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Abstract

Background: Globally, about 15 million neonates are born preterm and about 85% of global preterm birth occurs
in Asia and Africa regions. We aimed to estimate the incidence and risk factors for preterm birth in a rural
Bangladeshi cohort.

Methods: Between June 2007 and September 2009, community health workers prospectively collected data from
32,126 mother-live-born baby pairs on household socio-demographic status, pregnancy history, antenatal care
seeking and newborn gestational age determined by recall of date of last menstrual period.

Results: Among all live births, 22.3% were delivered prior to 37 weeks of gestation (i.e. preterm); of which 12.3% were
born at 35–36 weeks of gestation (late preterm), 7.1% were born at 32–34 weeks (moderate preterm), and 2.9% were
born at 28–31 weeks of gestation (very preterm). Overall, the majority of preterm births (55.1%) were late preterm. Risk
of preterm birth was lower among women with primary or higher level of education (RR: 0.92; 95% CI: 0.88, 0.97), women
who sought antenatal care at least once during the index pregnancy (RR: 0.86; 95% CI: 0.83, 0.90), and women who had
completed all birth preparedness steps (RR: 0.32; 95% CI: 0.30, 0.34). In contrast, risk of preterm birth was higher among
women with a history of child death (RR: 1.05; 95% CI: 1.01, 1.10), who had mid-upper arm circumference (MUAC) ≤250 mm,
indicative of under nutrition (for women having MUAC <214 mm the risk was higher; RR: 1.26; 95% CI: 1.17, 1.35), who
reported an antenatal complication (RR: 1.32; 95% CI: 1.14, 1.53), and who received iron-folic acid supplementation for 2–6
months during the index pregnancy (RR: 1.33; 95% CI: 1.24, 1.44).

Conclusions: In resource poor settings with high burden of preterm birth, alike Bangladesh, preterm birth risk could be
reduced by close monitoring and/or frequent follow-up of women with history of child death and antenatal complications,
by encouraging women to seek antenatal care from qualified providers, to adopt birth preparedness planning and to
maintain good nutritional status. Additional research is needed to further explore the associations of antenatal iron
supplementation and maternal nutritional status on preterm birth.

Keywords: Preterm birth, Risk factors, Bangladesh, Community-based program
Background
Recent global estimates suggest that more than 1 in 10
or an estimated 15 million babies born in 2010 were pre-
term, of which more than 1 million died as a result of
preterm birth and related complications [1]. Although
neonatal mortality rates have fallen globally between
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1990 and 2009 [2], the absolute numbers and rates of
preterm birth have increased during this period [3]. Pre-
term birth complications account for 35% of the esti-
mated 3.1 million global neonatal deaths [4], and are the
second leading cause of death in children under 5 years
of age. The vast majority (85%) of global preterm births
occur in Asia and Africa [5] where health systems are
weak and access to and utilization of health services are
limited, contributing to the higher risks of death and
disabilities in preterm babies [6,7]. Approximately one-
third of preterm survivors suffer from severe long-term
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neurological disabilities, such as cerebral palsy or mental
retardation [8]. Furthermore, preterm infants carry in-
creased risk of a range of neurodevelopmental impair-
ments and disabilities, including behavioral problems,
school learning difficulties, chronic lung disease, retinop-
athy of prematurity, hearing impairment, and lower
growth attainment [9]. Preterm birth affects not only
infants but also their families who may have to spend
substantial time and financial resources to ensure
care for their preterm infants; thus, preterm birth has
increasing cost implications for families and health
services [10].
Identification of at-risk women and their risk factors

for preterm birth is important for targeting of services
and initiation of risk-specific interventions and/or pre-
ventive measures. Study of risk factors might also pro-
vide important insights leading to new discoveries for
prevention and management of preterm births. We de-
scribe the burden and associated risks factors of preterm
birth in a cohort of rural Bangladeshi women.

Methods
Study design
We analyzed prospectively collected data from a large
community-based cluster-randomized trial conducted in
Sylhet district of Bangladesh. Data for our study were
primarily collected to evaluate the impact of two regi-
mens of umbilical cord cleansing - single-day vs. 7-day -
with 4.0% chlorhexidine solution on all-cause neonatal
mortality and incidence of cord infections [11,12].

Study setting and population
The study was implemented during June 2007- September
2009 in 22 unions (the smallest administrative unit with a
health center) in 3 rural sub-districts (called upazila) of
Sylhet district (Beanibazar, Zakiganj and Kanaighat) in
north-eastern Bangladesh with an estimated total popula-
tion of 546,000 people. The study area was divided into
133 working units (clusters) each served by a female com-
munity health worker (CHW). CHWs implemented the
interventions and collected data from respondent women
and their babies.

Study implementation
Details of the study designs, interventions, delivery strat-
egies and the map of the area have been published else-
where [11,12]. Briefly, CHWs followed a complete map of
all households and thus prepared a complete list of all
married women of reproductive age (MWRA) through
house-to-house visitation and recorded their names, ad-
dresses and pregnancy status. The list was updated and
new pregnancies were identified every two months by
conducting home visits. All newly identified pregnant
women were invited to participate in the study and
explained the study procedures. Those agreeing to partici-
pate gave informed oral consent and provided data on age,
parity, date of last menstrual period, literacy, a brief preg-
nancy history, and socio-economic information about the
household.
All enrolled women were provided with a package of

maternal and newborn health interventions, delivered by
CHWs through two antenatal home visits. The first ses-
sion was conducted at the time of enrolment at 12–16
weeks of pregnancy and the second occurred at approxi-
mately 32 weeks of pregnancy. The intervention package
included a clean delivery kit (CDK), messages on birth
and newborn care preparedness (BNCP), and advice on
essential newborn care (immediate breastfeeding, ther-
mal care and clean cord care) and on neonatal danger
sign recognition and care-seeking [11,13]. At each visit,
information was collected by CHWs on status of birth
and neonatal care preparedness, antenatal care (ANC),
complications during pregnancy and care seeking for
those complications. BNCP included practice of the fol-
lowing 6 steps: 1) selection of birth attendant, 2) selec-
tion of newborn care personnel, 3) arrangement for
three pieces of cloth for drying/wrapping of the new-
born, 4) arrangement for transport for any emergency
need, 5) savings for management of complications, and
6) having a CDK for use during delivery.

Inclusion and exclusion criteria
All reported live births within the study area for which
data was available on the first day of the last menstrual
period (LMP) were included in this study. Reported still-
births and abortion (spontaneous, induced or thera-
peutic) were excluded. Pregnancies terminated before
28 weeks of gestation were defined as miscarriage/abor-
tion. A stillbirth was defined as an infant born without
any signs of life (no spontaneous crying, breathing, and/
or movement) at 28 weeks of gestation or later.

