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Disparities and relative risk
ratio of preterm birth in six
Central and Eastern European
centers

Aim To identify characteristic risk factors of preterm birth
in Central and Eastern Europe and explore the differences
from other developed countries.

Method Data on 33794 term and 3867 preterm births
(<37 wks.) were extracted in a retrospective study between
January 1, 2007 and December 31, 2009. The study took
place in 6 centers in 5 countries: Czech Republic, Hungary
(two centers), Romania, Slovakia, and Ukraine. Data on his-
torical risk factors, pregnancy complications, and special
testing were gathered. Preterm birth frequencies and rel-
evant risk factors were analyzed using Statistical Analysis
System (SAS) software.

Results All the factors selected for study (history of smok-
ing, diabetes, chronic hypertension, current diabetes,
preeclampsia, progesterone use, current smoking, body
mass index, iron use and anemia during pregnancy), ex-
cept the history of diabetes were predictive of preterm
birth across all participating European centers. Preterm
birth was at least 2.4 times more likely with smoking (his-
tory or current), three times more likely with preeclampsia,
2.9 times more likely with hypertension after adjusting for
other covariates. It had inverse relationship with the signifi-
cant predictor body mass index, with adjusted risk ratio of
0.8to 1.0in three sites. Iron use and anemia, though signifi-
cant predictors of preterm birth, indicated mixed patterns
for relative risk ratio.

Conclusion Smoking, preeclampsia, hypertension and
body mass index seem to be the foremost risk factors of
preterm birth. Implications of these factors could be ben-
eficial for design and implementation of interventions and
improve the birth outcome.
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Preterm birth (PTB: spontaneous and indicated), defined
as delivery before 37 weeks of gestation, is the most com-
mon cause of neonatal mortality in developed countries
(1). Worldwide, prematurity complications are the most
common cause of neonatal deaths (2), accounting for 80%
of the world’s 1.1 million deaths (3,4). Fetal, neonatal, and
infant mortality rates vary widely between the countries
of Europe. Preterm babies born before 28 weeks of gesta-
tional age constitute over one-third of all deaths, but data
are not comparable between countries (5).

Children born prematurely have a higher incidence of
cerebral palsy, sensory deficits, respiratory illnesses, and
learning disabilities compared to children born at term.
The morbidity associated with preterm birth often extends
to later life, resulting in enormous physical, psychological,
and economic costs (6,7).

In developing countries, accurate and complete popula-
tion data and medical records often do not exist. Therefore,
few international studies regarding preterm birth and neo-
natal deaths have compared social, economic, or ethnic
differences, even though several potential risk factors for
preterm birth have been identified, including race, physi-
cal environment, nutrition, socioeconomic status, and re-
productive age (1,8). Maternal height and weight may also
contribute to PTB (9-12), along with cigarette smoking or
illicit drug use (13,14). In addition, maternal iron, folic acid,
and vitamin D deficiencies may increase the risk for preterm
delivery, with nutritional differences among ethnic groups
likely contributing to disparities in prematurity (15).

The contribution of specific risk factors for PTB in Central
and Eastern European counties is unknown. Therefore, the
Mother and Child Health Research Network (M&CH RN), as
one of the networks of the Association for Regional Cooper-
ation in Health, Science and Technology (RECOOP HST), in-
stituted a retrospective review of delivery records of partici-
pating hospitals to identify the risk factors of preterm birth.
Its specific aims were to identify the risk factors of preterm
birth specific for Central and Eastern Europe (CEE).

POPULATION AND METHODS

Study strategy

Eight sites from seven member countries of the M&CH
RN were included in the exploratory retrospective study.

During the study, two of the centers in Croatia and Po-
land were removed from the study as they failed to
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meet the study criteria, mainly due to incomplete data re-
view after the data extraction. Clinical data from 37661 re-
cords of singleton deliveries (vaginal or cesarean section)
were extracted for preterm births (<37 wks.) and full-term
births (>37 wks.) between 2007 and 2009 in 6 centers of
5 countries: Czech Republic (University Hospital, Hradec
Kralove), Hungary (Budapest, Semmelweis University; and
Pecs, Medical School, University of Pecs, a regional tertiary
center for preterm birth), Romania (Carol Davila University
of Medicine and Pharmacy), Slovakia (Slovak Medical Uni-
versity Hospital), and Ukraine (Danylo Halytskyy Lviv Na-
tional Medical University). The center at Pecs contributed
data for two years, 2007-2008. Each center acquired the
Ethics Committee approval from their respective institu-
tions.

