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ORIGINAL ARTICLE

How many roads lead to stillbirth rate reduction? A 30-year analysis of risk
factors in a Northern Italy University care center

S. Raimondia,b�, M. Mascherpac�, C. Ravaldib,d, A. Vannaccib,e, A. M. Marconic, G. P. Bulfamantec and
L. Avaglianoc

aMolecular and Pharmaco-Epidemiology Unit, Department of Experimental Oncology, IEO, European Institute of Oncology IRCCS,
Milan, Italy; bCiaoLapo, Charity for Healthy Pregnancy, Stillbirth and Perinatal Loss Support, Prato, Italy; cDepartment of Health
Sciences, San Paolo Hospital Medical School, University of Milan, Milan, Italy; dDepartment of Health Sciences, University of Florence,
Florence, Italy; eDepartment of Neurosciences, Psychology, Drug Research and Child Health, University of Florence, Florence, Italy

ABSTRACT

Background: Stillbirths affect more than 2.5 million pregnancies worldwide every year and the
progress in reducing stillbirth rates is slower than that required by World Health Organization.
The aim of the present study was to investigate which factors were associated with stillbirths in
a University Hospital in the North of Italy, over a time span of 30 years. The goal was to identify
which factors are potentially modifiable to reduce stillbirth rate.
Methods: Retrospective case-control study (358 stillbirths, 716 livebirths) subdivided into two
study periods (1987–2006 and 2007–2017).
Results: The prevalence of conception obtained by assisted reproductive technologies, preg-
nancy at advanced maternal age, and complications of pregnancy such as preeclampsia, fetal
growth restriction (FGR), and other fetal diseases (abnormal fetal conditions including fetal
anemia, fetal hydrops, TORCH infections) increased through the years of the study. Despite a ris-
ing prevalence, the last 10 years showed a significant reduction in stillbirths associated with pre-
eclampsia and FGR. Similarly, the risk of stillbirth related to abnormal fetal conditions decreased
in the second study period and a history of previous stillbirth becomes a nonsignificant
risk factor.
Conclusions: Altogether these results suggest that in pregnancies perceived as “high risk” (i.e.
previous stillbirth, preeclampsia, FGR, abnormal fetal conditions) appropriate care and follow-up
can indeed lower stillbirth rates. In conclusion, the road to stillbirth prevention passes inevitably
through awareness and recognition of risk factors.
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Introduction

Every year more than 2.5 million stillbirths occur

worldwide [1]. Despite this high prevalence, the bur-

den of stillbirths still remains greatly underappreciated

[2] and few national and international intervention

plans address stillbirths [3]. In high-income countries

stillbirths are difficult to prevent and occur mainly in

the antepartum period and very preterm [4].

Moreover, many stillbirths are associated with a failure

in identifying risk factors, leading to underestimate

the hazard, with a lack of appropriate standard of care

[5]. All these aspects contribute to the too slow pro-

gress in reducing stillbirth rates [6]. Indeed, the pro-

gress is slower than that required to meet the targets

set by the World Health Organization [7] to end

preventable stillbirths [8]. On the other hand, it was

suggested that the decreasing of stillbirth rate passes

through the improving of prenatal care and monitor-

ing before labor for many conditions such as pree-

clampsia, poor fetal growth, fetal asphyxia, and

improving care and expediting delivery for several

conditions such as placental abruption and fetal dis-

tress [9]. According to these evidences, one of the first

issues to reduce stillbirth rate is the recognition of risk

factors. This knowledge is crucial in planning effective

public health initiatives and antenatal education,

increasing awareness of stillbirth, improving care, and

monitoring during pregnancy [10]. Therefore, the pre-

sent study aimed at investigating which factors were

associated with stillbirths and their trend over a long
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time period. The final goal was to identify which ele-

ments are potentially modifiable to reduce still-

birth rate.

Materials and methods

Data collection

The study is a retrospective case-control study carried

out in a University Hospital in the North of Italy.

