterm period (45.63 vs 65.00%, p \ 0.01).

The percentage of PTBs occurring during each pre-speci-

fied gestational age period is found in Table 2. The weekly

distribution of preterm gestational ages at delivery between

21 and 36 6/7 weeks in both TP1 and TP2 is depicted

graphically (Fig. 1).

Unadjusted and adjusted odds ratios (OR) for having a

PTB during each pre-specified gestational age period were

calculated (Table 3). Women were 2.3-fold more likely to

deliver a preterm infant during the late preterm period in

TP2 than TP1 (OR 2.30, 95% CI 1.49–3.54) after adjusting

for biologically plausible confounders including race,

insurance, and age.

Finally, we performed analyses on two groups of women

to whom 17P would not be recommended in a current

pregnancy in order to further test our hypothesis that the

trends observed in women with a prior preterm birth were

due to 17P use: women with a history of prior PTB who are

currently pregnant with twins, and women with no history

of prior PTB. There was no significant difference in either

the average preterm GA-del (twins: 32.04 vs 32.68 weeks,

p = 0.11; no prior PTB: 32.67 vs 32.92 weeks, p = 0.28)

or the percentage of preterm infants delivered during the

Table 1 Demographics of

women eligible for 17P who

delivered during each study

time period

TP time point

* p-value by v2 or student’s

t-test as appropriate

Variable of interest Time period 1

(n = 965)

Time period 2

(n = 1176)

p-value*

Maternal demographics

Maternal age (years) 28.76 26.65 \0.001

Race (%) \0.001

African American 68.19 81.63

Caucasian 20.83 11.05

Hispanic 1.66 2.21

Asian 4.25 4.51

American Indian or Alaska Native 0.10 0.00

Other 4.97 0.60

Insurance (%) \0.001

Private 15.96 7.74

Medicaid/financial assistance 82.90 91.07

Uninsured 1.14 1.19

Betamethasone (%) 3.45 2.58 0.002
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late preterm period (twins: 48.86 vs 56.48%, p = 0.13; no

prior PTB: 60.53 vs 64.40%, p = 0.16) from TP1 to TP2 in

either group.

Comment

To our knowledge, this is the first study to use institution

level data in an effort to determine how the availability of

17P to all ‘‘eligible’’ women may have impacted trends in

gestational age at delivery. Reflective of national statistics,

the rate of singleton PTB at our institution did not change

significantly between 1 Jan 2004–31 Dec 2005 and 1 Jan

2008–31 Dec 2009. Interestingly however, in women with

a history of a prior PTB there was a significant shift in the

distribution of preterm GA-del, favoring later gestational

ages at delivery with the routine availability of 17P (TP2).

This shift occurred despite the fact that a significantly

greater percentage of African Americans, a subgroup at

increased risk for PTB [6, 7], delivered during TP2 than

TP1. Although we were unable to study the administration

of 17P directly—including the offer and/or acceptance

rate—since this outpatient medication is not tracked

through inpatient ICD-9 coding, the provision of 17P to all

‘‘eligible’’ patients is the solitary change that occurred in

obstetric management at our institution between the two

time periods studied.

Our large sample size allowed us to control for impor-

tant confounders known to be associated with PTB, and to

exclude patients who would not be eligible for 17P. The

fact that all data were derived from patients at a single

institution over a fairly brief time period minimized vari-

ability in practice pattern between patients in each study

group. Furthermore, although ICD-9-CM coding was per-

formed retrospectively, this coding was done in a consis-

tent manner by trained hospital personnel thereby

minimizing the chances of coding errors and inconsisten-

cies. Additionally, there were no coding changes between

the two time points. The benefit to using ICD-9-CM coding

for analysis is that it allowed for the evaluation of a large

number of patients over a short period of time in order to

evaluate the impact of the intervention soon after its

implementation.

Our study was not without limitations. First, we identi-

fied demographic information and potential confounders

using ICD-9-CM codes and not primary chart abstraction.

While we chose this methodology so that we might be able

to study a large cohort of patients, we recognize that there

is always a potential for misclassification. However, we

believe that this misclassification would be non-differential

and therefore bias our results to the null further strength-

ening our findings.