Data collection sheets covering 94 parameters distributed
among three modules were created collaboratively and ap-
proved by each center. The three modules relevant to pre-
term birth were designed to collect information on: (i) his-
torical risk factors, such as socioeconomic factors, smoking,
drug use, and diseases (46 parameters); (ii) problems and
interventions in the current pregnancy like vaginal bleed-
ing and cerclage (27 parameters); and (iii) special tests and
measurement, such as chorionic villi sampling or proges-
terone use (21 parameters). The data were entered into an
online electronic data entry form using a web based data
system (Flexi Form, http://www.flexiform.eu/), with data
extraction and review completed and confirmed in 2010
by at least two members of each center.

Representative centers

The countries participating in the study were classified ac-
cording to the World Bank classification as high-income
countries (HIC) — Czech Republic and Slovakia; upper-
middle income countries (UMC) - Hungary and Roma-
nia; lower-middle income countries (LMC) — Ukraine; and
low-income countries (LIC) — none (http://data.worldbank.
org/news/2015-country-classifications). Population based
statistical data for each country were obtained from Eu-
rostat, the statistical office of the European Union (http://
ec.europa.eu/eurostat) or from the national statistical of-
fices: Czech (www.czso.cz/csu/czso/home), Hungarian
(www.ksh.hu/docs/hun/eurostat_tablak/index.html), Ro-
manian  (www.indexmundi.com/romania/),  Slovakian
(www.slovak statistics.sk/), and Ukrainian (www.ukrstat.
gov.ua/). Therefore, for the regression model, site (hospital)
based data and the national or sub-national population
based data were used.
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Statistical analysis

The data were analyzed using SAS software (SAS Insti-
tute, Cary, NC, USA) for both univariate and multivariate
analysis to investigate and compare the relationship of
most recognized risk factors of pregnancy with preterm
birth. The ten most momentous variables based on rel-
evant preterm birth risk literature and data availability
were selected: history of smoking, pre-pregnancy diabe-
tes, chronic hypertension, current diabetes, preeclamp-
sia, progesterone use, current smoking, body mass index
(BMI), iron use, and anemia during pregnancy. Univariate
analysis was used to examine the relationship between
preterm birth (binary variable) and each predictor sepa-
rately. Multivariate stepwise logistic regression was used
to examine the prediction of preterm birth by testing se-
lection from all of the predictors into one model. Stepwise
logistic regression was used to screen a large number of
variables and to fit multiple logistic regression equations
simultaneously.

RESULTS

Out of total 37661 births, 33794 were term and 3867 were
preterm births. Mean percentage of preterm birth was
10.27, maternal age for preterm births was 29.30+5.93
years, and mean maternal age for term births was
28.54+5.39 years (Table 1). The preterm birth rate varied
from 4.86% in Slovakia to 16.5% in Hungary (Pecs). Out of
94 total parameters in three questionnaires, only 34 were
recorded in at least three centers and 19 in all the data sets.
These data gaps represent lack of uniformity in data col-
lection and patient data recording systems at the partici-
pating hospitals. Thus only ten factors suggesting variation
between term and preterm birth from all centers could be
further analyzed using both the univariate and multivariate
model for preterm birth.

CM)

The relationship between preterm birth and each predictor
was analyzed initially by univariate analysis of the most sig-
nificant risk factors (Table 2). For Romania, none of the vari-
ables were statistically significant to be included in univari-
ate or multivariate model as predictors of preterm birth.

