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Abstract

Background: Stillbirth is a worldwide devastating adverse pregnancy outcome and specific maternal conditions have been associated
with an increased risk of fetal death. However, despite the worldwide increased efforts in prevention of stillbirth, little improvements have
been achieved in recent years. Our aimwas to explore the role of maternal conditions that can be ascertained at the beginning of pregnancy
(i.e., demographic and medical conditions/diseases) and estimate their contribution to antepartum stillbirth. An early identification of risk
factors could offer to high-risk pregnancies a tailored antenatal surveillance by trained staff leading to a potential reduction of stillbirth
rates. Methods: Retrospective case-control study in singleton pregnancies. The difference between fetal survival rates in women with
or without risk factors was evaluated. Results: Antepartum stillbirth occurs more frequently in infertile, older women, with systemic
diseases. Maternal conditions may affect fetal outcome in a time-dependent manner. Subdividing cases in early stillbirths (before 28
weeks of gestation) and late stillbirth (≥28 weeks of gestation) we observed that early stillbirths are associated with assisted reproductive
technologies (Odds Ratio (OR) 3.10; 95% Confidence Interval (CI) 1.43–6.71), maternal age above 35 years (OR 1.59; 95% CI 1.17–
2.17) and pre-gestational hypertension (OR 3.68; 95% CI 1.28–10.56). Autoimmune disease (OR 6.55; 95% CI 2.90–14.80), inherited
thrombophilia (OR 2.94; 95% CI 1.40–6.18) and pre-gestational diabetes (OR 7.57; 95% CI 2.17–26.35) are independent risk factors for
late stillbirths. Further, the risk of stillbirth rises with the increasing of the number of pathological maternal clinical conditions, reaching
an OR of 5.27 (95% CI 2.32–11.98) in cases of mother with three or more conditions/diseases. Conclusions: Early awareness of the
maternal conditions/diseases addressable at the beginning of pregnancy is crucial to offer a personalized plan for high quality care during
gestation; for the prevention of stillbirth, a cared clinical management should acknowledge that pregnancies can be affected more severely
and earlier as the number of abnormal maternal conditions increases.
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1. Introduction
The death of the fetus during the intrauterine life is a

dramatic and devastating event of any affected pregnancy,
irrespective of the duration of the gestation. More than 2.5
million stillbirths have been reported worldwide when ap-
plying the 28-weeks gestational age cut-off suggested by
theWorld Health Organization for international comparison
[1]; however, when applying the lower limit of 20 weeks,
the number of fetal deaths would more than double [2]: half
of stillbirths occur before 28 weeks of gestation [3], with an
overall estimation of five to six million stillbirths annually
[4].

Although stillbirth may occur during an otherwise
apparently uneventful pregnancy, some maternal condi-
tions/diseases have been identified as able to increase the
risk of fetal death [5]. These worldwide diffuse mater-

nal conditions include obesity [6], pre-pregnancy hyper-
tension and diabetes, especially when associated with ad-
vanced maternal age [7,8]. In accordance with the global
trends, in Italy these maternal risk factors have been in-
creasing in the last years [9] leading to a wider number of
women potentially at “high-risk pregnancy”. Ideally, high
quality antenatal care should identify and address the ma-
ternally related stillbirth risk factors at the beginning of any
pregnancy [3,8], to offer a personalized plan for high quality
care during gestation [8], avoiding preventable stillbirths.
Nevertheless, in the last few years the reduction of stillbirth
rates has been lower than what we hoped for [7] and end-
ing preventable stillbirths still remains an unreached goal
[8]. Correctly targeting the pregnancy as low versus high
risk is crucial for the prevention of adverse pregnancy out-
comes [10]. Therefore, our purpose is to explore the role
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Table 1. Main characteristics of stillborn cases and liveborn controls.

Characteristic
Cases (N = 429) Controls (N = 1716)

p-value
N (%) N (%)

Maternal age (years) 33 (29–36) 32 (28–35) 0.005
Maternal pre-pregnancy BMI 23 (21–26) 22 (20–25) 0.02
Obesity (BMI ≤30 kg/m2) 26/183 (14%) 122/1716 (7%) 0.0007
Autoimmune disease 13/429 (3%) 13/1716 (1%) 0.0001
Inherited Thrombophilia 14/429 (3%) 26/1716 (2%) 0.02
Pre-gestational diabetes (IDDM) 6/429 (1%) 5/1716 (0%) 0.004
Pre-gestational hypertension 8/429 (2%) 12/1716 (1%) 0.02
Overt Hypothyroidism 11/429 (3%) 48/1716 (3%) 0.79
Overt Hyperthyroidism 5/429 (1%) 9/1716 (1%) 0.14
Pre-gestational systemic infections 8/429 (2%) 24/1716 (1%) 0.48
Asthma 3/429 (1%) 20/1716 (1%) 0.40
Epilepsy 4/429 (1%) 28/1716 (2%) 0.29
Assisted reproductive technologies 16/429 (4%) 26/1716 (2%) 0.003
Note: significant p-values are in italic.
p values were obtained by Wilcoxon two-independent samples test or Chi Square test, as appropriate.
Data as exposed as number (percentage) or Median (Interquartile Range), as appropriate.
Missing data for maternal age (only cases) = 20/429 (5%); missing data for maternal BMI (only cases)
= 247/429 (58%).
BMI, body mass index; IDDM, insulin dependent diabetes mellitus.

