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Abstract
Objective: To determine the incidence and clinical presentations of preterm birth (PTB) <34 weeks gestation at the National Maternity Hospital (NMH), Dublin, 
Ireland and the University of Colorado Hospital (UCH), Denver, Colorado, between January 2007 to June 2008.

Study Design: Retrospective cohort study using data from perinatal databases. Pregnancies complicated by anomalies, multiple gestations, and fetal demise were 
excluded. PTB was categorized as resulting from preterm labor (PTL), premature rupture of the membranes (PROM), and medically indicated preterm birth 
(MIPTB). Data were analyzed using univariate analyses, χ2, and Fisher exact test. 

Results: There were 12 739 births at NMH and 4 029 at UCH with a total of 407 PTBs <34 weeks at NMH (1.7%) and UCH (4.8%), respectively (P<.0001). 
Spontaneous preterm labor, PPROM, and MIPTB occurred 4, 2, and 3 times more frequently at UCH versus NMH. Chorioamnionitis was 3-fold higher at UCH 
(13.2% vs. 3.2% at NMH, p=0.001).

Conclusion: Although the rate of PTB <34 weeks was significantly higher at UCH, the distribution of indications was remarkably similar. The incidence of 
chorioamnionitis was significantly higher at UCH. Further investigation of the similarities and differences between these populations is imperative in the effort to 
understand PTB and reduce its incidence worldwide.
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Introduction
Preterm birth (<37 weeks gestation, PTB) is a major obstetric 

challenge accounting for up to three quarters of all perinatal mortality 
and over half of the long-term neurological morbidity identified in 
infants. Yet, the etiology of PTB remains elusive in most cases while 
the incidence continues to rise in many countries [1,2]. In 2008, PTB 
accounted for 12.3% of live births in the United States [3].While this 
rate has declined slightly in recent years, this is primarily on account of 
a reduction in late PTBs, occurring after 34 weeks gestation, in singleton 
pregnancies [3,4]. Increased multiple pregnancy rates associated with 
assisted reproduction and increased maternal age are also contributors 
to PTB [5].

Preterm birth is a public health concern with both short and long-
term complications [4]. While even late PTB results in significant 
neonatal morbidity, the consequences of PTB occurring prior to 34 
weeks are more severe, accounting for a significantly increased risk of 
mental retardation, vision impairment, and cerebral palsy [6]. Even 
in the absence of mortality and neurological morbidity, the adverse 
sequelae of PTB extend far beyond the neonatal period, reflected in 
an increased risk of cardiovascular disease, stroke, hypertension, and 
diabetes in adulthood. Additional long-term sequelae of prematurity 
continue to be identified each year [5] . To date, there are few effective 
interventions to prevent PTB, especially in first pregnancy. Thus, 
the imperative to elucidate the mechanisms of PTB so that effective 
prevention can be applied remains.

Considerable variability in PTB exists across national and 
international regions, with Africa and Asia having the highest rates 
of PTB in the world [1]. Europe has an overall lower rate of preterm 
birth (6.2%) when compared with the U.S (12.3%) [7-9]. Epidemiologic 
studies have consistently identified a variation in the incidence of PTB 
according to maternal ethnicity. In the United States, the rate of PTB 
among black women is 1.5 times higher than among white women with 
the incidence of recurrent PTB being four times higher [10]. These 
differences in PTB rates prompted a collaboration between researchers 
in Denver, Colorado and Dublin, Ireland. In contrast to the 11-12% 
incidence of PTB in the U.S the rate in Ireland is around 7% [1,4].

We chose to focus on births occurring prior to 34 weeks gestation 
as these account for the most severe neonatal complications. The aim of 
this study was to determine the incidence and clinical presentations of 
preterm birth (PTB) less than 34 weeks gestation among women who 
delivered at the National Maternity Hospital (NMH) Dublin, Ireland 
and the University of Colorado Hospital (UCH) Denver, Colorado, 
two tertiary care obstetric referral centers.
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Materials/subjects and methods
This retrospective cohort study resulted from an ongoing 

collaboration and availability of perinatal databases at both the National 
Maternity Hospital (NMH) in Dublin, Ireland and the Department 
of Obstetrics and Gynecology at the University of Colorado Denver 
(UCH). Approval was obtained from the Institutional Review Boards 
of both institutions. We identified deliveries that occurred over a 
period of time when the institutions had very similar data repositories 
(January 2007 through June 2008) and included all deliveries after a 
gestational age of 23 weeks 6 days to 33 weeks 6 days from the perinatal 
databases of the National Maternity Hospital (NMH) in Dublin, 
Ireland, and the Department of Obstetrics and Gynecology at the 
University of Colorado Denver (UCH), Colorado, USA. The datasets 
were merged to incorporate select maternal risk factors and pregnancy 
outcomes. Because we were interested in the clinical presentation of 
singleton liveborn infants without anomalies delivered during the 
study period, multiple gestations and anomalous fetuses were excluded. 
Prior to data collection, definitions of all variables were standardized 
between the two institutions. Before analysis of the final dataset there 
was a secondary review of all records (by CH and RM) of PTB to assure 
that there was no misclassification of outcomes and to reconfirm the 
accuracy of gestational age at delivery.

