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Abstract

Objectives: To determine the incidence and the risk factors
of stillbirth from maternal biophysical, ultrasound, and
biochemical markers at 11–13 weeks of gestation in the
Indonesian population.
Methods: This was a retrospective cohort study of pregnant
women for first-trimester preeclampsia screening at 11–
13 weeks of gestation in some clinics and hospital in Jakarta.
Maternal characteristics and history, mean arterial pressure
(MAP) measurement, uterine artery pulsatility index (UtA--
PI) ultrasound, maternal ophthalmic peak ratio (Oph-PR)
Doppler, and placental growth factor (PlGF) serum were
collected during the visit. Stillbirth was classified into
placental dysfunction-related when it occurred with pre-
eclampsia or birth weight <10th percentile and non-placental
dysfunction-related. Bivariate and multivariate logistic
regression analyses were employed to determine the risk
factors associated with stillbirth.

Results: Of 1,643 eligible participants, 13 (0.79 %) stillbirth
caseswere reported.More than half of the stillbirths (7)were
placental dysfunction-related. After adjusted with maternal
age, body mass index (BMI), and parity status, chronic hy-
pertension (aOR {adjusted odd ratio}) 24.41, 95 % CI {confi-
dence interval} 5.93–100.43), previous pregnancy with
preeclampsia (aOR 15.79, 95 % CI 4.42–56.41), MAP >101.85
(aOR 26.67, 95 % CI 8.26–86.06), UtA-PI >1.90 (aOR 10.68, 95 %
CI 2.34–48.58, and PlGF <28.77 pg/mL (aOR 18.60, 95 % CI 5.59–
61.92) were associated with stillbirth.
Conclusions: The incidence of stillbirth in the population is
comparable to studies conducted in developed countries.
Most routine variables assessed at the 11–13weeks combined
screening for preeclampsia are associated with the risk of
stillbirth.
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Introduction

Stillbirth stands as a prominent global health issue in ob-
stetrics [1]. The World Health Organization (WHO) defines
stillbirth as the absence of any sign of life in a baby at or after
28 weeks of gestation [2]. An estimated 2.6 million stillbirths
occur annually [3]. In 2015, the stillbirth rate was estimated
at 18.4 per 1,000 live births globally [1, 4]. Notably, Sub-
Saharan Africa and Southern Asia exhibited the highest
stillbirth rates, accounting for three-quarters of global still-
births, ranging between 25.5 and 28.7 per 1,000 births [2].

The socioeconomic environment differs in the circum-
stances surrounding stillbirth [1]. In high-income countries,
fetal growth restriction or placental insufficiency often un-
derlie stillbirth cases [2, 4]. Within such countries, placental
dysfunction is attributed as the primary cause of 60% of
antepartum stillbirths [5]. Conversely, intrapartum compli-
cations, preeclampsia, and infections emerge as crucial con-
tributors to stillbirth in low and middle-income countries [2].
While unpredictable causes like congenital abnormalities
account for less than 10% of stillbirths, various factors,
including maternal infection, malnutrition or obesity, dia-
betes, prolonged pregnancy, and placental dysfunction, could
be managed through appropriate antenatal and intrapartum
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care [1, 6]. For almost half of cases, the cause remains un-
known [4].

Classification of stillbirths facilitates more effective
antenatal interventions and preventive strategies [4]. By
categorizing based on the underlying cause, two main
groups emerge: stillbirths related to placental dysfunction,
including preeclampsia or small-for-gestational-age (SGA),
and other unexplained reasons [5]. Accurate identification of
populations at heightened stillbirth risk is pivotal in guiding
future prevention and intervention programs [7]. The
study’s objective was to assess the incidence and the risk of
stillbirth based on maternal and biophysical factors such as
mean arterial pressure (MAP), uterine artery pulsatility in-
dex (UtA-PI), peak ratio of the maternal ophthalmic artery
(Oph-PR), and placental growth factor (PlGF) serum at 11–
13 weeks of gestation in the Indonesian population.

Methods

Study population and design

This cohort retrospective study included women who underwent first-
trimester preeclampsia screening between 11 and 13 weeks of gestation
at Harapan Kita National Women and Children Hospital and Kosambi
Maternal and Children Centers, Jakarta, Indonesia, from August 2019 to
December 2021. The inclusion criteria were women with singleton
pregnancies resulting in amorphologically normal live birth or stillbirth
beyond 24 weeks of gestation. Cases including significant fetal abnor-
malities, miscarriages, and intrapartum-related pregnancy termina-
tions were excluded. Before participation, each individual provided
informed consent.

