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Abstract

Background: Due to complex causal framework of neonatal mortality, improvement of this health indicator is quite gradual
and it’s decreasing trend is not as great as other health indicators such as infant and under 5 mortality rates.This study was
conducted to evaluate neonatal mortality risk factors based on nested case-control design.

Methods: The study population was 6900 neonates who were born in rural areas of Kohgiluyeh and Boyerahmad province
(South of Iran). They were under follow up till the end of neonatal period and the outcome of interest was neonatal death.
By using risk set sampling method, 97 cases and 97 controls were selected in study cohort.

Results: Prematurity (OR= 5.57), LBW (OR= 7.68), C-section (OR= 7.27), birth rank more than 3 (OR=6.95) and birth
spacing less than 24 months (OR=4.65) showed significant statistical association (P< 0.05) with neonatal mortality. The
Population Attributable Fraction (PAF) was 0.45 for LBW, 0.40 for prematurity, 0.28 for C-section, 0.30 for birth rank more
than 3, and 0.16 for birth spacing less than 24 months.

Conclusion: Prematurity, low birth weight, C-section, birth spacing less than 24 months and birth rank more than 3 are

important risk factors for neonatal mortality.
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Introduction

Neonatal mortality (death from the birth till 28"
day of life) is one of the most important de-
terminants of children health status. Neonatal
death has a complex causal framework and im-
provement of this health indicator is quite grad-
ual. In rural area of Iran, the decreasing trend
of neonatal mortality rate was not as great as
other health indicators such as infant and under
5 mortality rates. Based on reports of Iran Health
Ministry, from 1994 to 2004 in rural areas, the
infant mortality rate decreased from 36.3 to 23.7
per 1000 live births and under 5 yr children mor-
tality rate decreased from 45.3 to 29 per 1000
live births whereas neonatal mortality rate had little
improvement and decreased from 19 to 16.6 per
1000 live births (1). According to the results of the
studies in different regions of Iran, following the

implementation of health system network and de-
velopment of primary health care, infant and un-
der 5 yr mortality rates had substantial decrease
but there was not such progress in neonatal
mortality rate (2).

The similar trend has been reported in rural areas
of Kohgiluyeh and Boyerahmad: Infant mortal-
ity rate in this provience decreased from 35 in
1995 to 24 per 1000 live births in 2005, during
the same perid under 5 yr mortality rate de-
creased from 48 to 29 per 1000 live births while
neonatal mortality decreased from 21 to 17.5
per 1000 live births (3). The Kohgiluyeh and
Boyerahmad Province located in south east of
Iran, is one the less developed regions and it’s
population is estimated at 634299, from which
about 52% are living in rural area. Primary Health
Care (PHC) is provided by Behvars (especially
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trained health care providers for rural areas) in
370 health houses. The PHC coverage is 97% in
this province (3).

A population based case-control study on still
birth, neonatal mortality and their determinants
in Kurdistan Province (West of Iran) showed
that high risk pregnancy and mother illiteracy
were among significant determinants. Estimated
Odds Ratio (OR) for high risk pregnancy was
2.3(95% Confidence Interval (CI): 1.4-4.7) and
OR of illiteracy was 3.1(95% CI: 1.4-6.5). The
results did not show significant effect of birth
place, sex of neonate and delivery route on neo-
natal mortality (4).

Most of studies in Iran and also in other coun-
tries showed that prematurity (less than 37 weeks
of gestational age), congenital anomaly, male sex,
delivery interval less than 1 yr and Low Birth
Weight (LBW- less than 2500 gram of birth
weight) are main risk factors for neonatal deaths,
hence there is some variation between different
studies done in different locations so it is crucial to
examine the main risk factors in each specific lo-
cation (5-8).

The aim of present study was evaluation of neona-
tal death risk factors in a substantial sample of Ira-
nian neonates in a part of rural areas by using a re-
latively new design and modern analytic technique.

Material and Methods

This study was conducted as a nested case-con-
trol study, that is an efficient modality of case
control study with growing use in the health re-
lated literature (9- 12) and the study cohort was
all the neonates who were born in rural area of
Kohgiluyeh and Boyrahmad Province (South of
Iran) during a calendar year (from March 2006 till
March 2007). All of the cohort members (6900
subjects) were followed by the health house staff,
during neonatal period and relevant data were
recorded in health file for each neonate. The out-
come of interest was the neonatal death during the
first 28 d of life and at the time of each case’s oc-
currence the control was selected randomly from
among all neonates with same birth date. Thus the

sampling method was the risk set sampling with
one control for each case and due to occurrence
of 97 cases of neonatal death in the studied co-
hort (6900 newborn), 97 controls were selected,
resulting in a total sample size of 194.