Assessment of exposure variables
Socio-demographic and economic information (women’s
age at delivery, educational attainment of women and
their husbands, basic housing construction, household be-
longings, religion) and previous pregnancy history were
collected by CHWs using a structured instrument in face-
to-face interviews during the enrolment visit. Relevant data
on antenatal care seeking, compliance with BNCP, con-
sumption of supplied iron tablets, TT immunization dosage
and antenatal complications (history of fever, severe ab-
dominal pain, swelling of hand, leg or face, vaginal bleeding,
convulsion, severe headache, blurring of vision) were also
collected from all women during BNCP visits or the first
postpartum visit. Compliance with BNCP was categorized
as “fully compliant” (woman reported practice all 6 of the
above-mentioned steps), “partially compliant” (1–5 steps),
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or “non-compliant” (0 steps). CHWs measured the mid
upper arm circumference (MUAC) of the enrolled mothers
during enrollment visits. Data on antenatal complications
(except fever) were self-reported by respondent women.
CHWs measured axillary temperature from women who
reported having fever during the interview.

Assessment of outcome variable
The primary outcome was preterm birth as defined by
the World Health Organization as: “Any birth before 37
completed weeks of gestation or fewer than 259 days
since the first day of the women’s LMP” [14]. Gestational
age at birth was computed from the difference between
the date of pregnancy outcome and the date of the first
day of the LMP recorded at enrolment. Date of first day
of the LMP was determined through maternal report to
a CHW during a two-monthly pregnancy surveillance
visit at the household, when the CHW asked the preg-
nant women to recall LMP with the assistance of calen-
dars and memory aids. Women for whom no date of
LMP was estimated after several attempts using various
approaches were excluded from analysis. Date and type
of pregnancy outcome was recorded by a CHW on her
first visit after women delivered, usually within 24 hours
or as soon as possible after birth.

Data quality assurance
CHWs received 6 weeks of classroom-based and hands-
on supervised training. These training sessions followed
a structured curriculum including skills development for
behavior change communication, provision of BNCP
and essential newborn care, clinical assessment of neo-
nates, and identification and management of sick new-
borns using an algorithm adapted from Integrated
Management of Childhood Illness. Quality of data col-
lected by CHWs was ensured through direct supervision
by respective Field Supervisors. Supervisory visits and
standardization exercise sessions were organized rou-
tinely to ensure quality of data collected. Every reported
neonatal death was confirmed by a repeat visit to the
household by a supervisory staff. A sample (5%) of new-
borns who survived the neonatal period was revisited for
quality assurance of vital status reporting by CHWs.
CHWs submitted data forms to their supervisor, who

checked the forms for completeness and consistency.
Data entry system was custom-designed with built in
range and consistency checks. Field verifications were
conducted to resolve identified inconsistencies and in-
completeness if required.

Statistical analyses
Births at ≥37 weeks were classified as term births. Pre-
term births were sub-categorized as: 1) Very preterm (28
– 31 weeks of gestation), 2) Moderate preterm (32–34
weeks of gestation) and 3) Late Preterm (35–36 weeks of
gestation). We estimated the incidence of preterm birth
by dividing all live preterm births, whether singleton,
twin or higher order multiples, by all live births in the
population; 95% confidence intervals (CI) were calcu-
lated for the estimated proportion of preterm birth
incidence.
Based on published reports and considering biological

plausibility, we categorized, a priori, the potential risk
factors for preterm birth into three groups: 1) Proximal
factors: antenatal care seeking and antenatal complica-
tions during the index pregnancy; 2) Intermediate fac-
tors: previous pregnancy history; 3) Distal factors: socio-
demographic characteristics. We constructed a wealth
index score [15] for each household by employing prin-
cipal component analysis of basic housing construction
materials (i.e., materials used to construct the walls, roof,
and floor of houses), sources of water, sanitation facil-
ities and household belongings.
Covariates showing moderate strength of association

(P <0.10) in bivariate analysis were included in multivari-
ate models, which were constructed in a three-step se-
quence starting with proximal factors [Model1] and
progressively adding previous pregnancy/birth informa-
tion [Model2] and thereafter distal/socio-demographic
factors) [Model3]. The association (risk ratio) between
potential risk factors and preterm birth was modeled
using binomial regression with a log link function; gen-
eralized estimating equations with exchangeable correl-
ation structure were used to adjust standard errors to
account for clustering [16,17]. In case of convergence
failure, poisson models with robust standard error esti-
mation were used [18,19]. Imputation of missing data
was done using the “hotdeck” method by cluster [20].
Data were analyzed by using STATA (version 11) statis-
tical package [21].

Ethical approval
We received ethical approval for the study from the In-
stitutional Review Board of Johns Hopkins Bloomberg
School of Public Health and from the Ethical Review
Committee of International Centre for Diarrheal Disease
Research, Bangladesh (icddr,b). The study was registered
at ClinicalTrials.gov (NCT00434408).

Results
A total of 37,630 pregnancy outcomes, including 35,908
live births (Figure 1: Study Profile), were recorded in this
study. Most women (89%) were able to recall the date of
the LMP when facilitated by a CHW using Bangla calen-
dar dates and reference to important social events. Ex-
cluding 3,782 women who could not report their LMP
date, a total of 32,126 live births were included in this
analysis. More than one-fifth [22.3%; 95% CI: 21.5, 23.1]



Figure 1 Study profile.
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of the live births were born prior to 37 weeks gestation.
The proportions of late, moderate and very preterm births
were 12.3% (95% CI: 11.8, 12.8), 7.1% (95% CI: 6.7, 7.5)
and 2.9% (95% CI: 2.7, 3.2), respectively (Figure 1).

Socioeconomic and background characteristics: distal
factors
The majority (61.7%) of respondents was in the 20–29
year age group and most of them (95.5%) were Muslim
(Table 1). More than half (51.9%) of the respondent, and
43.9% of their husbands had primary or higher level of
education. Higher education level [5 or more years of
schooling (Primary plus)] of both the mother [Relative
Risk (RR): 0.92; 95% CI: 0.88, 0.97] and her husband
(RR: 0.94; 95% CI: 0.89, 0.99) was associated with lower
risk of preterm birth compared to lower education level.
Compared to the highest wealth quintile group, the low-
est quintile group of respondents had a 37.0% higher risk
of preterm delivery (RR: 1.37; 95% CI: 1.26, 1.49).

