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Most pregnancies are uneventful and end with a healthy mother and a liveborn baby.
Nevertheless, pregnancy poses a risk to the mother, the fetus, and the child. There is no
single definition for high-risk pregnancy; however, broadly, any pregnancy in which a
pre-pregnancy or new-onset condition poses an actual or potential risk to the wellbeing of
the mother or fetus is considered a high-risk pregnancy [1].

In this Special Issue of “Clinical Diagnosis and Management of Pregnancy Complications”,
we will address some of the more common complications encountered during pregnancy.

Gestational diabetes mellitus (GDM) is one of the most common medical complica-
tion of pregnancy [2,3]. GDM prevalence is increasing and is currently estimated to be
between 5 and 25% [3,4] in different populations with different criteria. GDM has seri-
ous implications for the mother, the fetus, and the child in the short- and long-term [5];
therefore, it is important to diagnose and treat it. In the short-term, GDM is associated
with hypertensive disease during pregnancy, cesarean section, and traumatic deliveries.
For the neonate, the main consequences are excessive growth and neonatal hypoglycemia.
In the long-term, GDM is associated with increased incidence of type 2 diabetes, as well
as metabolic syndrome, for both the mother and the child. Nevertheless, and despite
numerous studies in the area, the appropriate diagnosis and management of GDM during
pregnancy are still debated. Currently, a diagnosis can be made based on a 75 or 100 g
glucose tolerance test, performed either as a diagnostic test for all parturients, according
to risk factors (obesity, a family history of diabetes, previous GDM or macrosomia, etc.),
or following a positive 50 g glucose challenge test. The accepted thresholds for 100 g
OGTT were derived from mathematical extrapolation of values that correlated with the
future development of type 2 diabetes in mothers [6]. The values for the 75 g test were
determined via selected pregnancy outcomes [7]. Recent studies have shown that using the
75 g glucose tolerance test doubled the prevalence of GDM; however, without any proven
clinical perinatal benefit [7,8], controversy remains, and both options are accepted as valid
for GDM diagnosis. In this Special Issue, Hanson et al. [9] describe the pregnancy outcomes
of a large cohort of un-selected parturients in Estonia over a 7-year period, according to
GDM risk factors and diagnoses based on 75 g glucose tolerance test results. In their study,
the authors found that the proportion of women with GDM risk factors increased from
43.5% in 2012 to 57.8% in 2018, and the diagnosis of GDM more than doubled (5.2% vs.
13.7%). More importantly, pregnancies in which the mother was predisposed to GDM
but had normal 75 g glucose tolerance test results were accompanied by increased odds
of delivering a large baby (AOR 2.3 (CI: 1.8–3.0)). As large babies are the hallmark of
abnormal glucose exposure during pregnancy, and although 75 g glucose tolerance tests
were used in this cohort for GDM diagnosis, this raises concern about the underdiagnosis
of GDM using the accepted algorithms. In line with this paradigm, another study in this
issue, published by Ramezani Tehrani et al. [10], examined the impact of different GDM
diagnostic criteria on the risk of adverse maternal outcomes. In this meta-analysis—which
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included 49 population-based studies with a total of 1,409,018 pregnant women with GDM
and 7,667,546 non-GDM counterparts—the authors found that GDM was associated with
an increased risk of adverse maternal outcomes; these included primary cesarean, the in-
duction of labor, maternal hemorrhage, and pregnancy-related-hypertension. Interestingly,
this risk was increased regardless of the diagnostic criteria used to diagnose GDM. This
finding further stresses the importance of conducting more studies to establish the correct
algorithm and diagnostic criteria for GDM diagnosis that will have clinical benefit.

The debate does not end with GDM diagnosis, and controversies continue regarding
management and treatment during pregnancy. Currently, establishing good glucose control
during pregnancy relies mainly on maternal self-monitoring of blood glucose and fetal
weight estimation. In recent years, continuous glucose monitoring (CGM) techniques have
become widely available. CGM continuously measures maternal sugar levels, thus offering
an alternative to the accepted periodic self-monitoring of blood glucose. Previous data have
proven that CGM is safe during pregnancy, and it is now the method of choice for many
parturients with pregestational diabetes, mainly with type 1 diabetes, to monitor their
blood glucose values. To evaluate CGM’s role and benefits in GDM, Majewska et al. [11]
conducted a systematic review that aimed to assess the efficacy of CGM on glycemic control
in GDM parturients. In addition, they evaluated the need for pharmacological treatment
and perinatal outcomes in GDM parturients with CGM. Fourteen studies were included
in their systematic review. The authors concluded that using CGM, when compared
to the self-monitoring of blood glucose, improves glycemic control in parturients with
GDM. Furthermore, CGM improved qualifications for insulin therapy. CGM demonstrated
higher detection of hyperglycemia and hypoglycemia events, especially in insulin-treated
parturients. A1c levels were better and gestational weight gain decreased in women using
CGM. Nevertheless, neonatal outcomes remained similar without any robust improvement
in the rates of macrosomia or neonatal hypoglycemia. Although using CGM to control
sugar levels in GDM parturients seems intuitively logical and beneficial, there are still
some concerns that should be considered. First, the majority of women with GDM will
have good control under a proper diet and physical activity and will have favorable
perinatal outcomes, with only mild interruptions to their daily routines. Twenty-four-hour
knowledge of their sugar levels might shift their entire focus to their sugar levels, creating
stress and anxiety in looking for “perfect” sugar status. This may become problematic,
especially as the benefit of CGM has not yet been proven for short- and long-term maternal
and child health. Second, as CGM is still considered new technology, there may be selection
bias; parturients who are willing to join studies may be more aware and desire better
control, thus skewing the results toward optimization of control with CGM. Lastly, the costs
of using CGM should be carefully weighed against the yet-to-be-proven theoretical benefits.

Two other common complications of pregnancy are preterm delivery (PTD) and hy-
pertensive disease of pregnancy (HDP). PTD refers to any delivery before 37 gestational
weeks. PTD complicates about 5–13% of deliveries worldwide [12] and is the leading cause
of neonatal mortality; moreover, it is the most common reason for antenatal hospitaliza-
tion [13–17]. PTD may be spontaneous, or it may be indicated by a specific maternal or
fetal complication. In this issue, a study by Burchard et al. [18] takes us back to the core of
establishing PTD using the correct dating methodology. The authors compared the effect
of using the last menstrual period (LMP) combined with first-trimester ultrasound-based
dating vs. first-trimester ultrasound-based dating alone. The authors demonstrated an
improvement in observed biomarker risk predictor performance in parturients who had
more certain gestational age dating. In their simulation, a perfect PTD predictor showed a
decrease in the AUC of 21% when gestational age was determined using LMP dating and
confirmed via ultrasound, and a decrease of about half of that figure when gestational age
was determined using ultrasound dating. While ultrasound dating is commonly accepted
as a more certain dating method than LMP, its results demonstrate the novel suggestion that
confirming LMP using ultrasound does not improve its certainty to the level achieved by
using the actual ultrasound dates. This new concept may have wide application in obstetric
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practices based on accurate gestational age. Important decisions regarding fetal viability,
antenatal steroids, the use of neuroprotective magnesium, and even everyday elective
labor induction are determined and based on accurate gestation age. Regarding HDP, we
present two important studies: The first, published by Yoshizawa et al. [19] explores the
etiology and mechanistic base of preeclampsia using gene-expression profile analysis. The
second evaluates the variables that are associated with kidney injury in pregnancies that
are complicated by preeclampsia with severe features [20].

From a wider perspective on pregnancy complications, age, parity, and interpregnancy
interval are crucial variables when predicting adverse outcomes of pregnancy. Over the
years, maternal age has increased, particularly in high-income countries [21], and elderly
gravida parturients are now relatively common. Numerous data support an increased rate
of pregnancy complications with a short interval between pregnancies; however, there
are fewer data on long pregnancy intervals, especially when combined with increased
maternal age. The dual effect of parity and interpregnancy interval on the risk of pregnancy
complications was elucidated in the study by Naeh et al. [22]. The authors performed a
population-based retrospective cohort study utilizing all the birth certificate data in the
United States in 2017. Parturients who were older than 40 years, and who had a singleton
live birth after 24 weeks, were categorized into three groups based on parity and the
interval from the last delivery: primiparas, multiparas with a pregnancy interval shorter
than 5 years, and multiparas with a pregnancy interval of more than 5 years. The authors
found that among multiparas with a pregnancy interval of more than 5 years, adverse
outcomes (including PTD of <34 weeks, a birthweight of <2000 g, neonatal seizure, neonatal
intensive care unit admission, an Apgar score of <7 at 5 min, or assisted ventilation >6 h)
were higher and more like the nulliparity group. Moreover, among parturients older
than 40 years, multiparity with a previous pregnancy within 5 years had a significant
protective effect against adverse outcomes when compared to nulliparas. This finding
has implications when consulting elderly multiparas who have had previous successful
pregnancies

