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↑What is “already known” in this topic: 
Reducing neonatal mortality is the key to reduce the overall 
under-five mortality to achieve the SDG 3.   
 
→What this article adds: 

This study identified a list of risk factors of neonatal mortality 
in Iran and divided them into modifiable and identifiable ones.  
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Abstract 
    Background: Reducing neonatal mortality is an important measure to reduce the overall under-five-years’ mortality. Identifying the 
risk factors is the first step in this regard. This study performed with the aim of determining the risk factors of the neonatal mortality in 
Iran. 
   Methods: Databases of SID, MagIran, IranMedex, IronDoc and Google Scholar for the Persian resources and Scopus, Science 
Direct, PubMed, Ovid, EMBASE, ISI web of science and Cochrane for English resources were searched up to January 2017. The 
inclusion criteria were the studies analyzing at least one risk factor for neonatal mortality in Iran with a control group and multivariate 
regression analysis. Eight papers met the inclusion criteria. The risk factors were extracted and tabulated.  
   Results: Of the 1713 records retrieved, 8 were eligible to include in the analysis. Preterm birth, low birth weight, smoking and 
addiction, and anomaly were the important risk factors of neonatal mortality in Iran. Moreover, an extended list of potential risk factors 
identified on most of which the evidence was controversial and insufficient. The factors categorized into modifiable and identifiable 
ones.  
   Conclusion: On the modifiable risk factors, proper intervention, and on the non-modifiable ones, early detection and special care 
may be helpful in preventing the babies from death. Population-based studies with large sample size and multivariate analysis are 
needed to make clear the effect size of the identified risk factors.  
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Introduction 
One of the goals of the Millennium Development Goals 

(MDGs) was to reduce the under-five mortality by two-
third by the year 2015 (1). Afterward, in the Sustainable 
Development Goals (SDGs) the target is repeated under 
the third goal “Ensure healthy lives and promote well-
being for all at all ages” (2). Since about two third of the 
infant mortality (3) and about half of the under-five mor-
tality (4) occur in the neonatal period (within 4 weeks 
after birth), to attain this target, countries must focus on 
reducing the neonatal mortality rate (NMR) (5). Moreo-
ver, a study i n 18 hospitals of Jordan reported that 37% of 
the neonatal mortalities are preventable and another 59% 
are potentially preventable (6). 

The NMR in Iran has been significantly declined in past 
decades from 27 deaths in every 1000 live births in 1990 
to 10 in 2015 (4). But the decreasing trend slowed down 
recently (7) and some neighboring and regional countries 
have surpassed it (4).  

To reduce the NMR, the first step is to identify its risk 
factors (8). Even if we control some of the identified risk 
factors, fewer newborns will be lost, and fewer parents 
will experience the grief, sorrow, and mental and social 
damage of losing a newborn (9). 

Numerous studies took place in Iran on risk factors of 
neonatal mortality, and various factors are reported to be 
predictive. Yet, working on all risk factors is not easily 
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possible for the governments. Also relying upon the find-
ings of individual studies may cause problems (10). In 
addition, the search of the literature did not result in a re-
view of the risk factors of neonatal mortality in Iran or the 
countries of the region. So in this paper, we tried to sys-
tematically review the literature to identify the key risk 
factors of the neonatal mortality in Iran.  

 
Methods  
Search performed in Persian (the formal language of the 

country) on national databases and in English on interna-
tional ones. Databases of SID, Magiran, IranMedex, Iran-
Doc and Google Scholar search engine were searched for 
Persian publications and Scopus, Science Direct, PubMed, 
Ovid, EMBASE, ISI web of science and Cochrane for the 
English ones. The search was done in January 2017 with 
no time limit. Keywords were “neonate*”, “newborn*”, 
“mortality*”, “death*”, “Iran” and their Persian equiva-
lents. To increase the sensitivity of the search, we did not 
use “risk factor” in the search strategy. Reference check of 
the included papers performed by hand search. Google 
Scholar’s citation was used for citation check of the in-
cluded papers. Retrieved articles pooled in EndNote X7 
software and the duplicates identified and removed. An 
example of search strategy which applied in PubMed is: 
(((mortality[Title/Abstract]) AND Iran[Title/Abstract])) 
AND ((newborn[Title/Abstract]) OR neo-
nat*[Title/Abstract]). 