Pregnancy related data: intermediate factors
The index pregnancy was fourth or higher order for
42.4% of respondent women (Table 2). Compared to
women having fourth or higher birth order, primigravid
women had 9.0% lower risk of delivering a preterm baby
(RR: 0.91; 95% CI: 0.84, 0.98). From 18.2% of women, a
history of child death was reported, which was associ-
ated with higher risk of preterm birth (RR: 1.05; 95% CI:
1.01, 1.10). A woman who delivered twins or triplets was
at about 1.6-fold higher risk of preterm delivery (RR:
1.61; 95% CI: 1.49, 1.74) compared to a woman who de-
livered a singleton baby. Among all live births reported,



Table 1 Association of selected background characteristics with preterm birth

Characteristics Live births (n = 32,126) Preterm births (n = 7,161) RR 95% CI P value

Number Number Percent

Women’s age at delivery

<20 years 1874 391 20.9 0.84 0.75-0.93 <0.01

20-24 years 8993 1831 20.4 0.81 0.76-0.87 <0.001

25-29 years 10826 2412 22.3 0.89 0.84-0.95 <0.001

30-34 years 6479 1539 23.8 0.95 0.89-1.02 >0.15

≥35 years 3954 988 25.0 Ref. -

Women’s education*

Below primary 15460 4009 25.9 Ref. -

Primary plus 16666 3152 18.9 0.73 0.70-0.76 <0.001

Husbands’ education*

Below primary 18025 4522 25.1 Ref. -

Primary plus 14101 2639 18.7 0.75 0.71-0.78 <0.001

Religion

Muslim 30684 6851 22.3 Ref. -

Others 1442 310 21.5 0.96 0.87-1.06 >0.45

Wealth quintile (Asset index score)

Lowest quintile (Poorest) 6283 1667 26.5 1.86 1.73-2.00 <0.001

Second lowest 6475 1691 26.1 1.83 1.71-1.97 <0.001

Middle quintile 6332 1541 24.3 1.71 1.59-1.84 <0.001

Second highest 6442 1323 20.5 1.44 1.34-1.56 <0.001

Highest quintile (Richest) 6594 939 14.2 Ref. -
*Level of Education: Below primary = 0–4 years of schooling; Primary Plus = ≥5 years of schooling.

Table 2 Association of women’s obstetric history and pregnancy outcome with preterm delivery

Obstetric history Live births (n = 32,126) Preterm births (n = 7,161) RR 95% CI P value

Number Number Percent (row)

Birth Order

First child 6886 1343 19.5 0.80 0.76 – 0.85 <0.001

Second child 6290 1371 21.8 0.90 0.85 – 0.95 <0.001

Third child 5315 1135 21.4 0.88 0.83 – 0.93 <0.001

Fourth or higher 13635 3312 24.3 Ref. -

Sex of the baby delivered

Female 15414 3277 21.3 0.91 0.88 – 0.95

Male 16712 3884 23.2 Ref. -

Multiple pregnancy

Yes 835 367 44.0 2.02 1.87 – 2.19 <0.001

No 31291 6794 21.7 Ref. -

History of still birth or abortion

Yes 7898 2014 25.5 0.99 0.94 – 1.05 >0.73

No 24228 5177 21.4 Ref. -

History of child death

Yes 5853 1295 22.1 1.20 1.15 – 1.25 <0.001

No 26273 5866 22.3 Ref. -
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52.0% were boys; a female baby was 9.0% less likely to be
preterm than a male baby (RR: 0.91; 95% CI: 0.88, 0.95).

Antenatal health, complication and antenatal care:
proximal factors
Most women (57.3%) sought antenatal care at least once,
79.5% reported receiving any dose of tetanus toxoid (TT)
immunization, and 89.9% consumed iron-folic acid (IFA)
during the index pregnancy (Table 3). About one third
(32.0%) of women practiced all six steps for BNCP while
another 58.6% practiced partially. Antenatal complications
of pregnancy were reported by 1.6% of women.
Bivariate association of each of these proximal factors

with preterm birth risk is presented in Table 3. Com-
pared to no visit at all, any ANC visit was associated
with 25.0% lower risk of preterm birth (RR: 0.75; 95%
CI: 0.72, 0.78). Risk of preterm delivery was also lower
for women who undertook all BNCP steps (RR: 0.30;
95% CI: 0.29, 0.32) and women who received any dose of
TT vaccine during pregnancy (RR: 0.90; 95% CI: 0.86,
0.94). Almost one-fifth (18.9%) of the respondents had a
Table 3 Association of women’s antenatal care status and risk

Characteristics Live births (n = 32,126) Prete

Number Num

ANC visits

No ANC visit 13732 3568

At least one ANC 18394 3593

Iron (tablet) consumption

No Iron consumed 3231 646

Consumed for less than 60 days 4307 1007

Consumed for 60 – 180 days 23520 5307

Consumed for 181 days or more 1068 201

Birth preparedness status

Didn’t practice at all 3011 1799

Practiced partially 18838 3509

Practiced fully 10277 1853

Any dose of TT immunization during pregnancy

Yes 25536 5562

No 6590 1599

Mid-upper arm circumference (MUAC)

<214 mm 6068 1580

214 – 221 mm 5311 1309

222 – 250 mm 15072 3324

> = 251 mm 5675 948

Any reported antenatal complication*

Yes 499 129

No 31627 7032
*History of fever (or as measured by CHW), vaginal bleeding, swelling of hand, leg o
during pregnancy.
MUAC <214 mm. Maternal MUAC was inversely associ-
ated with preterm birth risk; for each cm increase in
average MUAC measures, risk of preterm birth was 5.6%
lower (95% CI: 4.8% - 6.5%). Women who reported any
antenatal complication had 16.0% higher risk of preterm
delivery compared to women who did not report any
antenatal complication (RR: 1.16; 95% CI: 1.02, 1.35).
Itemized risk analysis for each of the antenatal complica-
tions is presented as Additional file 1: web-table S1
(available online).