As the Guest Editor for this Special Issue, I would like to thank all of the contributing
authors for sharing their valuable studies with us. Additionally, I appreciate and thank all
the reviewers for their insightful remarks and the JCM team’s support.
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Abstract: Objective: To evaluate continuous monitoring of maternal hemodynamics during labor
and delivery utilizing an innovative, noninvasive, reflective photoplethysmography-based device.
Study design: The Biobeat Monitoring Platform includes a wearable wristwatch monitor that auto-
matically samples cardiac output (CO), blood pressure (BP), stroke volume (SV), systemic vascular
resistance (SVR), heart rate (HR) every 5 s and uploads all data to a smartphone-based app and
to a data cloud, enabling remote patient monitoring and analysis of data. Low-risk parturients at
term, carrying singletons pregnancies, were recruited at early delivery prior to the active phase.
Big data analysis of the collected data was performed using the Power BI analysis tool (Microsoft).
Next, data were normalized to visual presentation using Excel Data Analysis and the regression tool.
Average measurements were compared before and after rupture of membranes, epidural anesthesia,
fetal delivery, and placental expulsion. Results: Eighty-one parturients entered analysis. Epidural
anesthesia was associated with a slight elevation in CO (5.5 vs. 5.6, L/min, 10 min before and after EA,
p < 0.05) attributed to a non-significant increase in both HR and SV. BP remained stable as of counter
decrease in SVR (1361 vs. 1319 mmHg·min·mL−1, 10 min before and after EA, p < 0.05). Fetal delivery
was associated with a peak in CO after which it rapidly declined (6.0 vs. 7.2 vs. 6.1 L/min, 30 min
before vs. point of delivery vs. after delivery, p < 0.05). The mean BP remained stable throughout
delivery with a slight increase at fetal delivery (92 vs. 95 vs. 92.1 mmHg, p < 0.05), reflecting the
increase in CO and decrease in SVR (1284 vs. 1112 vs. 1280 mmHg·min·mL−1, p < 0.05)with delivery.
Placental expulsion was associated with a second peak in CO and decrease in SVR. Conclusions:
We presented a novel application of noninvasive hemodynamic maternal monitoring throughout
labor and delivery for both research and clinical use.

Keywords: remote patient monitoring; noninvasive monitoring; delivery; maternal hemodynamics

1. Introduction

Pregnancy, delivery, and the puerperium are characterized by ongoing major changes
in maternal hemodynamics to adapt to the growing physiological demands [1–3]. Changes
start as early as the first trimester and reach their peak during labor and delivery to
adapt to the associated anxiety, exertion, pain, uterine contractions, uterine involution,
and bleeding [4,5]. Understanding these changes is of paramount importance for allowing
good clinical care in healthy parturients and especially in more challenging cases such as
women with heart disease, preeclampsia, or peripartum hemorrhage. Despite advanced
technology and numerous research contributions, data on maternal hemodynamics during
labor are still inconsistent and lack validation. While some studies report rises in cardiac
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output (CO) beginning at the first stage of labor [2], others suggest that CO increment is
mainly related to contractions at more advanced delivery [6]. In addition, the exact timing
of CO decrease after labor is still uncertain [7,8]. Epidural anesthesia (EA) is known to
influence maternal hemodynamics [1]; however, whether other events, such as rupture
of membranes or placental separation, have any effect or reflection on maternal hemo-
dynamics is not fully elucidated. Few methods for hemodynamic monitoring during
labor and delivery exist. In the past, hemodynamic monitoring depended mainly on inva-
sive techniques of pulmonary artery catheterization using the Fick method, dye dilution,
or thermodilution [9–12]. However, the complexity of technique as well as the high risk for
adverse events such as arrhythmias, pneumothorax, infection, thrombosis, and even death
outweighed any presumed benefits except in very ill patients [13–15]. Echocardiography
and tissue Doppler imaging are noninvasive alternatives for hemodynamic monitoring.
Lung ultrasound can also serve as a helpful tool for detecting fluid intolerance. Although
safe, these tools present logistical and cost issues and are operator dependent [16–18].
Over the recent years, technology has improved, allowing monitoring using whole-body
bioimpedance and thoracic bioimpedance-based devices [19,20]. Both techniques are safe
and easy to use; however, they still require maternal wiring, which is uncomfortable during
labor. In addition, data on their correlation with invasive techniques are conflicting [21,22].
In this study, we assessed maternal hemodynamics during labor and delivery, by using
continuous monitoring of cardiac output (CO), heart rate (HR), stroke volume (SV), sys-
temic vascular resistance (SVR), and systolic-, diastolic-, and mean arterial blood pressure
(SBP, DBP, and MAP) measured by a novel wearable, wireless, noninvasive reflective
photoplethysmography (PPG) remote patient monitoring device

2. Materials and Methods

This was a prospective, observational, longitudinal data analysis study of continuous
maternal hemodynamic monitoring using a novel PPG-based wearable device. The study
was conducted at a single university-affiliated medical center between 1April 2019 and
28February 2020. The study was approved by the Hillel Yaffe Medical Center Institutional
Review Board (HYMC-18-0101, NCT03838965) and each participant signed an informed
consent form at enrollment.

2.1. Study Population

Women were eligible to participate if they were healthy, above 18 years old, and
carrying term (37–42 gestational weeks), singleton pregnancy. Exclusion criteria included
any major illness (e.g., heart disease, chronic hypertension, pregestational diabetes) or
preeclampsia. Deliveries ending with cesarean section or subjects that removed the device
prior to delivery were also excluded.

Women were enrolled in the delivery room prior to the onset of the active stage of
labor. Following consent, women were given the device to be worn or their wrist. Initial
calibration data including maternal age (years), height (cm), weight (Kg), and current heart
rate and blood pressure were uploaded to the personal application provided with the
device.

The wristwatch remained attached for at least two hours after delivery and was
removed by study personnel prior to transferring the women to the maternity ward.

2.2. The PPG-Based Remote Patient Monitoring Device

The novel reflective PPG-based device (Biobeat Technologies Ltd., Petah Tikva, Israel)
is a wearable, wireless, noninvasive medical-grade monitor that enables continuous re-
mote patient monitoring, including the monitoring of maternal hemodynamics to assess
cardiovascular changes during labor and delivery (Figure 1). Most commercially available
PPG-based pulse oximeters transmit light in specific red and infrared wavelengths through
the tissue. A detector measures the changing absorbance at each of the wavelengths, al-
lowing it to determine the absorbance resulting from the pulsating arterial blood alone,
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excluding venous blood, skin, bone, muscle, and fat. Though PPG technology is commonly
used for pulse oximetry, the device used in this study utilizes a unique reflective PPG
technology in which the light source and sensor array are placed on the same side, and
as the light is transmitted into the subject’s skin, part of it is reflected from the tissue to a
photodiode detector. The PPG signal is collected with a high temporal and quantitative
resolution, and by employing pulse wave transit time and pulse wave analysis techniques’
minute changes in tissue reflectance are captured, enabling measurement of numerous
vital signs including HR, changes in blood pressure (BP), CO, SV, SVR, and more, every 5s.
The PPG-based device has had both US Food and Drug Administration (FDA) clearance
and a CE mark approval.

 

Figure 1. The Biobeat remote patient monitoring platform. (A)The wristwatch device. (B)Real-time measurement collected
by the device.

2.3. Data Collection

Maternal and neonatal data were prospectively collected upon admission and during
labor and delivery. Data included maternal characteristics and medical background such as
age, pre-gestational weight and height, weight gain during pregnancy, known cardiovascu-
lar or metabolic illness, medications, smoking, etc. Obstetric characteristics included parity,
previous obstetric history, and current pregnancy follow-up (first and second trimester
genetic screening, anatomy scan, glucose status, any hypertensive disorders). Timing of
all interventions during labor was documented at the time of event including rupture of
membranes (spontaneous or artificial), epidural anesthesia (EA), exact time of fetal delivery,
and placental expulsion. Delivery outcomes included gestational age at delivery, neonatal
birth weight, and immediate neonatal outcome. Maternal outcome such as peripartum
hemorrhage or puerperal fever were documented until discharge. The measurement rate of
the monitoring devices was once every five seconds, and the data were uploaded through a
smartphone application to a secured data cloud environment, from which it was remotely
analyzed. Vital signs included in the analysis were CO, HR, SVR, SV, SBP, DBP, and MAP.

2.4. Data Analysis

Big data analysis of the collected physiological data was performed using the Power BI
analysis tool (Microsoft). Next, the data were normalized to visual presentation using Excel
Data Analysis and the regression tool. The data were presented as continuous time-series
trend lines, identifying behavioral changes in the vital signs. In all, the X-axes represented
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the monitoring timeline, while the Y-axes represented changes in the values along the
timeline. Average measurements calculated from all obtained measurements within the
time interval that was defined were compared before and after rupture of membranes
(representing the first stage of labor), EA, fetal delivery (representing the second stage of
labor), and placental expulsion.

