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Abstract
Background: For parents, stillbirth is a disappointing phenomenon; thus, identifying the associated risk
factors can be bene�cial in order to prevent this event. This study aimed to investigate the incidence and
risk factors associated with stillbirth.

Methods: In this historical cohort study, a total of 18129 birth records were investigated. For each case of
stillbirth, three live birth infants on the same day and same hospital were selected as the controls, which
were matched for gestational age. The data was collected using a researcher-made checklist. Finally,
data were analyzed using STATA, 13.0 with Cox proportional hazards regression model at the
signi�cance level of 0.05.

Results: The cumulative incidence of still birth was 9.48 per 1000 live births. Based on multivariate Cox
regression model, �ve risk factors for stillbirth were identi�ed, including male gender, fetal diseases,
gestational hypertension, gestational diabetes, and hypothyroidism, (all hazard ratios > 1 and p<0.05).

Conclusion: For the �rst time, maternal hypothyroidism, oligohydramnios and polyhydramnios were
shown as risk factors for stillbirth, which were not evaluated in any previous study. The �ndings of this
study suggest that some maternal and fetal risk factors can be recognized as predictors of stillbirth,
which might help to prevent and detect high-risk parents at early stages in order to avoid adverse health
consequences in the mother and her neonate.

Background
According to world health organization (WHO), stillbirth is de�ned as the number of babies born without
signs of life at or greater than 28 completed weeks' gestation with weight <1000 gr or height <35 cm [1].
Despite the increasing attention toward maternal, neonatal and child health, stillbirths still remain a major
public health concern, as not counted in the millennium development goals, nor current sustainable
development goals [2]. In recent years, attempts were made, using documented data to establish
standard cut-offs for pregnancy and birth weight [3]. In 2015, WHO estimated that 2.6 million stillbirths,
ranging from 3.0-0.4 million occurs annually throughout the world [4]. About 98 percent of stillbirths
occur in low- and middle-income countries, especially in sub-Saharan Africa and South Asia [5-7].
Stillbirth rate is 10 times higher in the developing countries than in the developed ones [3,8]. Almost
47,000 stillbirth occurs yearly in Tanzania [7]. Generally, the rate of stillbirth in developing countries is
estimated at 25.5 per 1000 births, whereas it is 5.3 per 1000 births in developed countries [3]. There are
many maternal and fetal risk factors for stillbirth, including smoking, alcohol consumption, number of
delivery ≥3, high maternal age (over 35 years), low maternal education, chronic maternal diseases,
preeclampsia, multiparty, gestational diabetes, antepartum hemorrhage, premature rupture of
membranes, hypertensive conditions in pregnancy, caesarean section, cephalo-pelvic disproportion,
prolonged / obstructed labor, and congenital abnormalities, lack of antenatal care, poor maternal
nutrition, infections during pregnancy, birth asphyxia, and intra- uterine growth restriction [9-16].
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Since still birth might cause severe psychological problems such as stress, anxiety and depression for the
involved mother and her family, this issue can lead to irreparable mental damage and high burden of
costs to the family and healthcare system, affecting future pregnancies [17].

To date, no study has investigated risk factors for stillbirths, using statistical modeling through a
population-based study, and most of the studies using small sample size have examined merely the
incidence of stillbirths. Although, a few studies in other countries have identi�ed the risk factors
associated with stillbirth, maternal and fetal variables were not simultaneously evaluated. Therefore, this
is the �rst study with a large sample size determining the incidence of stillbirths through a population-
based cohort study, by identifying risk factors for stillbirth according to two maternal and fetal causes.

Methods
Study procedure

This study design was conducted in two historical cohort and nested case-control phases.

Phase 1: Historical cohort

This study reviewed a total of 18129 medical records in �ve major midwifery hospitals (three tertiary and
two private hospitals) in Shiraz, the capital of Fars province, Iran, using census method between March
2016 and March 2017. The cohort included all cases of pregnant women who referred to these hospitals
for termination of their pregnancy, including vaginal delivery, cesarean section, and stillbirth. It should be
mentioned that all standard forms of the Ministry of Health were added to the patients’ medical records,
and were completed by midwives and operating room nurses.

Phase 2: Nested case-control cohort

For each case of stillbirth, three controls were selected from those who had not experienced stillbirth, and
had given live births in the same hospital on the same day. In both case and control groups, week of
gestation was acknowledged as a time-matched variable, and the required data were obtained using a
researcher-made checklist.