Multivariable regression analysis
Risk estimates from bivariate analyses for proximal factors,
specifically for any antenatal visit, any antenatal complica-
tion, birth preparedness steps, and any dose of TT
immunization, were not changed significantly after adding
all proximal factors into the multivariate Model-1
(Table 4). Association of preterm birth with low MUAC
was attenuated while the risk associated with IFA con-
sumption was increased in magnitude relative to the esti-
mate in bivariate analysis. In model-2, intermediate factors
of preterm birth

rm births (n = 7,161) RR 95% CI P value

ber Percent (row)

26.0 Ref. -

19.5 0.75 0.72 – 0.78 <0.001

20.0 Ref. -

23.4 1.17 1.07 – 1.28 <0.001

22.6 1.12 1.05 – 1.21 <0.005

18.8 0.94 0.82 – 1.08 >0.40

59.7 Ref. -

18.6 0.31 0.30 – 0.32 <0.001

18.0 0.30 0.29 – 0.32 <0.001

21.8 0.90 0.86 – 0.94 <0.001

24.3 Ref. -

26.0 1.56 1.45 – 1.67 <0.001

24.6 1.47 1.37 – 1.59 <0.001

22.1 1.32 1.24 – 1.41 <0.001

16.7 Ref. -

25.9 1.16 1.02 – 1.35 <0.05

22.2 Ref. -

r face, severe abdominal pain, convulsion, severe headache, blurring of vision



Table 4 Risk factor analysis for preterm birth using multivariable model**

Risk factors Model 1: proximal
factors

Model 2: intermediate
factors added

Full (final) model:
distal factors added

RR 95% CI RR 95% CI RR 95% CI

At least one ANC visit (Ref.: “No visit”) 0.79 0.75-0.82 0.80 0.77-0.84 0.86 0.83 – 0.90

Any antenatal complication (Ref.: “No complication”) 1.31 1.13-1.53 1.31 1.13-1.52 1.32 1.14 - 1.53

Birth preparedness Status

No step was taken Ref. - Ref. - Ref. -

Partially 0.30 0.29-0.31 0.30 0.29-0.32 0.30 0.29 – 0.31

Fully 0.30 0.29-0.32 0.31 0.29-0.33 0.32 0.30 – 0.34

Iron tablet consumption

No iron consumed at all Ref. - Ref. - Ref. -

Consumed for less than 60 days 1.43 1.31-1.56 1.39 1.27-1.52 1.32 1.21 – 1.45

Consumed for 60 – 180 days 1.43 1.32-1.55 1.39 1.29-1.50 1.33 1.24 – 1.44

Consumed for 181 days or more 1.34 1.16-1.55 1.32 1.15-1.53 1.28 1.11 – 1.47

Any dose of TT immunization (Ref: “Received no TT”) 0.94 0.90-0.99 0.94 0.89-0.98 0.95 0.91 – 0.99

Mid-upper arm circumference (MUAC)

<214 mm 1.43 1.33-1.53 1.41 1.31-1.51 1.26 1.17 – 1.35

214 – 221 mm 1.37 1.27-1.47 1.36 1.27-1.46 1.23 1.14 – 1.33

222 – 250 mm 1.26 1.18-1.34 1.26 1.18-1.40 1.17 1.10 – 1.24

> = 251 mm Ref. - Ref - Ref -

Multiple pregnancy (Ref.: “Singleton”) 1.61 1.49-1.74 1.61 1.49 – 1.74

Birth Order

First child 0.82 0.77-0.87 0.91 0.84 – 0.98

Second child 0.90 0.85-0.95 0.98 0.92 – 1.04

Third child 0.89 0.84-0.95 0.95 0.89 – 1.01

Fourth or higher Ref. - Ref. -

Sex of the baby delivered (Ref: Male child) 0.93 0.90 – 0.96 0.92 0.89 – 0.96

History of child death (Ref.: “No child death in past”) 1.08 1.03-1.13 1.05 1.01 – 1.10

Women’s age at delivery

<20 years 0.97 0.87 – 1.09

20-24 years 0.93 0.86 – 1.01

25-29 years 0.95 0.89 – 1.02

30-34 years 0.99 0.92 – 1.05

35 years & above Ref. -

Women’s education: Primary or above (Ref.: “Below primary”) 0.92 0.88 – 0.97

Husbands’ education: Primary or above (Ref.: “Below primary”) 0.94 0.89 – 0.99

Wealth Index

Lowest quintile (Poorest) 1.37 1.26 – 1.49

Second lowest quintile 1.47 1.35 – 1.59

Middle quintile 1.43 1.33 – 1.54

Second highest quintile 1.31 1.22 – 1.42

Highest quintile (Richest) Ref. -
**Estimates account for the cluster-randomized design of the study.
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were added to proximal factors and estimated risk of pre-
term birth was 8% higher (RR: 1.08; 95% CI: 1.03, 1.13)
among women who had a previous child death. Women
having lower birth order had lower risk of preterm birth.
Also a female child appeared to have 7.0% lower risk (RR:
0.93; 95% CI: 0.90, 0.96) of being born preterm, compared
to a male child. In model-3, distal factors were added; risk
estimates were attenuated but remained significant for
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women with lower MUAC and women consuming IFA
during pregnancy, relative to the first model. Longer pe-
riods of iron-folic acid intake were associated with higher
risk of preterm birth (for less than 2 months RR: 1.32; 95%
CI: 1.21, 1.45; for 2–6 months, RR: 1.33; 95% CI: 1.24,
1.44). Risk of preterm birth remained high, but was atten-
uated, for women who continued to receive IFA supple-
mentation beyond 6 months (RR: 1.28; 95% CI: 1.11, 1.47).
Additionally, women who had a previous child death, had
multiple pregnancy, had any antenatal complication and
were in the poorest quintile were at significantly higher
risk of preterm delivery, while at least one ANC visit,
primigravida, adoption of all 6 steps for BNCP, education
at primary or higher level, and TT immunization provided
protection.

Discussion
We have presented the incidence of and risk factors for
preterm birth using prospectively collected data from a
large cohort of 32,126 pregnant women in a rural popu-
lation of Bangladesh who delivered a live-born infant.
Among live-born babies, more than one-fifth was pre-
term (22.3%) and the majority of preterm births (55.1%)
were late preterm. If we could support these pregnancies
to continue an additional 1–2 weeks, that could lead to
a substantial decrease in the preterm birth toll and bur-
den of disease due to preterm. A small of number of be-
havioral (e,g. smoking cessation), clinical (e,g. progesterone
supplementation) and health system interventions (e,g. re-
ducing non-medically indicated labor induction or caesar-
ean delivery) have been shown to reduce the preterm birth
rate [3,22]. Bangladesh was ranked 7th on the top-10 coun-
try list for high preterm birth rates in 2010 [1]. Although
recent global estimates reported that sub-Saharan Africa
and South Asia account for the majority (60%) of the glo-
bally estimated 14.9 million annual preterm births [1], avail-
able data on preterm birth rates from South Asian
countries are scarce. Our estimate of 22.3% is consistent
with data from similar regional community-based research
sites in southern Nepal (NNIPS, Sarlahi, Nepal - 19%,
[23,24]) and northwestern Bangladesh (JiVITA, Gaibandha,
Bangladesh – 23%) [25].
Maternal factors increasing the risk of preterm birth in

