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ecurrence risk for preterm delivery
ulie McManemy, MD; Erinn Cooke, MPH; Erol Amon, MD; Terry Leet, PhD
BJECTIVE: To estimate recurrence risk of preterm delivery in third
irths.

TUDY DESIGN: We conducted a population-based cohort study of
issouri mothers who delivered 3 consecutive singleton live births

uring 1989-1997. The recurrence risk was computed for 4 cohorts
ased on prior preterm delivery status and adjusted using Mantel-
aenszel stratified analysis.

ESULTS: The study population included 19,025 third births. The re-
urrence risk ranged from 42% (for women with 2 prior preterm deliv-
determine if the risk i
oi: 10.1016/j.ajog.2007.01.039

76.e1 American Journal of Obstetrics & Gynecology JUNE 2007
term/term). The recurrence risk was highest (57%) for women with 2
rior very preterm deliveries (21-31 weeks) and lowest (33%) for those
ith 2 prior moderate preterm deliveries (32-36 weeks). The recurrence

isk was less pronounced for women with 1 prior very or moderate
reterm delivery.

ONCLUSION: These data show a strong association between prior
reterm delivery and recurrence risk, which is affected by the fre-
uency, order, and severity of prior preterm births.

ey words: gestational age at delivery, prematurity, preterm delivery,

ries), through 21% (term/preterm) and 13% (preterm/term), to 5% recurrence, risk factors

ite this article as: McManemy J, Cooke E, Amon E, Leet T. Recurrence risk for preterm delivery. Am J Obstet Gynecol 2007;196:576.e1-576.e7.

 reterm delivery is the leading cause
of morbidity and mortality in new-

orns.1,2 Premature infants are prone to
evelopmental and cognitive abnormal-

ties. Infants who deliver at earlier gesta-
ions incur longer length of stays in the
ospital and higher health care costs.
urthermore, the incidence of preterm
elivery has significantly increased. In
he United States, the risk for preterm
irth (�37 weeks of gestation) steadily

ncreased from 1992 to 2002.3 In 2003,
2.1% of live births in the United

States are born preterm. This concern-
ing trend is a major public health issue
and has led to the recommendation in
Healthy People 2010 to decrease the
risk of preterm delivery to less than
7.6% of live births.4

Previous studies have shown that prior
preterm delivery confers an increased
risk of recurrent preterm delivery in sub-
sequent pregnancies.4-21 Evidence from
population-based studies regarding the
risk of recurrent preterm delivery in
multiparous women is largely limited to
first and second pregnancies, with insuf-
ficient data relating to gestational
age.6,13,22 Little is known about the risk
of a third preterm delivery. Bakketeig et
al23 found that the risk of preterm deliv-
ery in the third birth was similar to the
risks for a second preterm delivery. They
also demonstrated that the risk of a third
preterm baby was high (28%) when the
first and second births were preterm;
however, that study did not determine if
the risk of a third preterm baby was mod-
ified by gestational age of prior preterm
deliveries. Other studies delineating the
risk of recurrent preterm labor in third
and subsequent pregnancies were lim-
ited to hospital-based studies, which
may not be generalizable to the general
population.9,10,12,24

Our objective was to evaluate the risk
of preterm delivery in third birth and to

frequency, severity, and order of prior
preterm deliveries. We hypothesized
that a history of previous preterm deliv-
ery would confer an increased risk of
preterm delivery in third birth and that
the risk of preterm delivery would in-
crease with decreasing gestational age of
prior births.

MATERIALS AND METHODS

We conducted a population-based co-
hort study of preterm births in multipa-
rous women. The study population was
obtained from the Missouri maternally
linked cohort, which links sibling birth
certificate data to common maternal
identifiers.25 The study population in-
cluded all mothers who were residents of
Missouri and who delivered 3 consecu-
tive singleton live births (�20 weeks ges-
tation) during 1989-1997. The study was
restricted to this 9-year period because
the clinical estimate of gestational age at
delivery was first recorded on the Mis-
souri birth certificate in 1989 and the last
year of available data for this cohort was
1997. Mothers with multiple gestations
were excluded from the study, to elimi-
nate nonindependent events. Mothers
with missing information regarding ges-
tational age at delivery or other potential
risk factors (listed below) were excluded
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The study population was divided
nto 4 cohorts: (1) women with both
rst and second births preterm, (2)
omen with the second birth preterm,

