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Abstract

Background. For parents, stillbirth is a tragic experience; thus, identifying the associated risk factors can
be beneficial 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 18,129 birth records were investigated. The outcome
variable was having or not having stillbirth. For each case of stillbirth, three live birth infants on the same
day and same hospital were selected as controls, which were matched for gestational age. The data were
collected using a researcher-made checklist. Finally, data were analyzed using STATA, 13.0 with Cox pro-
portional hazards regression model at the significance level of 0.05.

Results. The cumulative incidence of stillbirth was 9.48 per 1,000 live births. Based on multivariate Cox
regression model, five risk factors for stillbirth were identified, including male gender, fetal diseases, gesta-
tional hypertension, gestational diabetes, and maternal hypothyroidism, (all hazard ratios > 1 and p<0.05),
and - for the first time in Iran - maternal hypothyroidism, oligohydramnios, and polyhydramnios were shown
as risk factors for stillbirth, which were not evaluated in any previous study.

Conclusion. The findings of this study suggest that some maternal and fetal risk factors can be recognized
as predictors of stillbirth, which might help to detect and prevent high-risk parents at early stages in order
to avoid adverse health consequences in the mother and her neonate.

Background

According to the World Health
Organization (WHO), stillbirth is defined
as a baby born without signs of life with
a birth weight 21000 g, or - if missing -
born at 228 completed weeks gestation,
or - if missing - with body length =35

cm (1). Despite the increasing attention
toward maternal, neonatal and child health,
stillbirths still remain a major public
health concern, as neither counted in the
Millennium Development Goals, nor in
the Current Sustainable Development
Goals (2). In recent years, attempts were
made, using documented data to establish
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standard cut-offs for pregnancy and birth
weight (3). In 2015, WHO estimated 2.6
million stillbirths, with more than 7,178
deaths a day. The stillbirth rate in sub-
Saharan Africa is approximately 10 times
that of developed countries (29 vs. 3 per
1,000 births) (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 stillbirths occur every year in
Tanzania (7). Generally, the rate of stillbirth
in developing countries is estimated at
25.5 per 1,000 births (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,
multiparity, 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).

Since stillbirth 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 identified the risk
factors associated with stillbirth, maternal
and fetal variables were not simultaneously
evaluated. Therefore, to our knowledge,
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this is the first 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 maternal and fetal causes.

Methods

Study procedure

This study design was conducted through
a historical cohort of pregnant women and
their fetuses and a nested case-control on
stillbirth-livebirth babies.

Phase 1: Historical cohort of pregnant wo-
men and their fetuses

This study reviewed a total of 18,129
medical records in five 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
delivery around the end 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 study on
stillbirth-livebirth babies

For each case of stillbirth, three controls
were randomly selected from those who had
not experienced stillbirth, and had given
live births in the same hospital on the same
day. Cases and controls differ only on the
presence/absence of stillbirth respectively.
In both cases and controls 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, ABO blood
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group, blood Rh factor, 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, who 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, and Cox regression
model was implemented to investigate factors
associated with stillbirth. The positive of HR
means that the variable is considered as a
risk factor and the negative as a protective
factor for risk of still birth. For modelling,
the variables with p<0.2 were entered into
the multivariate Cox regression model. All
study variables were analyzed using STATA
software, version 13.0. 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.

Results
Maternal risk factors

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

In our study, the cumulative incidence
of stillbirth was 9.48 per 1,000 live births
(95% Confidence 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 1,000 live births amongst mothers
under the age of 20, 20 to 35, and over 35
age, respectively.

Among maternal variables, maternal
age, number of abortions, number of
deliveries, blood ABO group, blood Rh
Factor, maternal diseases (e.g. gestational
hypertension, gestational diabetes mellitus,
and hypothyroidism) were associated with
stillbirth in maternal Univariate analysis
(Table 2). For modelling, the variables
with p<0.2 in univariate analysis, including
maternal age, blood ABO group, gestational
hypertension, maternal hypothyroidism,
gestational diabetes mellitus, fetus
gender, fetal diseases, fetal weight (g) and
number of abortions were entered into
the multivariate Cox regression model.
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 3
and 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 1,000 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 fetal univariate
analysis (Table 2). Finally, results of
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Table 1 - Maternal and fetal demographic/clinical characteristics