BMI was a significant predictor of preterm birth in Czech
Republic (P<0.0001), Slovakia (P<0.040), and Ukraine
(P<0.001), while data were missing for Hungary (Buda-
pest). History of smoking or current smoking was signifi-
cant in four centers (P<0.0001 each respectively) (except
Romania and Slovakia) and was higher in the preterm birth
group. At one site only, Czech Republic, the history of di-
abetes and current diabetes were significant predictors
(P<0.020). Only Czech Republic, Slovakia, and Ukraine re-
corded higher rates of chronic hypertension in the preterm
birth group. Preeclampsia was significantly higher in the
preterm birth group for 4 centers (P<0.001 each respec-
tively) (except Czech Republic and Romania). Iron use was
also significantly higher in Hungary (Budapest) (P < 0.0001),
Slovakia, (P<0.020), and Ukraine (P>0.030). In Czech Re-
public, Hungary (Budapest), and Ukraine, progesterone
use was significantly elevated in preterm birth group
(P<0.0001, P<0.001, P<0.0001 respectively). Anemia was
a significant predictor in Czech Republic (P<0.003) and
Ukraine (P<0.001) (Table 3).

From the multivariate model, 9 of the 10 factors chosen for
study were predictive of preterm birth across all these Eu-
ropean centers. Only history of diabetes was not predictive
presumably because of its low prevalence in all sites. The
pattern seen for the various countries was similar. Preterm
birth was at least 2.4 times more likely with smoking (his-
tory or current) after adjusting for other covariates for 4 out
of 5 sites that had data. It was at least three times more like-
ly with preeclampsia after adjusting for other key factors
at these sites. Similarly, it was at least 2.9 times more likely

TABLE 1. Mean maternal age and total number of term and preterm births in each center for three years (except Hungary (Pecs) for 2

years)*

% Preterm Maternal age Mean+SD
Center Births Total (N) Preterm (N) Term (N) preterm term
Czech 10.67 5483 585 4898 30.40+545 30.28+4.81
Hungary (Budapest) 12.75 5857 747 NR 31.10+5.17 NR
Hungary (Pecs) 16.53 4137 684 3453 30.37£5.70 30.18+542
Romania 13.26 8076 1071 7005 28.06+6.31 27.03+5.59
Slovakia 4.86 7256 353 6903 29.65+5.64 29.67+4.94
Ukraine 6.23 6852 427 6425 26.23+5.50 26.79+5.06
Total/average 10.27 37661 3867 33794 29.30+5.93 28.54+5.39

*NR - data not recorded; SD - standard deviation.
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Hungary
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(Budapest)
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TABLE 2. Univariate analysis of the data for most significant risk factors for preterm birth at all sites. Blanks (-) indicate the missing data*
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with hypertension after adjusting for covariates in 3 out of
5 sites. Preterm birth showed inverse relationship with the
significant predictor BMI with adjusted risk ratio of 0.8 to
1.0 in 3 sites. Iron use and anemia, though significant pre-
dictors of preterm birth, indicated mixed patterns for rela-
tive risk ratio (Table 3).

Cumulative data analysis in relation to the national rates

Data outcome of SAS analysis and PTB frequencies for each
country were calculated in relation to the national average
(Figure 1). Preterm rates were higher than the national data
in 4 University Hospitals. Ukraine and Slovakia did not show
such a difference. Romania and Hungary (Pecs) had almost
two times higher preterm birth rate than the national one
since the former is the high-risk pregnancy center and the
latter is a University Hospital and regional tertiary center for
preterm birth. Four of the most commonly associated risk
factors: BMI, history of smoking, history of diabetes, and hy-
pertension were also compared with national demograph-
ics of each country (Figure 2). Smoking rates reported in
all the centers except Romania were lower than the na-
tional levels. Hypertension rates were extremely low in all
the centers. BMI was not recorded in Hungary (Budapest),
while the rest of the centers reported comparable rates to
the national stats. Diabetes rates were high in Slovakia and
Hungary (Pecs) centers but not recorded in Ukraine.