3) women with the first birth preterm,
nd (4) women with neither birth pre-
erm. This latter cohort was selected as
he reference population. Preterm de-
ivery was defined as a birth prior to 37
eeks gestation.
The study cohorts were further di-

ided into subgroups by gestational age
t delivery: very preterm (21-31 weeks),
oderate preterm (32-36 weeks), and

erm (�37 weeks).
There are 2 ways to determine gesta-

ional age from birth certificates: clinical
stimate of gestational age and last men-
trual period (LMP). Gestational age at
elivery was based on the clinical esti-
ate of gestational age, which is consid-

red a more accurate covariate than
length of pregnancy,” which is based on
he date of last menses.

The clinical estimate of gestational age
s a more precise measure because it in-
ludes LMP along with clinical factors,
uch as ultrasound. LMP is based solely
n patient recall. Clinicians use the best
linical estimate of gestational age,
ather than LMP alone, to determine the
estation of the newborn. Furthermore,
he ranges of the 2 estimates differed.
linical estimate ranged from 21-44
eeks, while LMP ranged from 17-52
eeks. Corrections to “clinical esti-
ates” were requested of hospital birth

ertificate coordinators by the State of
issouri whenever “impossible data”
ere identified.
All data were obtained from birth cer-

ificates in the Missouri maternally
inked cohort. Maternal risk factors in-
luded age, race, ethnicity, marital sta-
us, income, and cigarette and alcohol
se during pregnancy. Maternal age was
ivided into 4 categories (�19, 19-31,
2-36, �36 years) to explore its potential
onlinear relationship with preterm de-

ivery.15,22,24 The standard racial and
thnic classification set forth by the 1997
S federal Office of Management and
udget (OMB) standards was not used.

nstead, maternal race and ethnicity
ere combined and categorized as non-

ispanic black, non-Hispanic white, or s
ther. Low income was defined as partic-
pation in Medicaid, the Women, Infants
nd Children program, or governmental
ood program.

Prior studies have identified other
bstetrical and medical factors associ-
ted with preterm delivery, including
repregnancy body mass index, birth

nterval, prenatal care utilization,
hronic hypertension, preeclampsia,
nsulin-dependent diabetes mellitus,
nd premature rupture of mem-
rane.1,10,14,17,18,26,27 Prenatal care uti-

ization was determined using the
otelchuck index28, which combines

he month when the prenatal care be-
an and the number of prenatal visits
nd classifies care as inadequate, inter-
ediate, adequate, or adequate plus.
e assessed the frequency of pre-

clampsia and premature rupture of
embranes for the 4 study cohorts, but

id not include either risk factor as a
otential confounder when evaluating
he effect of prior preterm delivery on
ecurrence of preterm delivery because
reterm premature rupture of mem-
ranes and severe preeclampsia lie in
he causal pathway for preterm birth.

The percentages of the 4 study cohorts
ith specific demographic, medical, and
bstetrical characteristics were com-
uted. A chi-square test was used to as-
ess differences between the 3 study co-
orts and the reference cohort. The
reterm delivery risk in the third birth
%) was computed for each study co-
ort. Relative risks (RR) were estimated
o measure the strength of association
etween prior preterm delivery status
nd preterm delivery risk for the third
irth. The RRs were calculated by divid-

ng the preterm delivery risk in the third
irth for each study cohort by the pre-
erm delivery risk in the third birth for
he reference cohort. The 95% confi-
ence intervals (CI) were estimated to
etermine the precision of each RR.
antel-Haenszel stratified analysis29

as used to adjust the relative risk for
otential confounders if the adjusted rel-
tive risk differed by 10% from the crude
elative risk. All analyses were performed
sing SAS software (version 9.0; SAS In-

titute, Cary, NC). d

JUNE 2007 America
This study was conducted at Saint
ouis University. The Saint Louis Uni-
ersity institutional review board classi-
ed this project as exempt under 45 CFR
6.101(b) of the US Department of
ealth and Human Services regulations

or the protection of human subjects.