our population included socioeconomically poorer sta-
tus, poor nutritional status (lower MUAC), antenatal
iron consumption, history of a previous child death,
multiple pregnancies and having any antenatal complica-
tion. Factors which were protective for preterm birth in-
cluded practicing all 6 BNCP steps, first child, education
at primary level (grade 5) or above, TT immunization,
and female sex of the baby. Study results from Ahmeda-
bad, India [26] reported previous child death as a risk
factor for preterm birth, ranging from 1.5 times (1 child
death; 95% CI: 0.9, 2.2) to 3.1 times (2 child deaths; 95%
CI: 1.5, 6.4), compared to those who had no previous
child death. Unlike our study, they found that first preg-
nancy was a risk factor as well (RR: 1.3; 95% CI: 0.9 –
1.9). Multiple gestations—accounting for only 2–3% of
infants—carry a substantial risk of preterm delivery,
resulting in 15–20% of all preterm births; nearly 60% of
twins are born preterm [27]. A Zimbabwe study [28] re-
ported similar increased risk of preterm birth attribut-
able to multiple gestations (RR: 3.45; 95% CI: 3.1, 3.8) as
ours.
Maternal nutritional status before and during preg-

nancy may contribute to the risk for preterm birth [29].
In the Preterm Prediction Study, a low pre-pregnancy
body mass index (BMI) was strongly associated with in-
creased risk of preterm birth, with the RRs being greater
than 2.5 [30]. In contrast, a recent meta-analysis found
that pre-pregnancy BMI had little or no relationship
with the risk of preterm birth overall [31]. In our study,
we found women having lower MUAC were at higher
risk of preterm birth. Preterm birth can be caused by
maternal thinness associated with decreased blood vol-
ume and reduced uterine blood flow [32]. Further re-
search is required to understand the relationship
between BMI and preterm birth risk.
Our finding on consumption of IFA during pregnancy

as a risk factor for preterm birth differs from conven-
tional knowledge and previous study reports. Tradition-
ally, gestational anemia has been prevented with the
provision of daily iron supplementation throughout
pregnancy [33]. Results from a recent systematic review
[34] which included 48 randomized trials and 44 cohort
studies, revealed significant effect of prenatal iron con-
sumption on reducing risk of low birth weight (RR: 0.81;
95% CI: 0.71, 0.93) but non-significant effect on preterm
births (RR: 0.84; 95% CI: 0.68, 1.03).
However, many studies also fail to show beneficial ef-

fects of antenatal iron supplementation on pregnancy
outcomes. Cochrane review and meta-analyses [35-37]
concluded that iron supplementation during pregnancy
was neither beneficial nor harmful in terms of preterm
birth [38]. There is evidence to suggest that increasing
iron intake is not always beneficial [39]; iron availability
influences the severity and chronicity of maternal infec-
tions and thus might lead to negative pregnancy out-
come, including preterm birth [40]. Because iron allays
the fall in hemoglobin during pregnancy, iron-induced
macrocytosis could increase blood viscosity to a degree
that would impair utero-placental blood flow, decrease
placental perfusion and increase risk of placental infarc-
tion [41,42]. This patho-physiological pathway may par-
tially explain the results found in our study.
Education is the dimension of socioeconomic status

that most strongly and consistently predicts health status
[43,44]. A low level of education limits a person's access
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to employment and other social resources, which in turn
limits his/her capacity to integrate within society and
thereby increases the risk of subsequent poverty [43-45].
Similar to ours, studies in India and Brazil [26,46] also re-
ported maternal education below primary level as a risk
factor for preterm birth (RR: 1.4; 95% CI: 1.1, 1.8). We
found that male sex was associated with preterm birth
relative to girls, which is consistent with previous studies
in which 55% of all preterm births are boys [47,48].
Studies from several developing countries have found

that “no ANC visit” is a significant risk factor for pre-
term birth, ranging from 1.3 times to 7 times higher
than for women having any ANC visit [26,28,46,49,50].
Visits to ANC centers and/or receiving ANC may raise
awareness of the need for skilled delivery care [51] or
give women and their families familiarity with the health
services available at health centers or the skills of the
service providers, thus enabling them to navigate and re-
ceive necessary care when a crises arises [52].
The main strengths of this study are that we analyzed

prospectively collected, population-based data from a large
sample (n = 32,126) of live births. In addition, since we
collected data through visiting study women at home, the
common concerns about selection bias in hospital-based
studies from developing countries were avoided.
A limitation of our study was reliance on LMP to de-

termine gestational age. Some of the common criticisms
of this method are possible inaccurate recall of LMP, in-
cluding heaping on certain dates, and reliance of the cal-
culations on a “normal” menstrual cycle of 28 days with
ovulation on day 14 [53-55]. However, mounting evi-
dence shows that LMP dates can be utilized to estimate
gestational age accurately and reliably [56] with a preci-
sion of 86%-90% [57]. In a multi-country trial in devel-
oping countries that enrolled 799 women from China,
Cuba, and India, 99.9% of women were able to provide
an exact date for their LMP, and 92.4% of LMP dates
were within 1 week of physician clinical assessments
[58]. In a study of 355 preterm neonates born in Dhaka
Shishu Hospital, LMP estimates of gestational age were
on average only 1 day lower than first or second trimes-
ter ultrasound determined gestational age (+/− 11 days)
[57]. Compared to ultrasound, use of LMP may over or
underestimate preterm delivery depending on character-
istics of the sample, timing of ultrasound, and LMP
recall period [53,57,59,60]. Such misclassification of ges-
tational age estimation using the LMP method, along
with differential misclassification across the risk factors
of interest, could lead to over or underestimation of the
population level burden of preterm birth.
Since preterm birth is the leading cause of neonatal

deaths globally [61], and the second leading cause of
deaths in children under five years of age, progress to-
wards achieving MDG4 for child survival requires
achieving higher coverage of evidence-based interven-
tions to prevent preterm birth and/or to improve sur-
vival for preterm newborns [62]. Global experts
announced a “Goal for reduction of preterm birth rate
by 2025” on World Prematurity Day (Nov 11) in 2012
[3]. For countries, like Bangladesh, with a neonatal mor-
tality rate above 5 per 1000 live births in 2010, “the goal
is to reduce their preterm birth-attributable mortality by
50% between 2010 and 2025” [3]. Thus, it is important
to ensure effective planning and design of community-
based programs focusing on preterm births, specifically
in low resource settings. Such a focus will require a
clearer understanding of associated risk factors, espe-
cially those which can be intervened upon.