Stillbirth was defined as fetal death at or more than

22 completed weeks of gestation, according to the

World Health Organization’s International Statistical

Classification of Diseases 10th revision [11]. All still-

births occurred in a 30-year period (1987–2017) were

considered, using the archive of the Unit of Human

Pathology (in Italy all stillbirths underwent autopsy by

law). Eligible cases for the study included singleton

pregnancies with nonmacerated fetus. From a data-

base of 2937 consecutive unselected perinatal

autopsies performed at the Unit of Human Pathology,

we identified 358 singleton pregnancies eligible for

recruitment.

Controls were randomly selected (using a com-

puter-generated sequence of random numbers)

among women who delivered singleton liveborn baby

in the same years as cases; data were extracted from

the database of the Unit of Obstetrics and Gynecology

in the same institution. Exclusion criteria were multiple

pregnancies and stillbirths. Among 29 063 liveborn

singleton deliveries, we randomly collected 716 babies

as controls, with a 1:2 case:control rate. With a signifi-

cance level targeted at 0.05, this sample size achieves

80% power to detect an odds ratio (OR) of 1.5 for the

most common risk factors (prevalence in con-

trols¼ 25%); an OR of 2.0 for unusual risk factors

(prevalence in controls¼ 5%); an OR of 3.75 for very

infrequent risk factors (prevalence in controls¼ 1%).

Sociodemographic variables, maternal and obstetric

history, fetal characteristics, and pregnancy outcomes

were obtained from routinely collected, prospectively

entered, anonymized data from the obstetric clin-

ical databases.

Definitions

Preeclampsia was defined as new-onset hypertension

(blood pressure >140/90) with significant proteinuria

after 20 weeks of gestation.

Maternal obesity was defined as prepregnancy

body mass index at or greater than 30 kg/m2.

Gestational diabetes was diagnosed at 24–28 weeks

of gestation; until 2010 it was diagnosed with a 100-g

oral glucose tolerance test with two or more values

over the ranges established by Carpenter et al. [12]

[plasma glucose: fasting <5.2mmol/L (95mg/dl), 1 h

<10mmol/L (180mg/dL), 2 h< 8.6mol/L (155mg/dL),

3 h <7.7mmol/L (140mg/dL)]. Since 2010 gestational

diabetes was diagnosed with a 75-g glucose tolerance

test with at least one value at or over the ranges

established by International Association of Diabetes

and Pregnancy Study Groups [13] [fasting <5.1mmol/

L (<92mg/dL), 1 h< 10.0mmol/L (<180mg/dL),

2 h< 8.5mmol/L (<153mg/dL)]. Congenital abnormal-

ities include karyotype abnormalities and/or gene

mutations and/or single severe malformations or mul-

tiple malformations or deformations or dysplasia.

Fetal growth restriction (FGR) was diagnosed in

utero through repeated longitudinal measurements

that demonstrated a reduction in fetal growth velocity

with abdominal circumference less than 10th centile,

in absence of congenital anomalies.

Smokers include women who declared to use ciga-

rettes and continue to smoke in pregnancy (irrespect-

ive of the number of cigarettes/day).

Statistical analysis

Baseline characteristics of the study population were

expressed as median and range for continuous varia-

bles and as frequency and percentage for categor-

ical variables.

Since Kolmogorov-Smirnov test suggested a non-

normal distribution for the continuous variables ana-

lyzed in the present study, nonparametric tests were

used. At univariate analysis, baseline maternal,

pregnancy, and fetal characteristics both in cases and

controls were compared with the Wilcoxon two-inde-

pendent samples test for continuous variables and the

chi-square test for categorical variables. Univariate and

multivariate unconditional logistic regression was per-

formed in order to calculate OR with 95% confidence

intervals (CI) for the risk of stillbirth according to the

investigated risk factors. Multivariate logistic models

included as covariates the gestational age and the

characteristics that were associated with stillbirth at

univariate analysis.