of maternal conditions that can be ascertained at the begin-
ning of pregnancy (i.e., demographic and medical condi-
tions/diseases) and estimate the respective contribution of
these conditions to stillbirth. An early identification of risk
factors could offer to high-risk pregnancies a specific ante-
natal surveillance by trained staff [11] leading to a potential
reduction of stillbirth rates.

2. Methods
2.1 Data Collection and Definitions

This was a retrospective case-control study of an-
tepartum stillbirths in singleton pregnancies that occurred
in a University Care Center in Northern Italy over 30
years before the COVID-19 pandemic (years 1987–2017).
The Unit can provide antenatal, intrapartum and post-
partum care to low risk and moderate-high risk pregnan-
cies, with Obstetrics-Gynecology (Ob-Gyn), Anesthesiolo-
gist and Neonatologist (but not neonatal intensive care unit)
physically present at all times and full complements of sub-
specialists readily available at all times for inpatients con-
sultation; in-house availability of all of blood components;
onsite availability of maternal intensive care unit. The av-
erage annual birth rate in the study period was 1824 deliv-
eries/year (range 1561–2187).

Stillbirth was defined as spontaneous intrauterine fe-
tal death which occurred before the onset of labor at 20 or
more completed weeks of gestation. Deliveries resulting
from legal terminations of pregnancy were excluded. 429
singleton stillbirths were eligible for the study.

Maternal characteristics and gestational age at deliv-
ery were retrospectively obtained from routinely collected,

anonymized data from the obstetric clinical database of the
San Paolo Hospital Medical School in Milan, Italy.

Maternal pre-pregnancy body mass index (BMI) was
calculated according to the standard formula (kg/m2) and
patients were considered obese in case of BMI ≥30.0
kg/m2.

Maternal autoimmune diseases include systemic con-
ditions associated with the presence of autoantibodies i.e.,
systemic lupus erythematosus and antiphospholipid syn-
drome.

Inherited thrombophilia includes factor V Leiden mu-
tation (FVL G1691A), prothrombin gene mutation (PGA
G20210A), Methylenetetrahydrofolate reductase gene mu-
tation (MTHFRC677T and/or A1298C) associatedwith hy-
perhomocysteinemia, protein C deficiency, protein S defi-
ciency, and antithrombin deficiency.

Controls were randomly selected (by using the proc
surveyselect of SAS software version 9.4 (SAS®, Milano,
Italy), stratifying by 30-years study period) among women
who delivered in the same period as cases with a 1:4
case:control rate. A two-sided log rank test with an over-
all sample size of 2145 subjects (of which 30% have at
least one risk factor) achieves 100% power at a 0.05 sig-
nificance level to detect a difference of 10% in the survival
rates between the groups of exposed and unexposed sub-
jects, assuming a survival proportion at the end of preg-
nancy of 80% in the exposed group (as indicated in the
present case:control study). With the same assumptions,
statistical power was 89% to detect a smaller difference of
5% between the two groups.
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Fig. 1. Survival curves plotted according to the presence (dashed red line) or absence (solid black line) of maternal features.
p-value was evaluated with the Log-Rank test and represents fetal survival rates for women with or without any of the considered risk
factors. ART, assisted reproductive technologies; y, years.

2.2 Statistical Analysis
Baseline characteristics of the study population (i.e.,

maternal conditions that can be ascertained at the beginning
of pregnancy) were expressed as median and interquartile
range for continuous variables and as frequency and per-
centage for categorical variables.

Since Kolmogorov-Smirnov test suggested a non-
normal distribution for the continuous variables included in
the present study (BMI and maternal age), non-parametric
tests were used. At univariate analysis, baseline maternal
characteristics were compared between cases and controls
with theWilcoxon two-independent samples test for contin-
uous variables and the Chi Square test for categorical vari-
ables.

Survival was measured from the 20th week of ges-
tation to the date of delivery both for stillborn and live-
born fetuses. The difference between fetal survival rates
for women with or without any of the considered risk fac-
tors was evaluated with the Log-Rank test, and the corre-
sponding survival curves were plotted.