Characteristics Case (n=172) Control (n=516) P value
N (%) N (%)

Maternal age (year) 0.09
<20 7(4.1) 45 (8.7)
20-35 140 (81.4) 411 (79.7)
>35 25(14.5) 60 (11.6)

Gestational hypertension <0.001
No 152 (88.4) 516 (100)
Yes 20 (11.6) 0(0)

Gestational hypothyroidism <0.001
No 147 (85.5) 515(99.8)
Yes 25 (14.5) 1(0.2)

Gestational Diabetes mellitus <0.001
No 145 (84.3) 516 (100)
Yes 27 (15.7) 0 (0)

Type of delivery
Cesarean 503) 248 (48) <0.001
Vaginal 167 (97) 268 (52)

Fetus gender <0.001
Female 21 (12.2) 240 (46.5)
Male 151 (87.8) 276 (53.5)

Fetal diseases <0.001
No 102 (59.3) 516 100)
Yes 70 (40.7) 0 (0)

Birth weight (g) <0.001
<1500 (or 1000-1500) 167 (97.1) 0 (0)
1500-2490 2(1.2) 31(6.0)
2500-3990 3(L.7) 471 (91.3)
24000 0 (0) 14 (2.7)

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 3 and Figure 1).

Discussion

In this historical cohort study conducted
among 18,129 hospital records, the following
results were reached: the cumulative
incidence rate of stillbirth was 9.48 per

1000 live birth. In a study conducted by
Tshibumbu et al., (18) in Namibia, the
rate of stillbirth was reported as 12.0 per
1,000 births, and Tilahun et al., (19) the
incidence of the stillbirth in hospital in few
months was reported 8% or 80 per 1,000
births. However, Blencowe et al., (20)
estimated the rate of stillbirth as 23 per
1,000 live births in India. Our estimates of
stillbirth incidence was much lower, which
can be due to ethnic, environmental, and
socioeconomic differences or variations in
data collection methods. Consistent with
other studies in this area (21-23), our study
suggests an increased risk of stillbirth for
the age-group 20-35 but then a decreased
risk in the age-group >35. One reason for
the high cumulative incidence of stillbirths
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Table 2 - Univariate analysis on the relationship between the study factors and stillbirth*

Variables Cox regression
n HR (95% CI) P value

Maternal age (year)

<20 (reference) 52 1

20-35 551 1.94 (0.91-4.16) 0.086

>35 85 2.77 (1.20-6.42) 0.017
Blood Rh

Positive(reference) 649 1

Negative 39 1.11 (0.60-2.06) 0.722
Blood group

AB (reference) 231 1

A 168 3.47 (1.87-6.44) <0.001

B 173 3.78 (2.05-6.95) <0.001

(0] 116 10.79 (6.12-19.03) <0.001
Gestational hypertension

No (reference) 668 1

Yes 20 9.31 (5.80-14.94) <0.001
Maternal hypothyroidism

No (reference) 662 1

Yes 26 6.23 (4.06-9.54) <0.001
Gestational Diabetes mellitus

No (reference) 661 1

Yes 27 7.02 (4.62-10.67) <0.001
Fetus gender

Female (reference) 261 1

Male 427 4.82 (3.05-7.61) <0.001
Fetal diseases

No (reference) 618 1

Yes 70 5.35 (3.94-7.27) <0.001
Fetal weight (g)

<1500 (reference) 167 1

1500-2490 33 2.95 (1.25-6.96) <0.001

2500-3990 474 1.76 (4.31-7.17) <0.001

>4000 14 1.25 (4.66-7.58) <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

* For modelling, the variables with p<0.2 in univariate analysis, including Maternal age, Blood group, Gestational
hypertension, maternal hypothyroidism, Gestational Diabetes mellitus, Fetus gender, fetal diseases, fetal weight (g)
and number of abortions were entered into the multivariate Cox regression model.

in the age group 20-35 years may be due to
the high frequency of births in this age range.
Another reason for a decreased cumulative
incidence of stillbirth in women over 35
years is that they are at their second and
more pregnancy and are more likely to have
a healthy fetus(24).