DISCUSSION

Estimating preterm birth rates and associating risk factors
(eg, smoking, prior preterm birth, hypertension, diabetes

NATIONAL PERCENT PRETERM BIRTH
COMPARED TO CENTERS

W Center % ¥ National%

51
Ukraine 2

3
Slovakia 4.9

AL U] S —— R

rangary et

Hungary B e s

Czech 10,7
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FIGURE 1. National percent of preterm birth vs six centers:
Czech Republic, Hungary (Pecs and Budapest), Romania, Slova-
kia, and Ukraine.
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etc.) are essential for determining global incidences of PTB
and for developing clinical interventions to reduce the risk
of premature birth and related long-term cardiovascular,
neurological, and metabolic disorders of both mother and
child. Significant risk factors for preterm birth in this study
were smoking, diabetes, and chronic hypertension. These
factors in conjunction with prior preterm birth and preec-
lampsia have been strongly correlated with preterm birth
and high risk of morbidity due to different mechanisms
(1,6). Prior preterm birth in our study was recorded only in
Czech Republic (2.9%), Slovakia (0.7%), Ukraine (2.7%), and
Hungary (Pecs) (3.5%). The missing data from Romania and
Hungary (Budapest) made it difficult to analyze and inter-
pret its significance conclusively in the total population en-
rolled in this study.

The study identified BMI as one of the most significant fac-
tors associated with preterm births in CEE. It is important
to consider contextual differences in obesity and preterm
birth in the region. The interaction between pre-pregnan-
cy BMIand weight gain during pregnancy could not be as-
sessed in this analysis. Our computation did not take into
account the duration of pregnancy. Calculating the weekly
weight gain rate to adjust for the length of pregnancy was
not possible due to insufficient data on the timing of the
first prenatal care. BMI is usually an indicator of nutrition
status during pregnancy and has been associated with
preterm birth in US and some other developed countries
(1). Obese women are more likely to develop diabetes and
preeclampsia, causing maternal complication enhancing
the odds of preterm delivery (16,17).

Smoking rates of each center were compared to the na-
tional rates, except in Ukraine. Four out of 5 sites indicated
lower rates of smoking than the national data. This finding
may suggest that insufficient attention in the network is
being directed toward collecting information on this very
important potential behavioral issue. A point to remember
is that women tend to hide smoking during pregnancy. Al-
ternatively, women in the network may have been advised
not to smoke during pregnancy. There are also the latent
factors to help or hinder smoking cessation, enhancing the
tendency to conceal it during pregnancy. Smoking was
also a strong predictor of preterm birth in our study, per-
haps by instigating systemic inflammation and vasocon-
striction by nicotine, carbon monoxide, and other toxins in
cigarette smoke (18).

A retrospective study by Rebarber et al reported an ad-
verse effect of progesterone use (19). This study showed

TABLE 3. Multivariate logistic regression analysis with adjusted risk ratios of the preterm birth model. Blanks (-) indicate the missing data or non-significant P value
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that the incidence of gestational diabetes was 12.9% in
women treated with progesterone (n=557) compared
with 4.9% in controls. Since ovarian progesterone deficien-
cy appears to be associated with fetal-placental (including
membranes and decidua) dysregulation, progesterone has
been used to prevent preterm labor and recurrent preterm
delivery (20). Although progesterone is widely used in the
early phase of pregnancy as a precaution against threat-
ened abortion, our multivariate analysis indicated that its
use was statistically significant in Czech Republic, Hungary
(Budapest), and Ukraine sites only.

Iron supplementation during pregnancy was a significant
risk factor for preterm birth in Hungary (Budapest), Slova-
kia, and Ukraine. In addition, the use of iron supplements
was higher in women with preterm birth than with term
birth at all sites except the Czech Repubilic. It is worth men-
tioning that there are no clear recommendations across
the region regarding iron supplementation during preg-
nancy. Variation in dosage is anywhere from 60-240 mg/d
prescribed from beginning of pregnancy or at the time of
first clinic visit, which might be any time during pregnan-
cy. Also, there was no uniformity in using Ferrous or Fer-
ric iron in the centers. As iron readily shuttles between the

SMOKING RATES

W Center% M National%

Ukraine

|

Slovakia

Romania

CENTER

Hungary P

Hungary B

| ]‘
©
W

Czech

HYPERTENSION RATES

W Center % M National%

Ukraine —

Slovakia F32,5
Roriania FQB
Hungary P P

Hungary B

27,7
Cih F

CENTE
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reduced ferrous (Fe?*) and the oxidized ferric (Fe**) forms,
only catalytic amounts can cause disruption of the cellular
macromolecules and redox equilibrium. Importantly, it has
been reported (21) that iron during pregnancy could be
toxic to the developing brain in mice.