Conclusion
In addition to demonstrating high burden of preterm
births in a rural area in Bangladesh, our study has identi-
fied several risk factors for preterm birth, and thus can
inform resource planning and design of community-
based interventions to reduce mortality from preterm
birth. Recognizing that the majority of preterm births
are late or moderate preterm (during 32–36 weeks ges-
tational age), even small reductions in the rates of these
categories of preterm birth would mean sizable de-
creases in the number of overall preterm deliveries.
From a program planning perspective, it is important to
take risk factors for preterm birth into account, since ad-
dressing women at higher risk could help reduce late
and moderate preterm births. Focusing on factors shown
to reduce risk for preterm births (e, g. ANC visit, BNCP,
TT immunization, surveillance for maternal complica-
tion during pregnancy) also can help community-based
programs to reduce the preterm birth toll at population
level. Our finding that preterm birth was associated with
IFA consumption during pregnancy reveals one critical
area for future studies. Better understanding of the rela-
tionship between maternal nutritional status and risk of
preterm birth is needed. Overall, given the range of vari-
ability of preterm birth risks among ethnic and socioeco-
nomic groups, similar studies should be conducted to
generate more population-based evidence on burden
and risk factors of preterm birth in developing countries.

Additional file

Additional file 1: Web-Table S1. Reported antenatal complications
and risk of preterm birth.

Abbreviations
ANC: Antenatal care; BMI: Body mass index; BNCP: Birth and newborn care
preparedness; CDK: Clean delivery kit; CHW: Community Health Worker;
IFA: Iron-folic acid; LMP: Last menstrual period; MUAC: Mid-upper arm
circumference; ProjAHNMo: Project for Advancing Health of Newborns and
Mothers; TT: Tetanus toxoid.

http://www.biomedcentral.com/content/supplementary/1471-2431-14-112-S1.docx


Shah et al. BMC Pediatrics 2014, 14:112 Page 10 of 11
http://www.biomedcentral.com/1471-2431/14/112
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
RS, AHB and LCM were primarily responsible for conceptualizing and
designing this study. LCM, AHB, SEA and GLD were responsible for protocol
development and study design of the main study (Chlorhexidine trial). AHB
and SEA were the principal investigators of the ProjAHNMo Chlorhexidine
study. RS, IM, SMR, GLD, LCM were co-investigators of the main study. RS
conducted data analyses and drafted the manuscript. RRT, JAA, DM and NB
contributed in literature review, interpretation of results and manuscript
editing. DM and NB assisted in data management and analyses. All authors
provided critical intellectual input in editing and revising the manuscript and
approved the manuscript for submission.

Acknowledgements
The study was conducted by the ProjAHNMo study group in Bangladesh.
ProjAHNMo is a partnership of the ICDDR,B; the Bangladesh government’s
Ministry of Health and Family Welfare; Bangladeshi nongovernmental
organizations, including Shimantik, Save the Children-USA, Dhaka Shishu
Hospital and the Institute of Child and Mother Health; and the Johns Hopkins
Bloomberg School of Public Health. We thank the members of the ProjAHNMo
study team and colleagues at the Bangladesh Ministry of Health and Family
Welfare at the sub-district, district and central levels for their valuable help and
advice. We thank the many individuals in Sylhet district who gave their time
generously as well as ProjAHNMo field and data management staff who worked
tirelessly.
Funding for the ProjAHNMo was provided by the United States Agency for
International Development, Office of Health, Infectious Diseases, and
Nutrition, Global Health Bureau and the Dhaka Mission through the Global
Research Activity Cooperative Agreement (GHS-A-00-03-00019-00), and the
Saving Newborn Lives initiative of Save the Children Federation – USA
through a grant from the Bill and Melinda Gates Foundation.
Rashed Shah was supported through Fogarty Training Grant (Grant #
D43TW7587) during the period of data analyses and manuscript writing.

Author details
1International Center for Maternal and Newborn Health (ICMNH), Johns
Hopkins Bloomberg School of Public Health, Johns Hopkins University, 615 N.
Wolfe Street, Room # E8624, Baltimore, MD 21205, USA. 2Department of
Health and Nutrition, Save the Children USA, 2000 L Street NW, Suite # 500,
20036 Washington DC, USA. 3Family Health Program, Global Development
Division, The Bill and Melinda Gates Foundation, Seattle, WA, USA. 4Ma-Moni
Project, MCHIP/Save the Children, Bangladesh Country office, Dhaka,
Bangladesh. 5International Centre for Diarrheal Disease Research, Bangladesh
(icddr,b), Mohakhali, Dhaka, Bangladesh.

Received: 19 September 2013 Accepted: 15 April 2014
Published: 24 April 2014

References
1. Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller A-B, Narwal R,

Adler A, Vera Garcia C, Rohde S, Say L: National, regional, and worldwide
estimates of preterm birth rates in the year 2010 with time trends since
1990 for selected countries: a systematic analysis and implications.
Lancet 2012, 379(9832):2162–2172.

2. Oestergaard MZ, Inoue M, Yoshida S, Mahanani WR, Gore FM, Cousens S,
Lawn JE, Mathers CD: Neonatal Mortality Levels for 193 Countries in 2009
with Trends since 1990: a Systematic Analysis of Progress, Projections,
and Priorities. PLoS Med 2011, 8(8):e1001080.

3. World Health Organization, March of Dimes, PMNCH, Save the Children:
Born too soon: the global action report on preterm birth. In The global
action report on preterm birth. Edited by Howson C, Kinney M, Lawn J.
Geneva: WHO; 2012.

4. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I, Campbell H,
Cibulskis R, Li M, Mathers C, Black RE, Child Health Epidemiology Reference
Group of WHO and UNICEF: Global, regional, and national causes of child
mortality: an updated systematic analysis for 2010 with time trends
since 2000. Lancet 2012, 379(9832):2151–2161.

5. Beck S, Wojdyla D, Say L, Betran AP, Merialdi M, Requejo JH, Rubens C,
Menon R, Van Look PF: The worldwide incidence of preterm birth: a
systematic review of maternal mortality and morbidity. Bull World Health
Organ 2010, 88(1):1–80.

6. World Health Organization: Coverage of maternity care. A listing of available
information. Geneva: World Health Organization; 1997.

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

8. Lawn JE, Cousens S, Zupan J: 4 million neonatal deaths: when? Where?
Why? Lancet 2005, 365(9462):891–900.

9. Saigal S, Doyle LW: An overview of mortality and sequelae of preterm
birth from infancy to adulthood. Lancet 2008, 371(9608):261–9.