Maternal factor associated with stillbirth
Among maternal causes, gestational
hypertension was identified as the first risk
factor associated with increased amount
of stillbirth. In addition, Neogi et al. (25),
Newtonraj et al. (26), Ashish et al. (27), Liu
et al. (28), Al-Kadri et al. (29), Mutihir et al
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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) 668 1

Yes 20 2.38 (1.38-4.12) 0.002
Gestational hypothyroidism

No (reference) 662 1

Yes 26 2.24 (1.37-3.63) 0.001

Gestational Diabetes mellitus
No (reference)

Yes 661 1
27 1.94 (1.17-3.24) 0.010

Fetus gender

Female (reference) 261 1

Male 427 3.45 (2.16-5.50) 0.001
Fetal disease*

No (reference) 618 1

Yes 70 3.23(2.30-4.54) 0.001

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

Stillbirth

Hypertension /
Fetal

Hypothyroidism diseases
Gestational

Diabetes Mellitus

A

—

Polyhydramnios
Oligohydramnios

Congenital
anomaly

Brain disorder

Chromosomal
disorder

Figure 1 - The maternal and fetal risk factors of stillbirth based on final modelling
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(30), concluded that gestational hypertension
was one of the factors associated with
stillbirth, which is in line with the results of
our study. Gestational hypertension increases
by twofold the risk that placenta is separated
earlier, leading to fetal-growth disorders,
and by threefold the risk of maternal
mortality (31). The findings also showed
that gestational diabetes was the other risk
factor associated with stillbirth, which
increased the risk by twofold. Furthermore,
gestational diabetes mellitus was shown to
be significantly associated with stillbirth,
which is consistent with the systematic
review of Liu et al. (28), indicating that
gestational diabetes mellitus increased the
risk of stillbirth by 2 to 5 folds. This was
also supported by the results of Siddiqui
et al. (32), Casson et al. (33), Dunne et al.
(34), Dunne et al. (35). Birth weight greater
than 4,000g is shown to be associated with
the increased stillbirth in diabetic mothers
(36).

There is evidence that fetus of diabetic
mothers, classified as large for gestational
age, is at greater risk of stillbirth (37). Even
with a strong efficient patient monitoring
system, women with gestational diabetes
mellitus are still at high risk of stillbirth
(38). 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 (39). Pregnant
women with hypothyroidism were twice
more likely to have stillbirth than healthy
pregnant women. In addition, it was
concluded that hypothyroidism could lead
to stillbirth, which was consistent with the
results of Liu et al., and other previous
studies (28, 40-42). This is justifiable, since
endocrine disorders (thyroid dysfunction)
occur mainly in women, and its prevalence
amongst women in Shiraz, is high (43).
Leung et al. (44), concluded that maternal
hypothyroidism during pregnancy leads to
placenta abruption, prematurity and low
birth weight, intrauterine growth restriction,
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congenital malformations and stillbirth. 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 (45). Chen et al. (46) proposed that
hypothyroidism leads to IUGR, hypertension
and premature rupture of membranes.

Fetal factors associated with stillbirth

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 identified
as the other main factor associated with
stillbirth, which increased the risk by
threefold. For the first time in Iran, maternal
hypothyroidism, oligohydramnios and
polyhydramnios were shown as a risk factors
for stillbirth, which were not evaluated in
any previous study.

Rate of stillbirth amongst male gender
is 3 times higher than females, which
is supported by Mutihir et al. (30). This
can be due to higher susceptibility of the
male gender in the embryonic period,
as well as higher rate of male birth (47-
52). As a new achievement, according to
the findings 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 Newtonraj et al. (26), Siddiqui et
al. (32), Liu et al. (40), and Patel et al. (53).
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
abortions and fetal weight were shown to
be associated with stillbirth. However, after
taking into account the confounding effect,
these variables did not remain as risk factors.
Therefore, interpretation of the results
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without considering the confounding effect
would be misleading.

Conclusions

For the first time, in Iran, the cumulative
incidence rate of stillbirth was revealed to be
9.48 per 1,000 live births in this population-
based historical cohort study. This study
indicates that the factors associated with
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 findings 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 confirmed that without considering
the confounding effect through statistical
modelling, the interpretation of the result
would be ambiguous.