The participating sites reported very low rates of hyperten-
sion compared to the national data perhaps due to the in-
sufficient data collection. The importance of assessing the
incidence of hypertension in women during the childbear-
ing years should not be overlooked. However, in this young
population, the incidence may be low, although compar-
ing the incidence with the national data without control-
ling for age and other factors may be an issue. The average
incidence of diabetes was 8.6% among 5 sites reporting,
with the lowest rate in Romania (3.8%), the highest rate in
Slovakia (12.1%), and insufficient data from Ukraine, sug-
gesting that different risk factors influence the rates of pre-
term birth in different countries in the region (22,23).

Preterm birth has been recognized as a worldwide prob-
lem, particularly in LMC where its rate is around 25% com-
pared to 5% in HIC. Moreover, in developing countries, 15%
of all neonatal deaths are caused by prematurity and its

DIABETES RATES
W Center% M National%

Ursine [P——1
Slovakia E s 9
Romania e — |

Hungary P

Ny
Hungary 5
=9

CENTER

Czech

BMI RATES

W Center % ™ National%

Ukraine

w

Y

Slovakia

w

Romania

CENTER
(=)

w HungaryP

!l

Hungary B

w

Czech

FIGURE 2. Significant historical risk factors of preterm birth (history of smoking, history of diabetes, hypertension, and body mass
index) in relation to National Statistics. Very low values or missing values from the centers reflect the missing data or incomplete

data collection.
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complications (24,25). It has been emphasized that perina-
tal distress had an effect on cardiovascular and pathophys-
iological changes in pregnant women and fetuses/new-
borns in LMC (26)

The relative neglect of preterm birth is linked to data gaps
in UMC and LMC and even HIC in Central and Eastern Eu-
rope, and consequential prematurity, neonatal morbid-
ity, and mortality. The new estimates shown in this report
make a substantial contribution to addressing this defi-
ciency. Widely held perceptions that effective care of the
preterm baby requires costly interventions well beyond
the health budgets of most LMCs, coupled with concerns
that greater attention to preterm birth will draw needed
funding away from other devastating maternal and peri-
natal health problems, have also contributed to the reluc-
tance of policy makers to focus on the problem of preterm
birth as global priority (14,23,24,27).

There are many reasons for the inadequacies of preterm
birth-related epidemiology in CEE, including patient man-
agement by primary health care services, incomplete
health-related statistics, and health information systems,
lack of preterm birth surveillance registries or imperfect co-
ordination among existing registries and reliance on hospi-
tal based rather than population-based studies (23,28,29).
Estimates of the preterm birth rate are influenced by fac-
tors including the procedures to determine gestational
age and national differences in birth registration processes.
More effort is needed to influence the content of midwife-
ry and medical pre- and in-service education and to estab-
lish gestational age assessment as an integral component
of routine care (13,27) and nationwide implementation of
electronic medical records. Although some comprehen-
sive data collection questionnaires have been developed
by March of Dimes (http://www.marchofdimes.org/), Inter-
national PREterm Blrth Collaborative (PREBIC www.prebic.
net) of the World Health Organization, and Department of
Reproductive Health and Research (http://www.who.int/
reproductive-health/index.htm), efforts to harmonize the
data collection are equally vital to the national, regional,
and global programs. Excellent recommendations to im-
prove data have been suggested by Lawn et al (24)

This study is the first attempt to investigate term and pre-
term birth using a large collaborative approach in the re-
gion and it is part of the learning process with shortcom-
ings of retrospective data collection. One of the limitations
was the type of participating sites. Since RECOOP HST
Association members are Universities and Academic Re-

CM)

search Centers, the study could not provide comprehen-
sive data of the participating CEE countries. We created
and used standardized electronic data collection forms to
gather information at all sites from paper medical records.
Other limitations of the study include the method and
limitation of data collection at different sites, and the sam-
pling of one or two sites per country, which does not rep-
resent the entire country. We tried to validate the data with
available national statistics but the major problem was the
imperfect data in the paper based medical records.