2.5. Statistical Analysis

Data were presented visually and numerically. Average measurements in 10-min
time intervals were compared before and after each of the events. Statistical analysis
was performed using SPSS version 21.0 software (SPSS, Inc., Chicago, IL, USA). A paired
samples t-test was used to assess the change in vitals prior to and following each of the
events. p < 0.05 was considered significant. Intervention studies involving animals or
humans, as well as other studies requiring ethical approval must list the authority that
provided approval and the corresponding ethical approval code.

3. Results

Of the 106 parturients that were enrolled to the study, only 81 remained eligible for the
study. Five parturients were excluded due to hypertensive disorders (4 preeclampsia and
1 with gestational hypertension), fourteen deliveries ended with an emergency cesarean
section, and the other 6 parturients were excluded due to technical issues (removing the
device prior to delivery or incomplete data transmission). Study cohort characteristics are
presented in Table 1. The median maternal age was 30 (21–42) years and 24/81(29.6%)
were nullipara. The median body mass index (BMI) was 29.2, range 20.7–48.1, Kg/m2.
Continuous monitoring of all vitals was presented visually and numerically before and
after EA, rupture of membranes, fetal delivery, and placental expulsion. Overall, 833,663
measurements were available for analysis. Video of ongoing continuous monitoring is
available in the Supplementary File for selected women (Video S1–S5).

Table 1. Study cohort characteristics (n = 81).

Maternal age, years 30 (21–42)

Advanced maternal age (>35 years) 16 (19.7)

BMI, Kg/m2 29.2 (20.7–48.1)

Class II–III BMI (>35 Kg/m2) 36 (44.4)

Nulliparity 24 (29.6)

Gestational diabetes 14 (17.3)

Induction of labor 33 (40.7)

Epidural anesthesia 69 (85.2)

Artificial rupture of membranes 50 (61.7)

Gestational age at delivery in weeks 39.4 (37–41.9)

Birth weight in grams 3265 (2615–4494)
Data are presented as n (%) for categorical values and median (range), for continuous variables. BMI—body
mass index.

3.1. Epidural Anesthesia

Sixty-nine (85.2%) parturients underwent EA. Visually, we noted a slight elevation in
CO (5.5 vs. 5.6, L/min, 10 min before and after EA, p < 0.05) followed by decreased values.
CO elevation seems attributed to a non-significant increase in both HR and SV. Overall,
blood pressure values remained stable due to counter decrease in SVR (1361 vs. 1319,
mmHg·min·mL−1, 10 min before and after EA, p < 0.05) (Figure 2, Table 2).Continuous
evaluation of measurements beyond 10 min after the epidural injection demonstrated a
continuous decrease in SVR lasting only until 20 min after EA. The rest of the measurements
were no longer statistically different (measured until 30 min after EA (Table 3).
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3.1.1. Rupture of Membranes

Over half of the parturients (50/81, 61.7%) underwent artificial rupture of membranes.
For the entire cohort, the median time (m) from the rupture of membranes to delivery was 3
h and 42 min, range (r) 0:05–23:49 h (artificial rupture: m = 3:42, r = 0:15–23:49; spontaneous
rupture: m = 3:20, r = 0:05–23:12). Analysis was based on measurements taken 10 min prior
and after rupture of membranes. For all variables measured, the rupture of membranes
had no impact over maternal hemodynamics (Figure 3, Table 2).

3.1.2. Delivery

The greatest change in maternal hemodynamics appeared around fetal delivery. Car-
diac output increased with labor, reaching a peak of 7.24 L/min at the point of fetal delivery,
after which it rapidly declined (6.0 vs. 6.1 L/min, 30 min before and after delivery, p < 0.05)
(Table 2, Figure 4). This was mainly due to marked changes in HR (88.8 vs. 104 vs. 90.5,
bpm) and a slight change in SV (67 vs. 69 vs. 67.1, mL/beat), p < 0.05 for all. Mean BP
remained clinically stable throughout delivery with a slight increase at fetal delivery (92 vs.
95 vs. 92.1, mmHg, p < 0.05), reflecting the increase in CO and decrease in SVR (1284 vs.
1112 vs. 1280, mmHg·min·mL−1, p < 0.05) with delivery (Figure 4, Table 2).

Figure 2. Continuous monitoring 30 min before and after epidural anesthesia. SVR—systemic vascular resistance; MAP—
mean arterial blood pressure; p < 0.05 is marked in bold; CO—cardiac output.

3.1.3. Placental Expulsion

Evaluation of maternal hemodynamics around placental expulsion revealed increased
CO (5.9 vs. peak value at delivery 7.1 vs. 6.6, L/min, p < 0.05) most probably due to
increased HR (88.5 vs. 96, bpm) without any difference in SV, 10 min before and after the
event. Similarly, blood pressure values remained stable with a decrease in SVR (1294 vs.
1130 vs. 1200 mmHg·min·mL−1, p < 0.05), probably countering the CO increment. To note,
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the median time to placental expulsion was 8 min, consistent with peak values presented
visually (a range of 0 to 57 min from delivery) (Figure 5, Table 2).

Table 2. Trends in vital signs during labor and delivery.

Epidural Anesthesia

10 min prior 10 min after p-Value

HR 81.9 84.0 0.0727

SVR 1361 1319 0.0177

CO 5.5 5.6 0.0079

SV 66.6 66.9 0.0733

MAP 89.4 89.8 0.2464

SBP 123.5 123.9 0.4724

DBP 72.2 72.7 0.1822

Rupture of MEMBRANES

10 min prior 10 min after p-Value

HR 88 85 0.3502

SVR 1233 1282 0.2601

CO 5.8 5.5 0.3113

SV 65.9 64.4 0.1309

MAP 87.9 86.6 0.0614

SBP 120 119.7 0.0832

DBP 71.6 70 0.0526

Delivery

30 min prior 30 min after p-Value

HR 88.8 90.5 0.0002

SVR 1284 1280 0.0000

CO 6.0 6.1 0.0003

SV 67.0 67.1 0.0001

MAP 92.0 92.1 0.0059

SBP 125.5 126.1 0.0071

DBP 75.2 75.1 0.0061

Placental Expulsion

10 min prior 10 min after p-Value

HR 88.5 96 0.0040

SVR 1294 1200 0.0464

CO 5.9 6.6 0.0049

SV 66.8 67.7 0.2182

MAP 92.2 93.4 0.6398

SBP 126 127 0.9658

DBP 75 76 0.6557
Numbers represent mean values of all obtained measurements within the time interval presented; CO—cardiac
output; HR—heart rate; SV—stroke volume; SVR—systemic vascular resistance; SBP—systolic blood pressure;
DBP—diastolic blood pressure; MAP—mean arterial blood pressure.

10



J. Clin. Med. 2021, 10, 8

Table 3. Trends in vital signs 20 and 30 min before and after epidural anesthesia.

Epidural Anesthesia

10 min Prior 10–20 min after p-Value

HR 81.9 83.5 0.1648

SVR 1361 1317.8 0.0240

CO 5.5 5.5 0.0854

SV 66.6 66.4 0.4080

MAP 89.4 88.3 0.5243

SBP 123.5 122.2 0.3459

DBP 72.2 71.3 0.7622

10 min Prior 20–30 min after p-Value

HR 81.9 81.6 0.1913

SVR 1361 1348.2 0.4167

CO 5.5 5.3 0.1128

SV 66.6 65.7 0.8424

MAP 89.4 87.9 0.0929

SBP 123.5 121.7 0.2257

DBP 72.2 70.9 0.0709
Numbers represent meanvalues of all obtained measurements within the time interval presented; CO—cardiac
output; HR—heart rate; SV—stroke volume; SVR—systemic vascular resistance; SBP—systolic blood pressure;
DBP—diastolic blood pressure; MAP—mean arterial blood pressure.

Figure 3. Continuous monitoring 30 min before and after rupture of membranes.

11



J. Clin. Med. 2021, 10, 8

Figure 4. Continuous monitoring 30 min before and after delivery.

Figure 5. Continuous monitoring 30 min before and after placental expulsion.

4. Discussion

In this observational longitudinal study, we presented continuous maternal hemo-
dynamic monitoring of low risk parturients undergoing vaginal deliveries using a novel
PPG-based remote patient monitoring device. Our study presented the longitudinal adjust-
ments of HR, SV, CO, SVR, SBP, DBP, and MAP sampled every 5 s throughout labor and
delivery as well as their adaptation to “events” during labor and delivery: EA, rupture of
membranes, fetal, delivery and placental expulsion. According to our results: (1) EA causes
only minor changes in SVR and CO with stable blood pressure values up to 30 min after
EA; (2) no maternal hemodynamics changes were documented following rupture of mem-
branes; (3) fetal delivery was the point of maximal changes for all measured variables with
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a rapid onset significant reversal of changes after fetal delivery; and (4) placental expulsion
was associated with a second peak in CO and HR, and a decrease in SVR, thus maintaining
stable blood pressure values.