ESULTS
ur study population consisted of

9,763 women from the Missouri mater-
ally linked cohort who delivered 3 con-
ecutive singleton live births during
989-1997. We excluded 738 (3.7%)
omen with incomplete data; these were
ore likely to be non-Hispanic black,

ounger, single, low income, cigarette
mokers, and to have shorter birth inter-
als, preeclampsia, premature rupture of
embranes, and a history of preterm de-

ivery. Many of these are risk factors for a
ecurrent preterm delivery.

The frequencies of demographic, ob-
tetrical, and medical factors associated
ith preterm delivery are shown in Table
 for all third births. Women with prior
reterm deliveries (cohorts 1-3) were
ore likely to be non-Hispanic black,

ounger, single, low income, leaner, and
o have shorter birth intervals and inad-
quate prenatal care during their third
regnancy. Women with 2 prior preterm
eliveries (cohort 1) or their first deliv-
ry occurring preterm (cohort 3) were
ore likely to present with chronic hy-

ertension or preeclampsia. Women
ith 2 prior preterm deliveries (cohort
) or their second delivery occurring
reterm (cohort 2) were more likely to
xperience premature rupture of mem-
ranes. All characteristics, except alcohol
se, were significantly different (P � .05)
mong the 4 cohorts.

The preterm delivery risk for all third
irths among women with complete
ata (n � 19,025) was 6.7%. The pre-
erm delivery risk was 42% in cohort 1
preterm/preterm), 21% in cohort 2
term/preterm), 13% in cohort 3 (pre-
erm/term), and 5% in cohort 4 (term/
erm) (Figure 1). We then analyzed the
ata to account for missing information.
e compared those mothers with miss-

ng information to those with complete

ata. The results did not change within

n Journal of Obstetrics & Gynecology 576.e2
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TABLE 1
Demographic, medical, and obstetric characteristics of the study population

Cohort: Preterm Delivery Status of Birth 1/Birth 2

1: Preterm/Preterm
(n � 305)

2: Term/Preterm
(n � 1010)

3: Preterm/Term
(n � 1084)

4: Term/Term
(n � 16,626)

Demographic characteristics, %
................................................................................................................................................................................................................................................................................................................................................................................

Maternal race/ethnicity
.......................................................................................................................................................................................................................................................................................................................................................................

non-Hispanic black 43 35 26 17
.......................................................................................................................................................................................................................................................................................................................................................................

non-Hispanic white 55 63 72 81
.......................................................................................................................................................................................................................................................................................................................................................................

other 2 1 2 2
................................................................................................................................................................................................................................................................................................................................................................................

Maternal age (years)
.......................................................................................................................................................................................................................................................................................................................................................................

14-18 14 11 9 5
.......................................................................................................................................................................................................................................................................................................................................................................

19-31 74 78 74 75
.......................................................................................................................................................................................................................................................................................................................................................................

32-36 9 9 14 17
.......................................................................................................................................................................................................................................................................................................................................................................

37-44 3 2 2 3
................................................................................................................................................................................................................................................................................................................................................................................

Married 46 52 62 72
................................................................................................................................................................................................................................................................................................................................................................................

Low income 68 71 61 53
................................................................................................................................................................................................................................................................................................................................................................................

Cigarette use 21 30 23 23
................................................................................................................................................................................................................................................................................................................................................................................

Alcohol use 2 1.3 1.9 1.5
................................................................................................................................................................................................................................................................................................................................................................................

Medical and obstetric characteristics, %
................................................................................................................................................................................................................................................................................................................................................................................

Body mass index (kg/m2)
.......................................................................................................................................................................................................................................................................................................................................................................

�19.8 28 26 17 16
.......................................................................................................................................................................................................................................................................................................................................................................

19.8-26.0 48 50 51 51
.......................................................................................................................................................................................................................................................................................................................................................................

26.1-29.0 8 10 12 12
.......................................................................................................................................................................................................................................................................................................................................................................

�29.1 16 13 21 21
................................................................................................................................................................................................................................................................................................................................................................................

Interval between 1st and 2nd births (months)
.......................................................................................................................................................................................................................................................................................................................................................................

�18 48 42 33 27
.......................................................................................................................................................................................................................................................................................................................................................................

18-23 15 21 24 25
.......................................................................................................................................................................................................................................................................................................................................................................

�23 37 37 43 47
................................................................................................................................................................................................................................................................................................................................................................................

Interval between 2nd and 3rd births (months)
.......................................................................................................................................................................................................................................................................................................................................................................