Population attributable risk (PAR) with 95% CI was

calculated using unadjusted OR for the modifiable risk

factors that were significant at univariate analysis.

The population was subdivided into two study peri-

ods in order to evaluate the prevalence in time and

the association with stillbirth of the identified risk fac-

tors. The chosen intervals were 1987–2006 and

2007–2017. This interval was chosen to obtain a
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comparable sample-size between the two study peri-

ods, in order to allow accurate statistical analysis to

highlight the differences in the last 10 years compared

to the previous 20 years. The apparently greater num-

ber of stillbirths occurred in the last 10 years (n¼ 174

versus n¼ 184 in the previous 20 years) is not related

to an increased stillbirth rate but just to increased glo-

bal population (since the 2006), due to the fusion of a

spoke with our Hub. The above described univariate

and multivariate statistical analyses were performed

for both study periods.

p-values< .05 were considered statistically signifi-

cant. The analysis was performed with SAS Software,

version 9.4.

Results

Significant differences were observed between still-

born cases and liveborn controls including differences

in maternal characteristics, previous pregnancies out-

comes, and current pregnancy outcomes: women with

stillbirth were significantly older than women with

livebirth (median age of cases: 33 years, range 14–50;

controls: 31 years, range 15–44, p¼ .003; univariate OR

1.04 [1.01–1.06]) and they were more frequently obese

(14% versus 7%, p¼ .005; OR¼ 2.26 [1.27–4.01]), smok-

ers (14% versus 9%, p¼ .04; OR¼ 1.80 [1.01–3.21]),

and affected by pregestational type 2 diabetes (2%

versus 0%, p¼ .003; OR¼ 12.19 [1.46–101.62]).

Previous pregnancies history was more frequently

affected by adverse outcomes in women with stillbirth

than controls, including previous FGR (2% versus

0.003%, p< .002; OR 8.16 [1.72–38.62]), previous still-

birth (4% versus 1%, p< .0001; OR¼ 7.14 [2.25–12.63]),

and previous preeclampsia (1% versus 0.003%, p< .03;

OR 5.06 [0.98–26.19]) with an overall effect of 8% ver-

sus 1%, p< .0001; OR¼ 6.69 [2.91–15.40] in cases with

more than one of the above mentioned conditions.

The index pregnancy was more frequently obtained

by medical-assisted reproductive technologies (4% ver-

sus 2% p¼ .05; OR¼ 2.21 [1.00–4.90]) and affected by

preeclampsia (11% versus 1%, p< .001; OR¼ 13.10

[5.81–29.52]). Fetal characteristics in index pregnancies

also differed between cases and controls, showing

higher prevalence of FGR (12% versus 2%, p< .0001;

OR¼ 7.79 [4.05–15.00]), fetal congenital abnormalities

(11% versus 1% p< .0001; OR 10.51 [4.85–22.77]), and

other abnormal fetal conditions (i.e. fetal anemia,

hydrops, TORCH infections; 12% versus 2% p< .0001;

OR¼ 6.21 [3.39–11.37]) in cases rather than in controls.

Characteristics of stillborn cases and liveborn controls

are summarized in Supplementary Table 1 and the

overall prevalence of specific risk factors and the cor-

respondent PAR are shown in Supplementary Table 2.

At multivariate analysis, risk factors significantly

associated with the risk of stillbirth were pregesta-

tional diabetes (OR 13.48 [1.14–159.79]), previous FGR

(OR 7.74 [1.11–53.86]), current preeclampsia (OR 3.59

[1.01–12.73]), and current fetal congenital abnormal-

ities (OR 4.15 [1.35–12.83]) (Supplementary Table 1).