Since hazards in most curves were not proportional,
we did not calculate hazard ratios for the whole period of
gestation, but we defined early and late stillbirth as any still-
birth occurring up to 27.6 and from 28 weeks of gestation,
respectively.

We calculated the risk of any, early and late stillbirth
predictable bymaternal risk factors at baseline by using uni-
variate and multivariate unconditional logistic regression in
order to calculate Odds Ratio (OR) with 95% Confidence
Intervals (CI). Multivariate logistic models included as co-
variates the characteristics that were associated with still-
birth at univariate analysis.

To investigate the cumulative risk according to the
presence of one or more baseline maternal risk factors, we
plotted survival curves for subjects with no, one, two and
three or more risk factors at baseline and calculated the cor-
responding Log-Rank test. The OR and 95% CI according
to the number of risk factors was calculated as well by using
unconditional logistic regression.

p values < 0.05 were considered as statistically sig-
nificant. The analysis was carried out using SAS software
(SAS®, Milano, Italy), version 9.4.

3. Results
3.1 The Effects of Baseline Maternal Characteristics on
Fetal Stillbirth/Survival

Table 1 summarizes the maternal characteristics,
known at the beginning of pregnancy, in cases and controls.
As detailed in the table, maternal age was higher in still-
births than livebirths (median 33 years [interquartile range
29–36] in cases; median 32 years [interquartile 28–35] in
controls; p = 0.005), as well as maternal body mass index
(median 23 kg/m2 [interquartile range 21–26] in cases; me-
dian 22 kg/m2 [interquartile range 20–25] in controls; p =
0.02), the prevalence of maternal pre-pregnancy hyperten-
sion (2% of cases vs 1% of controls; p = 0.02), insulin
dependent diabetes mellitus (1% of cases vs 0% of con-
trols; p = 0.004), autoimmune diseases (3% of cases vs 1%
of controls; p = 0.0001), and inherited thrombophilia (3%
of cases vs 2% of controls; p = 0.02). Moreover, women
with a stillborn fetus underwent assisted reproductive tech-
nologies more frequently than women with liveborn (4% of
cases vs 2% of controls; p = 0.003).
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We assessed the effect of these significant factors by
measuring the number of fetuses that survived. The sur-
vival probability at any weeks of gestation was calculated
from twenty weeks of gestation and the total probability of
survival are shown in Fig. 1.

Interestingly, some factors showed a significant in-
creased risk for stillbirth at any gestational age (i.e., assisted
reproductive technologies, maternal age above 35 years,
obesity, pre-gestational hypertension), whereas other fac-
tors seemed to significantly increase stillbirth risk as ad-
vancing gestational age, starting from the third trimester of
pregnancy: autoimmune disease, inherited thrombophilia
and pre-gestational diabetes were associated with a rapid
reduction of survival probability from 28 weeks of gesta-
tion. Survival curves for hyperthyroidism were apparently
similar through all the gestation, but surprisingly they sep-
arate at the end of pregnancy.

3.2 Quantification of the Magnitude of the Contribution of
Maternal Risk Factors, according to the Gestational Age
at Stillbirth (Early vs Late Stillbirth)

The OR for stillbirth through all gestation were eval-
uated (Table 2): significant stillbirth risk factors were as-
sisted reproductive technologies (OR 2.52; 95% CI 1.34–
4.74), obesity (OR 2.16; 95% CI 1.37–3.41), autoimmune
disease (OR 4.09; 95% CI 1.88–8.90), inherited throm-
bophilia (OR 2.19; 95% CI 1.14–4.24), pre-gestational di-
abetes (OR 4.85; 95% CI 1.47–15.98) and pre-gestational
hypertension (OR 2.70; 95% CI 1.10–6.64). Interestingly,
subdividing cases in early stillbirths (before 28 weeks of
gestation) and late stillbirth (≥28 weeks of gestation) we
observed different burden of the factors: in early pregnancy
the significant conditions associated with stillbirth were as-
sisted reproductive technologies (OR 3.10; 95% CI 1.43–
6.71), maternal age above 35 years (OR 1.59; 95%CI 1.17–
2.17) and pre-gestational hypertension (OR 3.68; 95% CI
1.28–10.56) whereas autoimmune disease (OR 6.55; 95%
CI 2.90–14.80), inherited thrombophilia (OR 2.94; 95% CI
1.40–6.18) and pre-gestational diabetes (OR 7.57; 95% CI
2.17–26.35) were significant factors for late stillbirths. In
both periods of pregnancy, the aforementioned risk factors
were independent, as showed by the multivariate analysis
(Table 2).