Definition of outcomes	
The primary outcome measures were the overall incidence of PTB 

before 34 weeks at the two institutions as well as the clinical presentation 
for PTB. Gestational age at delivery was defined on the basis of last 
menstrual period, earliest ultrasound, or the best estimate from the 
two. The incidence of preterm birth was calculated as the number of 
preterm births divided by the number of live, singleton births at the site 
during the time period. Preterm birth before 34 weeks was categorized 
as a result of spontaneous preterm labor (PTL), preterm premature 
rupture of the membranes (PPROM), or medically indicated PTB 
(MIPTB). Patients categorized as having PTL were diagnosed using 
the standard definition of painful contractions that affected cervical 
change and resulted in delivery. Patients with PPROM were diagnosed 
when they presented with rupture of the membranes greater than 24 
hours before the onset of labor at both hospitals. PPROM patients 
were managed with a week of antibiotics to prolong latency at both 
institutions. We reviewed charts for evidence of PTL or PPROM 
complications including chorioamnionitis and placental abruption. 

Chorioamnionitis was defined on the basis of usual clinical criteria 
including: maternal fever (temperature > 38°C), maternal tachycardia, 
fetal tachycardia, and/or uterine tenderness [11]. Placental abruption 
was assigned to deliveries prompted by vaginal bleeding, usually with 
painful contractions in the absence of abnormal placentation or other 
etiology.

Secondary outcomes were mode of delivery and reason for MIPTB. 
Medically indicated preterm births were defined as those indicated 
due to a diagnosis of preeclampsia/eclampsia, abnormal placentation, 
maternal medical disease, intrauterine growth restriction (IUGR), 
isoimmunization/hydrops, or fetal heart rate tracing abnormalities 
necessitating delivery. Preeclampsia/eclampsia was defined using the 
2000 “Report of the National High Blood Pressure Education Program 
Working Group on High Blood Pressure in Pregnancy” guidelines 
[12]. Assignment to the abnormal placentation group occurred if there 
was ultrasound evidence of a placenta previa, accreta, or percreta and 
vaginal bleeding prompting urgent delivery. Maternal medical diseases 
included any severe maternal condition for which delivery would 

improve overall maternal status. We defined IUGR as estimated fetal 
weight by ultrasound exam of <10th percentile, based on growth curves 
used at each institution, accompanied by Doppler or fetal heart rate 
tracing abnormalities necessitating delivery. Fetuses with antibody 
isoimmunization or other causes of fetal hydrops were delivered 
preterm if abnormal fetal status was documented. Abnormal fetal heart 
rate was defined as a biophysical profile of ≤4 of 8 or absent variability 
with repetitive variable or late decelerations on continuous fetal 
heart rate tracing. Maternal risk factors included in the analysis were 
maternal age, parity, race/ethnicity, history of preterm birth, tobacco 
use, tocolysis and transport status. 

Statistical analysis
Data were analyzed in SAS 9.1 (SAS Institute, Cary, NC). Univariate 

analyses were used to generate descriptive statistics for the cohort. 
Associations were tested using the χ2 or Fisher exact test. A p-value of 
<0.05 was considered significant.

Results
There were a total of 16 768 deliveries (12 739 at NMH and 4 029 

at UCH) during the study period. There were 420 deliveries between 23 
weeks 6 days and 33 weeks 6 days after excluding multiple gestations, 
fetal anomalies and IUFD. Complete information was available for 407 
of these women (NMH n=212, UCH n=195). 

We compare maternal risk factors for PTB and general outcomes 
between the two hospitals in Table 1. Patients at NMH were 
significantly older and predominantly white non-Hispanic. No patients 
in Dublin received tocolysis while 35% of patients in Denver received at 
least one type of tocolytic. At UCH, there were a higher percentage of 
transported patients than at NMH.

The incidence of PTB prior to 34 weeks gestation at NMH was 1.7% 
compared to 4.8% at UCH (P <.001) but the distribution of clinical 
indications for PTB was similar between hospitals. There were no 
statistical differences in cases of PTB <34 weeks due to PTL, PROM 
and MIPTB between NMH and UCH, Figure 1. 