10. Tucker J, McGuire W: Epidemiology of preterm birth. BMJ 2004,
329(7467):675–8.

11. Arifeen S, Mullany L, Shah R, Mannan I, Rahman S, Talukder R, Begum N,
Kabir A, Darmstadt G, Santosham M, Black RE, Baqui AH: The effect of cord
cleansing with chlorhexidine on neonatal mortality in rural Bangladesh:
a community-based, cluster-randomised trial. Lancet 2012,
379(9820):1022–8.

12. Mullany L, El Arifeen S, Rasheduzzaman S, Ishtiaq M, Syed R, Mohammad R,
Saifuddin A, Mathuram S, Black R, Baqui A: Impact of 4.0% chlorhexidine
cleansing of the umbilical cord on mortality and omphalitis among
newborns of Sylhet, Bangladesh: design of a community-based cluster
randomized trial. BMC Pediatr 2009, 9(67). Published online 2009 October
21. doi:10.1186/1471-2431-9-67.

13. Baqui AH, El-Arifeen S, Darmstadt GL, Ahmed S, Williams EK, Seraji HR,
Mannan I, Rahman SM, Shah R, Saha SK, Syed U, Winch PJ, Lefevre A,
Santosham M, Black RE, Projahnmo Study Group: Effect of community-
based newborn-care intervention package implemented through two
service-delivery strategies in Sylhet district, Bangladesh: a cluster-randomised
controlled trial. Lancet 2008, 371(9628):1936–1944.

14. WHO: International Classification of Diseases and Related Health Problems-10th
Revision. Geneva: World Health Organization; 2004.

15. Filmer D, Pritchett L: Estimating wealth effects without expenditure data
—or tears: an application to educational enrollment in states of India.
Demography 2001, 38(1):115–132.

16. Liang KY, Zeger SL: Longitudinal data analysis using generalized linear models.
Biometrika 1986, 73(1):13–22.

17. Zeger SL, Liang KY: Longitudinal data analysis for discrete and
continuous outcomes. Biometrics 1986, 42(1):121–130.

18. Zou G: A modified poisson regression approach to prospective studies
with binary data. Am J Epidemiol 2004, 159(7):702–706.

19. Yelland LN, Salter AB, Ryan P: Performance of the modified Poisson
regression approach for estimating relative risks from clustered
prospective data. Am J Epidemiol 2011, 174(8):984–992.

20. Levy PS: Missing Data Estimation, “Hot Deck” and “Cold Deck”.
Encyclopedia of Biostatistics 2005.

21. StataCorp: STATA Statistical Software. In Release 11. Texas, USA: College
Station; 2009.

22. Chang HH, Larson J, Blencowe H, Spong CY, Howson CP, Cairns-Smith S,
Lackritz EM, Lee SK, Mason E, Serazin AC, Walani S, Simpson JL, Lawn JE,
Born Too Soon preterm prevention analysis group: Preventing preterm
births: analysis of trends and potential reductions with interventions in
39 countries with very high human development index. Lancet 2013,
381(9862):223–234.

23. Stewart C, Katz J, Khatry S, LeClerq S, Shrestha S, West K Jr, Christian P:
Preterm delivery but not intrauterine growth retardation is associated
with young maternal age among primiparae in rural Nepal. Maternal
Child Nutrition 2007, 3(3):174–185.

24. Baqui A, Rosen H, Lee AC, Applegate J, Arifeen SE, Rahman S, Begum N,
Shah R, Darmstadt G, Black R: Preterm Birth and Neonatal Mortality in a
Rural Bangladeshi Cohort: Implications for Health Programs. J Perinatol
2013, 33(12):977–981. doi:10.1038/jp.2013.91. Epub 2013 Aug 15.

25. Klemm R, Labrique A, Christian P, Rashid M, Shamim A, Katz J, Sommer A,
West K: Newborn Vitamin A Supplementation Reduced Infant Mortality
in Rural Bangladesh. PEDIATRICS 2008, 122(1):e242–e250.

26. Mavalankar D, Gray R, Trivedi C: Risk factors for preterm and term low
birthweight in Ahmedabad, India. Int J Epidemiol 1992, 21(2):263–272.

27. Romero R, Espinoza J, Kusanovic J, Gotsch F, Hassan S, Erez O,
Chaiworapongsa T, Mazor M: The preterm parturition syndrome. BJOG
2006, 113:17–42.



Shah et al. BMC Pediatrics 2014, 14:112 Page 11 of 11
http://www.biomedcentral.com/1471-2431/14/112
28. Feresu SA, Harlow SD, Welch K, Gillespie BW: Incidence of and socio-
demographic risk factors for stillbirth, preterm birth and low birthweight
among Zimbabwean women. Paediatr Perinat Epidemiol 2004, 18(2):154–163.

29. WHO: Maternal anthropometry and pregnancy outcomes: a WHO
collaborative study. Bull World Health Organ 1995, 73(1):98.

30. Goldenberg RL, Iams JD, Mercer BM, Meis PJ, Moawad AH, Copper R, Das A,
Thom E, Johnson F, McNellis D: The preterm prediction study: the value
of new vs standard risk factors in predicting early and all spontaneous
preterm births. NICHD MFMU Network. Am J Public Health 1998, 88(2):233.

31. Honest H, Bachmann L, Ngai C, Gupta J, Kleijnen J, Khan K: The accuracy of
maternal anthropometry measurements as predictor for spontaneous preterm
birth—a systematic review. Eur J Obstet Gynecol Reprod Biol 2005, 119(1):11–20.

32. Hendler I, Goldenberg RL, Mercer BM, Iams JD, Meis PJ, Moawad AH,
MacPherson CA, Caritis SN, Miodovnik M, Menard KM: The Preterm
Prediction Study: association between maternal body mass index and
spontaneous and indicated preterm birth. Am J Obstet Gynecol 2005,
192(3):882–886.

33. Peña-Rosas J, De-Regil L, Dowswell T, Viteri F: Intermittent oral iron supplemen-
tation during pregnancy. Cochrane Database Syst Rev 2012, 7(Jul 11):1–230.

34. Haider B, Olofin I, Wang M, Spiegelman D, Ezzati M, Fawzi WW: Anaemia,
prenatal iron use, and risk of adverse pregnancy outcomes: systematic
review and meta-analysis. BMJ 2013, 346(f3443). doi:10.1136/bmj.f3443
(Published 21 June 2013).

35. Pena-Rosas JP, FE V: Effects and safety of preventive oral iron or iron-folic
acid supplementation for women during pregnancy. Cochrane Database Syst
Rev 2009, 4. Art. No.: CD004736. doi:10.1002/14651858.CD004736.pub3.