Finally, we evaluated the cumulative burden of still-
birth risk factors according to the number of conditions af-
fecting pregnant women. Fig. 2 shows the OR and the 95%
CI for stillbirth in womenwith andwithout risk factors. No-
tably, the risk of stillbirth increases with the increasing of
the number of factors affecting the mother. Analyzing the
survival proportion of cases during pregnancy according to
the number of risk factors, we observed that pregnancies
were affected more severely and earlier as the number of
abnormal maternal conditions increased (Fig. 2).

Fig. 2. Cumulative risk of stillbirth according to the presence
of one or more baseline maternal risk factors. Fetal survival
curves were plotted for pregnancy from mothers with none, one,
two and three or more risk factors at baseline. Log-Rank test was
used to calculated p-value.

4. Discussion

The association between maternal risk factors and
stillbirth is well established in the medical literature [1,3,5,
12]. Our data confirm that stillbirth occurs more frequently
in infertile older mothers, in women with high body mass
index and in women with high prevalence of diseases, such
as diabetes and hypertension. Other retrospective investiga-
tions performed utilizing data that have been collected over
30 years like ours, highlighted the importance of under-
standing the maternal characteristics associated with still-
birth nowadays, as modern predictors of stillbirth risk [13].
Although many risk factors for stillbirths become apparent
late in pregnancy, many maternal conditions can be ascer-
tained and addressed early in pregnancy [14,15], recogniz-
ing and potentially preventing their contribution to the ad-
verse fetal outcome. Our results about the increasing of
the risk of stillbirth associated with advanced maternal age
and maternal diseases are in agreement with previous stud-
ies performed in the United States and United Kingdom
aimed at identifying maternal risk factors known at the be-
ginning of pregnancy [14,16]. Accordingly, Yerlikaya et al.
[16] provided an algorithm for prediction of stillbirth, de-
veloped on a model based on maternal characteristics and
medical history recorded in early pregnancy. They stated
that this model based on an early recognizing of risk factors
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Table 2. Odds Ratio (OR) and 95% Confidence Intervals (CI) for the association of maternal baseline characteristics with risk
of stillbirth: univariate and multivariate analysis.

Characteristics
Univariate Multivariate1

OR (95% CI) OR (95% CI)

ALL
Maternal age ≥35 years 1.24 (0.99–1.56) -
Obesity (BMI ≥30 kg/m2) 2.16 (1.37–3.41) -2

Maternal age (years) 1.03 (1.01–1.05) 1.02 (1.00–1.04)
BMI 1.05 (1.01–1.08) -2

Autoimmune disease 4.09 (1.88–8.90) 4.24 (1.94–9.23) 3.56 (1.58–8.06)
Inherited Thrombophilia 2.19 (1.14–4.24) 2.29 (1.18–4.43) 2.28 (1.18–4.43)
Pre-gestational diabetes (IDDM) 4.85 (1.47–15.98) 4.28 (1.25–14.63) 4.26 (1.24–14.58)
Pre-gestational hypertension 2.70 (1.10–6.64) 2.15 (0.83–5.60) 2.25 (0.86–5.83)
Overt Hypothyroidism 0.91 (0.47–1.78) -
Overt Hyperthyroidism 2.24 (0.75–6.71) -
Pre-gestational infections 1.34 (0.60–3.00) -
Asthma 0.60 (0.18–2.02) -
Epilepsy 0.57 (0.20–1.63) -
Assisted reproductive technologies 2.52 (1.34–4.74) 2.63 (1.39–4.95) 2.50 (1.32–4.76)

EARLY STILLBIRTHS (<28 weeks of gestation)
Maternal age ≥35years 1.59 (1.17–2.17) 1.53 (1.12–2.09)
Obesity (BMI ≥30 Kg/m2) 2.61 (1.25–5.47) -2

Maternal age (years) 1.04 (1.01–1.07) 1.03 (1.01–1.06)
BMI 1.06 (1.01–1.12) -2

Autoimmune disease 1.34 (0.30–5.97) -
Inherited Thrombophilia 1.34 (0.46–3.88) -
Pre-gestational diabetes (IDDM) 1.74 (0.20–14.94) -
Pre-gestational hypertension 3.68 (1.28–10.56) 3.99 (1.38–11.51) 3.88 (1.35–11.18)
Overt Hypothyroidism 1.46 (0.68–3.14) -
Overt Hyperthyroidism 0.96 (0.12–7.64) -
Pre-gestational infections 1.83 (0.69–4.84) -
Asthma 0.43 (0.06–3.22) -
Epilepsy 0.62 (0.15–2.60) -
Assisted reproductive technologies 3.10 (1.43–6.71) 2.83 (1.30–6.20) 2.80 (1.28–6.14)

LATE STILLBIRTHS (≥28 weeks of gestation)
Maternal age ≥35years 0.98 (0.72–1.34) -
Obesity (BMI ≥30 Kg/m2) 1.98 (1.15–3.41) -2