All demographic and medical history details of participants were
collected using secondary data. Maternal MAP was measured using
calibrated automated devices (3BTO-A2; Microlife, Taipei, Taiwan) per
the recommended 11–13 weeks’ gestation measurement protocol [8].
Gestational age was determined based on crown-rump length (CRL) of
45–84mm. Qualified sonographers with certification from the Fetal

Medicine Foundation (FMF) in Preeclampsia Screening and Doppler
ultrasound performed the ultrasound examinations. UtA-PI was
measured transabdominally using color Doppler ultrasound, following
the recommended protocol for predicting preeclampsia at 11–13 weeks
[9]. Additionally, the maternal ophthalmic artery’s peak ratio (PR) was
assessed using the protocol outlined in a prior study by Kusuma et al.
[10] using either an E8 or P8 Voluson™ machine (GE Healthcare, Mil-
waukee, WI, USA). The right ophthalmic PR was evaluated supine, with
the head inclined between 15 and 30°. A tiny bit of gel was applied to the
participant’s closed eyelid. After gently positioning the transducer
horizontally, the probe was tilted up and down to identify the
ophthalmic Doppler flow at the lateral aspect of the eye lens. A below-
20-degree insonation angle was maintained between the ocular artery
and the sound beamwith a sample size of 2 mmand preserving thefilter
frequency of 50–100 Hz. Using the pulsed Doppler mode, identify three
sequential waveforms with similar sizes and shapes and measure the
peak ratio (PR) in a single waveform. The first and second systolic waves
are the two peaks that appear at the beginning of each waveform. The
Oph-PRwas calculated by the ratio of the second to thefirst peak velocity
(Figure 1). SerumPlGFwas collected during the visit andmeasuredusing
the electrochemiluminescence assay method (Cobas E411 analyzer,
Roche Diagnostics, USA) [11].

Patient characteristics

Maternal characteristics such as maternal age (<35 or ≥35 years old),
ethnic origin (Indonesian and Non-Indonesian), obesity (body mass in-
dex/BMI <25 or ≥25 kg/m2), smoking history, mode of conception (spon-
taneous and assisted, including ovulation drugs or in vitro fertilization/
IVF), parity (nulliparous/parous), and pregnancy interval (nulliparous/
≤1-year interval or >1-year(s) interval) were recorded. Pregnancy com-
plications included a history of antiphospholipid medications, diabetes
drugs, chronic hypertension, an obstetric history of previous pregnancy
with preeclampsia, and a family history of preeclampsia.

Outcome measures

Pregnancy outcome data were extracted from maternity hospital
records. Stillbirth was defined as cases with Apgar scores of 0 at 1 and
5 min, with direct observation confirming the absence of life in fetuses

Figure 1: Ophthalmic artery Doppler
assessment by Kusuma et al. [10] illustrates
the first and second systolic waves, which are
the two peaks that appear at the beginning of
each waveform.
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beyond 24 weeks of gestation. Stillbirths were classified based on
etiology and categorized as placental dysfunction-related (linked to
preeclampsia or birth weight <10th percentile) and non-placental
dysfunction-related (due to other or unexplained causes).

Statistical analysis

Categorical data were reported in n (%). Cutoff values for PlGF, MAP,
UtA-PI, and maternal ophthalmic PR were established by performing
sensitivity and specificity analyses using the receiver-operating-
characteristics (ROC) curve coordinates for stillbirths, selecting the
result with the highest score as the optimal test outcome.

Maternal and pregnancy characteristics were compared against
outcome through a chi-square test in bivariate analysis. Univariable
and multivariable binary logistic regression analyses were performed
to identify risk factors associated with stillbirth, with significance set
at a p-value of <0.05. Odds ratios (ORs) and a 95 % confidence interval
(CI) were calculated. The Statistical Package for the Social Sciences
(SPSS) version 26 for Mac (IBM Corp., Armonk, NY, USA) was used for
data analysis.

Results

A total of 1,643 women were included in the analysis, among
whom 13 cases of stillbirth were identified. The incidence of
stillbirth in our population was 0.79 %, equating to a stillbirth

rate of 7.9 per 1,000 births.More thanhalf of the stillbirth cases
(7 out of 13) were attributed to placental dysfunction-related
causes. The cutoff value for PlGF was 28.77 (sensitivity of 88%
and specificity of 69 %), MAP was 101.85 (sensitivity of 46%
and specificity of 96%), UtA-PIwas 1.90 (sensitivity of 85%and
specificity of 64%), and maternal ophthalmic PR was 0.50
(sensitivity of 70% and specificity of 63%).