�18 30 31 22 23
.......................................................................................................................................................................................................................................................................................................................................................................

18-23 21 20 22 21
.......................................................................................................................................................................................................................................................................................................................................................................

�23 50 49 56 56
................................................................................................................................................................................................................................................................................................................................................................................

Prenatal care utilization
.......................................................................................................................................................................................................................................................................................................................................................................

inadequate 23 23 17 14
.......................................................................................................................................................................................................................................................................................................................................................................

intermediate 13 12 13 15
.......................................................................................................................................................................................................................................................................................................................................................................

adequate 22 35 42 50
.......................................................................................................................................................................................................................................................................................................................................................................

adequate plus 42 31 29 20
................................................................................................................................................................................................................................................................................................................................................................................

Chronic hypertension 2.3 0.5 1.3 0.5
................................................................................................................................................................................................................................................................................................................................................................................

Preeclampsia 4.6 1.8 4.3 1.7
................................................................................................................................................................................................................................................................................................................................................................................

Insulin-dependent diabetes 0.7 0.7 1 0.4
................................................................................................................................................................................................................................................................................................................................................................................

Premature rupture of membranes 6.6 4.1 2.8 1.7
................................................................................................................................................................................................................................................................................................................................................................................
Chi-square P values � .02 for comparisons of frequency of characteristics, except alcohol use, by preterm delivery status.

76.e3 American Journal of Obstetrics & Gynecology JUNE 2007
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ach of the 4 cohorts. The recurrence risk
n each cohort remained the same. Thus,
xcluding mothers with missing infor-
ation did not affect our results.
Within cohort 1, the preterm delivery

isk for the third pregnancy was highest
57%) for those with 2 prior very pre-
erm deliveries (21-31 weeks) and lowest
33%) for those with 2 prior moderate
reterm deliveries (32-36 weeks). The
reterm delivery risk was less pro-
ounced for cohorts 2 and 3, in which
nly 1 prior delivery was either very
21-31 weeks) or moderate preterm
32-36 weeks), thus showing a dose-re-
ponse relationship (Figure 2).

Women with 2 prior preterm deliver-
es had the highest relative risk (adjusted

FIGURE 1
Preterm delivery risk for third birt

rior preterm delivery status.

FIGURE 2
Preterm delivery risk for third birt

rior preterm delivery status by order and gest
R 6.7, 95% CI 5.7-7.7) for a subsequent
reterm delivery, compared with
omen with no prior preterm deliveries

Table 2). The relative risk for a preterm
elivery in the third birth was higher if
he second birth was preterm (3.6, 3.1-
.1) than if the first birth was preterm
2.4, 2.1-2.9), compared with women
ith no prior preterm deliveries. A sim-

lar relationship was evident when prior
reterm delivery was stratified by order
nd gestational age of the prior preterm
eliveries. The highest relative risk (8.3,
.0-11.6) for a subsequent preterm deliv-
ry occurred among women with 2 prior
ery preterm deliveries, whereas the rel-
tive risk was 6.3 (5.2-7.7) for women
ith 2 prior moderate preterm deliver-

in cohorts 1-4

in cohorts 1-4

nal age at delivery.

t

JUNE 2007 America
es. The effect size was smaller for women
ith 1 prior preterm delivery but was

lso dependent upon the order and ges-
ational age (very vs moderate) of the
rior preterm delivery. All relative risks
ere adjusted for maternal race, ethnic-

ty, and marital status, which were the
nly confounders to change the size of
he crude relative risk by 10% or more.

OMMENT
ur data show a strong association be-

ween prior preterm delivery and recur-
ence risk in the third birth. This associ-
tion is affected by 3 risk factors: the
requency of prior preterm deliveries,
he severity of preterm delivery as mea-
ured by the gestational age, and the or-
er in which the prior preterm delivery
ccurred. Women with 2 prior preterm
eliveries had the highest overall risk,
2%, for recurrent preterm delivery.
his risk was inversely related to the ges-

ational ages of their prior preterm
irths, ranging from 38 to 57%. The
verall recurrence risk for women with 1
rior preterm delivery was less than half
he magnitude of those with 2 prior pre-
erm deliveries. Although this risk was
igher for women with their second
irth preterm (21%) than those with
heir first birth preterm (13%), the re-
urrence risk for either cohort appeared
o be less affected by the gestational ages
f the prior preterm delivery.
Bakketeig et al23 reported similar, al-

eit lower, risks of preterm delivery for
he second and third births and showed
hat the recurrence risk was high (28%)
hen the first and second births were
reterm. In contrast to our analysis, their
tudy did not determine if the risk of a
hird preterm infant was modified by
estational age at delivery.
Furthermore, we have shown that hav-

ng 1 prior term delivery reduces the risk
f preterm birth compared with cohort
, with the greatest reducing effect being
term delivery in the most recent preg-
ancy. Moreover, 2 prior consecutive

erm deliveries confer an even lower risk
f preterm birth in the third pregnancy
Figure 2).