NMH n = 212 UCH n = 195

Maternal Age (years) 
mean ±std 30.3 ± 6.0 26.5 ± 6.9

Parity n(%)
Primiparous
multiparous

116 (55)
94 (45)

89 (46)
105 (54)

Gestational Age at delivery (weeks) 31 ± 2.6* 30 ± 2.8*

Prior PTB n(%) 33 (16) 45 (23)

Race/Ethnicity n(%)
Non-Hispanic White
Black
Hispanic
Other

182 (85)*

11 (5)*

1 (<1)*

18 (9)

68 (34)*

22 (12)*

92 (48)*

13 (6)
Mode of delivery n(%)
vaginal
cesarean

93 (45)
116 (55)

85 (44.5)
108 (55.5)

Cigarette smoking at conception n(%) 33 (16) 26 (13)

Patient transports n(%) 74 (35)* 103 (54)*

Use of tocolysis 0 (0) 69 (35)

Table 1. Demographics of women who delivered at <34 weeks at National Maternity 
Hospital (NMH), Dublin, Ireland and University of Colorado Hospital (UCH), Denver, 
Colorado, USA.  *P<0.05.
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Differences in the reasons for a MIPTB between UCH and 
NMH

Differences in the reasons for MIPTB are presented in Table 2. 
The two centers did not differ in deliveries occurring secondary to 
preeclampsia, placenta previa, IUGR, isoimmunization/hydrops, 
or abnormal fetal heart rate. The only significant difference was the 
diagnosis of placental abruption in cases of MIPTB (15% at NMH vs. 
4.8% at UCH, P=0.05).

We found a much higher incidence of chorioamnionitis at UCH, 
(13.2% versus 3.2% at NMH), table 3. We explored this further by 
looking at the rates stratified by race/ethnicity as well as the clinical 
presentation of PTB. There were significant differences in the 
incidence of chorioamnionitis when analyzed by race/ethnicity. Less 
than 3% of non-Hispanic white women in Ireland had diagnosed 
clinical chorioamnionitis versus 16.2% in the US. Chorioamnionitis 

was diagnosed in 7.7% of Irish patients with PROM versus 22.4% of 
American patients. 

Discussion
Preterm birth rates before 34 weeks were almost 3 times higher 

in the Denver compared with the Dublin cohort. However, despite 
the differences in overall rates of PTB, the distribution of clinical 
presentations of PTB was similar when assessing rates of PTL, PPROM, 
and MIPTB. 	

Perhaps the most striking difference between the groups was 
the variation in ethnicity. Racial heterogeneity in the UCH, and 
homogeneity in the NMH, population appeared to heavily influence 
differences in PTB rates between the two countries. Forty-seven 
percent of the preterm births at <34 weeks occurred in Hispanic 
women followed by non-Hispanic white (34%) and black (11%) 
women at UCH. Conversely, white women comprised 85% of the PTB 
<34 weeks at NMH with 5% black women and smaller percentages 
from other groups. Within the US, there is a strong correlation between 
socioeconomic status, race, and preterm birth [5,13]. Well-documented 
disparities in the risk of spontaneous PTB and PPROM among 
different racial/ethnic groups exist [3]. For example, when compared 
with non-Hispanic white infants, non-Hispanic black infants are more 
than 1.5 times as likely to be born preterm [1,14-16]. In Colorado, non-
Hispanic white individuals comprise 71.0% of the population followed 
by 20.0% Hispanic and 4.3% non-Hispanic black. Colorado’s racial/
ethnic composition differs somewhat from the overall US population of 
65.6% non-Hispanic white, 15.4% Hispanic, and 12.8% non-Hispanic 
black individuals, yet our population still exhibits racial disparities in 
birth outcomes [3,17]. Patel et al. [18] found the risk of PTB in the 
United Kingdom to be higher in black and Asian women than in white 
European women, however the discrepancy was smaller than that seen 
in US women.

Chorioamnionitis was diagnosed more than twice as frequently at 
UCH versus NMH in both the PTL and PROM groups. One explanation 
is that, at UCH, there was a higher incidence of chorioamnionitis 
secondary to a higher proportion of Hispanic and non-Hispanic black 
women. Risk factors for chorioamnionitis are similar to those for 
PTL and are impacted by maternal race and ethnicity with rates being 
higher among African-American women [5,19-22]. Differences in the 
incidence of chorioamnionitis between the two sites may be secondary 
to racial/ethnic differences between the two hospitals. It may also be 
partially explained by newer research on racial and ethnic differences in 
inflammatory milieu and microbiomes [23-25]. However, we also saw a 
higher rate of chorioamnionitis in non-Hispanic white women at UCH. 
Therefore, we examined other explanations. One alternate explanation 
may be the use of tocolytics commonly, during the study period, at 
UCH whereas tocolysis was, and is, not used at NMH. This difference 
in practice may have impacted overall incidences of chorioamnionitis 
between the two institutions as preterm birth is known to be 
associated with intraamniotic inflammation and infection [26,27]. It 
is possible that tocolysis use may have attenuated preterm delivery 
until chorioamnionitis was clinically evident at UCH, as the majority 
of the UCH cases of tocolysis use and chorioamnionitis occurred in 
women with PTL, not PPROM. The few cases of chorioamnionitis 
that occurred at NMH were predominantly in the PPROM group. 
Perhaps the cases of PTL occurring at NMH were less likely to be 
complicated by chorioamnionitis because tocolytics were not used and, 
we speculate, these patients were delivered prior to the overt diagnosis 
of chorioamnionitis. In any case, the use of tocolysis did not positively 