Strengths and limitations

This study benefitted from several
strengths. The population-based design
and large sample size of the study provided
generalizability as well as adequate power to
detect a reduction in composite maternal and
fetal outcomes. Another strength of the study
was its cost-effectiveness from an economic
point of view. One other strong point of the
study was that the two groups were matched
with respect to gestational age. However, the
study limitations included non-registration
of the parents’ smoking status, mother’s
education level and socio-demographic
variables, therefore these variables could
not be examined.
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Riassunto

Incidenza e fattori di rischio materno-fetali di na-
timortalita. Uno studio su coorte storica di popola-
zione ed un nested case-control study

Premessa. Per i genitori, un nato morto rappresenta
un’esperienza traumatizzante. Pertanto, riuscire ad
identificare i fattori di rischio associati alla natimortalita
rappresenta la premessa per poter formulare piani di
prevenzione. Lo studio qui descritto aveva lo scopo di
studiare I’incidenza del fenomeno, nonché i fattori di
rischio adesso associati.

Metodi. In questo studio di coorte storica sono state
prese in carico 18.129 cartelle di nascita, e la variabile
considerata ¢ stata la natimortalita. Per ogni caso di
natimortalita sono stati selezionati tre controlli, appre-
sentati da altrettanti nati vivi nello stesso giorno e nello
stesso ospedale, appaiati per eta gestazionale. I dati sono
stati raccolti con una check-list preparata dai ricercatori
stessi. I dati raccolti sono stati analizzati usando STATA
versione 13.9, con il modello di rischio proporzionale di
Cox ed un livello di significativita di 0,05.

Risultati. L’incidenza cumulativa di nati morti &
stata di 9,48/1.000 nati vivi. Sulla base del modello di
regressione multivariata di Cox sono stati identificati
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cinque fattori di rischio di natimortalita, e cioe: genere
maschile, presenza di malattie fetali, ipertensione in
gravidanza, diabete in gravidanza, ed ipotiroidismo (tutti
i rapporti con valore >1 e p<0.05) e, per la prima volta,
I’ipotiroidismo materno. Anche oligo-idramnio e poli-
idramnio sono stati documentati come fattori di rischio
per la natimortalita, mentre non erano mai stati segnalati
in precedenti studi.

Conclusioni. Le evidenze emerse da questo studio
suggeriscono che alcuni fattori di rischio, sia materni che
fetali, rappresentano fattori di rischio di natimortalita, e
questa conoscenza puo rappresentare la base per la pre-
venzione, permettendo di identificando in fase precoce
i genitori a piu alto rischio, e di tentare cosi di evitare
conseguenze sanitarie negative per madre e figlio.

References

1. World Health Organization (WHO). Making
every baby count: audit and review of stillbirths
and neonatal deaths. Geneva: WHO, 2016.

2. Okeudo C, Ezem B, Ojiyi E. Stillbirth Rate in a
Teaching Hospital in South. Eastern Nigeria: A
Silent Tragedy. Ann Med Health Sci Res 2012;
2(2): 176-9. doi: 10.4103/2141-9248.105667.

3. Stanton C, Lawn JE, Rahman H, Wilczynska-
Ketende K, Hill K. Stillbirth rates: delivering
estimates in 190 countries. Lancet 2006;
367(9521): 1487-94. doi: 10.1016/S0140-6736-
(06)68586-3.

4. World Health Organization (WHO). Stillbirths.
Geneva: WHO, 2015.

5. Chuwa FS, Mwanamsangu AH, Brown BG, et
al. Maternal and fetal risk factors for stillbirth in
northern Tanzania: a registry-based retrospective
cohort study. PloS One 2017; 12(8): e0182250.
doi: 10.1371/journal.pone.0182250.

6. McClure EM, Wright LL, Goldenberg RL, et
al. The global network: a prospective study of
stillbirths in developing countries. Am J Obstet
Gynecol 2007; 197(3): 247. e1-5. doi: 10.1016/j.
2jog.2007.07.004.

7. McClure EM, Pasha O, Goudar SS, et al. Epi-
demiology of stillbirth in low-middle income
countries: A Global Network Study. Acta Obstet
Gynecol Scand 2011; 90(12): 1379-85.

8. McClure E, Wright L, Goldenberg R, et al. A
prospective study of stillbirths in developing
countries. Am J Obstet Gynecol 2006; 195(6):
S220.