Clinically, it seems reasonable that pa-
hs
hs

atio

ients with recurrent preterm delivery

n Journal of Obstetrics & Gynecology 576.e4
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ave risk factors and biologic mecha-
isms that are less susceptible to modifi-
ation than those with only 1 prior pre-
erm birth. Meis et al.30 showed, in a
ubset of women with prior spontaneous
reterm birth, that recurrence might be
revented with progesterone therapy,30

lthough the mechanism of action re-
ains unclear. Mercer et al.26 showed

hat patients with recurrent spontaneous
reterm births are more likely to have

ower body mass indices, shorter cer-
ixes, and more advanced Bishop scores
arly in pregnancy than women with iso-
ated spontaneous preterm birth. Con-
istent with these studies, our data indi-
ate that these patients may be biological
roxies for research about modifiable
isk factors, the preventive mechanism
f progesterone therapy, and under-
tanding the contributions of body com-
osition, uterine, cervical, and genetic
redispositions.
Like all observational studies, our

tudy has its strengths and limitations.
tudies using birth certificate data are
riticized for underreporting specific
edical procedures and specific medical

iagnoses. Nonetheless, they can be very
seful for population trend analyses of
emographic data. Although our pre-
erm delivery risks were estimated for all

TABLE 2
Crude and adjusted relative risks
preterm deliveries
Preterm delivery status of birth 1/birth 2

Cohort 1: preterm/preterm
..........................................................................................................

very preterm/very preterm
..........................................................................................................

moderate preterm/very preterm
..........................................................................................................

very preterm/moderate preterm
..........................................................................................................

moderate preterm/moderate preterm
...................................................................................................................

Cohort 2: term/preterm
..........................................................................................................

term/very preterm
..........................................................................................................

term/moderate preterm
...................................................................................................................

Cohort 3: preterm/term
..........................................................................................................

very preterm/term
..........................................................................................................

moderate preterm/term
...................................................................................................................

Cohort 4: term/term
...................................................................................................................

aRR, adjusted relative risk; CI, confidence interval; cRR, crud

* Adjusted for maternal race, ethnicity, marital status.
issouri residents during 1989-1997, e

76.e5 American Journal of Obstetrics & Gynecol
ur results may not be generalizable to
ther populations. The preterm delivery
isk for Missouri (11.6%) was similar for
ll women in the United States (11.4%)
n 1997, but state-specific risks ranged
rom 7.6% (Vermont) to 15.6% (Missis-
ippi) for the same year.3 The lower-
han-expected preterm delivery risk of
.7% for our study population may re-
ect the eligibility criteria, which ex-
luded women with multiple gestations,
irths �20 weeks gestation, and still-
irths. Second, our cohort included
omen with 3 consecutive singleton

ive-births, but did not differentiate be-
ween women with or without prior
regnancy losses. Third, our gestational
ge at delivery estimates used to identify
he frequency, severity, and order of
rior preterm deliveries and the preterm
elivery status for the third birth were
ased on birth certificate data. We can-
ot verify that all clinicians use the same
ethod for estimating the gestational

ges in our study population. Finally,
ur analysis was limited to information
rom birth certificate data, which pre-
ented us from adjusting our relative risk
stimates for other potential confound-
rs, such as multiple first trimester losses,
ssisted reproductive technologies, sub-
linical intraamniotic infections, short-

preterm delivery of third births by

n cRR

305 8.6
.........................................................................................................................

30 11.7
.........................................................................................................................

36 10.3
.........................................................................................................................

60 8.3
.........................................................................................................................

179 7.9
.........................................................................................................................

1,010 4.4
.........................................................................................................................

148 4.8
.........................................................................................................................