Table 1 presents a comparison of the maternal and preg-
nancy characteristics between the different outcome groups.
Bivariate analysis focusing on pregnancies resulting in all
stillbirth vs. live births showed significant risk factors such as
chronic hypertension, previous pregnancywith preeclampsia,
low PlGF serum, high MAP, high UtA-PI, and low maternal
ophthalmic artery PR (Table 2). After adjusting maternal age,
obesity, and parity status, several risk factors of stillbirths
were identified, such as maternal history of chronic hyper-
tension, previous pregnancy with preeclampsia, high MAP,
high UtA-PI, and low PlGF serum level.

Discussion

This study investigated the occurrence of singleton still-
births in Jakarta, Indonesia, between 2019 and 2021, which
was 0.79 %, with a substantial proportion attributed to

Table : Maternal characteristics, PlGF, MAP, UtA-PI, and Oph-PR, compared to the outcome groups.

Variables Live birth Stillbirth

All Placental
dysfunction-

related

Non-
placental

dysfunction-
related

n=, % n= % n= % n= %

Age (years old) <  .  .  .  .
≥  .  .  .  .

Ethnic origin Indonesian , .      

Non-Indonesian  .      

Obese Yes  .  .  .  

No , .  .  .  

Smoking Yes  .      

No , .      

Mode of conception Spontaneous , .  .    .
Assisted  .  .    .

Parity Nulliparous  .  .  .  .
Parous  .  .  .  .

Pregnancy interval, years Nulliparous or ≤  .  .  .  .
>  .  .  .  .

Antiphospholipid drugs Yes  .      

No , .      

Diabetes drugs Yes  .      

No , .      

Chronic hypertensiona Yes  .  .  .  
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stillbirths related to placental dysfunction. This outcomewas
consistent with studies conducted in developed nations,
which reported a stillbirth prevalence of less than 1 % in
their respective populations [1, 5, 12]. Moreover, more than
half of the stillbirth cases (59.2 %) in the United Kingdom
were associated with placental dysfunction [5].

The stillbirth rate (SBR) recorded in our studywas 7.9 per
1,000 births. This rate aligned with data from the World
Health Organization’s national SBR estimates. Over the years,
Indonesia has achieved a gradual decline in its SBR, tran-
sitioning from 10.12 per 1,000 births in 2016 to 9.07 per 1,000

births in 2021 [13]. Remarkably, this falls within the ambit of
the Every Newborn Action Plan (ENAP) objective, launched in
2014, which seeks to achieve 12 or fewer stillbirths per 1,000
births globally by the year 2030 [14], and particularly in
Indonesia, at least in our study, has exceeded the objective.

Our findings underscored the significant risk factors
associatedwith stillbirths. Specifically, the riskwas significantly
amplified for women with a history of chronic hypertension, a
previous pregnancy with preeclampsia, high MAP, high UtA-PI,
and low PlGF serum levels. These associations retained their
significance even after accounting for maternal age, obesity,

Table : (continued)

Variables Live birth Stillbirth

All Placental
dysfunction-

related

Non-
placental

dysfunction-
related

n=, % n= % n= % n= %

No , .  .  .  

Previous pregnancy with preeclampsiaa Yes  .  .  .  .
No , .  .  .  .

Family history of preeclampsia Yes  .      

No , .      

Placental growth factor, pg/mla >. , .  .  .  .
<.  .  .  .  .

Mean arterial pressurea <. , .  .  .  

>.  .  .  .  

Uterine artery pulsatility indexa <. , .  .    .
>.  .  .    .

Ophthalmic artery PRa <.  .  .    .
>.  .  .    .

aChi-square analysis shows a significant relationship between live birth and all stillbirth (p-Value ≤.). PlGF, placental growth factor; MAP, mean arterial
pressure; UtA-PI, uterine artery pulsatility index; Oph-PR, ophthalmic artery peak ratio.

Table : Bivariate and multivariable analysis of maternal and pregnancy characteristics compared to all stillbirth.