In addition, there is no administrative way to track

which patients received 17P since it is an outpatient med-

ication. Therefore, it is possible that some TP2 patients

‘‘eligible’’ to receive 17P did not actually receive this

Table 2 Percentage of preterm

births in women eligible for 17P

that occurred during each

gestational age range

Bolded values represent

statistically significant findings

* p-value by v2 test

Gestational age range (weeks) Time period 1 (%) Time period 2 (%) p-value*

21 0/7–23 6/7 10.00 4.00 0.02

24 0/7–27 6/7 9.38 6.50 0.31

28 0/7–32 6/7 18.75 11.50 0.05

32 0/7–34 6/7 16.25 13.00 0.38

34 0/7–36 6/7 45.63 65.00 <0.001

Fig. 1 Percentage of preterm births (weekly) during time period 1

and time period 2

Table 3 Odds of a woman eligible for 17P delivering a preterm

infant during each gestational age range in Time Period 2 compared to

Time Period 1

Gestational age

range (weeks)

Unadjusted OR

(95% CI)

Adjusted OR

(95% CI)a

21 0/7–23 6/7 0.38 (0.16–0.90) 0.39 (0.16–0 .93)

24 0/7–27 6/7 0.67 (0.31–1.46) 0.67 (0.31–1.47)

28 0/7–32 6/7 0.56 (0.31–1.01) 0.53 (0.29–0 .96)

32 0/7–34 6/7 0.77 (0.43–1.39) 0.75 (0.42–1.36)

34 0/7–36 6/7 2.21 (1.45–3.39) 2.30 (1.49–3.54)

CI confidence interval, OR odds ratio

Bolded values represent statistically significant findings
a Adjusted for confounders including race, age and insurance
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medication. However, we believe that any bias in our

results would be towards the null again strengthening our

findings.

Finally, we do not have information regarding the GA-

del of prior PTBs or the temporal relationship between a

prior PTB and the delivery that occurred during the study

period.

In support of our hypothesis that 17P administration

caused the shifts in GA-del are the following. First, the

trends between TP1 and TP2 that were seen in patients with

a singleton gestation and a history of PTB (to whom 17P is

recommended) were not seen in women to whom 17P

would not be recommended (i.e., patients with either a twin

gestation or those with no history of prior PTB). Specifi-

cally, in these groups we observed neither a significant shift

in the mean GA-del of a preterm delivery nor a change in

the percentage of infants delivering during the late preterm

period.

Second, our demographic data suggests that there was a

larger percentage of patients at greater risk for PTB due to

African American race during TP2 than TP1. Based upon

this fact, one might anticipate that the rate of PTB should

actually be higher in TP2 than TP1. In actuality, however,

the PTB rate did not increase from TP1 to TP2. Further-

more, the percentage of infants exposed to betamethasone

in utero significantly decreased from TP1 to TP2, sug-

gesting that fewer patients presented with symptoms of

PTL \34 weeks during the later time period.

Our institution level observational data demonstrates

that a shift has occurred over the last several years leading

to both an increase in the average gestational age of pre-

term delivery as well as an increase in the prevalence of

late preterm over earlier preterm infants. We believe that

our study conveys a sense of the potential ‘‘real world’’

effect of 17P on a population outside the rigid and well-

controlled setting of a randomized controlled trial that may

overstate the magnitude of effect of a drug. We believe that

the statistically significant 10 day difference we found in

the average gestational age of preterm delivery is clinically

relevant. Finally, while late preterm infants still face sig-

nificant morbidity compared to term infants, their outcomes

are generally improved compared to infants of earlier

gestational age [8].

Although the overall rate of PTB at our institution was

unchanged, we believe that it is important to recognize

shifts in gestational age trends towards later preterm births.

We therefore view our results as evidence that 17P may

have brought us closer towards mitigating the adversity

associated with prematurity, which is of great public health

significance. Use of population level data to confirm these

trends will be important to further demonstrate the public

health impact and success of 17P as well as the importance

of universal access for all ‘‘eligible’’ patients.
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