Our focus was to evaluate the prevalence in time

and the association with stillbirth of the identified risk

factors in the last 10 years compared to the previous

20 years. Notably, the prevalence of preeclampsia and

FGR increased through the last 10 years of the study

but, surprisingly, a significant decrease in stillbirth

associated with preeclampsia and FGR was observed

(preeclampsia: OR¼ 38.52 [9.12–162.75] prevalence

0.5% during period 1987–2006 versus OR¼ 3.74

[1.23–11.34] prevalence 1.4% during period 2007–2017;

FGR: OR¼ 12.49 [4.72–33.02], prevalence 1.4% during

period 1987–2006 versus OR¼ 4.60 [1.84–11.49], preva-

lence 2.0% during period 2007–2017). It resulted in a

consistent reduction of PAR over the two investigated

time periods: from 17% [4–47] to 4% [0–13] for pree-

clampsia and from 14% [5–30] to 7% [2–17] for FGR

(Table 1). The proportion of early- versus late-FGR does

not change through the years, counting 85% early-FGR

and 15% late-FGR cases in both study periods.

An increased prevalence of women aged 40 years

or over (2.9% versus 7.4%) and pregnancies obtained

by assisted reproductive technologies (0.5% versus

2.9%) was also observed. Despite the similar ORs

obtained for these factors over the two study periods,

the PAR [95%CI] was increased from 2% [�1–9] to 5%

[�1–14] and from 1% [0–8] to 3% [0–10] for advanced

maternal age and assisted reproductive technologies,

respectively (Table 1). In women aged 40 years or

over, 14% of stillbirths occurred after the 38th week of

gestation and 7% after the 39th week of gestation.

Moreover, an increased prevalence of abnormal

fetal conditions was observed over the two time peri-

ods (1.1% versus 3.2%) but, fortunately, the ORs and

the PAR decreased (OR¼ 12.36 [4.19–36.44] period

1987–2006 versus OR¼ 3.98 [1.86–8.51] period

2007–2017; PAR over the two time periods: from

10.99% [3.35–27.81] to 8.61% [2.65–19.18]).

PAR for the modifiable risk factors over the last 10

years is summarized in Figure 1.

Discussion

The present study investigated factors associated with

stillbirths over a long time period. Our data highlight

that some changes occurred in the prevalence of
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certain stillbirth-associated risk factors during the last

30 years: the prevalence of conception obtained by

assisted reproductive technologies, pregnancy at

advanced maternal age, and complications of preg-

nancy such as preeclampsia, FGR, and other fetal dis-

eases (abnormal fetal conditions including fetal

anemia, fetal hydrops, TORCH infections) increased

through the years of the study. Despite a rising preva-

lence, the last 10 years showed a significant reduction

in stillbirths associated with preeclampsia and FGR.

Similarly, the risk of stillbirth related to abnormal fetal

conditions decreased and a history of previous still-

birth becomes a nonsignificant risk factor in the last

10 years.

Considering the framework of the country in which

the study was performed, these results are very inter-

esting: in Italy, antenatal care is free of charge and it

includes routine monthly appointments, comprising

ultrasound scans (at first, second and, if indicated, at

third trimester of pregnancy). Additional care and

referrals to specialist services are provided when

needed. At the present day there are no specific

national intervention plans to reduce stillbirth rate

and national guidelines on antenatal care for women

with previous stillbirths do not exist.

Our results suggest that interventions in some areas

could contribute to increasing awareness of the

potentially modifiable risk factors, thus reducing still-

birth rates.

Maternal age

Childbearing later in life is a growing trend associated

with potentially adverse pregnancy outcomes [14].