Thus far, studies investigating maternal hemodynamics during labor and delivery
have yielded conflicting results, especially regarding magnitude and timing of hemody-
namic adaptations. Previous studies suggested inconsistent results on the effect of EA on
maternal hemodynamics during labor [19,23–26]. EA induces a sympathetic blockade that
causes vasodilatation and a decrease in venous return to the heart, which can result in ma-
ternal hypotension. In addition, abrupt onset of pain relief may trigger a reduction in blood
pressure. However, these effects are seen in only some of the studies and reported clini-
cally in only 0–14% of laboring women receiving EA [23–27]. Recently, Ashwal et al. [19]
compared maternal hemodynamics following vaginal and cesarean deliveries determined
by a whole body bioimpedance-based device. They found a significant decrease in cardiac
index and in MAP measured before and after EA. However, their sampling was contin-
uous for only a 6-min interval before and after EA without standardization regarding
the time interval before and after onset of anesthesia. In addition, data on fluid overload
given prior to EA and its effect on measurements were not documented. In our study, we
have documented the longitudinal changes in maternal hemodynamics following EA in
a 5-s interval and found that blood pressure remained stable until 30 min after EA. This
serves not only as a proof of concept for an easy, noninvasive, and accurate technique for
longitudinal assessment of maternal hemodynamics, but also has clinical significance in
terms of abandoning the fluid overload given prior to EA to allow real time adaptation
of fluid management and fetal monitoring. The simplicity of this technology will enable
us to further broaden our knowledge of maternal hemodynamics and individualize the
management of high-risk parturients and complicated deliveries.

Rupture of membranes, although potentially relieving the tension within the uterus,
did not impact any of the variable measured.

Like previous reports [1–6], the peak of changes was noted with fetal delivery. CO in-
creased from early labor to the second stage, reaching 7.2 L/min with fetal delivery. This is
most probably related to the strong contractions causing autotransfusion of uterine blood
into the maternal systemic circulation, thus increasing the preload. Thirty minutes after
fetal delivery, there was already a marked decrease in CO. Unlike the robust changes in
CO, MAP remained relatively unchanged with only a mild increment found in the second
stage and fetal delivery. To note, changes in blood pressure may differ between studies, as
it is dependent upon many variables usually uncontrolled for between parturients such as:
Duration and intensity of uterine contractions, maternal position, subjective maternal pain
and anxiety, and timing of maternal pushing.

Placental expulsion was associated with a second peak in CO and HR that appeared
minutes after delivery. Despite the rise in CO, MAP remained relatively unchanged due to
a compensating decrease in SVR.

Our study benefitted from its longitudinal methodology with continuous monitoring
of hemodynamic data every 5 s during labor and delivery. This was possible using the
novel PPG-based technology that was previously validated as well as adjusted to specific
maternal anthropometrics. In addition, as participants were derived from a single center, a
standard approach was applied for all deliveries.

Our study was limited due to the small sample size. In addition, as our study was
observational, we could not control measurements for variables such as maternal posi-
tioning, fluid management, maternal anxiety, timing of bearing down, etc. Lastly, we did
not evaluate the change in hemodynamic parameters in different settings of maternal and
obstetrical complications such as previous cardiovascular disease and acute bleeding.

5. Conclusions

In this study we utilized a novel PPG-based device to evaluate maternal hemodynamic
adjustment during labor and delivery. Further studies should focus on hemodynamic
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monitoring in parturients with preexisting cardiovascular or obstetrical complications such
as preeclampsia and use these data to define normal and abnormal values for creation of
safety protocols during labor and delivery.

Supplementary Materials: The following are available online at https://www.mdpi.com/2077-038
3/10/1/8/s1. Video S1: HR: In timeline and stage and events during labor and delivery; Video S2:
SVR: In time line and stage and events during labor and delivery; Video S3: MAP: In time line and
stage and events during labor and delivery. Video S4: CO: In timeline and stage and events during
labor and delivery; Video S5: CO: In time line and stage and events during labor and delivery.
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Abstract: Objective: To investigate the effect of parity and interpregnancy interval (IPI) on perinatal
outcomes in advanced maternal age (AMA) parturients. Methods: A population-based retrospective
cohort study of all women older than 40 years, who had a singleton live birth after 24 weeks in
the United States in 2017 Women were categorized to three groups by parity and interval from last
delivery: primiparas, multiparas with IPI ≤ 5 years, and multiparas with IPI > 5 years. Primary
outcome was composite adverse neonatal outcome (preterm delivery <34 weeks, birthweight <2000 g,
neonatal seizure, neonatal intensive care unit admission, Apgar score <7 at 5 min, or assisted
ventilation >6 h). Secondary outcome was composite adverse maternal outcome and other adverse
perinatal outcomes. Univariate and multivariate analysis were used to compare between groups.
Results: During 2017, 3,864,754 deliveries were recorded into the database. Following exclusion,
109,564 AMA gravidas entered analysis. Of them, 24,769 (22.6%) were nulliparas, 39,933 (36.4%) were
multiparas with IPI ≤ 5 years, and 44,862 (40.9%) were multiparas with IPI > 5 years. Composite
neonatal outcome was higher in nulliparas and in multiparas with IPI > 5 years, in comparison to
multiparas with IPI ≤ 5 years (16% vs. 13% vs. 10%, respectively, p < 0.05). Maternal composite
outcome was similar between groups. In the multivariable analysis, relative to nulliparas, only
multiparity with IPI ≤ 5 years had a protective effect against the composite neonatal outcome
(aOR 0.97, 95% CI 0.95–0.99, p < 0.001). Conclusion: Among AMA gravidas, multiparity with
IPI ≤ 5 years has a significant protective effect against adverse neonatal outcomes when compared
to nulliparas. Multiparity with IPI > 5 years is no longer protective.

Keywords: advanced maternal age; adverse pregnancy outcome; elderly gravida; interpregnancy
interval; nulliparity; pregnancy complications

1. Introduction

During the last few decades, there has been an increasing trend for child bearing in the
later reproductive years, particularly in high-income countries [1]. As age is a continuum
rather than a categorical variable, the definition of advanced maternal age is not solid, and
most studies refer to women over 35 to 40 years as such. Advanced maternal age gravidas
have higher rates of adverse pregnancy outcomes including: pre-eclampsia, gestational
diabetes mellitus, preterm birth, fetal growth restriction, cesarean delivery, stillbirth, and
more [2–6].

Other than age, nulliparity is also associated with adverse pregnancy outcome [7,8],
therefore, multiparity (assuming normal outcome) is considered protective. In multipara
women, data suggests that interpregnancy interval (IPI), whether short (below 18 months)
or long (above 60 month) has an impact on both maternal and neonatal outcome [9–15]. It is
thought that following prolonged IPI, the maternal, physiologic, and anatomical pregnancy
adaptations gradually decline and become comparable to those at their first pregnancy [9].

Therefore, the aim of this study was to investigate the combined effect of parity and
IPI on perinatal outcomes in advanced maternal age parturients.
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2. Materials and Methods

We performed a population-based cohort study of all parturients older than 40 years at
time of delivery with singleton live birth at 2017 in the United States. We used de-identified
natality data assembled by the National Vital Statistics System of the National Center for
Health Statistics that provides demographic and health data for births occurring during the
calendar year in the United States (available at: https://data.nber.org/data/vital-statistics-
natality-data.html) [16]. The U.S. Standard Certificate of Live Birth, issued by the U.S.
Department of Health and Human Services, has served for many years as the principal
means for attaining uniformity in the content of the documents used to collect information
on births in the United States. In 2003, birth certificates were revised to contains more
detailed demographic, medical, and obstetric data compared to the previous 1989 version.
The revised birth certificate was gradually adopted by the states and from 2016, represents
100% live births in the 50 states and Washington, DC.

Only livebirth deliveries at 24 or more gestational weeks with neonatal weights above
500 g were included. We excluded women if maternal age less than 40 years at time of
delivery, carrying multifetal gestation, or had any known fetal anomalies or chromosomal
abnormalities. Additionally, all births with unknown data on the time interval from
previous delivery were excluded. This study was exempt from review by the institutional
review board at our institution because the data we used do not meet the criteria for
human subject research by federal standards. The STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines for reporting observational studies
were followed [17].

All parturients that entered analysis were categorized to three groups. Group 1 in-
cluded nulliparas parturients. Group 2 included all multiparas with previous live birth de-
livery documented within 5 years from current delivery. Group 3 included multiparas with
previous live birth delivery occurring at longer than 5 years interval from current delivery.