9. Tolefac PN, Tamambang RF, Yeika E, Mbwag-
baw LT, Egbe TO. Ten years analysis of stillbirth

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

239

in a tertiary hospital in sub-Sahara Africa: a case
control study. BMC Res Notes 2017; 10(1): 447.
doi: 10.1186/s13104-017-2787-2.

Alfirevic Z, Neilson JP. Biophysical profile for
fetal assessment in high risk pregnancies. Co-
chrane Database Syst Rev 2000; (2): CD000038.
doi: 10.1002/14651858.CD000038.pub2. Upda-
te in: Cochrane Database Syst Rev 2008; (1):
CD000038.

Gordon A, Raynes-Greenow C, McGeechan K,
Morris J, Jeffery H. Risk factors for antepartum
stillbirth and the influence of maternal age in
New South Wales Australia: a population based
study. BMC Pregnancy Childbirth 2013; 13(1):
12. doi: 10.1186/1471-2393-13-12.

Getahun D, Ananth CV, Kinzler WL. Risk fac-
tors for antepartum and intrapartum stillbirth:
a population-based study. Am J Obstet Gy-
necol 2007; 196(6): 499-507. doi: 10.1016/].
2jog.2006.09.017.

Salihu HM, Wilson RE, Alio AP, Kirby RS.
Advanced maternal age and risk of antepartum
and intrapartum stillbirth. J Obstet Gynaecol Res
2008; 34(5): 843-50. doi: 10.1111/}.1447-0756
.2008.00855 ..

Facchinetti F, Alberico S, Benedetto C, et al.
A multicenter, case-control study on risk fac-
tors for antepartum stillbirth. J Matern Fetal
Neonatal Med 2011; 24(3): 407-10. doi:
10.3109/14767058.2010.496880. Epub 2010
Jun 29.

World Health Organisation (WHO). Neonatal
and perinatal mortality: country, regional and
global estimates. Geneva: WHO, 2006.
Avachat SS, Phalke DB, Phalke VD. Risk
factors associated with stillbirths in the rural
area of Western Maharashtra, India. Arch Med
Health Sci 2015; 3(1): 56-9. doi: 10.4103/2321-
4848.154946.

Frgen JF, Cacciatore J, McClure EM, et al.
Stillbirths: why they matter. Lancet 2011;
377(9774): 1353-66. doi: 10.1016/S0140-6736-
(10)62232-5.

Tshibumbu DD, Blitz J. Modifiable antenatal risk
factors for stillbirth amongst pregnant women
in the Omusati region, Namibia. Afr J Primary
Health Care Fam Med 2016; 8(1): el1-6. doi:
10.4102/phcfm.v8il.1054.

Tilahun D, Assefa T. Incidence and determinants
of stillbirth among women who gave birth in
Jimma University specialized hospital, Ethiopia.
Pan Afr Med J 2017; 28(1): 299. doi: 10.11604/



240

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

pamj.2017.28.299.1269.

Blencowe H, Cousens S, Jassir FB, et al. Na-
tional, regional, and worldwide estimates of
stillbirth rates in 2015, with trends from 2000:
a systematic analysis. Lancet Global Health
2016; 4(2): €98-e108. doi: 10.1016/S2214-109-
X(15)00275-2.Epub 2016 Jan 19.
Maghsoudlou S, Cnattingius S, Stephansson
O, et al. Maternal haemoglobin concentrations
before and during pregnancy and stillbirth risk:
a population-based case-control study. BMC
Pregnancy Childbirth 2016; 16(1): 135. doi:
10.1186/512884-016-0924-x.

Okonofua FE, Ntoimo LFC, Ogu R, et al.
Prevalence and determinants of stillbirth in
Nigerian referral hospitals: a multicentre study.
BMC Pregnancy Childbirth 2019; 19: 533. doi:
10.1186/s12884-019-2682-z.

Saleem S, Tikmani SS, McClure EM, et al.
Trends and determinants of stillbirth in develop-
ing countries: results from the Global Network’s
Population-Based Birth Registry. Reprod Health
2018; 15(Suppl 1): 100. doi: 10.1186/s12978-
018-0526-3.