Advanced maternal age is most commonly encountered

in primigravid women who delay pregnancy due to life-

style choices or underlying subfertility, but also in mul-

tiparous women continuing childbearing [15]. Indeed,

advanced maternal age is an independent risk factor for

stillbirth in both nulliparous and multiparous women

[16]. Our results are in agreement with the trend of

delaying pregnancy, showing an increased prevalence

of women aged 40 years or over during the last 10

years. Obviously, maternal age cannot be modified dur-

ing pregnancy, but the risks related to ageing should

be considered in intervention programs to lower still-

births. For example, epidemiological studies show that

women aged 40 years or older have a similar stillbirth

risk at 39 weeks of gestation as 25–29 year olds at 41

weeks of gestation [17,18]. According to this evidence,

the Royal College of Obstetricians and Gynaecologists

(RCOG) considers the option of earlier induction of labor

as a clinical practice that would reduce late antenatal

stillbirths in advanced maternal age [19].

Table 1. Association estimates for stillbirth risk according to separate study periods and correspondent population attributable
risk (PAR) for the identified risk factors.

Category
Specific

characteristics

Study period 1 (1987–2006)
N cases/controls ¼ 184/368

Study period 2 (2007–2017)
N cases/controls ¼ 174/348

Univariate OR
[95% CI]

Prevalence in
controls (%) PAR (% [95% CI])

Univariate OR
[95% CI]

Prevalence in
controls (%) PAR (% [95% CI])

Maternal
characteristics

Age � 40 years 1.70 [0.66–4.75] 2.9 1.94 [�0.99–8.77] 1.67 [0.90–3.10] 7.4 4.75 [�0.76–13.53]
Obesity 2.11 [0.85–5.25] 8.3 8.37 [�1.30–25.98%] 2.25 [1.07–4.74] 6.4 7.36 [0.41–19.24]
Smoking NE 0 – 1.37 [0.65–2.90] 8.6 3.11 [�3.13–14.10]
Diabetes NE 0 – 6.08 [0.63–58.79] 0.3 1.44 [�0.11–14.28]
Any

baseline
pathology

2.16 [1.30–3.59] 9.5 9.91 [2.73–19.77] 1.11 [0.68–1.83] 15.2 1.69 [�5.14–11.16]

Previous
pregnancies

Previous
preeclampsia

6.07 [0.63–58.72] 0.3 1.36 [0.10–13.56] 4.04 [0.36–44.81] 0.3 0.86 [�0.18–11.18]

Previous stillbirth 20.07 [2.44–164.92] 0.3 5.54 [0.44–33.53] 3.16 [0.70–14.31] 0.9 1.97 [�0.28–11.00]
Previous FGR NE 0 – 4.07 [0.74–22.44] 0.6 1.73 [�0.15–10.97]

Current
pregnancy

Assisted
reprod technol

3.03 [0.50–18.29] 0.5 1.09 [�0.27–8.59] 2.06 [0.84–5.05] 2.9 2.96 [�0.46–10.42]

Preeclampsia 38.52 [9.12–162.75] 0.5 16.94 [4.23–46.78] 3.74 [1.23–11.34] 1.4 3.79 [0.34–12.94]
FGR 12.49 [4.72–33.02] 1.4 13.50 [4.81–30.31] 4.60 [1.84–11.49] 2.0 6.74 [1.6–17.43]
Congenital

abnormalities
13.58 [5.16–35.74] 1.4 14.60 [5.35–32.07] 6.27 [1.68–23.48] 0.9 4.35 [0.58–16.23]

Other
fetal conditions

12.36 [4.19–36.44] 1.1 10.99 [3.35–27.81] 3.98 [1.86–8.51] 3.2 8.61 [2.65–19.18]

Male sex 1.22 [0.86–1.75] 51.0 10.24 [�7.83–27.57] 1.39 [0.97–2.01] 47.0 15.57 [�1.68–32.19]

Note. Significant ORs and PARs are in bold.
CI: confidence intervals; OR: odds ratio; PAR: population attributable risk; BMI: body mass index; FGR: fetal growth restriction; NE: not estimable, due to
small number of cases (diabetes, previous FGR) or >20% of missing data (smoking).
“Any baseline pathology” includes one or more of these characteristics: autoimmune disease/thrombophilia, diabetes, hematological disease (including
severe anemia and/or congenital hemoglobinopathies), chronic hypertension, thyropathy (defined as overt hypothyroidism and/or autoimmune thyroiditis
in patients taking oral levothyroxine therapy), and other pregestational pathology.
“Other fetal conditions” include fetal anemia or hydrops or TORCH infection.
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Obesity