Inclusion criteria were studies with a control group, 
multivariate regression and investigating at least one risk 
factor for neonatal mortality in Iran. Exclusion criteria 
were studies limited to a special group of neonates such as 
newborns having infection or prematurity or low birth 
weight (LBW), studies with any form of intervention, case 
reports, studies on perinatal mortality without separating 
stillbirth and neonatal death, and studien on the causes of 
death, not the risk factors. Papers with no full text (such as 
conference abstracts) were excluded because of no possi-
bility of quality assessment and extraction of all intended 
data.  

Data were extracted from the included papers. With the 
aim of uniform handling of the data, we used an extraction 
table. The extraction table was piloted for 3 studies and 
then revised. The revised table included language, year, 
title, authors, journal name, study design, study time peri-
od, study place and population, sampling method, sample 
size, data collection method, statistical tests used, and the 
findings.  

All included studies were case-control studies, and no 
cohort study was found. To choose the appropriate tool for 
quality appraisal, we used the systematic review by Zeng 
et al. (11). They have recommended “Newcastle-Ottawa 
Scale” for case-control studies (12). Scores of the quality 
less than 33% considered as poor, 33% to 67% as moder-
ate, and above 67% as good quality.  

Content analysis method, as a way to analyze text data, 
was used to analyze the intended data. Risk factors of ne-
onatal mortality divided into two main groups of modifia-
ble and identifiable factors and then to four categories of 
neonatal factors, maternal and pregnancy factors, factors 

related to birth and hospital, and the socio-economic fac-
tors. The modifiable factors were defined as situations that 
can be changed either by the parents or the health care 
providers before and during the pregnancy. The identifia-
ble factors were defined as situations that totally cannot be 
changed (such as the gender of the baby), cannot be 
changed in the short term, or are very hard to change.  

Neonatal mortality is defined by the World Health Or-
ganization (WHO) as the death of newborns that born 
alive and dead before the day 28 of life (13). In this study, 
we used the WHO definition.  

We tried to do a meta-analysis on odds ratios (ORs) to 
produce a pooled effect estimate for the identified risk 
factors and to calculate the population-attributable risk for 
them. We assessed the heterogeneity of the studies by 
considering the design and population of the studies and 
also by the I2 statistics. Some studies had performed con-
ditional logistic regression while others had done it with-
out condition. So there was methodological heterogeneity. 
Study populations also varied (hospital, rural, all popula-
tion) and there was clinical heterogeneity (14). So Ran-
dom Effect model applied for meta-analysis. The I2 statis-
tics showed high heterogeneity among the included stud-
ies. But the number of ORs reported for individual risk 
factors was low and it was impossible to do sensitivity 
analysis. Thus we put aside the results of the meta-
analysis and satisfied with the qualitative review of the 
evidence. 

 
Results 
A total of 1713 articles were retrieved and finally eight 

of them were included in the study. Figure 1 shows the 
diagram of the searching and screening process of the 
studies. Of the included studies one study had a good and 
seven studies had moderate quality.  

Modifiable factors related to neonatal mortality in Iran 
are presented in Table 1. As it can be seen, among them 
gestational age, birth weight, and mother’s age had been 
investigated in more studies. According to Table 1, 
prematurity, LBW and smoking/addiction had the biggest 
effect on neonatal mortality in Iran. Mother’s body mass 

 

 
Fig. 1. Search and screening diagram of references for systematic 
review of risk factors of neonatal mortality in Iran 

Records identified through 
database searching (n = 1713) 

Records after duplicates 
removed (n = 1188)

Additional records identified 
through other sources (n = 3) 

Records screened  
(n = 138) 

Records excluded by abstract 
(n = 64) 

Articles assessed for eligibility 
(n = 74) 

Records excluded:  

• No full-text available (n = 16) 
• No eligibility: (n= 32) 
• No control group: (n=11) 
• No multivariate analysis: (n=7) 

Studies included (n = 8) 

Records excluded by title 
(n = 1050) 
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index (BMI), the birth attendant, and childbirth in the 
hospital found to have no correlation with neonatal mor-
tality in Iran. 

Table 2 shows those risk factors of neonatal mortality 
which are not modifiable but are identifiable. Number of 
pregnancy/childbirth, male gender, and consanguinity 
were investigated more than other factors. It seems that 
congenital anomaly, birth asphyxia, and high-risk preg-
nancy have bigger effects on neonatal mortality in Iran.  