862 4.3
.........................................................................................................................

1,084 2.7
.........................................................................................................................

164 3.2
.........................................................................................................................

920 2.6
.........................................................................................................................

16,626 1
.........................................................................................................................

ative risk; n, third births.
ned cervical length, presence of fetal fi- a

ogy JUNE 2007
ronectin, substance abuse, and
omestic violence.
Despite these limitations, our results

re population based (n � 17,000) and
ave epidemiologic significance. We
howed a strong association between
rior preterm delivery and recurrence
isk in the third birth. This association
as affected by the frequency, order, and

everity of prior preterm deliveries. The
ignificance of this study lies in the fields
f maternal-fetal medicine and public
ealth.
Our study has clinical implications for
anagement. “At risk” patients are eas-

ly identified and should be encouraged
o seek timely preventive obstetric care.
hysicians may use evidence-based use
f cerclage, progesterone therapy, or an-
ibiotic therapy. Based on a given pa-
ient’s reproductive history, physicians
hould consider special individualized
ounseling tailored to that patient’s risk,
ee her more often (as indicated), and
each signs and symptoms appropriate
o the risk for recurrent preterm delivery.
onsultation and/or direct management
y maternal-fetal medicine specialists is
ecommended. Moreover, to avoid de-
ays in obstetric interventions, arrange-

ents for timely patient access to obstet-
ic care should be provided. The timely

er and gestational age of prior

aRR* 95% CI

6.7 5.7-7.7
..................................................................................................................

8.3 6.0-11.6
..................................................................................................................

7.3 5.2-10.2
..................................................................................................................

6.2 4.5-8.6
..................................................................................................................

6.3 5.2-7.7
..................................................................................................................

3.6 3.1-4.1
..................................................................................................................

4 3.0-5.4
..................................................................................................................

3.5 3.0-4.1
..................................................................................................................

2.4 2.1-2.9
..................................................................................................................

2.8 2.0-4.1
..................................................................................................................

2.4 2.0-2.8
..................................................................................................................

1 reference
..................................................................................................................
for ord

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

e rel
nd appropriate use of antenatal ste-
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oids, antibiotics, and tocolytic agents in
onjunction with appropriate transfer to
tertiary care perinatal center may then
ptimize the outcome for a preterm

nfant.
Preterm delivery remains the leading

ause of neonatal morbidity and mortal-
ty. With these data, clinicians should be
etter able to counsel mothers who have
ad prior preterm deliveries. Public
ealth professionals may be better able to
ducate the public and make recommen-
ations to clinicians, professional orga-
izations, and policy makers regarding
rematurity prevention and areas for fu-
ure research. f

CKNOWLEDGMENTS
e thank Joseph Stockbauer and Janice
akewell from the Missouri Department of
ealth and Senior Services for their helpful
omments and for providing the data for this
tudy.

EFERENCES
. Krymko H, Bashiri A, Smolin A, et al. Risk

actors for recurrent preterm delivery. Eur J Ob-
tet Gynecol 2004;113:160-3.
. Al-Jasmi F, Al-Mansoor F, Alsheiba A, Carter
O, Carter TP, Hossain MM. Effect of interpreg-
ancy interval on risk of spontaneous preterm
irth in Emirati women, United Arab Emirates.
ull World Health Organ 2002;80:871-5.
. National Center for Health Statistics, final natality
ata. Available at: www.marchofdimes.com/
eristats/. Accessed May 2, 2005.
. U.S. Department of Health and Human Ser-
ices. Healthy people 2010: understanding and
mproving health. 2nd ed. Washington, DC:
.S. Government Printing Office; 2000. Avail-
ble at: www.healthypeople.gov. Accessed
ay 2, 2005.
. Mercer BM, Goldenberg RL, Das A, et al. The
reterm Prediction Study: a clinical risk assess-
ent. Am J Obstet Gynecol 1996;174:
885-95.
. Mercer BM, Goldenberg RL, Moawad AH, et
l. The Preterm Prediction Study: effect of ges-
ational age and cause of preterm birth on sub-
equent obstetric outcomes. Am J Obstet Gy-
ecol 1999;181:1216-21.
. Iams JD, Goldenberg RL, Mercer BM, et al.
he Preterm Prediction Study: recurrence risk
f spontaneous preterm birth. Am J Obstet Gy-
ecol 1998;178:1035-40.
. Goldenberg RL, Iams JD, Mercer BM, et al.
he Preterm Prediction Study: the value of new
s standard risk factors in predicting early and
ll spontaneous preterm births. Am J Public