Obesity in pregnancy is an independent risk factor for

stillbirth and the risk seems to increase with increasing

gestational age [20–24] and maternal weight [25]. Our

results agree with previously published Italian data

[26], confirming that high maternal body mass index

is a specific risk factor for stillbirth in Northern

Italian population.

Prevention strategies to reduce obesity-related risk

of stillbirth pose a challenge, yet they are achievable.

Preconceptional weight optimization is the ideal scen-

ario and it may be obtained by providing information

about obesity-related risks and encouraging weight

loss and lifestyle modification during family planning

consultations [27]. Other interventions include tailoring

nutritional needs with adequate supplementations

before and during pregnancy (i.e. folic acid dosage);

discussing the importance of a healthy diet and

appropriate daily physical exercise during pregnancy

in order to prevent excessive weight gain. Specific risk

assessment should be considered for obese women,

also addressing the risk of comorbidities associated

with obesity (including for example fetal malforma-

tions, gestational diabetes, preeclampsia, sleep apnea);

adequate antenatal care with specific consideration for

maternal and fetal surveillance should be pro-

vided [28].

Previous stillbirth

The recurrence of stillbirth from one pregnancy to the

subsequent one has been widely acknowledged, for

example, a recent meta-analysis reported a nearly five-

fold increase in the relative risk [29]. In our population

a previous stillbirth was a significant risk factor for

subsequent stillbirth during the first study period

(1987–2006), whereas it became nonsignificant during

the last 10 years (2007–2017). This result may be

related to the additional medical examinations and

ultrasound scans frequently performed in women who

experienced stillbirth [30]. Clinical guidelines suggest

Figure 1. Population attributable risk (PAR) for stillbirth during the period 2007–2017. Bars represent population attributable risk
(expressed as percentage). PAR indicates the proportion of cases that would not occur in the population if the risk factors were
eliminated. The figure shows the main risk factors observed in the studied population. Data are shown mimicking the shape of
the “Duomo,” the most famous landmark in Milan, the city where the study was performed (Northern Italy, EU). The attributable
risk depends on the prevalence of the risk factor and the strength of its association with stillbirth. Some factors cannot be modi-
fied (e.g. history of previous stillbirth, advanced maternal age, conception obtained by assisted reproductive technologies, pres-
ence of fetal congenital abnormalities) and others are difficult (but not impossible) to change during pregnancy (e.g. maternal
overweight, smoking). Nevertheless, proper interventions, pregnancy care, and follow-up can lower stillbirth rates. Specific com-
ments for each risk factor in the text. “Other” includes fetal anemia, fetal hydrops, TORCH infections. FGR: fetal growth restriction.
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serial assessment of growth by ultrasound biometry,

screening for gestational diabetes, and individual

assessment for timing of birth at a specialist maternity

unit as special attentions needed to lower stillbirth

recurrence risk [31].

Assisted reproductive technologies

Women who undergo advanced reproductive technol-

ogies show an increased risk of perinatal mortality

[20]. Although many confounder factors could be

responsible for a significant portion of this excess mor-

tality (such as the presence of multiple gestations and

an advanced maternal age), assisted conception never-

theless seems to be an independent risk factor for

stillbirth [25]. Our results show a significantly increased

prevalence of assisted conception in cases, with a sig-

nificant population attributable risk and increased

access in the last 10 years compared to the previous

20 years. Therefore, pregnancies obtained by assisted

reproductive technologies should be perceived and

monitored as “high risk pregnancies” in order to

reduce stillbirth rate.