Characteristics of the included studies are presented in 
Table 3.  

Discussion 
This study reviewed the risk factors of neonatal mortali-

ty in Iran. The most important risk factors were prematuri-
ty, LBW, smoking and addiction of mother, and anomaly. 
The review identified an expanded list of potential risk 
factors for neonatal mortality which can be a basis for the 
future. Future studies on neonatal mortality may consider 
these factors for data collection and analysis. Yet the find-
ings on most of the risk factors were contradictious. Ma-
jority of the identified risk factors were investigated in 
only one or two studies. On the other hand, considering 

Table 1. Modifiable risk factors of neonatal mortality in Iran and their frequency 
Category Risk factor Statistical correlation with neonatal death 

Yes No 
Neonatal risk factors Gestational age (prematurity) **** * 

Low birth weight ***** * 
Maternal and pregnancy risk 
factors 

Mother’s BMI  * 
Birth interval ** ** 

Birth and hospital risk factors Cesarean section * ** 
Vaginal delivery ** 
Birth attendant  * 

Childbirth in hospital  ** 
Socio-economic risk factors Smoking and passive smoking **  

Addiction of mother *  
Father’s addiction *  

Number of the stars indicates the frequency that a risk factor is investigated in the studies. 
 
Table 2. Identifiable risk factors of neonatal mortality in Iran and their frequency 
Category Risk factor Statistical correlation with neonatal death 

Yes No 
Neonatal risk factors Height  * 

Low Apgar score * * 
Male gender * *** 
Blood group  * 

Twin/multiple pregnancy * ** 
Congenital anomaly ***  

Birth asphyxia ** * 
Hospitalization  * 

Respiratory problems  * 
Maternal and pregnancy risk factors Mother’s height less than 150 cm  * 

Mother’s age less than 20 or more than 35 * **** 
Number of pregnancy/childbirth ** **** 
Premature rupture of membranes  * 

Placenta Previa  * 
History of neonatal death * * 

History of stillbirth or abortion  * 
History of preterm birth  * 

Polyhydramnios *  
Oligohydramnios  * 

Placental abruption *  
High risk pregnancy **  

Eclampsia/ pre-eclampsia  * 
No exclusive breastfeeding *  

Use of corticosteroids during pregnancy  * 
Birth and hospital risk factors Hard delivery  * 
Socio-economic risk factors Place of living  * 

Employed mother (not housewife)  * 
Father’s job  * 

Father’s education  *** 
Number of household members  * 

Mother’s education * ** 
Consanguinity * *** 

Number of the stars indicates the frequency that a risk factor is investigated in the studies. 
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the reported ORs on these factors, it can be said that the 
evidence on risk factors of neonatal mortality in Iran is 
insufficient. Thus we recommend more studies in this 
regard.  

The maternal and pregnancy risk factors and the socio-
economic ones were investigated less than other factors, 
probably due to the retrospective nature of the studies and 
chart review method of data collection. Some socioeco-
nomic factors such as ethnicity, income level, and social 
class also were not examined in the reviewed papers while 
they are reported to have an effect (23-25). 

Gestational age identified as a risk factor of neonatal 
mortality in Iran. WHO had introduced preterm birth as 
one of the most important risk factors of the neonatal mor-
tality (26). A study on preterm neonates in Iran found that 
higher gestational age was correlated with lower neonatal 
death (27). Preterm birth is reported to be correlated with 

unwanted pregnancy, not receiving pregnancy care, not 
attending educational courses during pregnancy, mother’s 
age, obesity, underweight, preeclampsia, premature rup-
ture of membranes, cesarean section, history of preterm 
baby, low socioeconomic status, and living in rural area 
(24, 27-32). Thus it is, at least to some extent, modifiable. 
Furthermore increasing the quality of care before, within 
and between pregnancies may reduce the prevalence of 
preterm birth (26) and special care of such newborns may 
reduce their mortality (33). Vakilian et al. in a systematic 
review and meta-analysis reported the prevalence of pre-
term birth (before 37 weeks) in Iran to be 9.2% (34). 