Variables cOR (% CI) p-Value aOR (% CI) p-Value

Age (years old) –  . (.–.) . Adjusted
BMI – obese . (.–.) . Adjusted
Mode of conception – assisted . (.–.) . . (.–.) .
Parity – nulliparous . (.–.) . Adjusted
Pregnancy interval (years) – nulliparous/≤ . (.–.) . . (.–.) .
Chronic hypertension . (.–.) ≤. . (.–.) ≤.
Previous pregnancy with PE . (.–.) ≤. . (.–.) ≤.
Placental growth factor – <. pg/mL . (.–.) ≤. . (.–.) ≤.
MAP >. . (.–.) ≤. . (.–.) ≤.
UtA-PI >. . (.–.) . . (.–.) .
Ophthalmic artery PR >. . (.–.) . . (.–.) .

OAR, odd ratio; cOR, crude OR; aOR, adjusted OR; CI, confidence interval; BMI, body mass index; PE, preeclampsia; PlGF, placental growth factor; MAP,
mean arterial pressure; UtA-PI, uterine artery pulsatility index; Oph-PR, ophthalmic artery peak ratio. An odd ratio (OR) greater than  implies the variable is
a risk factor, whereas an OR less than  suggests that the variable is a protective factor. Acceptance of statistical significance at a p-Value < ..
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and parity status. Importantly, these factors were tied to still-
births attributed primarily to placental dysfunction, a pre-
dominant cause within our study population.

The congruity of our findings with earlier studies was
noteworthy. Chronic hypertension in pregnant women, for
instance, has been consistently identified as a risk factor for
stillbirths [4, 15–17]. The odds of stillbirths inpregnantwomen
with high blood pressurewere nearly three times higher than
those without [16]. Moreover, hypertensive disorders were
responsible for 15.8 % of all stillbirths [18]. Early detection and
appropriate medical intervention for hypertensive disorders
can significantly help reduce the risk of stillbirth [16].

Previous pregnancy with preeclampsia has also been
reported as the risk of stillbirth in other studies [15, 16, 19].
Preeclampsia associated with placental dysfunction may
result in other adverse pregnancy outcomes such as preterm
birth, preeclampsia, and fetal growth restriction (FGR) [20].
The worse pregnancy outcome caused by preeclampsia can
be prevented if it was predicted sooner using the first-
trimester FMF algorithm and low-dose aspirin [20, 21].

High MAP, defined as exceeding 101.85mmHg, demon-
strated a significant association with stillbirths in our study.
Thisfindingalignswithprevious research, indicatinghighMAP
values as a stillbirth risk factor [18, 22]. An earlier prospective
study unveiled a gradual rise in stillbirth risk coinciding with
each increment of five mmHg in MAP. Due to impaired ute-
roplacental circulation that arises with MAP of 90mmHg or
higher, conditions like proteinuria, hypertension, and intra-
uterine fetal growth retardation, may lead to an increased risk
of stillbirth [22]. In contrast, a separate case-control study
hinted at a relationship between lowMAP (<83mmHg) and the
occurrence of stillbirths [23].

UtA-PI, assessed throughultrasound,maydetect abnormal
placental perfusion, a recognized risk factor for stillbirth
[24–27]. Prior research has consistently indicated that high
UtA-PI using a cutoff value of >90th centile is linked to an
increased risk of stillbirths [27]. In our study, we adopted a
threshold greater than 1.90 forUtA-PI, designating it as a higher
value. Another study showed that high UtA-PI not only
possessed a risk for placental-related stillbirth but also unex-
plained stillbirth [24]. This characteristic holds particular
significance within the landscape of stillbirth screening.

The recent association between serum PlGF levels and a
heightened risk of stillbirths has garnered significant atten-
tion in the literature [28–31]. Importantly, PlGF has also been
recognized in previous research as a predictive factor for
preeclampsia, underscoring its potential as a dual-purpose
marker for different pregnancy complications [32, 33]. Within
our study, we observed that a PlGF serum level of 28.77 pg/mL
or lower indicated a risk factor for stillbirths. This threshold is
much lower than previous studies that showed women with

serum PlGF levels of less than 100 pg/mL were more prone to
experiencing early-onset preeclampsia and, consequently, an
elevated risk of stillbirth. The utilization of PlGF levels as a
risk factor for stillbirth aids in distinguishing between causes
rooted in placental issues vs. those originating from fetal-
related factors [28].