During the retrospective data collection, it was impossible
to gather information on the pre- pregnancy BMI from all
sites, but still the study identified BMI as the most signifi-
cant risk factor in the region. The correlation between obe-
sity and diabetes is well known and the incidence of dia-
betes in the study is high and comparable to the national
rates. However, smoking and high blood pressure are ma-
jor public health issues in CEE although in the studied co-
hort the smoking rates and hypertension were lower than
the national data. During the retrospective data collection,
investigators could not have validated the documented
smoking records and limited data were available on blood
pressure measurements at the admission and during the
hospitalization of the subjects.

In conclusion, smoking, BMI, preeclampsia, and hyperten-
sion were the most significant risk factors in the region.
Comprehensive public health education aimed at behav-
joral modification and lifestyle change could affect smok-
ing and BMI of the population, which is not only beneficial
for the society but it is also likely to have a major effect
on the overall rate of preterm birth. Thorough epidemio-
logical data are crucial for any intervention to improve the
birth outcomes in the region, so nationwide implementa-
tion of electronic birth registration among hospitals is im-
perative for an effective PTB intervention program.

Acknowledgment Authors thank Gyula Markovics for developing the on-
line electronic data entry form and web based data system (FlexiForm,
http//www.flexiform.eu/). We thank members of RECOOP for reading the
manuscript and their valuable suggestions. Authors are grateful to Interna-
tional Visegrad Fund (http://visegradfund.org/) for their support with fund-
ed Standard Grant made possible to build the RECOOP Research Network.

Funding The study was supported and managed by the Association for
Regional Cooperation in the Fields of Health, Science and Technology (RE-
COOP HST Association) and the patients'data were collected by the partici-
pating Cedars — Sinai Medical Center — RECOOP Research Centers (CRRC).

Ethical approval received from the from the authors' respective research
centers.

Declaration of authorship BZ, TE, IC, IR have equal contributions. All au-
thors provided final approval for publication.

Competing interests All authors have completed the Unified Com-
peting Interest form at www.icmje.org/coi_disclosure.pdf (available

www.cmj.hr

125


http://www.marchofdimes.org/
www.prebic.net
www.prebic.net
http://www.who.int/reproductive-health/index.htm
http://www.who.int/reproductive-health/index.htm
http://www.flexiform.eu/
http://visegradfund.org/
www.icmje.org/coi_disclosure.pdf

126 RECOOP for Common Mechanisms of Diseases

on request from the corresponding author) and declare: no support from
any organization for the submitted work; no financial relationships with any
organizations that might have an interest in the submitted work in the pre-
vious 3 years; no other relationships or activities that could appear to have
influenced the submitted work.

References

1

10

1l

12

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and
causes of preterm birth. Lancet. 2008;371:75-84. Medline:18177778
doi:10.1016/50140-6736(08)60074-4

Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global,
regional, and national causes of child mortality in 2000-13, with
projections to inform post -2015 priorities: an updated systematic
analysis. Lancet. 2015;385:430-40. Medline:25280870 doi:10.1016/
S0140-6736(14)61698-6

March of Dimes. PMNCH, Save the Children, WHO. (2012). Born
too soon: The global action report on preterm birth. In C. P.
Howson, M. V. Kinney, J. E. Lawn, (Eds.), Written report World Health
Organization: Geneva. Available from: http://whglibdoc.who.int/
publications/2012/9789241503433_eng.pdf. Accessed: April 1,
2015.

Steer P. The epidemiology of preterm labor. BJOG. 2005;112 Suppl
1:1-3. Medline:15715585 doi:10.1111/j.1471-0528.2005.00575.x
EURO-PERISTAT Project, with SCPE, EUROCAT, EURONEOAT.
European Perinatal Health Report. 2010 Available from: http://
www.europeristat.com. Accessed: April 1,2015.

Petrou S. The economic consequences of preterm birth during
the first 10 years of life. BJOG. 2005;112:10-5. Medline: 15715587
doi:10.1111/j.1471-0528.2005.00577.x

Petrou S, Mehta Z, Hockley C, Cook-Mozaffari P, Henderson J,
Goldacre M. The impact of preterm birth on hospital inpatient
admissions and costs during the first 5 years of life. Pediatrics.
2003;112:1290-7. Medline: 14654599 doi:10.1542/peds.112.6.1290
Martius JA, Steck T, Oehler MK, Wulf KH. Risk factors associated
with preterm (<37+0 weeks) and early preterm birth (<32+0
weeks): univariate and multivariate analysis of 106 345 singleton
births from the 1994 statewide perinatal survey of Bavaria. Eur.