Maternal age (years) 1.02 (0.99–1.04) -
BMI 1.04 (1.00–1.08) -2

Autoimmune disease 6.55 (2.90–14.8) 6.43 (2.81–14.70)
Inherited Thrombophilia 2.94 (1.40–6.18) 3.16 (1.50–6.65)
Pre-gestational diabetes (IDDM) 7.57 (2.17–26.35) 8.22 (2.36–28.64)
Pre-gestational hypertension 1.87 (0.52–6.67) -
Overt Hypothyroidism 0.46 (0.14–1.48) -
Overt Hyperthyroidism 3.34 (1.02–10.94) 2.62 (0.74–9.28)
Pre-gestational infections 0.93 (0.28–3.11) -
Asthma 0.74 (0.17–3.19) -
Epilepsy 0.53 (0.12–2.22) -
Assisted reproductive technologies 2.03 (0.87–4.73) -
Note: significant ORs and p-values are in Italic.
1Multivariate model includes variables significantly associated with stillbirth at univariate analysis
and less than 20% of missing data in cases and/or controls.
2More than 20% of missing data.
BMI, body mass index; IDDM, insulin dependent diabetes mellitus.
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can potentially predict one-third of subsequent stillbirths
[16]. However, different geographic area may show dif-
ferent stillbirths risk factors. To our knowledge, this is the
first Italian study that evaluates the role of maternal base-
line characteristics as risk factors of stillbirth addressable
at pregnancy confirmation. Moreover, the specific time-
framewhen these early ascertainable factors represent a sig-
nificantly higher danger to the fetus needs more research
worldwide. The present study stratifies the risk of stillbirth
according to the baseline maternal conditions and the ges-
tational age (before and after the 28th weeks of gestation).

The strength of our study is that we have focused our
attention on baseline maternal conditions known at the be-
ginning of pregnancy. This is a useful moment to plan ef-
fective antenatal care in any women-centered facility. The
early awareness of risk factors may contribute to acceler-
ated progress towards the prevention of stillbirths, for ex-
ample by planning a specific and personalized antenatal
surveillance by trained staff.

However, our study has some limitations: firstly, we
utilized data that has been collected over 30 years, where
there have been several changes in obstetric protocols and
guidelines; this may have influenced the outcomes studied.
However, the comparison between stillbirths and a large
controls group of livebirths delivered in the same years lim-
its the potential bias. In fact, the same antenatal care was
offered to both groups. Moreover, our previous study, per-
formed in the same study period, subdivided the popula-
tion into different study sub-periods, in order to evaluate
the prevalence in time and the association with stillbirth of
the identified risk factors [9]. In that study we observed
an increasing of the prevalence of women aged ≥40 years
and pregnancies obtained by assisted reproductive tech-
nologies among bereaved mothers, highlighting the impor-
tance of the awareness of these risk factors in the modern
medicine. Moreover, in our previous study [9] we observed
a reduction of population attributable risk for stillbirth re-
lated to maternal disease (i.e., autoimmune disease, throm-
bophilia, diabetes, hematological disease, chronic hyper-
tension, thyropathy) during the period 2007–2017, possibly
related to the improvement of clinical management, high-
lighting again the importance of awareness of these clinical
conditions.

Secondly, the study is retrospective which can lead to
information being largely missed or not collected (such as
ethnicity/racial origin, patterns of migration, smoking etc.).
Thirdly, the study took place in a single maternity hospi-
tal which might reduce the generalizability of our results.
However, many similarities between maternal risk factors
observed in our cases were found in published literature
from around the world [3,5,12], supporting the reliability
of our data. Moreover, a mono-center study allows the ho-
mogeneity of pregnancy care between cases and controls.

Interestingly, our results highlight that maternal condi-
tions can affect fetal outcome in a time-dependent manner.

Some conditions (i.e., pre-gestational hypertension
and assisted reproductive technologies) represent a risk fac-
tor early in pregnancy while others (i.e., autoimmune dis-
ease, inherited thrombophilia, insulin dependent diabetes
mellitus) manifest their effect mainly late in pregnancy.

Autoimmune diseases are known conditions that can
affect fetal outcomes, including an increased risk of fetal
death [17–20]. To improve the pregnancy outcome, it is
important to individualize the correct risk profile for each
woman [21]. Medical literature suggests that an accurate
management of the mother (ideally starting at the precon-
ception or at least at the beginning of pregnancy), will in-
fluence and optimize the fetal outcomes [21]. Close moni-
toring during pregnancy is an essential strategy to improve
the placental functions [21] and, in turn, ending potentially
preventable stillbirth. Our data suggest that the highest in-
crease of the risk of fetal death starts from the 28th weeks
of gestation. Therefore, from this gestational age is crucial
to maintain a strict follow-up of the pregnancy affected by
maternal autoimmune diseases.