ealth 1998;88:233-8. K
. Carr-Hill RA Hall MH The repetition of spon-
aneous preterm labour. Br J Obstet Gynaecol
985;92:921-8.
0. Biran G, Mazor M, Shoham I, Leiberman J,
lezerman M. Premature delivery of small ver-
us appropriate-for-gestational-age neonates:
comparative study of maternal characteris-

ics. J Reprod Med 1994;39:39-44.
1. Basso O, Olsen J, Knudsen LB, Chris-
ensen K. Low birth weight and preterm birth
fter short interpregnancy intervals. Am J Ob-
tet Gynecol 1998;178:259-63.
2. Bloom SL, Yost NP, McIntire DD, Leveno
J. Recurrence of preterm birth in singleton and

win pregnancies. Obstet Gynecol 2001;98:
79-85.
3. Hoffman HJ, Bakketeig LS. Risk factors as-
ociated with the occurrence of preterm birth.
lin Obstet Gynecol 1984;27:539-52.
4. Ananth CV, Savitz DA, Luther ER, Bowes
A Jr. Preeclampsia and preterm birth sub-

ypes in Nova Scotia, 1986 to 1992. Am J Peri-
atol 1997;14:17-23.
5. Smith GC, Pell JP. Teenage pregnancy and
isk of adverse perinatal outcomes associated
ith first and second births: population based

etrospective cohort study. BMJ 2001;323:
76.
6. Toth M, Witkin SS, Ledger W, Thaler H. The
ole of infection in the etiology of preterm birth.
bstet Gynecol 1988;71:723-6.
7. Serenius F, Ewald U, Farooqi A, Holmgren
-A, Hakansson S, Sedin G. Short-term out-
ome after active perinatal management at
3-25 weeks of gestation: a study from two
wedish tertiary care centres. Part 1: maternal
nd obstetric factors. Acta Paediatr
004;93:945-53.
8. Lee T, Carpenter MW, Heber WW, Silver
M. Preterm premature rupture of membranes:

isks of recurrent complications in the next
regnancy among a population-based sample
f gravid women. Am J Obstet Gynecol
003;188:209-13.
9. Klebanoff M, Schulsinger C, Mednick B,
echer N. Preterm and small-for-gestational
ge birth across generations. Am J Obstet Gy-
ecol 1997;176:521-6.
0. Kristensen J, Langhoff-Roos J, Kristensen
B. Implications of idiopathic preterm delivery
or previous and subsequent pregnancies. Ob-
tet Gynecol 1995;86:800-4.
1. Yost NP, Owen J, Berghella V, et al. Num-
er and gestational age of prior preterm births
oes not modify the predictive value of a short
ervix. Am J Obstet Gynecol 2004;191:241-6.
2. Adams MM, Elam-Evans L, Wilson HG, Gil-
ertz DA. Rates and factors associated with re-
urrence of preterm delivery. JAMA 2000;
83:1591-6.
3. Bakketeig LS, Hoffman HJ, Harley EE. The
endency to repeat gestational age and birth
eight in successive births. Am J Obstet Gy-
ecol 1979;135:1086-103.
4. Seoud MA, Nassar AH, Usta IM, Melhem Z,

azma A, Khalil AM. Impact of advanced ma- b

JUNE 2007 America
ernal age on pregnancy outcome. Am J
erinatol 2002;19:1-8.
5. Herman A, McCarthy B, Bakewell J, et al.
ata linkage methods used in maternally-linked
irth and death surveillance data sets from the
nited States (Georgia, Missouri, Utah, and
ashington State), Israel, Norway, Scotland

nd Western Australia. Paediatr Perinatal Epi-
emiol 1997;11:73-83.
6. Mercer BM, Macpherson CA, Goldenberg
L, et al. Are women with recurrent spontane-
us preterm births different from those without
uch a history? Am J Obstet Gynecol
006;194:1176-85.
7. Zhu BP. Effect of interpregnancy interval on
irth outcomes: findings from three recent US
tudies. Int J Gynaecol Obstet 2005;89:
25-33.
8. Kotelchuck M. An evaluation of the Kessner
dequacy of Prenatal Care Index and a pro-
osed Adequacy of Prenatal Care Utilization In-
ex. Am J Public Health 1994;84:1414-20.
9. Mantel N, Haenszel W. Statistical aspects
f the analysis of data from retrospective stud-

es of disease. J Natl Cancer Inst 1959;
2:719-48.
0. Meis PJ, Klebanoff M, Thom E, et al. Pre-
ention of recurrent preterm delivery by 17-al-
ha-hydroxyprogesterone caproate. N Engl
Med 2003;348:2379-85 [Erratum in: N Engl
Med 2003;349:1299].