J Obstet Gynecol Repro Bio. 1998;80:183-9. s. Medline:9846665
doi:10.1016/50301-2115(98)00130-4

Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F,
Kirmeyer S, et al. Centers for Disease Control and Prevention
National Center for Health Statistics National Vital Statistics System
2007 Births: final data for 2005. Natl Vital Stat Rep. 2007;56:1-103.
Medline:18277471

Srinivas SK, Macones GA. Preterm premature rupture of the fetal
membranes: current concepts. Minerva Ginecol. 2005;57:389-96.
Medline:16170284

Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Munson
ML. Births: final data for 2003. Natl Vital Stat Rep. 2005;54:1-116.
Medline:16176060

Savitz DA, Kaufman JS, Dole N, Siega-Riz AM, Thorp JM Jr, Kaczor

www.cmj.hr

20

21

22

23

24

25

Croat Med J. 2015;56:119-27

DT. Poverty, education, race, and pregnancy outcome. Ethn Dis.
2004;14:322-9. Medline:15328932

Floyd RL, Rimer BK, Giovino GA, Mullen PD, Sullivan SE. A review
of smoking in pregnancy: effects on pregnancy outcomes and
cessation efforts. Annu Rev Public Health. 1993;14:379-411.
Medline:8323595 doi:10.1146/annurev.pu.14.050193.002115

Berg CJ, Wilcox LS, d’Almada PJ. The prevalence of socioeconomic
and behavioral characteristics and their impact on very low birth
weight in black and white infants in Georgia. Matern Child Health
J.2001;5:75-84. Medline: 11573842 doi:10.1023/A:1011344914802
Vogel JP, Lee ACC, Sourza JP. Maternal morbidity and preterm birth
in 22 low- and middle-income countries: a secondary analysis

of the WHO Global Survey dataset. BMC Pregnancy Childbirth.
2014;14:56-69. Medline:24484741 doi:10.1186/1471-2393-14-56
Arora CP, Hobel CJ. Vitamin D- a novel role in pregnancy.
Biopolymers Cell. 2010;26:97-104. doi:10.7124/bc.00014B

Farley DM, Choi J, Dudley DJ, Li C, Jenkins SL, Myatt L, et

al. Placental amino acid transport and placental leptin

resistance in pregnancies complicated by maternal obesity.
Placenta. 2010;31:718-24. Medline:20609473 doi:10.1016/j.
placenta.2010.06.006

Bermudez EA, Rifai N, Buring JE, Manson JE, Ridker PM. Relation
between markers of systemic vascular inflammation and smoking
in women. Am J Cardiol. 2002;89:1117-9. Medline:11988205
doi:10.1016/50002-9149(02)02284-1

Rebarber A, Istwan NB, Russo-Stieglitz K, Cleary-Goldman J, Rhea
DJ, Stanziano GJ, et al. Increased incidence of gestational diabetes
in women receiving prophylactic 17alpha-hydroxyprogesterone
caproate for prevention of recurrent preterm delivery. Diabetes
Care. 2007;30:2277-80. Medline:17563346 doi:10.2337/dc07-0564
Meis PJ, Klebanoff M, Thom E, Dombrowski MP, Sibai B, Moawad
AH, et al. Prevention of recurrent preterm delivery by 17 alpha—
hydroxyprogesterone caproate. N Engl J Med. 2003;348:2379-85.
Medline:12802023 doi:10.1056/NEJM0a035140

Dommergues MA, Gallego J, Evrad P, Gressens P. [ron
supplementation aggravates periventricular cystic white matter
lesions in newborn mice. Eur J Paediatr Neurol. 1998;2:313-8.
Medline:10727198 doi:10.1016/51090-3798(98)80006-8

PeriStats [online database]. White Plains, NY: March of Dimes.
2006; Available from: http://www.marchofdimes.com/peristats/.
Accessed: April 1,2015.