The primary outcome that was evaluated between groups was a composite of adverse
neonatal outcome that included: preterm delivery <34 weeks, birthweight <2000 g, neona-
tal seizure, neonatal intensive care unit admission (NICU), Apgar score less than 7 at 5 min,
or neonatal assisted ventilation for more than 6 h. Secondary outcomes included composite
adverse maternal outcome (including uterine rupture, unplanned hysterectomy, maternal
intensive care unit admission, and maternal blood transfusion) and other adverse perinatal
outcomes including gestational diabetes, hypertensive disorders during pregnancy, induc-
tion of labor, mode of delivery, gestational age at delivery and birthweight, and any one of
the variables included in the composite primary outcome separately. Newborns or women
with more than one adverse outcome were counted once when formulating the composites.

Statistical Analysis

Statistical analysis was performed using R software (R version 3.6.2, R Foundation
for Statistical Computing, Vienna, Austria). For univariate analyses of baseline differ-
ences, Student t-test and chi-square test were used for continuous data and categorical
data, respectively. Multivariable logistic regression was performed to adjust the com-
posite outcomes to potential confounders: maternal age, pregestational diabetes, chronic
hypertension, smoking, race, body mass index, use of assisted reproductive technology,
gestational diabetes, gestational hypertension, preeclampsia, and cesarean delivery. p-value
was considered statistically significant of <0.05.

3. Results

During 2017, 3,864,754 live births were recorded into the database. In 124,574 (3.2%)
of them, maternal age was older than 40 years at the time of delivery. Following exclusion,
109,564 cases met the inclusion criteria and entered analysis (Figure 1).
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Figure 1. Flow chart of patients in each cohort after applying exclusion and inclusion criteria.

Almost quarter of the women delivering after 40 years of age were nulliparas (24,769/
109,564, 22.6%). The rest were multiparas; 39,933 (36.4%) had their last previous delivery
within 5 years from the current pregnancy and 44,862 (40.9%) had their last delivery at
more than 5 years interval.

Maternal characteristics stratified by study group are presented in Table 1. For the
entire cohort median maternal age was 41 years. For multipara women, median number of
previous deliveries was four (range: 2–8). Group 2 had a mean IPI of 34 months and group
3 had mean IPI of 130 months. Maternal characteristics differed in race, smoking, BMI,
presence of chronic hypertension or diabetes, and obstetrical history (previous preterm
or cesarean deliveries). Surprisingly, there was no difference in assisted reproductive use
between nulliparas and multiparas.

Table 1. Maternal characteristics stratified by parity and interval from previous delivery.

Maternal Characteristic
Group 1: Nulliparas

n = 24,769

Group 2: Multiparas,
Previous Delivery

<5 Years
n = 39,933

Group 3: Multiparas,
Previous Delivery

<5 Years
n = 44,862

p-Value

Maternal age, years 41.65 ± 1.98 41.34 ± 1.67 41.54 ± 1.74 <0.001

Number of previous deliveries -
4.46 ± 2.08
Median 4

(range: 2–8)

4.14 ± 1.72
Median 4

(range: 2–8)
<0.001

Previous delivery interval, months - 34.16 ± 12.53 130 ± 57.12 <0.001
Race:
White 17,661 (71%) 29,661 (74%) 31,042 (69%)
Black 3193 (13%) 5315 (13%) 8152 (18%)

American Indian or Alaskan Native 99 (0%) 384 (0%) 268 (0.7%)
Asian or Pacific Islander 3816 (16%) 5284 (12%) 4689 (12%) <0.001
Assisted reproduction * 3515 (82%) 1819 (82%) 1064 (80%) 0.14

Smoking 554 (2.2%) 1018 (2.6%) 2229 (5%) <0.001
BMI (kg/m2) 26.62 ± 6.45 27.11 ± 6.32 28.10 ± 6.53 <0.001

Pregestational diabetes 511 (2.1%) 648 (1.6%) 1172 (2.6%) <0.001
Chronic hypertension 1217 (4.9%) 1361 (3.4%) 2533 (5.6%) <0.001

Previous preterm delivery - 2548 (6.4%) 2509 (5.6%) <0.001
Number of previous cesarean deliveries - 1.48 ± 0.87 1.53 ± 0.78 <0.001

Continuous variables are presented as mean ± SD or median (range); categorical values are n (%). Statistically significant p-values as
marked in bold. * Data on ART was available for only part of the cohort; percentages are calculated from valid data.
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Perinatal outcomes of the three study groups are shown in Table 2. Overall, for
the entire cohort, 12.4% presented at least one adverse neonatal composite outcome
(13,621/109,564). In the univariate analysis, neonatal composite outcome was statistically
different between groups, i.e., nulliparas women had the highest rate of composite neonatal
adverse outcome (16%), followed by multiparas with IPI longer than 60 months (13%).

Table 2. Perinatal outcome stratified by parity and interval from previous delivery.

Maternal Characteristic
Group 1: Nulliparas

n = 24,769

Group 2: Multiparas,
Previous Delivery

<5 Years
n = 39,933

Group 3: Multiparas,
Previous Delivery

<5 Years
n = 44,862

p-Value

Pregnancy complications:
Gestational diabetes 3108 (12.6) 4630 (11.6) 6790 (15.1) <0.0001

Gestational hypertension 2675 (10.8) 1301 (5.8) 3707 (8.3) <0.0001
Preeclampsia 143 (0.6) 98 (0.2) 173 (0.4) <0.0001

Induction of labor 8712 (35.2) 8828(22.1) 11,695 (26.1) <0.0001
Cesarean delivery 14,344 (57.9) 16,269 (41.8) 19,994 (44.6) <0.0001

Maternal blood transfusion 147 (0.6) 165 (0.4) 207 (0.5) 0.004
Uterine rupture 5 (0) 20 (0.1) 20 (0) 0.11

Maternal ICU admission 81 (0.3) 85 (0.2) 132 (0.3) 0.01
Unintended hysterectomy 27 (0.1) 72 (0.2) 60 (0.1) 0.05
Gestational age at delivery 38.3 ± 2.43 38.5 ± 2.07 38.1 ± 2.33 <0.0001

Birthweight 3169 ± 603 3379 ± 562 3324 ± 597 <0.0001
Birthweight by category:

<1500 g 451 (1.8) 288 (0.7) 641 (1.4)
1500–2499 g 2284 (9.2) 1935 (4.8) 3433 (7.7)

>2500 g 22,034 (89) 37,710 (94.4) 40,788 (90.9) <0.0001
Male gender 12,545 (50.6) 20,300 (50.8) 22,841 (50.9) 0.79
Apgar score:

0–3 132 (0.5) 146 (0.4) 223 (0.5)
4–6 472 (1.9) 426 (1.1) 641 (1.4)
7–8 3433 (13.9) 4314 (10.9) 5249 (11.7)

9–10 20,658 (83.7) 34,847 (87.7) 38,604 (86.3) <0.0001
Neonatal ICU admission 3320 (13.4) 3218 (8.1) 4807 (10.7) <0.0001

Neonatal seizures 8 (0) 9 (0) 14 (0) 0.69
Neonatal assisted ventilation >6 h 472 (1.9) 500 (1.3) 691 (1.5) <0.0001

Neonatal composite 3869 (16) 3884 (10) 5868 (13) <0.001
Maternal composite 104 (0.4) 145 (0.4) 178 (0.4) 0.5

Continuous variables are presented as mean ± SD; categorical values are n (%). Statistically significant p-values as marked in bold.
Composite adverse neonatal outcome includes: preterm delivery <34 weeks, birthweight < 2000 g, neonatal seizure, neonatal intensive care
unit admission, Apgar score less than 7 at 5 min or neonatal assisted ventilation for more than 6 h. Composite adverse maternal outcome
includes uterine rupture, unplanned hysterectomy, maternal intensive care unit admission, and maternal blood transfusion.

Multiparas women with previous delivery at less than 5 years interval had the lowest
rate of composite adverse neonatal outcome (10%, p < 0.05). For individual neonatal
adverse outcomes, neonates of nulliparas had highest rates of low Apgar scores (<7 at
5 min), NICU admission, and required more assisted ventilation.

Only 0.4% (427/109,564) gravidas presented at least one of the composite adverse
maternal outcomes with similar distribution between study groups. Nulliparas (Group 1)
had highest rates of gestational hypertension (10.8% vs. 5.8% vs. 8.3%) and preeclampsia
(0.6% vs. 0.2% vs. 0.4%) during pregnancy, with higher rates of induction of labor (35.2%
vs. 22.1% vs. 26.1%) and cesarean deliveries (57.9% vs. 41.8% vs. 44.6%). Postpartum,
they received more blood transfusions compared to other groups (0.6% vs. 0.4% vs. 0.5%),
Group 1, 2, and 3 respectively.