 

P=nonsignificant for clinical presentation of PTB between the two institutions. PTL, 
spontaneous preterm labor; PROM, premature rupture of membranes; MIPTB, medically 
indicated preterm birth.

Figure 1. Clinical presentation of preterm birth <34 weeks gestation at National Maternity 
Hospital (NMH) and University of Colorado Hospital (UCH).

NMH 
n=99

UCH 
n=107

Preeclampsia 38 (38%) 43 (40%)

Placenta previa 7 (7%) 7 (6.5%)

Abruption 13 (13%)* 5 (5%)*

Maternal medical disease 6 (6%) 3 (2.8%)

Intrauterine growth restriction 15 (15%) 16 (15%)

Isoimmunization/hydrops 1 (1%) 0

Abnormal fetal status 13 (13%) 11 (10%)

Table 2. Medically Indicated Preterm Birth (MIPTB) at National Maternity Hospital 
(NMH) and University of Colorado Hospital (UCH).  *P=0.05

NMH
N=185

UCH
N=197

Chorioamnionitis (all) 6 (3.2%) 26 (13.2%)

Race/ethnicity
    non-Hispanic white
    non-Hispanic black
    Hispanic
    Asian/other

5/182 (2.7%)
0/11
0/1

1/18 (5.5%)

11/68 (16.2%)
4/22 (18.2%)

9/ (9.8%)
2/13 (15.4%)

Clinical presentation
of PTB
   PTL
   PROM

1/53 (1.9%)
5/65 (7.7%)

15/67 (22.4%)
11/49 (22.4%)

P=0.001 for table.  PTB, preterm birth; PTL, spontaneous preterm labor; PROM, premature 
rupture of membranes.

Table 3. Chorioamnionitis at National Maternity Hospital (NMH) and University of 
Colorado Hospital (UCH).
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impact overall PTB rates at <34 weeks gestation. Larger numbers are 
needed to better answer these questions. 

National maternity hospital and UCH patients had similar rates of 
medically indicated preterm births at <34 weeks for the most common 
indications. However rates of placental abruption differed significantly 
between the two groups. Despite our attempts at standardizing 
definitions of each outcome, it is possible that there was a discrepancy 
in classification of placental abruption between the two centers. 

Limitations of this study include a lack of information on placental 
pathology in a large number of cases. This information may have 
elucidated the differences in chorioamnionitis and placental abruption 
between the two centers. Additionally, controlling for nuances in 
management, diagnosis, and clinical judgment amongst various 
providers was not technically feasible. Patients presenting with preterm 
labor in the U.S. and Ireland are managed differently with respect to 
specific antibiotics, timing of antenatal corticosteroids, tocolysis and 
other practices.

Morken et al. [28] compared three Scandinavian countries and 
trends in preterm deliveries and found an increase in preterm births of 
less than or equal to a 1% increase over 10 years [28]. Comparing regions 
and countries, however, is difficult as management, resuscitation, and 
reporting practices differ [8]. As noted in a study of mortality patterns 
among very preterm babies in France and the UK, comparison was 
difficult due to differences in international interpretation of perinatal 
and infant data. There are no published investigations of preterm 
pregnancy management and outcomes between the U.S. and Ireland. 

Our study provides a contemporaneous assessment of notable 
differences that exist in the incidence and clinical presentations of 
preterm births <34 weeks gestation between 2 university hospitals 
in developed western countries. Investigation of the similarities and 
differences between these populations provides some insight into the 
pathogenesis of PTB and to the translational research ongoing in this 
field. This study underscores the dire need for further investigation 
into the socioeconomic and cultural differences that may impact this 
process and how these differences may be applied towards an effective 
preventive clinical intervention.

This article is being submitted with the full knowledge and approval 
of the University of Colorado Hospital, Denver, Colorado, USA, the 
National Maternity Hospital, Dublin, Ireland, and all authors. The 
authors declare no conflict of interest.
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