McCarthy BJ, Terry J, Rochat RW, Quave S, Tyler CW Jr. The
underregistration of neonatal deaths: Georgia 1974-1977. Am

J Public Health. 1980;70:977-82. Medline:7406098 doi:10.2105/
AJPH.70.9.977

Lawn JE, Gravett MG, Nunes TM, Ruben CE. Stanton C and the
GAPPS Review Group. Global report on preterm birth and stillbirth
(1of 7): definitions, description of the burden and opportunities to
improve data. BMC. 2010;10 suppl. 1:S1.

Betran AP, Say L, Giilmezoglu AM, Allen T, Hampson L. Effectiveness


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18177778&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(08)60074-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25280870&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15715585&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2005.00575.x
http://www.europeristat.com
http://www.europeristat.com
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15715587&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2005.00577.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14654599&dopt=Abstract
http://dx.doi.org/10.1542/peds.112.6.1290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9846665&dopt=Abstract
http://dx.doi.org/10.1016/S0301-2115(98)00130-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18277471&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18277471&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16170284&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16170284&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16176060&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16176060&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15328932&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8323595&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8323595&dopt=Abstract
http://dx.doi.org/10.1146/annurev.pu.14.050193.002115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11573842&dopt=Abstract
http://dx.doi.org/10.1023/A:1011344914802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24484741&dopt=Abstract
http://dx.doi.org/10.1186/1471-2393-14-56
http://dx.doi.org/10.7124/bc.00014B
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20609473&dopt=Abstract
http://dx.doi.org/10.1016/j.placenta.2010.06.006
http://dx.doi.org/10.1016/j.placenta.2010.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11988205&dopt=Abstract
http://dx.doi.org/10.1016/S0002-9149(02)02284-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17563346&dopt=Abstract
http://dx.doi.org/10.2337/dc07-0564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12802023&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12802023&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa035140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10727198&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10727198&dopt=Abstract
http://dx.doi.org/10.1016/S1090-3798(98)80006-8
http://www.marchofdimes.com/peristats/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7406098&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.70.9.977
http://dx.doi.org/10.2105/AJPH.70.9.977

Arora et al: Relative risk of preterm birth in Central and Eastern Europe

26

27

of different databases in identifying studies for systematic

reviews: experience from the WHO systematic review of maternal
morbidity and mortality. BMC Med Res Methodol. 2005;5:6-12.
Medline:15679886 doi:10.1186/1471-2288-5-6

Premji S. Perinatal distress in women in low- and middle-income
countries: allostatic load as a framework to examine the effect

of perinatal distress on preterm birth and infant health. Matern
Child Health J. 2014;18:2393-407. Medline:24748241 doi:10.1007/
$10995-014-1479-y

Phelan ST, Goldenberg R, Alexander G, Cliver SP. Perinatal mortality
and its relationship to the reporting of low-birthweight infants.
Am J Public Health. 1998;88:1236-9. Med|ine:9702158 doi:10.2105/
AJPH.88.8.1236

28

29

CM)

Graafmans WG, Richardus JH, Macfarlane A, Rebagliato M, Blondel
B, Berloove-Vanhorick SP, et al. Comparability of published
perinatal mortality rates in Western Europe: the quantitative
impact of differences in gestational age and birthweight criteria.
BJOG. 2001;108:1237-45. Medline:11843385

March of Dimes. White paper on preterm birth, the global

and regional toll. Available from: http:// marchofdimes.com/
files/66423_MOD- Complete.pdf. Accessed: November 2, 2009.

www.cmj.hr

127


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15679886&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15679886&dopt=Abstract
http://dx.doi.org/10.1186/1471-2288-5-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24748241&dopt=Abstract
http://dx.doi.org/10.1007/s10995-014-1479-y
http://dx.doi.org/10.1007/s10995-014-1479-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9702158&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.88.8.1236
http://dx.doi.org/10.2105/AJPH.88.8.1236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11843385&dopt=Abstract
http:// marchofdimes.com/files/66423_MOD- Complete.pdf
http:// marchofdimes.com/files/66423_MOD- Complete.pdf