Overall, Group 2 delivered later in pregnancy (38.3 vs. 38.5 vs. 38.1, gestational weeks)
the largest babies (3169 vs. 3379 vs. 3324 g) Group 1, 2, and 3, respectively, p < 0.05 for all.
For the majority of adverse outcomes, Group 3 was second to Group 1, leaving lowest rates
of complications among multiparas with previous delivery within 5 years interval.
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Results of multivariable analysis are shown in Table 3. Previous delivery within 5
years difference had a significant protective effect against the composite neonatal outcome
(aOR 0.97, 95% confidence interval 0.95–0.99, p < 0.001) relative to nulliparas. Previous
delivery at longer than 5 years was no longer protective from composite neonatal outcome.

Table 3. Adverse composite neonatal outcome evaluated by multivariable analysis to adjust for
confounders.

aOR B(EXP) 95% Confidence Interval p-Value

Maternal group
Group 1 Reference
Group 2 0.97 0.95–0.99 <0.001
Group 3 0.99 0.97–1.02 0.651

Maternal age 1 0.99–1 0.154
Race:
White Reference
Black 1.02 0.99–1.06 0.153

American Indian or
Alaskan Native 0.94 0.79–1.11 0.471

Asian or Pacific Islander 0.99 0.97–1.02 0.804
Pregestational diabetes 1.16 1.08–1.24 <0.001
Chronic hypertension 1.13 1.08–1.17 <0.001

Smoking 1.27 1.1–1.46 0.001

BMI, kg/m2

<18.5 0.99 0.94–1.05 0.830
18.5–24.9 Reference
25–29.9 1.02 1–1.04 0.045
30–34.9 1.03 1–1.06 0.022
35–39.9 1.03 0.99–1.06 0.151

>40 1.02 0.97–1.07 0.476
Assisted reproductive 1.01 0.99–1.03 0.524
Gestational diabetes 1.02 0.99–1.04 0.129

Gestational hypertension 1.12 1.09–1.15 <0.001
Preeclampsia 1.25 1.11–1.40 <0.001

Cesarean delivery 1.05 1.03–1.06 <0.001

4. Discussion

In this study, we aimed to evaluate the combined effect of parity and IPI on perinatal
outcomes in advanced maternal age parturients. Our main findings were (1.) composite
adverse neonatal outcome among advanced maternal age gravidas was overall high (12.4%
of the cohort). Highest rate of adverse neonatal composite outcome was seen in nulliparas,
followed by multiparas with IPI longer than 5 years and lastly, in multiparas with IPI within
5 years (16% vs. 13% vs. 10%, p < 0.05). Separate neonatal outcomes (low Apgar scores,
NICU admission, assisted ventilation) were also more common among nulliparas. (2.)
Nulliparas had higher rates of separate adverse maternal outcomes including hypertensive
disorders of pregnancy, induction of labor, cesarean deliveries, and postpartum blood
transfusions. However, parity had no influence on composite adverse maternal outcome.
(3.) Utilizing a multivariable analysis and relative to nulliparas, a previous delivery within
5 years interval had a significant protective effect against the composite neonatal outcome.
This effect did not persist when delivery interval was longer than 5 years.

Advanced maternal age is a well-established risk factor for adverse pregnancy out-
comes [2–6]. Nulliparity adds further risk [7,8], putting the advanced maternal age nulli-
para gravida at the focus of research studies and pregnancy surveillance. Consistent with
this assumption, multiparity is considered a protective factor among all maternal ages,
including among advanced maternal age parturients. In this study, we aimed to evaluate
this assumption stratified by the time interval from last delivery.
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Reports differentiating older primiparas from multiparas are scarce. Shechter M.G.
et al. [8] conducted a retrospective study that aimed to evaluate the impact of parity on
adverse perinatal outcome among advanced maternal age parturients (over 35 years at time
of delivery). The authors demonstrated higher rates of multifetal pregnancies, preterm
deliveries, hypertensive disorders, diabetes, and fetal growth restriction among nulliparas
compared to multiparas gravidas. Although their study demonstrated the protective effect
of parity on risk for pregnancy complications, they did not take into account the time
interval from last delivery for the multiparas women. Our study, not only refined the effect
of age, including only parturients over 40 years, but also evaluated the protective effect of
parity with regard to the time interval elapsed from last delivery.

Several studies have demonstrated an association between long IPI and pregnancy
complications, including pre-eclampsia and eclampsia, preterm delivery, small for gesta-
tional age neonates, birth defects, higher rates of cesarean deliveries, and lower success rate
for trial of labor after cesarean [9–14,18–22]. A recent study has also found that long IPI is
associated with increased risk for long-term neurological morbidity of the offspring [15].
To note, there is no universal definition for long IPI, although most studies use the cutoff of
5 years. In our study, parity had a protective effect only when last delivery occurred within
5 years from the index pregnancy.

Various explanations were offered for the association between long IPI and pregnancy
complications, including an age-related, physiological mechanisms, and other causes.
Zhu et al. found that the optimal IPI for preventing adverse perinatal outcomes is 18–23
months [9]. They offered two hypotheses for the association between long IPI and preg-
nancy complications. The first was that vascular, physiological, and anatomical changes
in pregnancy help parturients to gain growth-supporting capacities. If another fetus is
not conceived for a long period of time, those capacities may gradually decline, and thus
causing maternal physiologic characteristics to become more similar to those of the nulli-
para gravida. Second, with advanced time, metabolic or anatomical factors may cause both
delayed fertility and adverse birth outcomes. Secondary infertility by itself is associated
with an increased incidence of preterm birth [23]. Another possible explanation is that
pregnancies conceived after a long IPI have higher probability of being unplanned, and
they are more common in women with a low socioeconomic status, a significant risk factor
for adverse pregnancy outcomes [24,25].

Our results demonstrate that IPI of less than 5 years had a significant protective effect
against adverse neonatal outcomes. Since our study cohort included only women delivering
after 40 years of age, this effect cannot be attributed to the parturients age. In addition, rates
of assisted reproductive use were similar between the groups, excluding it as the cause for
our results. BMI and rates of smoking, chronic hypertension, and pregestational diabetes
were higher in the group with IPI > 5 years, and although adjusted in the multivariate
analysis, they might also have contributed to the higher adverse outcomes in this group.
The finding that this protective effect was lost in the group with IPI longer than 5 years
is more compatible with a physiological mechanism, rather than an association with a
categorical factor. We suggest that maternal physiological adaption to pregnancy, mainly
vascular (e.g., increased uterine blood flow, reduced systemic resistance, and elevated
cardiac output) is a fundamental process that is not everlasting and decreases over time. If
this process is not regenerated, with time, the plasticity of these components declines, and
therefore the protective effect is lost.

Our study also demonstrated the effect of parity and IPI on maternal adverse outcome.
Similar to the neonatal outcomes, advanced maternal age nulliparas, as compared to
multiparas, were at higher risk for hypertensive disorders of pregnancy, induction of
labor, cesarean deliveries, and postpartum blood transfusions. Interestingly, multiparas
with IPI > 5 years had significantly higher rate of gestational hypertension in comparison
to multiparas with IPI < 5 years (8.3 vs. 5.3, p < 0.001). However, the overall impact
of parity as well as of IPI for the mother, seems less significant compared to the impact
on adverse neonatal outcome. One possible explanation for the diminished effect may
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be the association of maternal outcomes with age itself, unlike neonatal or pregnancy
complications that may be more related to the maternal adaptation to pregnancy, other
than to the absolute age-related risk [26].

Our study has several strengths. It is a population-based study that includes more
than 100,000 parturients older than 40 years. The large sample size of our study enables
evaluation of risk in subgroups within an overall high-risk cohort of parturients. In
addition, the diverse population that derives from using a national data-base, with the
use of multivariable logistic regression analysis allows us to control for risk factors that
are already known to be associated with each adverse outcome. However, our study
has also limitations, majority of them attributed to its retrospective design. The study is
representative of all live birth in the United States in 2017 and, therefore, includes medical
centers with heterogenicity in practice patterns that may have an effect on at least some
of the measured outcomes. In addition, we excluded multiple gestations and pregnancies
complicated by intrauterine fetal death, which is no doubt an important adverse outcome
ignored in this study. Data on assisted reproductive therapy were available to only small
part of the cohort and were possibly influenced by reporting bias. Lastly, this study is also
prone to limitations of vital statistics data, which include likely underreporting of maternal
comorbidities or other adverse outcomes.