While several variables were expected to exhibit a sig-
nificant relationship in the risk factor analysis due to their
known association with stillbirth, our study did not observe
this. One such example is advancedmaternal age, often linked
to a higher risk of stillbirth. This association is attributed to a
combination of factors such as uteroplacental insufficiency,
the impact of chronic and obstetric complications, and an
increased likelihoodof geneticabnormalities in infants [15, 34].
However, it’s important to note that the lack of a significant
association in our study could be attributed to specific con-
siderations. We excluded infants with congenital malforma-
tions from our study, which may have influenced the results
related to certain risk factors. Additionally, it is possible that
women of advanced age were closely monitored through
antenatal care, potentially minimizing the associated risks.
This level of care and attention could have mitigated the
impact of advanced maternal age on the occurrence of still-
births within our study population.

Maternal obesity and conditions closely linked to obesity,
such as type 2 diabetes, gestational diabetes, hypertension, and
pregnancy-induced hypertension, have consistently been
identified as risk factors for unfavorable birth outcomes [34, 35].
While these conditions often coexist with other diseases, a
recent study has suggested that obesity alone may indepen-
dently contribute to an elevated risk of adverse birth outcomes
[35]. In our study, the lack of a significant association between
smoking and stillbirths can be attributed to Indonesian
women’s unique demographic and cultural context. It is note-
worthy that smoking is uncommon among most Indonesian
women, as cultural norms discourage smoking due to it being
perceived as impolite.

Furthermore, within our study, variables such as assisted
conception methods, nulliparity, and pregnancy intervals of
less than one year showed no increased risk of stillbirth. This
could be due to limitations in the sample size, whichmight not
have provided sufficient statistical power to detect these as-
sociations. Evidence from a systematic review and meta-
analysis of 10 studies has pointed out that in vitro fertilization
(IVF) and IVF-intracytoplasmic sperm injection (IVF-ICSI)
increased the risk of stillbirth compared to natural conception
[36]. Similarly, nulliparous women demonstrated a slight yet
significant increase in the risk of stillbirth [15]. One hypothesis
for this increased risk innulliparouswomen suggests that they
may have higher vascular resistance and diminished blood
flow in uteroplacental arteries compared to multiparous
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women. This phenomenon could potentially explain the
increased risk of placental dysfunction-related stillbirth in this
group [37].

To effectively address stillbirth, targeted prevention stra-
tegies should encompass both placental and non-placental-
related stillbirths. Emphasizing the importance of regular
antenatal check-ups, proper nutrition, and access to quality
healthcare services is needed [1, 16]. From the first trimester
onward, low-dose aspirin (80mg/day) can be used to control
risk factors such as preeclampsia in high-risk patients [20, 21]. A
comprehensive and collaborative approach involving health-
care professionals, public health authorities, and community
stakeholders is crucial to implementing and sustaining these
prevention strategies, ultimately reducing the incidence of
stillbirths [1, 6].

Strengths and limitations

This study offers several strengths, including it marks the
pioneering effort in identifying risk factors for stillbirths in
Indonesia. The utilization of an institutional stillbirth data-
base collected by trained professionals is another commend-
able aspect. Regular audits and updates were conducted to
ensure the validity and accuracy of the data. This study also
clarifies that the SBR in the Indonesian population is below
the targeted threshold of 12 or fewer stillbirths per 1,000, as
outlined by the ENAP objectives set before 2030.

However, there are important limitations that warrant
acknowledgment. The homogeneity of the cohort – character-
ized by its lack of ethnic, social, and economic diversity– raises
concern about the generalizability of the findings to the
broader Indonesian demographic. This study was focused
solely on Jakarta, the capital city, further compounds this
limitation. Furthermore, the absence of a division between
early-onset and late-onset stillbirths may potentially mask
nuanced etiological differences that could influence the iden-
tified risk factors. This study also relied on a retrospective
design, whichmeans that post-mortem investigationswere not
carried out for stillbirth cases, limiting the depth of under-
standing regarding the underlying causes of these events.
Particularly challenging are unexplained stillbirths, which
remain a significant hurdle for further research to elucidate
their causes more comprehensively.

Conclusions

The incidence of stillbirth and SBR in the Indonesian popula-
tion was comparable to studies conducted in developed coun-
tries. Additionally, many of the variables routinely assessed

during the 11–13weeks combinedpreeclampsia screening have
shown potential as predictors for stillbirth risk. Therefore,
there emerges a clear need for further investigation for first-
trimester combined screening for stillbirth in the Indonesian
population utilizing the previously known risk factors.
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