Study variables were maternal characteristics, such as age, blood group, blood RH, number of labors,
number of abortion, mode of delivery, maternal disease during pregnancy (at least having one of
following diseases: gestational diabetes mellitus, gestational hypertension (blood pressure ≥ 140/90
mm Hg) and hypothyroidism); and fetal characteristics, including fetus gender, birth weight, fetal disease
(at least having one of following diseases: Intrauterine growth restriction (IUGR), congenital anomaly,
chromosomal disorder, oligohydramnios, polyhydramnios, brain disorder and severe hydrops). All female
residents of Shiraz with Iranian nationality referred to the obstetrics units of the selected hospitals were
eligible for recruitment in this study. This study used a time-to-event method for weeks of gestation in
both case and control cohorts, and Cox regression model was implemented to investigate factors
associated with stillbirth. Positive Hazard Ratio (HR) means that it causes the variable increases the
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event of stillbirth. For modelling, the variables with p<0.2 were entered into the multivariate Cox
regression model. All study variables were analyzed using STATA software, version13.0. Descriptive data
are presented as mean and Standard Deviation (± SD) for continuous variables and frequency (%) for
categorical ones. The differences between subgroups were compared using independent-sample t-test
and Chi-square test. All quantitative variables were tested for normal distribution by Kolmogorov-Smirnov
test and statistical graphs (i.e. histogram and box-plot). Univariate and multivariate Cox regression
analyses were applied and reported separately for both maternal and fetal variables. (Verbal consent was
obtained from each patient when admitted to the hospital by medical staff.) 

Results
Maternal risk factors

The average age for mothers was 28.72 ± 5.99 years, ranging 16-45 years. Table 1 shows demographic
and clinical characteristics of the participants.

In our study, the cumulative incidence of stillbirth was 9.48 per 1000 live births (95% Con�dence Interval
(CI) 8-11). The incidence of stillbirth was 0.38 (95% CI 0.1-0.7), 7.72 (95% CI 6-9) and 1.37 (95% CI 0.8-2)
per 1000 live births amongst mothers under the age of 20, 20 to 35, and 35 and older age, respectively.

Among maternal variables, maternal age, number of abortions, number of deliveries, blood group, blood
RH, maternal diseases (e.g. gestational hypertension, gestational diabetes mellitus, and hypothyroidism)
were associated with stillbirth in maternal Univariate analysis [Table 2]. Eventually, in modelling using
multivariate cox regression analysis, three maternal variables remained as the most important predictors
of stillbirth, including pregnancy hypertension (HR=2.38; 95%CI 1.38-4.12; p-value=0.002), hypothyroidism
(HR=2.24; 95%CI 1.37-3.63; p-value=0.001), and gestational diabetes mellitus (HR=1.94; 95%CI 1.17-3.24;
p-value=0.010) [Table 3and Figure 1].

Fetal risk factors

The incidence of stillbirth amongst males and females were 8.32 (95% CI 7-9) and 1.15 (95% CI 0.7-1) per
1000 live births, respectively. Among fetal variables, male gender, birth weight and fetal diseases (i.e.
IUGR, congenital anomaly, chromosomal disorder, oligohydramnios, polyhydramnios, brain disorder and
severe hydrops) were associated with stillbirth in maternal Univariate analysis [Table 2]. Finally, results of
statistical modelling with multivariate cox regression showed that two fetal variables remained as the
most important predictors of stillbirth, including male gender(HR=3.45; 95%CI 2.16-5.50; p-value=0.001)
and fetal diseases (IUGR, congenital anomaly, chromosomal disorder, oligohydramnios, polyhydramnios,
brain disorder and severe hydrops) (HR=3.23; 95%CI 2.30-4.54; p-value=0.001) [Table 3and Figure 1].

Discussion
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In this historical cohort study conducted among 18129 hospital records, the following results were
reached: the cumulative incidence rate of stillbirth was 9.48 per 1000 live birth. Among maternal causes,
gestational hypertension was identi�ed as the �rst risk factor associated with increased risk of stillbirth.
The �ndings also showed that gestational diabetes was the other risk factor for stillbirth, which increased
the risk by twofold. Pregnant women with hypothyroidism were twice more likely to have stillbirth than
healthy pregnant women. Amongst fetal causes, male gender increased the risk of still birth by more than
threefold. Fetal disease (i.e. IUGR, congenital anomaly, chromosomal disorder, oligohydramnios,
polyhydramnios, brain disorder and severe hydrops) was identi�ed as the other main predictor of
stillbirth, which increased the risk by threefold. For the �rst time, maternal hypothyroidism,
oligohydramnios and polyhydramnios were shown as risk factors for stillbirth, which were not evaluated
in any previous study.