5. Conclusions

In summary, our study demonstrates that among advanced maternal age gravidas, a
previous delivery within 5 years interval has a significant protective effect against adverse
neonatal outcomes when compared to nulliparas. In case of IPI of more than 5 years,
this effect is lost, and the risk for adverse neonatal outcomes becomes comparable to that
of advanced maternal age nullipara. We suggest that an IPI longer than 5 years should
be considered as a significant risk factor for pregnancy complications and needs to be
combined with other maternal characteristics when evaluating the individualized risk for
adverse pregnancy complications. Early identification of parturient with an increased risk
will enable to facilitate targeted surveillance and early intervention. Specifically, advanced
maternal age gravidas with IPI > 5 years should be considered high-risk for pregnancy com-
plications. Ideally, they should undergo prepregnancy consultation for possible lifestyle
modifications to improve outcomes, and during pregnancy, they should be addressed with
higher surveillance, including prophylactic aspirin treatment, close follow-up to detect
fetal growth restriction, and serial monitoring for preterm labor and preeclampsia.
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Abstract: This systematic review and meta-analysis aimed to examine the impact of different
gestational-diabetes (GDM) diagnostic-criteria on the risk of adverse-maternal-outcomes. The search
process encompassed PubMed (Medline), Scopus, and Web of Science databases to retrieve original,
population-based studies with the universal GDM screening approach, published in English language
and with a focus on adverse-maternal-outcomes up to January 2020. According to GDM diagnostic
criteria, the studies were classified into seven groups. A total of 49 population-based studies consist-
ing of 1,409,018 pregnant women with GDM and 7,667,546 non-GDM counterparts were selected for
data analysis and knowledge synthesis. Accordingly, the risk of adverse-maternal-outcomes includ-
ing primary-cesarean, induction of labor, maternal-hemorrhage, and pregnancy-related-hypertension,
overall, regardless of GDM diagnostic-criteria and in all diagnostic-criteria subgroups were signif-
icantly higher than non-GDM counterparts. However, in meta-regression, the increased risk was
not influenced by the GDM diagnostic-classification and the magnitude of the risks among patients,
using the IADPSG criteria-classification as the most strict-criteria, was similar to other criteria. In
conclusion, a reduction in the diagnostic-threshold increased the prevalence of GDM, but the risk
of adverse-maternal-outcome was not different among those women who were diagnosed through
more or less intensive strategies. Our review findings can empower health-care-providers to select
the most cost-effective approach for the screening of GDM among pregnant women.

Keywords: adverse maternal outcomes; diagnostic criteria; gestational diabetes; meta-analysis

1. Introduction

Gestational diabetes mellitus (GDM) is one of the most prevalent endocrinopathies
during pregnancy and affects 4–12% of all pregnancies depending on the type of diagnostic
criteria as well as the prevalence of associated risk factors such as type 2 diabetes (T2DM),
body mass index (BMI), advanced maternal age, and ethnicity [1–4]. Chronic disturbances
in maternal β-cell, release of diabetogenic peptides from the placenta, and hormones may
play a key role in the pathophysiology of GDM [5]. However, GDM is strongly associated
with a higher risk of adverse pregnancy outcomes [6,7], lifelong risk of abnormal glucose
tolerance, and diabetes later in life [8,9]. However, appropriate treatment strategies for
GDM including lifestyle modifications and pharmacotherapy such as insulin or metformin
can significantly decrease related adverse outcomes. In addition, inositol as a nutritional
supplementation has been shown to improve glycemic homeostasis during pregnancy and
prevent GDM [9,10].

There are ongoing debates regarding the optimum GDM screening strategy. In this
respect, the risk of developing postpartum T2DM among women with a history of GDN
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has been used as the first criteria for the definition of GDM; subsequently, GDM has
been defined based on adverse pregnancy outcomes [11] after the Hyperglycemia and
Adverse Pregnancy Outcomes’ (HAPO) study, which has shown a linear continuous
association between the increasing values of maternal blood glucose and adverse pregnancy
outcomes [12]. The International Association of Diabetes in Pregnancy Study Group
(IADPSG) [13] and the World Health Organization (WHO) [14] have recommended 75-g
oral glucose tolerance test (75 g-OGTT), as the diagnostic criteria for GDM. Although this
definition is one of the lowest thresholds for GDM definition, the evidence supporting this
endorsement is consensus-based.

Previous reviews have shown associations between GDM and adverse perinatal
outcomes just based on the WHO and IADPSG criteria [6] or the IADPSG and Carpenter
and Coustan definition [15].

Lack of an evidence-based international definition of GDM may potentially influence
the accurate estimation of the risk of adverse maternal outcomes. Therefore, this systematic
review and meta-analysis examined the impact of various GDM criteria on the risk of
adverse maternal outcomes.

2. Materials and Methods

The standard guideline for conducting and reporting meta-analysis [16] was used in
this review. The review objectives were as follows:

• To study the pooled risk of adverse maternal outcomes among pregnant women with
GDM compared to non-GDM counterparts, regardless of diagnostic criteria;

• To study the pooled risk of adverse maternal outcomes among pregnant women with
GDM compared to non-GDM women, according to the various diagnostic criteria;

• To study the association between adverse maternal outcomes and GDM criteria.

2.1. Eligibility Criteria

Satisfaction with fulfilling the following criteria was considered for selecting studies:
universal screening of GDM; having a population-based design; full description of the
GDM screening method and glucose cutoff point in the screening test; reporting the
prevalence or risk of short-term maternal outcomes in both GDM and non-GDM groups.
Non-original studies and also those with unclear data or insufficient information about the
review topic were excluded.

2.2. Search Strategy

The authors systematically searched on online databases such as PubMed [including
Medline], Scopus, and Web of Science to retrieve original studies published in English on
the prevalence, incidence, and risk of adverse maternal outcomes among women with GDM
up to January 2020, using the following keywords: (adverse pregnancy outcomes OR preg-
nancy outcomes OR pregnancy complications OR preeclampsia OR pregnancy-induced
hypertension OR gestational hypertension OR PIH OR hemorrhage OR postpartum hem-
orrhage OR PPH OR placenta abruption OR decolman OR placenta previa OR antepartum
hemorrhage OR maternal weight gain OR pregnancy weight gain OR induction of labor
OR labor induction OR induced labor OR cesarean sections OR c-section OR abdominal
deliveries) AND (pregnancy-induced diabetes OR diabetes in pregnancy OR gestational
diabetes mellitus OR gestational diabetes OR GDM).

In addition, the reference lists of the included articles and relevant reviews were
manually searched to enhance the possibility of identifying eligible studies.

2.3. Study Selection and Data Extraction

Two investigators (M.S.G.N, S.B.G) independently selected manuscripts by the title,
abstract, and full text. Next, the following information from each study were extracted: the
first author’s name, publication year, study location, sample size, research design, GDM
screening characteristics including the screening strategy, details of GDM definition, quality
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assessment, and outcome measurements in terms of number and prevalence, incidence, or
risk of adverse events.

2.4. Study Subgroups and Outcomes of Study

The studies were classified into seven sub-groups according to the GDM definition as
follows:

(i) IADPSG criteria, one step screening with oral glucose tolerance test (2 h, 75 g GTT);
GDM diagnosis: any of the given values are met or exceeded (fasting: 92 mg/dL,
BS-1 h: 180 mg/dL, BS-2 h: 153 mg/dL);

(ii) One step screening with 2 h, 75 g OGTT. GDM diagnosis: any of the given valued are
met or exceeded (fasting 100 mg/dL, 2 h: 144 mg/dL);

(iii) One step screening with 2 h, 75 g OGTT. GDM diagnosis: any of the given valued are
met or exceeded (fasting: 110 mg/dL, 2 h: 140 mg/dL);

(iv) Group 4, one step screening with 2 h, 75 g OGTT. GDM diagnosis: any of the given
values are met or exceeded (fasting 100 mg/dL, BS 2 h: 162 mg/dL);

(v) Two step screening with 1 h-50 g Glucose challenge test (1 h-50 g-GCT), values >
140 mg/dL following 100 g OGTT. GDM diagnosis: two values are met or exceeded
(fasting: 95 mg/dL, BS-1 h: 180 mg/dL, BS-2 h: 155 mg/dL, BS-3 h: 140 mg/dL or two
step screening with 1 h-50 g-GCT, values > 140 mg/dL following 75 g OGTT. GDM
diagnosis: two values are met or exceeded (fasting: 95 mg/dL, BS-1 h: 180 mg/dL,
BS-2 h: 155 mg/dL, BS-3 h: 140 mg/dL);

(vi) Two step screening with 1 h-50 g-GCT, values > 140 mg/dL following 100 g OGTT.
GDM diagnosis: two values are met or exceeded (fasting: 105 mg/dL, BS-1 h:
155 mg/dL, BS-2 h: 165 mg/dL, BS-1 h: 145 mg/dL);

(vii) One step screening with 75 g OGTT. GDM diagnosis: any of the given valued are met
or exceeded (fasting: 128 mg/dL, BS2 h: 140 mg/dL).

The adverse maternal outcomes in this review were primary cesarean; gestational
weight gain; induction of labor; maternal hemorrhage including antepartum or postpar-
tum hemorrhage, placenta previa, placenta abruption; hypertension-related pregnancy
including pregnancy-induced hypertension, preeclampsia, eclampsia.