This review found the LBW as one of the main risk fac-
tors of the neonatal mortality in Iran. It is reported to be a 
risk factor in other countries too (35). LBW is also a risk 
factor for infant mortality (36). It is associated with pre-
term birth, mother’s weight less than 50 Kg, BMI less 

Table 3. Characteristics of the included studies and the investigated risk factors 
Author / Year Lang. Study 

Period 
N. Neona-
tal Death 

N. Con-
trol 

Group 

Hospital / 
Population-

based 

Quality # Risk factors’ correlation with neonatal mortality α 
Yes No 

Sharifzadeh 
2003 (15) 

PR 2 years 90 180 Population Good 
(75%) 

• Smoking 
• Opium addiction 
• Father’s addiction to opium 
• Mother’s age less than 20 in the 

first pregnancy 
• Prematurity 
• Low birth weight 
• History of neonatal death 
• High-risk pregnancy 
• No exclusive breast feeding 

• Gender 
• Father’s literacy 
• History of abortion/ 

stillbirth 
• Number of pregnan-

cies 
• Birth order 
• Mother’s age 
• Birthplace 
• Birth attendant 
• Delivery method 
• Birth interval 
• Mother’s education 
• Number of household 

members 

Khani 2007 
(16) 

PR 3 years 119 381 Hospital Moderate 
(62.5%) 

• Gestational age 
• Birth weight 
• Mother’s education 
• Polyhydramnios 
• Vaginal delivery 
• Congenital anomaly 

• Number of deliveries 
• Mother’s job 
• Father’s job 
• Father’s education 
• Multiple pregnancies 
• Oligohydramnios 
• Using corticosteroids 

during pregnancy 

Chaman 2008 
* (17) 

PR 1 year 97 97 Population Moderate 
(62.5%) 

• High-risk pregnancy 
• Cesarean section 
• Low birth weight 

• Mother’s illiteracy 
• Father’s illiteracy 
• Gestational age 

Chaman 2009 
* (18) 

EN 1 year 97 97 Population Moderate 
(62.5%) 

• Low birth weight 
• Prematurity 
• Cesarean section 
• Child 4 or more 
• A birth interval less than 24 

months 

• Gender 
• Mother’s age 

Mohaddesi 
2013 (19) 

EN 3 years 250 250 Hospital Moderate 
(50%) 

• Apgar score below 6 in the first 
minute 

• Birth asphyxia 
• Vaginal delivery 
• Congenital anomaly 
• Number of deliveries (respec-

tively: first, six and more, four 
and five, two and three) 

• Low birth weight 
• Gender 
• Blood group of new-

born 
• History of preterm 

birth 
• Consanguinity 
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than 19.8, underweight, multiple pregnancies, birth spac-
ing less than two years, history of LBW, high blood pres-
sure in pregnancy, premature rupture of membranes, low 
weight gain in pregnancy, and nutrition in the third tri-
mester of the pregnancy (10, 28, 37-40). So it can be re-
duced by proper interventions. A study in Taiwan showed 
that economic growth leads to lower rates of LBW. The 
study also found that the social class is effective in the rate 
of LBW (41). Prevalence of the LBW in different cities of 
Iran has been reported to be 8.7% in Ahwaz, 7.7% in Ba-
bol, 8.5% in Shahrekord, and 7.9% in Birjand (37, 42-44). 

The findings were contradictious about the delivery 
method. Some studies reported the cesarean section and 
others reported vaginal delivery as the risk factor of neo-
natal mortality (Table 1). To assure the safety of newborns 
and mothers, the WHO recommends a rate of 5 to 15 per-
cent of births to be cesarean (45). But the rate was 48% in 
Iran during the years 2000 and 2012 as a systematic re-
view and meta-analysis showed (46). This high rate of 
cesarean indicates that a considerable proportion of them 
are elective and have no medical indication. A study in 
Nigeria also found an association between cesarean and 

neonatal mortality (47). Despite the low-income countries, 
middle-and-high income countries have higher rates of 
cesarean, and in this situation, no correlation is observed 
between the cesarean rate and the NMR (48).  

Smoking, passive smoking, and opium addiction by the 
pregnant mothers had direct correlations with neonatal 
mortality. Previous studies also had reported some other 
consequences for smoking during pregnancy; such as 
stillbirth, preterm birth, and LBW (10, 49, 50). Thus it is 
necessary to increase the awareness of the mothers 
through education and consultation and also to provide 
support for quitting smoking before the pregnancy (10, 
51). Moreover, in some areas of the country due to tradi-
tional beliefs, families give opium to the newborn with 
therapeutic purposes. This leads, in some cases, to death 
of the newborn (15, 21). It is needed to raise awareness in 
this regard too (21). 