Maternal predictors

The �ndings of this study showed that the cumulative incidence of stillbirth was 9.48 per 1000 live birth.
In a study conducted by Tshibumbu et al., 2014 in Namibia, the rate of stillbirth was reported as 12 per
1000 births [18], and the incidence of the stillbirth in hospital in few months was 8% or 80 per 1000 births
[19]. However, Blencowe et al., 2016 estimated the rate of stillbirth as 23 per 1000 live births in India [20].
Our estimates of stillbirth incidence was much lower, which can be due to racial, environmental, and
socioeconomic differences or variations in data collection methods.

In addition, Neogi et al., 2018, Newtonraj et al.,2017, Ashish et al.,2015, Liu et al.,2014, Al-kadri et al.,2012,
Mutihir et al.,2010, concluded that gestational hypertension was one of the factors associated with
stillbirth, which was in line with the results of our study [21-26]. Gestational hypertension increases the
risk placenta to be separated earlier by twofold, leading to fetal-growth disorders, by increasing the risk of
maternal mortality by threefold [27].

Furthermore, gestational diabetes mellitus was shown to be signi�cantly associated with stillbirth, which
is consistent with the systematic review of Liu et al., 2014, indicating that gestational diabetes mellitus
increased the risk of stillbirth by 2 to 5 folds. This was also supported by the results of Kean et al., 2009,
Casson IF et al.,1997, Dunne F et al., 2003, Dunne FP et al., 2009, [26,28-31]. Birth weight greater than
4000g is shown to increase the rate of stillbirth in diabetic mothers [32]. There is evidence that fetus of
diabetic mothers classi�ed as large for gestational age, is at greater risk of stillbirth [33]. Even with a
strong e�cient patient monitoring system, women with gestational diabetes mellitus are still at high risk
for stillbirth [34]. In fact, certain increase in blood glucose level or a sudden onset of diabetes mellitus in
the third trimester of pregnancy might lead to fetal death [35].

In addition, it was concluded that hypothyroidism could lead to stillbirth, which was consistent with the
results of Liu et al., 2014, and other previous studies [26,36-38]. This is justi�able, since endocrine
disorders (thyroid dysfunction) occurs mainly in women, and its prevalence amongst women in Shiraz, is
high [39]. Azizi et al., concluded that maternal hypothyroidism during pregnancy leads to placenta
abruption, prematurity and low birth weight, intrauterine growth restriction, congenital malformations and
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stillbirth [40]. In addition, thyroid disease is very common in Iran, especially among women, and many
women of childbearing age who have hypothyroidism are unaware of their illness [41]. Chen et al., 2014
proposed that hypothyroidism leads to IUGR, hypertension and premature rupture of membranes [42].

Fetal predictors

Rate of stillbirth amongst male gender is 3 times higher than females, which is supported by Mutihir et
al., 2010, and male gender is two times more likely to have stillbirth [23]. This can be due to higher
susceptibility of the male gender in the embryonic period, as well as higher rate of male birth [43-48].

Novelty, according to the �ndings of this study, fetal diseases (IUGR, congenital anomaly, chromosomal
disorder, oligohydramnios, polyhydramnios, brain disorder and severe hydrops) were associated with
increased risk of stillbirth by threefold, which was consistent with results of Patel et al., 2014, Newtonraj
et al., 2017, Kean et al., 2009, and Liu et al., 2013 [28,36,40,49]. It should be noted that for the �rst time,
maternal hypothyroidism, oligohydramnios and polyhydramnios were shown as risk factors for stillbirth,
which were not evaluated in any previous study.

Importantly, in the present study, Univariate analysis without considering the confounding effect of some
covariates such as maternal age, mother’s blood group, number of abortion and fetal weight were shown
to be associated with still birth. However, after taking into account the confounding effect, these variables
did not remain as risk factor. Therefore, interpretation of the result without considering the confounding
effect would be misleading.

Conclusion
For the �rst time in Iran, the cumulative incidence rate of stillbirth was revealed to be 9.48 per 1000 live
births in this population-based historical cohort study.