Inherited thrombophilia is a disorder associated with
an increased predisposition to developing thromboem-
bolism including in the placenta vessels. Nevertheless,
there is conflicting evidence with respect to the presence
and the strength of associations between inherited throm-
bophilia and adverse pregnancy outcomes [22–24]. Previ-
ous studies observed an association between protein S de-
ficiency, heterozygous for factor V Leiden or prothrombin
gene and stillbirth [25]. However other studies have failed
to demonstrate such association [23]. Moreover, conflict-
ing results are available about the therapy, concluding that
antithrombotic treatment appears unable to modify preg-
nancy outcome [23]. Our data show an increased preva-
lence of inherited thrombophilia in stillbirths than in live-
births, with a significant reduction in the fetal survival rate
from the third trimester. We are aware that the throm-
bophilic defect found in mother of stillborn babies may not
be viewed as the cause of the adverse pregnancy outcome
but just as an association. Nevertheless, the significance of
our results suggests that a close monitoring of thrombofilic
women during the third trimester of pregnancy may be in-
dicated.

Pre-gestational diabetes mellitus is a known risk fac-
tors for stillbirth [26,27]. Fetal outcomes have been related
with suboptimal maternal glucose control [28]. Substantial
variations between clinics have been highlighted in medical
literature, regarding glycemic control and, therefore, preg-
nancy outcomes [28]. In Minnesota (USA) reduction of the
rate of diabetes-related stillbirth was obtained thanks to dis-
tribution of education materials to caregivers and patients,
to optimize maternal conditions before conception and dur-
ing all pregnancy [29]. Our observations support this con-
test of improving awareness about diabetes suggesting that
fetal outcomes may benefit from a more strictly pregnancy
monitoring, especially from the 28 weeks of gestation.
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Interestingly, stillbirths at term show a prompt de-
crease of fetal survival after 38 weeks of gestation in cases
with overt hyperthyroidism, although it is not statistically
significant (possibly due to the low number of cases). Preg-
nancy loss in women suffering from hyperthyroidism has
been previously described in case series [30–34] and pre-
vious population-based study speculated that high thyroid
hormone levels in the late pregnancy could have direct ef-
fect on the fetus, leading to stillbirth [35]. It is well known
that thyroid dysfunction may affect fetal health, particularly
if hyperthyroidism is associated with thyroid autoimmunity
[36]: thyroid-stimulating hormone receptor antibodies are
able to cross the placenta leading to life-threatening fetal
hyperthyroidism [37]. Our data are in agreement with the
previously observed high risk of late stillbirth in hyperthy-
roidism, suggesting the helpfulness of a strict monitoring of
fetal wellbeing at term of pregnancy, up to considering an
appropriate timing of delivery.

Finally, our data highlights that the risk of stillbirth in-
creases with the increasing of the number of conditions af-
fecting the mother. It is difficult to suggest general indica-
tions for the management of pregnancy in women with mul-
tiple risk factors because each disease/condition has its own
features. Moreover, epidemiological results are not suffi-
cient to provided evidence-based recommendations. Nev-
ertheless, in agreement with previous suggestion provided
by other Authors [16], our study suggests the need for
achievable early awareness of maternal risk factors and per-
sonalized management of the pregnancy which would con-
tribute to avoid preventable stillbirths. However, the ex-
tent to which this early recognizing of maternal risk factors
could prevent stillbirth remains to be determined.

5. Conclusions

Our results highlight that the risk of stillbirth increases
as the increasing of the number of abnormal maternal clin-
ical conditions, in a time-dependent manner. Early aware-
ness of the maternal conditions addressable at the beginning
of pregnancy is the first step to plan evidence-based accu-
rate and effective antenatal care; timing and type of man-
agement depend on the different diseases and comorbidi-
ties, keeping in mind that maternal risk factors may have
cumulative impact on the pregnancy concurring to increase
the risk of fetal death.

Author Contributions

Conception and design of the article by LA. LA per-
formed the literature search, drafted the manuscript, col-
lected, and analyzed data. SR expanded the literature
research, performed statistical analysis, and drafted the
manuscript. GB and AMM revised database and discussed
results. VM, AV and CR actively discussed results. All au-
thors read, edited, and approved the final manuscript.

Ethics Approval and Consent to Participate
The study was exempt from code number because,

according to our National Code of Clinical Research, ret-
rospective archive studies (performed using anonymized
database) do not need ethics approval. Following Italian
Data Protection Act 9/2013, material previously collected
for diagnostic purposes can be used for research as long as
the privacy is ensured.