36. Beaton GH, McCabe G: Efficacy of intermittent iron supplementation in the
control of iron deficiency anemia in developing countries. An analysis of
experience. Canada: The Micronutrient Initiative; 1999.

37. Beaton GH: Iron needs during pregnancy: do we need to rethink our
targets? Am J Clin Nutr 2000, 72:265S–271S.

38. Krafft A: Iron supplementation in pregnancy (editorial). BMJ 2013, 10:347.
f4399; doi:10.1136/bmj.f4399.

39. Casanueva E, Viteri FE, Mares-Galindo M, Meza-Camacho C, Loría A, Schnaas
L, Valdés-Ramos R:Weekly iron as a safe alternative to daily supplementation
for nonanemic pregnant women. Arch Med Res 2006, 37:674–682.

40. Brabin L, Brabin BJ, Gies S: Influence of iron status on risk of maternal or
neonatal infection and on neonatal mortality with an emphasis on
developing countries. Nutr Rev 2013, 71(8):528–540.

41. Koller O: The clinical significance of hemodilution during pregnancy.
Obstet Gynecol Surv 1982, 37:649–652.

42. Mohamed K, Hytten F: Oral ferrous sulfate supplements increase the free
radical-generating capacity of feces from healthy volunteers. In Iron and
folate supplementation in pregnancy. Edited by Chalmers IE, Keirse M, MLJC.
Oxford UK: Oxford University Press; 1989:301–317.

43. Kramer MS, Goulet L, Lydon J, Séguin L, McNamara H, Dassa C, Platt RW,
Fong Chen M, Gauthier H, Genest J: Socio economic disparities in preterm
birth: causal pathways and mechanisms. Paediatr Perinat Epidemiol 2001,
15:104–123.

44. Bloomberg L, Meyers J, Braverman MT: The importance of social
interaction: a new perspective on social epidemiology, social risk factors,
and health. Health Educ Q 1994, 21:447–463.

45. Parker JD, Schoendorf KC, Kiely JL: Associations between measures of
socioeconomic status and low birth weight, small for gestational age, and
premature delivery in the United States. Annals of Epidemiology 1994, 4:271–279.

46. Ferraz EM, Gray RH, Cunha TM: Determinants of preterm delivery and
intrauterine growth retardation in North-East Brazil. Int J Epidemiol 1990,
19(1):101.

47. Stevenson DK, Verter J, Fanaroff AA, Oh W, Ehrenkranz RA, Shankaran S,
Donovan EF, Wright LL, Lemons JA, Tyson JE, Korones SB, Bauer CR, Stoll BJ,
Papile LA: Sex differences in outcomes of very low birthweight infants:
the newborn male disadvantage. Arch Dis Child Fetal Neonatal Ed 2000,
83(3):F182–185.

48. Khoury MJ, Marks JS, McCarthy BJ, Zaro SM: Factors affecting the sex
differential in neonatal mortality: the role of respiratory distress
syndrome. Am J Obstet Gynecol 1985, 151(6):777–782.

49. Olusanya B, Ofovwe G: Predictors of preterm births and low birthweight
in an inner-city hospital in Sub-Saharan Africa. Matern Child Health J 2010,
14:978–986.

50. Abrams E, Milner DA Jr, Kwiek J, Mwapasa V, Kamwendo DD, Zeng D,
Tadesse E, Lema VM, Molyneux ME, Rogerson SJ, Meshnick SR: Risk factors
and mechanisms of preterm delivery in Malawi. Am J Reprod Immunol
2004, 52(2):174–183.

51. Sai F, Measham D: Safe motherhood initiative: getting our priorities
straight. Lancet 1992, 39(8791):478–480.

52. Palaniappan B: Role of antenatal care in safe motherhood. J Indian Med
Assoc 1995, 93:52–54.

53. Lynch CD, Zhang J: The research implications of the selection of a
gestational age estimation method. Paediatr Perinat Epidemiol 2007,
21(s2):86–96.

54. Wegienka G, Baird DD: A comparison of recalled date of last menstrual
period with prospectively recorded dates. J Wom Health 2005, 14(3):248–252.

55. Savitz D, Terry JJ, Dole N, Thorp JJ, Maria S-RA, Herring A: Comparison of
pregnancy dating by last menstrual period, ultrasound scanning, and
their combination. Am J Obstet Gynecol 2002, 187(6):1660–1666.

56. Ellertson C, Elul B, Ambardekar S, Wood L, Carroll J, Coyaji K: Accuracy of
assessment of pregnancy duration by women seeking early abortions.
Lancet 2000, 355:877–881.

57. Rosenberg RE, Ahmed NU, Ahmed S, Saha SK, Chowdhury AM, Black RE,
Santosham M, Darmstadt GL: Determining Gestational Age in a Low-
resource Setting: validity of Last Menstrual Period. J Health Popul Nutr
2009, 27:332–338.

58. Winikoff B, Ellertson C, Elul B, Sivin I: Acceptability and feasibility of early
pregnancy termination by mifepristone-misoprostol. Results of a large
multicenter trial in the United States. Mifepristone Clinical Trials Group.
Arch Fam Med 1998, 7(4):360–366.

59. Yang H, Kramer MS, Platt RW, Blondel B, Bréart G, Morin I, Wilkins R, Usher R:
How does early ultrasound scan estimation of gestational age lead to
higher rates of preterm birth? Am J Obstet Gynecol 2002, 186(3):433.

60. Hoffman CS, Messer LC, Mendola P, Savitz DA, Herring AH, Hartmann KE:
Comparison of gestational age at birth based on last menstrual period
and ultrasound during the first trimester. Paediatr Perinat Epidemiol 2008,
22(6):587–596.

61. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani DG, Jha P,
Campbell H, Walker CF, Cibulskis R: Global, regional, and national causes
of child mortality in 2008: a systematic analysis. Lancet 2010,
375(9730):1969–1987.

62. Darmstadt GL, Bhutta ZA, Cousens S, Adam T, Walker N, de Bernis L:
Evidence-based, cost-effective interventions: how many newborn babies
can we save? Lancet 2005, 365(9463):977–988.

doi:10.1186/1471-2431-14-112
Cite this article as: Shah et al.: Incidence and risk factors of preterm
birth in a rural Bangladeshi cohort. BMC Pediatrics 2014 14:112.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Study setting and population
	Study implementation
	Inclusion and exclusion criteria
	Assessment of exposure variables
	Assessment of outcome variable
	Data quality assurance
	Statistical analyses
	Ethical approval

	Results
	Socioeconomic and background characteristics: distal factors
	Pregnancy related data: intermediate factors
	Antenatal health, complication and antenatal care: proximal factors
	Multivariable regression analysis

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