This study indicate that the predictors of stillbirth include fetus gender, gestational hypertension,
gestational hypothyroidism, gestational diabetes mellitus and fetal diseases (IUGR, congenital anomaly,
chromosomal disorder, oligohydramnios, polyhydramnios, brain disorder and severe hydrops).
Importantly, the �ndings of our study suggest that maternal hypothyroidism, oligohydramnios and
polyhydramnios were risk factors for stillbirth, which were not evaluated in any previous study. Also, our
study con�rmed that without considering the confounding effect through statistical modelling, the
interpretation of the result would be ambiguous.
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characteristics Case (n=172)

n(%)

Control (n=516)

n(%)

P_value

Maternal age(year)

20>

20-35

35<

 

7(4.1)

140(81.4)

25(14.5)

 

45(8.7)

411(79.7)

60(11.6)

0.09

Gestational hypertension

No

yes

 

152(88.4)

20(11.6)

 

516(100)

0(0)

0.001>

Gestational hypothyroidism

No

yes

 

147(85.5)

25(14.5)

 

515(99.8)

1(0.2)

0.001>

Gestational Diabetes mellitus

No

yes

 

145(84.3)

27(15.7)

 

 

516(100)

0(0)

0.001>

Mod of delivery

Cesarean

Vaginal

 

5 (3)

167 (97)

 

248 (48)

268 (52)

 

<0.001

Fetus gender

Female

Male

 

21(12.2)

151(87.8)

 

240(46.5)

276(53.5)

0.001>

 

 

Fetal diseases

No

yes

 

102(59.3)

70(40.7)

 

516(100)

0(0)

0.001>

 

Birth weight (g)

 mean ± standard deviation

388.09± 428.98 3036.61±331.30 0.001>

Table 2. Univariate analysis on the relationship between the study factors and stillbirth
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Variables Cox regression

n HR (95% CI) P_value

Maternal age(year)

<20(reference)

20-35

>35

 

52

551

85

 

1

1.94 (0.91-4.16)

2.77 (1.20-6.42)

 

 

0.086

0.017

Blood RH

Positive(reference)

Negative

 

649

39

 

1

1.11 (0.60-2.06)

 

 

0.722

Blood group

AB (reference)

A

B

O

 

231

168

173

116

 

1

3.47 (1.87-6.44)

3.78 (2.05-6.95)

10.79 (6.12-19.03)

 

 

0.001

0.001

0.001

Gestational hypertension

No(reference)

Yes

 

668

20

 

1

9.31 (5.80-14.94)

 

 

0.001

Maternal hypothyroidism

No(reference)

Yes

 

662

26

 

1

6.23 (4.06-9.54)

 

 

0.001

Gestational Diabetes mellitus

No(reference)

Yes

 

 

661

27

 

 

1

7.02 (4.62-10.67)

 

 

 

0.001

Fetus gender

Female(reference)

Male

 

261

427

 

1

4.82 (3.05-7.61)

 

 

0.001

Fetal diseases

No(reference)

 

618

 

1
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Yes 70 5.35 (3.94-7.27) 0.001

Fetal weight (gr) 688 0.99 (0.99 - 0.99) 0.001

Number of abortions 688 1.49 (1.22-1.81) 0.001

 Number of labors 688 1.10 (0.94-1.29) 0.200

Table 3.Statistical modelling on the relationship between the study factors and stillbirth using multiple
Cox regression

variables Cox model

n HR(95% CI) P_value

Gestational Hypertension

No(reference)

Yes

 

668

20

 

1

2.38 (1.38-4.12)

 

 

0.002

Gestational  hypothyroidism No(reference)

Yes

 

662

26

 

1

2.24 (1.37-3.63)

 

 

0.001

Gestational Diabetes mellitus

No(reference)

Yes

 

 

661

27

 

 

1

1.94 (1.17-3.24)

 

 

 

0.010

Fetus gender

Female (reference)

Male

 

261

427

 

1

3.45 (2.16-5.50)

 

 

0.001

Fetal disease*

No (reference)

Yes

 

618

70

 

1

3.23 (2.30-4.54)

 

 

0.001

*Fetal disease (i.e. IUGR, congenital anomaly, chromosomal disorder, oligohydramnios, polyhydramnios,
brain disorder and severe hydrops)

Figures
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Figure 1

The maternal and fetal risk factors of stillbirth based on �nal modelling.