In this review, the retrieved risk factors categorized into 
modifiable and identifiable ones. Yet some of the identifi-
able factors might be modifiable on the long term. Appro-
priate interventions are needed for modifiable factors. On 
the identifiable factors, efforts must concentrate on early 

Table 3. Ctd 
Author / Year Lang. Study 

Period 
N. Neonatal 

Death 
N. Control 

Group 
Hospital / 

Population-based 
Quality # Risk factors’ correlation with neonatal mortality α 

Yes No 
Chaman 2014 
* (20) 

EN 1 year 97 97 Population Moderate 
(62.5%) 

• Low birth weight 
• Prematurity 
• Close consanguinity 

(first cousin) 
• Birth order 4 and 

more 
• Cesarean section 
• A birth interval less 

than 24 months 

• Second cousin 

Kose Gharavi 
2016 (21) 

PR 3 years 52 201 Population Moderate 
(62.5%) 

• Low birth weight 
• Male gender 

• Birth in hospital 
• Birth order 
• Delivery method 
• Mother’s age 
• Place of residence 
• Consanguinity 
• Number of deliveries 
• Birth interval 
• Mother’s BMI 
• History of child death 

Ghotbi 2017 
(22) 

EN 1 year 181 362 Population Moderate 
(62.5%) 

• Gestational age 
• Birth weight 
• Anomaly 
• Asphyxia 
• Passive smoking 
• Birth interval less 

than 3 years 
• Multiple pregnancies 
• Placental abruption 

• Newborn’s height 
• Need to resuscitation 
• Respiratory problems 
• Apgar score 
• Hospitalization 
• Hard labor 
• Multiple childbirth 
• Mother’s age less than 

18 
• Mother’s age more 

than 35 
• Gravidity 5 or more 
• First gravidity 
• Mother’s height less 

than 150 
• Placenta previa 
• Eclampsia/ 

preeclampsia 
• Premature rupture of 

membranes 
EN: English; PR: Persian; *: publications with the same dataset; #: quality scores provided based on Newcastle-Ottawa Scale; α: based on multivariate regression 
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detection during pregnancy and on birth and then special 
attention and care. A good and practical example in this 
regard is the Apgar score. Since the Apgar score is, as a 
routine, calculated for all Iranian newborns in the hospi-
tals and delivery facilities, newborns with low Apgar 
score can be easily identified. A study in Brazil also found 
Apgar score a predictor of neonatal mortality (52). Other 
studies in Iran reported the scores of SNAP-PE II tool as a 
predictor of neonatal mortality (53, 54). Heidarzadeh et al. 
designed and implemented a system for identification and 
follow up of the high-risk infants in Tabriz, Iran which 
was successful in identifying the cases and reducing the 
consequences (55, 56). Other studies have emphasized 
early detection of high-risk pregnancies, giving more at-
tention to them and providing educational programs (10, 
57).  

Since 44% of the total neonatal deaths occur in the first 
day of birth, 62% in first three days, and 77% in the first 
week (58), it is suggested that special attention to be de-
voted to the newborns in these early days of life to save 
them. As it is stated in the above paragraph, proper care of 
the high-risk newborns can lead to reduced number of 
neonatal deaths. Yet, a study by Batieha et al. in 18 hospi-
tals in Jordan showed that only 37% of the newborns re-
ceived optimum care during the pregnancy and after birth 
(6). Another study in Colombia found a correlation be-
tween having health insurance and the lower rate of neo-
natal death (59) which is probably related to financial ac-
cess to prenatal and post-natal care. 

 
Limitations 
This review had some limitations. Sample size of most 

of the included studies was small. Majority of the studies 
were hospital-based. Moreover, the number of reported 
ORs for each risk factor was low. So we recommend con-
ducting large population-based studies with multivariate 
regression and reporting OR. 

 
Conclusion 
Preterm birth, LBW, smoking and addiction of mother, 

and anomaly were the important risk factors of neonatal 
mortality in Iran. Some other factors also were identified 
as potential risk factors. Yet, in general, the evidence was 
not strong and sufficient on the effect size of them, and 
there is a need for more population-based studies. On the 
modifiable risk factors, proper interventions and on the 
identifiable ones, early detection, and special care might 
prevent the newborns from death and thus help to lower 
the NMR.  
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