Altijani N, Carson C, Choudhury SS, et al. Still-
birth among women in nine states in India: rate
and risk factors in study of 886,505 women from
the annual health survey. BMJ Open 2018; 8(11):
€022583. doi: 10.1136/bmjopen-2018-022583.
Neogi SB, Sharma J, Negandhi P, Chauhan M,
Reddy S, Sethy G. Risk factors for stillbirths:
how much can a responsive health system pre-
vent? BMC Pregnancy Childbirth 2018; 18(1):
33. doi: 10.1186/s12884-018-1660-1.
Newtonraj A, Kaur M, Gupta M, Kumar R.
Level, causes, and risk factors of stillbirth:
a population-based case control study from
Chandigarh, India. BMC Pregnancy Childbirth
2017; 17(1): 371. doi: 10.1186/s12884-017-
1557-4.

Ashish K, Wrammert J, Ewald U, et al. Inci-
dence of intrapartum stillbirth and associated
risk factors in tertiary care setting of Nepal: a
case-control study. Reprod Health 2016; 13(1):
103. doi: 10.1186/s12978-016-0226-9.

Liu L-C, Wang Y-C, Yu M-H, Su H-Y. Major
risk factors for stillbirth in different trimesters of
pregnancy. A systematic review. Taiwan J Obstet
Gynecol 2014; 53(2): 141-5. doi: 10.1016/j.
tjog.2014.04.003.

Al-Kadri HM, Tamim HM. Factors contributing
to intra-uterine fetal death. Arch Gynecol Obstet

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

7. Maleki et al.

2012;286(5): 1109-16. doi: 10.1007/s00404-012
-2426-z. Epub 2012 Jun 20.

Mutihir J, Eka P. Stillbirths at the Jos University
Teaching Hospital: incidence, risk, and etiologi-
cal factors. Niger J Clin Pract 2011; 14(1): 14-8.
doi: 10.4103/1119-3077.79233.

Fretts RC. Maternal age and fetal loss. Older
women have increased risk of unexplained
fetal deaths. BMJ (Clinical Research ed.) 2001;
322(7283): 430.

Siddiqui F, Kean L. Intrauterine fetal death. Ob-
stet Gynaecol Reprod Med 2009; 19(1): 1-6. doi:
https://doi.org/10.1016/j.0grm.2008.09.007.
Casson I, Clarke C, Howard C, et al. Outcomes of
pregnancy in insulin dependent diabetic women:
results of a five year population cohort study.
BMJ 1997; 315(7103): 275-8. doi: 10.1136/
bmj.315.7103.275.

Dunne F, Brydon P, Smith K, Gee H. Pregnancy
in women with type 2 diabetes: 12 years outcome
data 1990-2002. Diabet Med 2003; 20(9): 734-8.
doi: 10.1046/j.1464-5491.2003.01017 .x.
Dunne FP, Avalos G, Durkan M, et al. ATLAN-
TIC DIP: pregnancy outcome for women with
pregestational diabetes along the Irish Atlantic
seaboard. Diab Care 2009; 32(7): 1205-6. doi:
10.2337/dc09-1118.

Mondestin MA, Ananth CV, Smulian JC, Vintzi-
leos AM. Birth weight and fetal death in the Unit-
ed States: the effect of maternal diabetes during
pregnancy. Am J Obstet Gynecol 2002; 187(4):
922-6. doi: 10.1067/mob.2002.127458.
Giinter H, Tzialidou I, Scharf A, Wenzlaff
P, Maul H, Hillemanns P. [Intrauterine fetal
death in pregnancies of women with precon-
ceptional and gestational diabetes mellitus and
of women without glucose tolerance disorders.
Results of the perinatal registry of Lower
Saxony, Germany]. German. Z Geburtshilfe
Neonatol 2006; 210(6): 193-9. doi: 10.1055/s-
2006-957072.

Girz B, Divon M, Merkatz IR. Sudden fetal
death in women with well-controlled, intensively
monitored gestational diabetes. J Perinatol 1992;
12(3): 229-33.

Bresson L, Bourgain A, Depret T, et al. [Ke-
toacidosis complicated by fetal death revealing
fulminant diabetes during the third trimester of
pregnancy. French. J Gynecol Obstet Biol Re-
prod (Paris) 2010; 39(7): 588-91. doi: 10.1016/j.
jgyn.2010.04.010. Epub 2010 Jun 2.