For all the cohort members the baseline data
were appropriately collected from birth date to
the end of neonatal period. The outcome or de-
pendent variable was neonatal mortality set as a
dichotomous variable of any death from birth till
the end of 28" day of life. The independent vari-
ables were sex (male vs. female), gestational age
(<37weeks vs. =37 weeks), birth weight (<2500gr
vs. >2500gr), maternal age (<18 or >35 vs. 18 -
35), birth rank (>3 vs. <3), delivery route (C-
section vs. normal vaginal delivery (NVD)) and
birth spacing (<24 months vs. >24 months).

The data were analyzed using univariate and mul-
tivariate conditional logistic regression models, re-
porting crude and adjusted matched OR in each
analysis. Finally the Population Attributable frac-
tion was computed for the variables remained in
the model (13-14).

Results

We identified 97 cases and 97 controls in this well
defined cohort of 6900 neonates, based on risk
set sampling method. So we can expect NMR of
about 14.1 (95% CI: 11.3 to 16.9) per 1000). De-
scriptive results revealed great discrepancies in
frequencies of LBW, prematurity, delivery type
(C-section) and birth rank more than 3 in the two
groups (Table 1). Next a univariate conditional lo-
gistic regression for each variable was performed
separately (Table 2) and any risk factors that showed
marked association (P< 0.2) were selected for
the next step analysis. The result of this stage led
to exclusion of neonatal sex and maternal age.
The conditional logistic regression model included
the birth weight less than 2500 gr (OR=9.8, 95%
CI=3.90-24.60), gestational age less than 37 weeks
(OR=8.8, 95%(C1=3.50-22.20), birth spacing (with
previous birth) less than 24 months (OR=1.79,
95%Cl1=.78-4.08), C-section (OR=2.8, 95%Cl=
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1.36-5.76) and birth rank more than three (OR=
1.8, 95%CI=.96-3.38).

In the final model prematurity (Adjusted Odds
Ratio (AOR)= 5.57), LBW (AOR= 7.68), C-sec-
tion (AOR= 7.27), birth rank more than 3 (AOR=
6.95) and birth spacing less than 24 months
(AOR= 4.65) showed significant statistical asso-
ciation (P< 0.05) with neonatal mortality (Table 2).
As is seen in the table, age of the mother was
not related to the outcome both in the univariate
and multivariate models, birth rank (not significant
in the univariate) becomes significant and birth
spacing (significant in the univariate model) loses
its significance in the final model.

There is some augmentation/attenuation of the
Odds Ratios in the final model too. The OR for
gestational age and birth weight attenuates and
for the birth rank and delivery route augments
in the final model.

The Population Attributable Fraction (PAF) was
computed for the variables remained in the final
model. Given the assumption that the observed
relationships be causal, the PAF was as: 0.45 for
LBW, 0.40 for prematurity, 0.28 for C-section,

0.30 for birth rank more than 3, and 0.16 for birth
spacing less than 24 months.

Table 1: Descriptive frequencies of risk factors of neo-
natal mortality in a rural part of Iran-2006

. Cases Controls
Variables (%) (%)
Sex of neonate female 43 (44.3) 52 (53.6)

Male 54(55.7) 45 (46.4)

Birth weight >2500gr 47 (48.5) 91 (91.8)
<2500gr 52 (51.5) 6(8.2)

Gestational age >37 weeks 50 (51.5) 89 (91.8)
<37 weeks 47 (48.5) 8(8.2)

Delivery type
NVD 66 (68.0) 84 (86.6)
C-section 31 (32.0) 13 (13.4)
Birth rank <3 63(64.9) 75(77.3)

>3 34 (35.1) 22(22.7)

Birth spacing  >24 months 46 (47.4) 56 (57.7)

<24 months 19 (19.6) 13 (13.4)

First gestation 32 (33) 28 (28.9)

Maternal age (yr) 18-35 84 (86.6) 88(90.7)
<18o0r>35 13(134) 9(9.3)