ISCUSSION
redrik Broekhuizen, MD.
Members and guests of the Central As-

ociation: I thank you for the opportu-
ity to discuss this paper.
I will try to approach this paper from 2

ifferent angles. The first, a response as a
racticing clinician: how do the author’s
ndings change my approach to the pre-
ention of preterm birth? The second, a
esponse as a reviewer of the methodol-
gy used in this paper: what are the lim-

tations of a vital statistics database in ob-
tetrical research?

I was not surprised by the conclusion
f this paper: The more prior preterm
eliveries at an earlier gestational age, the
igher the risk for a repeat preterm de-

ivery, with risks ranging from 13 to 57%,
ependent on history. The frequency of
rior preterm deliveries, the severity of
reterm delivery, and the order in which
hey occurred determined the risk. These
ndings are no surprise to a clinician,
ut do not translate into an innovative
lgorithm for the management of the pa-
ient at risk for preterm birth.

Our present understanding of preterm

irth as multifactorial in origin with no
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5

dentifiable single prevention strategy
or each risk factor has left us currently in
ractice with biological markers for risk,
uch as cervical length measurements or
etal fibronectin status, or the applica-
ion of 17 hydroxyprogesterone as a pre-
ention/reduction strategy without a
lear understanding of its preventive ac-
ion. This paper encourages further re-
earch in the quest to better identify clin-
cal subtypes with different etiologies for
reterm birth and possible etiology-di-
ected interventions. It does not help the
urrent practitioner at this time.

What about the limitations of an ob-
tetrics vital statistics database for ob-
tetrical research? This particular data-
ase—a Missouri cohort from 1989 to
997— has been used by others, and in a
ecent article Ananth et al1 concluded
rom the same database that medically
nduced preterm birth carried a similar
isk in a future pregnancy for recurrent
reterm birth as spontaneous preterm
irth. That finding is actually more in-
riguing for the clinician than the finding
n this paper, suggesting common etiol-
gies at a genomic or proteomic level,3

here research in markers for inflamma-
ion may provide clinical clues in the
uture.

Nevertheless, all vital statistics data-
ase studies have significant limitations
nd should be used only to generate hy-
otheses, not to test them. The advan-

age of a vital statistics database is its size u

76.e7 American Journal of Obstetrics & Gynecol
nd numbers. On the other hand, there is
he lack of data validity, and both mis-
lassification and missing data are
ommon.

The authors pointed out several limi-
ations to their study, but did not include
reference to the validity or lack thereof
f the data in the dataset used and did not
escribe missing data explicitly and how
hey were accounted for in the design
nd analysis of the study. I would like the
uthors to comment.

Methods have been described to ad-
ress and correct the issue of gestational
ge inaccuracy, which tends to occur
ost often with very low birthweight

irths. It is not clear from the manuscript
f any methods were used? Can the au-
hors clarify this point?

I congratulate the authors for their ep-
demiological approach to the subject
nd their thoughtful analysis.

A word of caution—and I have no
oubt the authors realize this. It was re-
ently pointed out by Dr Kenneth
choendorf2 from the National Center
or Health Statistics that “although birth
nd death certificates ostensibly provide
multitude of clinically relevant data,

he method of collection renders them
nsuitable for research intended to di-
ectly evaluate or guide clinical practice.”

This important fact is illustrated by the
undamentally flawed study using birth
ertificate data that linked prostaglandin

se for induction with increased risk for v

ogy JUNE 2007
terine rupture in vaginal birth after ce-
arean patients.4 This study impacted
linical and medicolegal practice imme-
iately. The fact that since then 2 large
bservational studies using primary data
ave disputed these results has not un-
one the harm done in clinical and med-

colegal practice.
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