Acknowledgment
The authors are grateful to parents and volunteers of

CiaoLapo Charity for support and inspiration. The authors
are thankful to Ms Dawn Savery for helpful commenting.
SR would like to thank her stillborn daughter, Elisa, to give
her motivation to collaborate in the present study.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest. Anna

Maria Marconi and Laura Avagliano are serving as one
of the Editorial Board members and Guest editors of this
journal. We declare that Anna Maria Marconi and Laura
Avagliano had no involvement in the peer review of this
article and has no access to information regarding its peer
review. Full responsibility for the editorial process for this
article was delegated to Luca Roncati.

References
[1] Blencowe H, Cousens S, Jassir FB, Say L, Chou D, Mathers C,

et al. National, regional, and worldwide estimates of stillbirth
rates in 2015, with trends from 2000: a systematic analysis. The
Lancet Global Health. 2016; 4: e98–e108.

[2] Flenady VJ, Middleton P, Wallace EM, Morris J, Gordon A,
Boyle FM, et al. Stillbirth in Australia 1: the road to now: Two
decades of stillbirth research and advocacy in Australia. Women
and Birth. 2020; 33: 506–513.

[3] Stillbirth Collaborative Research Network Writing Group.
Causes of death among stillbirths. The Journal of the American
Medical Association. 2011; 306: 2459.

[4] Goldenberg R, Griffin J, Kamath-Rayne B, Harrison M, Rouse
D, Moran K, et al. Clinical interventions to reduce stillbirths in
sub-Saharan Africa: a mathematical model to estimate the po-
tential reduction of stillbirths associated with specific obstetric
conditions. BJOG: an International Journal of Obstetrics & Gy-
naecology. 2018; 125: 119–129.

[5] Flenady V, Koopmans L, Middleton P, Frøen JF, Smith GC,
Gibbons K, et al. Major risk factors for stillbirth in high-income
countries: a systematic review and meta-analysis. The Lancet.
2011; 377: 1331–1340.

[6] Langley‐Evans SC, Pearce J, Ellis S. Overweight, obesity and
excessive weight gain in pregnancy as risk factors for adverse
pregnancy outcomes: a narrative review. Journal of Human Nu-
trition and Dietetics. 2022; 35: 250–264.

[7] Lawn JE, Blencowe H, Oza S, You D, Lee AC, Waiswa P, et
al. Every Newborn: progress, priorities, and potential beyond
survival. The Lancet. 2014; 384: 189–205.

[8] Lawn JE, Blencowe H, Waiswa P, Amouzou A, Mathers C,

7

https://www.imrpress.com


Hogan D, et al. Stillbirths: rates, risk factors, and acceleration
towards 2030. The Lancet. 2016; 387: 587–603.

[9] Raimondi S, Mascherpa M, Ravaldi C, Vannacci A, Marconi
AM, Bulfamante GP, et al. How many roads lead to stillbirth
rate reduction? A 30-year analysis of risk factors in a North-
ern Italy University care center. The Journal of Maternal-Fetal
& Neonatal Medicine. 2021; 34: 952–959.

[10] Ellis A, Chebsey C, Storey C, Bradley S, Jackson S, Flenady
V, et al. Systematic review to understand and improve care af-
ter stillbirth: a review of parents’ and healthcare professionals’
experiences. BMC Pregnancy and Childbirth. 2016; 16: 16.

[11] Flenady V, Wojcieszek AM, Middleton P, Ellwood D, Erwich
JJ, Coory M, et al. Stillbirths: recall to action in high-income
countries. The Lancet. 2016; 387: 691–702.

[12] Fretts RC. Etiology and prevention of stillbirth. American Jour-
nal of Obstetrics and Gynecology. 2005; 193: 1923–1935.

[13] Selvaratnam R, Rolnik D, Davey M, Wallace E. Stillbirth: are
we making more progress than we think? A retrospective cohort
study. BJOG: an International Journal of Obstetrics &Gynaecol-
ogy. 2021; 128: 1304–1312.

[14] The Stillbirth Collaborative Research Network Writing Group.
Association Between Stillbirth and Risk Factors Known at Preg-
nancy Confirmation. The Journal of the American Medical As-
sociation. 2011; 306: 2469–2479.

[15] Gardosi J, Madurasinghe V, Williams M, Malik A, Francis A.
Maternal and fetal risk factors for stillbirth: population based
study. British Medical Journal. 2013; 346: f108.

[16] Yerlikaya G, Akolekar R, McPherson K, Syngelaki A, Nico-
laides KH. Prediction of stillbirth from maternal demographic
and pregnancy characteristics. Ultrasound in Obstetrics & Gy-
necology. 2016; 48: 607–612.

[17] Østensen M, Cetin I. Autoimmune connective tissue diseases.
Best Practice & Research Clinical Obstetrics & Gynaecology.
2015; 29: 658–670.

[18] Marder W, Littlejohn EA, Somers EC. Pregnancy and autoim-
mune connective tissue diseases. Best Practice & Research Clin-
ical Rheumatology. 2016; 30: 63–80.