Table 2: The results of univariate and multivariate conditional logistic regression of neonatal mortality risk factors in a
rural part of Iran-2006

Variables Crude OR 95% CI Adjusted OR 95% CI P

Sex:

Female 1 - -

male 1.43 0.82-2.50 0.210

Birth weight:

>2500gr 1 - - 1 - -
<2500gr 9.80 3.90-24.60 <0.001 7.68 1.49- 39.55 0.015

Gestational age:

>37 weeks 1 - - 1 - -
<37 weeks 8.80 3.50-22.20 <0.001 5.57 1.12- 27.60 0.035

Birth rank:

<3 1 i . ! ) .
3 18 0.96-3.38 0.068 6.95 1.90- 25.28 0.003

Birth spacing:

>24 months 1 - - 1 - 0 (;02
<24 months 1.79 0.78-4.08 0.167 4.65 1.13-19.13 ’

Delivery route:

NVD 1 - - 1 - -

C- section 2.8 1.36-5.76 0.005 7.27 2.05-25.72 0.033

Mother age (yr):

18-35 s 061367 0374

<18 or >35 ) T )
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Discussion

We found 97 neonatal deaths in 6900 births reg-
istered in the 12 month period in the rural area of
Kohgiluyeh and Boyerahmad Province of Iran.
This equals to a Neonatal Death Rate of about
14.1 in 1000 live births (95% confidence inter-
val: 14.1-16.9) that is a little smaller that prov-
ince statistic 17.5 per 1000 live births in 2005.
There are several explanations for this discrep-
ancy. Firstly it may be due to the improvement
of this index in recent years. There may be some
differences in the data collection methods of
this study and country report. Finally, this may
be due to the better situation of health care de-
livery in rural parts comparing urban parts. Irre-
spective of the cause of discrepancy, there
seems to be little influence on the results.

This study has identified; prematurity, LBW, C-
section, birth spacing less than 24 months and
birth rank more than 3 as potential risk factors
for neonatal mortality. Our findings did not show
significant effect of mother’s age and sex of neo-
nate on neonatal death. The results on prematur-
ity and LBW were similar to our previous study
(5). In the present study; sex of neonate was not
a risk factor, as similar as the study conducted
in Kurdistan province, But delivery route (C-
section) which the mentioned study study failed
to show significant association with neonatal mor-
tality, was a predictor of outcome in our study
(4). Our findings were similar to a case-control
study which was conducted in Recife city of Brazil
(6) indicating prematurity and LBW as neonatal
death risk factors. They did not observe signifi-
cant OR for delivery route but we identified C-
section as an important risk factor. Both studies
did not show significant association between neo-
natal death and maternal age. The significant ef-
fect of prematurity and LBW on neonatal mor-
tality in this research was similar to the study
which was conducted in Yazd City (7) but against
to our results regarding the effect of sex, they
did report the significant effect of sex. The pre-
sent study showed that birth spacing less than
24 months was a risk factor, in contrast to the

mentioned study that reported birth spacing less
than 12 months as a risk factor. Shirvani et al.
survey which was performed more than one dec-
ade earlier, showed prematurity, LBW, mater-
nal age older than 35 yr and birth rank higher
than 5 as neonatal death risk factors (15). Many
published studies have evidenced that low birth
weight with or without prematurity plays a role
in a complex framework of causality involving
genetic and environmental factors related to socio-
economic and mother health status (16-18). Al-
though the Population Attributable Fraction was
computed for the variables remained in the final
model, its results must be interpreted with great
caution as the type of design does not support
the causative relationship. The OR for C-section
(vs. Normal Delivery) was increased from 2.80
to the 7.27 by adjusting for the probable con-
founding variables (Table 2). As C-section may
be accompanied with high risk pregnancy, it was
supposed that the OR to be diluted by adding
any confounder to the model, but this was not
the case in our study and we did not find any
explanation for this situation.

One of the limitations of this study was that we
focused on neonatal factors of neonatal death and
our suggestion is to extension of nested case-con-
trol study to all maternal, neonatal and socio-
economic risk factors of neonatal mortality. The
another limitation points to the data gathering
method; the data of this study were extracted
from family health profiles which were recorded
by health house staff (Behvars), and we recom-
mend to consider other sources of data such as
hospitals, health care providing centers, and finally
directly from families (parents) if possible.
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