Liu L-C, Huang H-B, Yu M-H, Su H-Y. Analysis



Incidence and maternal-fetal risk factors of stillbirt

41.

42.

43.

44.

45.

46.

of intrauterine fetal demise. A hospital-based
study in Taiwan over a decade. Taiwan J Obstet
Gynecol 2013; 52(4): 546-50. doi: 10.1016/j.
tjog.2013.10.016.

Sahu MT, Das V, Mittal S, Agarwal A, Sahu
M. Overt and subclinical thyroid dysfunction
among Indian pregnant women and its effect
on maternal and fetal outcome. Arch Gynecol
Obstet 2010; 281(2): 215-42. doi: 10.1007/
s00404-009-1105-1.Epub 2009 May 13.

Casey BM, Dashe JS, Wells CE, et al. Subclinical
hypothyroidism and pregnancy outcomes. Obstet
Gynecol 2005; 105(2): 239-45. doi: 10.1097/01.
AO0G.0000152345.99421.22.

Fariba Karimi M, Ranjbar G, Omrani M. Thy-
roid disorders and the prevalence of antithyroid
antibodies in Shiraz population. Arch Iran Med
2014; 17(5): 347-51.

Leung AS, Millar LK, Koonings PP, Montoro M,
Mestman JH. Perinatal outcome in hypothyroid
pregnancies. Obstet Gynecol 1993; 81(3): 349-
53.

Biilbiil M, Cetinkaya S, Ek io lu S, Ozkasap S,
Gini T. Kidney growth in children with congeni-
tal hypothyroidism. Pediat Nephrol 2009; 24(2):
333-40. doi: 10.1007/s00467-008-0992-x. Epub
2008 Sep 25.

Chen L-M, Du W-], Dai J, et al. Effects of
subclinical hypothyroidism on maternal and
perinatal outcomes during pregnancy: a single-
center cohort study of a Chinese population.
PloS One 2014; 9(10): €109364. doi: 10.1371/
journal.pone.0109364.

47.

48.

49.

50.

51.

52.

53.

241

BerhanY, Berhan A. A meta-analysis of selected
maternal and fetal factors for perinatal mortality.
Ethiop J Health Sci 2014; 24(Suppl): 55-68. doi:
10.4314/ejhs.v24i0.6s.

Olatinwo A, Anate M, Alao O. Determinants of
perinatal mortality among breech depvery in a
Nigerian teaching hospital. Sahel Med J 2000;
3(1): 26-9.

Matendo R, Engmann C, Ditekemena J, et al.
Reduced perinatal mortality following enhanced
training of birth attendants in the Democratic
Republic of Congo: a time-dependent effect.
BMC Med 2011;9: 93. doi: 10.1186/1741-7015
-9-93.

Carlo WA, Goudar SS, Jehan I, et al. Newborn-
care training and perinatal mortality in devel-
oping countries. N Engl J Med 2010; 362(7):
614-23. doi: 10.1056/NEJMsa0806033.

Oti S, Odimegwu C. Perinatal mortality in Nige-
ria: do place of delivery and delivery assistants
matter. Open Demography J 2011; 4: 1-10. doi:
10.2174/1874918601104010001.

Andargie G, Berhane Y, Worku A, Kebede Y.
Predictors of perinatal mortality in rural popula-
tion of Northwest Ethiopia: a prospective lon-
gitudinal study. BMC Public Health 2013; 13:
168. doi: 10.1186/1471-2458-13-168.

Patel S, Thaker R, Shah P, Majumder S. Study
of causes and complications of intra uterine fetal
death (IUFD). Int J Reprod Contracept Obstet
Gynecol 2014; 3(4): 931-5. doi: 10.5455/2320-
1770.ijrcog20141211.

Corresponding author: Haleh Ghaem, Non-Communicable Diseases Research Center, Department of Epidemiology,
School of Health, Shiraz University of Medical Sciences, School of Health, Al-zahra Bolvar, Shiraz, Iran. Postal
code 14336-71348.

e-mail: hale.ghaem.sums @gmail.com
e-mail: ghaemh@sums.ac.ir