[19] Perricone C, de Carolis C, Perricone R. Pregnancy and autoim-
munity: a common problem. Best Practice & Research Clinical
Rheumatology. 2012; 26: 47–60.

[20] Buyon JP, Kim MY, Guerra MM, Laskin CA, Petri M, Lockshin
MD, et al. Predictors of Pregnancy Outcomes in Patients with
Lupus: ACohort Study. Annals of InternalMedicine. 2015; 163:
153–163.

[21] DeCarolis S,Moresi S, Rizzo F,MonteleoneG, Tabacco S, Salvi
S, et al. Autoimmunity in obstetrics and autoimmune diseases
in pregnancy. Best Practice & Research Clinical Obstetrics &
Gynaecology. 2019; 60: 66–76.

[22] Rey E, Kahn SR, David M, Shrier I. Thrombophilic disorders
and fetal loss: a meta-analysis. The Lancet. 2003; 361: 901–

908.
[23] Makris M, Arachchillage D. Inherited Thrombophilia and Preg-

nancy Complications: should we Test? Seminars in Thrombosis
and Hemostasis. 2019; 45: 050–060.

[24] ACOG Practice Bulletin No. 197 Summary: Inherited Throm-
bophilias in Pregnancy. Obstetrics & Gynecology. 2018; 132:
249–251.

[25] Robertson L, Wu O, Langhorne P, Twaddle S, Clark P, Lowe
GDO, et al. Thrombophilia in pregnancy: a systematic review.
British Journal of Haematology. 2006; 132: 171–196.

[26] Mackin ST, Nelson SM, Kerssen JJ, Wood R, Wild S, Colhoun
HM, et al. Diabetes and pregnancy: national trend over a 15 year
period. Diabetologia. 2018; 61: 1081–1088.

[27] Starikov R, Dudley D, Reddy UM. Stillbirth in the Pregnancy
Complicated by Diabetes. Current Diabetes Reports. 2015; 15:
11.

[28] Murphy HR, Bell R, Cartwright C, Curnow P, Maresh M, Mor-
ganM, et al. Improved pregnancy outcomes in women with type
1 and type 2 diabetes but substantial clinic-to-clinic variations:
a prospective nationwide study. Diabetologia. 2017; 60: 1668–
1677.

[29] Owens LA, Egan AM, Carmody L, Dunne F. Ten years opti-
mizing outcomes for women with type 1 and type 2 diabetes in
pregnancy – The Atlantic DIP experience. The Journal of Clin-
ical Endocrinology and Metabolism. 2016; 101: 1598–1605.

[30] Sugrue D, Drury MI. Hyperthyroidism Complicating Preg-
nancy: Results of Treatment by Antithyroid Drugs in 77 Preg-
nancies. BJOG: an International Journal of Obstetrics and Gy-
naecology. 1980; 87: 970–975.

[31] Momotani N, Ito K. Treatment of Pregnant Patients with Base-
dow’s Disease. Experimental and Clinical Endocrinology & Di-
abetes. 1991; 97: 268–274.

[32] Hamburger JI. Diagnosis and Management of Graves’ Disease
in Pregnancy. Thyroid. 1992; 2: 219–224.

[33] Davis LE, Lucas MJ, Hankins GDV, Roark ML, Gary Cunning-
ham F. Thyrotoxicosis complicating pregnancy. American Jour-
nal of Obstetrics and Gynecology. 1989; 160: 63–70.

[34] Hizkiyahu R, Badeghiesh A, Baghlaf H, Dahan MH. Associa-
tions between hyperthyroidism and adverse obstetric and neona-
tal outcomes: a study of a population database including almost
17,000 women with hyperthyroidism. Clinical Endocrinology.
2022; 97: 347–354.

[35] Andersen SL, Olsen J, Wu CS, Laurberg P. Spontaneous Abor-
tion, Stillbirth and Hyperthyroidism: a Danish Population-
Based Study. European Thyroid Journal. 2014; 3: 164–172.

[36] De Leo S, Pearce EN. Autoimmune thyroid disease during preg-
nancy. The Lancet Diabetes & Endocrinology. 2018; 6: 575–
586.

[37] Cooper DS, Laurberg P. Hyperthyroidism in pregnancy. The
Lancet Diabetes & Endocrinology. 2013; 1: 238–249.

8

https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Data Collection and Definitions
	2.2 Statistical Analysis

	3. Results
	3.1 The Effects of Baseline Maternal Characteristics on Fetal Stillbirth/Survival
	3.2 Quantification of the Magnitude of the Contribution of Maternal Risk Factors, according to the Gestational Age at Stillbirth (Early vs Late Stillbirth)

	4. Discussion
	5. Conclusions 
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