Preeclampsia

Preeclampsia has been frequently reported as a risk

factor for stillbirth [32,33]. Recent reviews highlight

that a huge number of stillbirths are attributable to

preeclampsia and eclampsia, especially in low and

middle income-countries [34]. Nevertheless, other

studies in high-income countries found that pree-

clampsia seems to result in reduced risk [26]. These

results suggest that several factors may play a

“protective” role against stillbirth in this subpopula-

tion: for example, widespread access to antenatal care,

the fact that women are educated concerning the clin-

ical presentation as well as the risks associated with

preeclampsia, prompting early diagnosis, and timely

delivery [35]. In agreement with this observation, our

results show a low but consistent reduction of still-

birth related to preeclampsia in the last 10 years

although the prevalence of preeclampsia was

increased. Therefore, it is reasonable to think that

many fetal deaths could be prevented by timely

detection and appropriate management of maternal

preeclampsia. Current evidences do not support the

use of prophylactic low-dose aspirin solely for the pre-

vention of stillbirth [36]. On the contrary, low-dose

aspirin could be useful for the prevention of pree-

clampsia in women at high risk [36]. This strategy for

preeclampsia prevention may lead, in turn, to a reduc-

tion of preeclampsia-related stillbirth rate.

Fetal growth restriction

Identification and appropriate management of the

growth-restricted fetus represents an important oppor-

tunity for stillbirth prevention [20]. Past and recent

data show that abnormally grown fetuses reported an

incidence of stillbirth severely higher than appropri-

ate-for-gestational-age counterparts, placing FGR as

one of the strongest factors associated with stillbirth

[37]. Our data reported a low but consistent reduction

of stillbirth related to FGR in spite of an increased

prevalence of FGR in the last years. Although the rate

of neonatal death in early-FGR was not evaluated in

the present study, results suggest that a correct man-

agement of pregnancies affected by abnormal fetal

growth could decrease the rate of stillbirths.

Congenital abnormalities and other

fetal conditions

A large number of stillborn fetuses exhibit congenital

abnormalities including single or multiple malforma-

tions, deformations or dysplasia [38], with or without

chromosomal or genetic anomalies. Although many

deaths from congenital malformations are currently

considered “unavoidable” (e.g. cases related to abnor-

mal fetal karyotype), it is reasonable to think that a

proportion of these deaths can be averted by primary

prevention measures. Folate supplementation for the

prevention of neural tube defects, avoiding teratogen

exposure and appropriate hygiene standards all repre-

sent possible interventions during the periconcep-

tional period. Our data suggest a decreasing

prevalence of congenital anomalies both in livebirths

and stillbirths. The general reduction of congenital

anomalies could be related to improved early ante-

natal detection by ultrasound (hence to a possible

increase in early legal interruptions of pregnancy

before the age of viability). Conversely, ultrasono-

graphic antenatal detection of curable fetal diseases

improved intrauterine interventions (e.g. fetal transfu-

sion for anemia) resulting in pregnancy progression

and stillbirth reduction.

Strengths and limitations

This study includes a large obstetric cohort of stillbirth,

with detailed clinical and obstetric data. Nevertheless,

the study is limited by the retrospective case – control

6 S. RAIMONDI ET AL.



study design: sometimes in the first years of the study

some data were missing (>20%) (i.e. smoking); in

order to achieve powerful results in the multivariate

analysis, smoking was excluded from the model.

However, sensitivity analyses were performed with the

inclusion of all risk factors, providing compar-

able results.

In conclusion, our data show how stillbirth risk fac-

tors evolved over more than a quarter of a century,

reflecting the changes in society with respect to life-

style choices and health-related issues. The suggestion

is that prompt recognition and careful follow-up of

many feto–maternal conditions may lead to a lowering

incidence of stillbirths in spite of a growing prevalence

of high risk pregnancies. Knowledge about risk factors

plays a pivotal role in increasing awareness, thus help-

ing to reduce stillbirth rates.
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