For quality appraisal, the modified Newcastle-Ottawa Quality Assessment Scale was
used [17]. As a validated and standard scale, it assessed nonrandomized studies for
inclusion to meta-analyses in terms of the selection of participants, comparability of the
study, and assessment of outcomes. Scores above 6, 3–5, and below 3 were interpreted as
high, moderate, and low quality, respectively.

The (ROBINS) tool in non-randomized studies of interventions and observational
studies was used for assessing the risk of bias [18], which has been recommended by the
Cochrane [19]. Five domains of (i) assessment of exposure, (ii) development of outcome of
interest in case and controls, (iii) selection of cases, (iv) selection of cases, and (v) control
of prognostic variable in cross-sectional studies and 7 domains of (i) selection of exposed
and nonexposed cohort, (ii) assessment of exposure, (iii) presence of outcome of interest at
the start of the study, (iv) control of prognostic variables, (v) assessment of the presence
or absence of prognostic factors, (vi) assessment of outcome, (vii) adequacy of follow up
for cohort studies were used for appraisal. The authors classified their judgment on the
quality of each study into high risk, unclear risk, or low risk of bias [19].

2.5. Statistical Analysis

The Stata version 12 was used for data analysis. Heterogeneity was estimated by I2

statistic. The pooled effect size including pooled odds ratio and pooled standardized mean
differences of events was calculated using the fixed or random-effects models with Mantel–
Haenszel method. Publication bias was evaluated using Begg’s test. The association
between the risk of adverse outcome of GDM and its diagnostic criteria as a potential
source of heterogeneity was assessed using meta-regression. IADPSG definition criteria
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were used as the reference group for the comparison. All tests were two-sided and p < 0.05
was considered statistically significant.

3. Results

3.1. Literature Search Results and Quality assessment

Figure 1 illustrates the flow diagram of the search strategy and study selection.

Figure 1. Flow diagram of literature search.

The search led to 13,847 studies of which 49 studies had the required inclusion criteria
and were included in the meta-analysis. The studies’ populations were 1,409,018 pregnant
women with GDM and 7,667,546 non-GDM counterparts. Table 1 shows the summary of
the studies evaluating the risk of adverse maternal outcomes among GDM and non-GDM
populations.
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The Supplementary Tables S1 and S2 contain the results of quality assessment. All
studies were categorized as high quality [20–68]. A total of 95.9% studies were prospective
or retrospective cohorts [22–68] and 4% were cross-sectional studies [20,21]. In addition, 17
(34.6%) studies used the GDM classification of group 1 [21,22,26,35,38,40,47,48,50,51,53,54,
59–61,64,67] and IADPSG; 7 (14.2%) group 2 [20,27,28,51,59,65,68], 3 (6.1%) group 3 [32,46,
56], 1 (2%) group 4 [51], 19 (38.7%) group 5 [23–25,29,31,33,34,36,39,40,42,44,47,53,55,57,58,
64,66], 6 (12.2%) group 6 [37,41,43,44,49,52] and 6 (12.2%) group 7 [21,29,30,45,62,63].

It should be noted that 9 studies used more than one GDM classification [21,29,40,44,
47,51,53,59,64] as follows: 4 studies used classifications 1 and 5 [40,47,52,63], one used 1
and 2 classifications [59], one used classifications 1, 2 and 4 [51], one used classifications 1
and 7 [21], one used classifications 5 and 6 [44], and finally one used classifications 5 and
7 [29].

In addition, 34.69% of the studies were conducted in the U.S. [22,24,25,31,33,34,36–
38,41,44,52,53,55,57,58,64], 14.2% in Australia [20,27,28,50,51,65,68], 28.5% in Asia [26,29,
32,35,39,40,42,46–49,60,63,66], and 22.4% in Europe [21,23,30,43,45,54,56,59,61,62,67].

3.2. Meta-Analysis and Meta-Regression Results

The overall pooled OR/mean difference (95% CI) of adverse maternal outcomes, its
heterogeneity, and the estimation of publication bias among various subgroups of GDM
diagnosis criteria, compared to non-GDM counterparts have been presented in Table 2.

Table 2. Results of meta-analyses for risk/standardized mean difference adverse maternal outcome among women with
gestational diabetes according to different GDM screening strategy group.

Outcomes £ GDM
Classification

Sample Size Heterogenicity
Publication
Bias Begg’s

Test

Effect Size *
(95% CI)

p-Value
from Meta-
Regression

GDM
Group

Non-
GDM
Group

I2 (%) p-Value

Primary
Cesarean

1 4632 49,353 21.1 0.262 0.621 1.3 (1.2, 1.5) Ref
Overall 4990 56,480 41 0.084 0.655 1.4 (1.2, 1.5) –

Induction of
labor

1 10,098 183,424 95.2 0.001 0.327 1.3 (0.9, 1.8) Ref
2 25,197 549,639 94.7 0.001 0.851 1.8 (1.5, 2.1) 0.144
5 196,263 4,151,466 97.4 0.001 0.371 1.8 (1.6, 2.0) 0.112

Overall 233,767 4,925,044 97.5 0.001 0.766 1.7 (1.6, 1.9) –

Maternal
Hemorrhage

2 67,430 1,404,544 79.9 0.001 0.348 1.2 (1.0, 1.4) € Ref
5 609,575 9,821,846 95 0.001 0.680 1.1 (1.0, 1.3) 0.867
6 3046 77,031 91.9 0.001 0.317 2.6 (0.5, 12.6) 0.126

Overall 688,825 11,315,874 93 0.001 0.523 1.2 (1.0, 1.3) –

Pregnancy
related

Hypertension

1 20,021 269,637 38.2 0.031 0.766 1.5 (1.4, 1.7) Ref
2 42,287 902,497 1.6 0.424 0.325 1.6 (1.5, 1.6) 0.784
3 8860 18,263 74.2 0.009 0.497 1.3 (0.9, 1.9) 0.535
5 771,027 14,009,374 98.7 0.001 0.207 2.0 (1.8, 2.4) 0.38
6 42,762 959,991 76.4 0.005 0.051 2.1 (1.7, 2.6) 0.160
7 751 18,674 0 0.471 0.484 1.8 (1.3, 2.5) 0.248

Overall 886,089 1,618,008 96.3 0.001 0.541 1.7 (1.6, 1.9) –

Gestational
weight gain

1 18,518 142,679 99.5 0.001 0.337 −0.307
(−0.560, −0.054) Ref

5 14,689 257,901 90 0.001 0.624 −0.353
(−0.569, −0.137) 0.911

7 2410 45,271 84.7 0.001 1.000 −0.400
(−0.567, −0.233) 0.988

Overall 35,714 447,958 99.4 0.001 0.564 −0.333
(−0.492, −0.174) –

* Effect size represents the odds ratio for all variables, except for weight gain that is the standardized mean difference. £ Analysis was not
performed in all subgroups of GDM classifications due to insufficient data. € As there were not enough studies in the first classification, the
second one as a reference group for comparison was used.

The odds ratio of primary cesarean among women with GDM, regardless of GDM
classification, was 1.4 folds greater than in healthy controls (Pooled overall OR = 1.4, 95%
CI: 1.2, 1.5) (Figure 2).
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Figure 2. Meta-analysis forest plot of odds ratio (OR) OR for primary cesarean in women with and without Gestational
Diabetes Mellitus (GDM) based on different diagnostic criteria.

In addition, risk of other adverse maternal outcomes, including induction of labor
(Pooled overall OR = 1.7, 95% CI: 1.6, 1.9), maternal hemorrhage (Pooled overall OR =
1.2, 95% CI: 1.0, 1.3), and pregnancy-related hypertension (Pooled overall OR = 1.7, 95%
CI: 1.6, 1.9) among women with GDM, regardless of GDM diagnostic classification, were
significantly higher than non-GDM counterparts (Table 2, Figures 3–5).
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Figure 3. Meta-analysis forest plot of OR for the induction of labor among women with and without GDM based on
different diagnostic criteria.
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Figure 4. Meta-analysis forest plot of OR for maternal hemorrhage among women with and without GDM based on
different diagnostic criteria.
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Figure 5. Meta-analysis forest plot of OR for pregnancy-related hypertension among women with and without GDM based
on different diagnostic criteria.
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The gestational weight gain among women with GDM was significantly lower than
the non-GDM population, (Pooled overall mean difference = −0.333, 95% CI (−0.492,
−0.174) (Figure 6).

Figure 6. Meta-analysis forest plot of the mean difference of gestational weight gain among women with and without GDM
based on different diagnostic criteria.

Subgroup analysis revealed that the risk of adverse maternal outcomes in women with
GDM in all GDM diagnostic classifications were significantly higher than the non-GDM
population (Table 2).

The results of meta-regression showed that the odds ratio/mean difference were
notinfluenced by GDM diagnostic classification. The risk of adverse maternal outcomes in
the IADPSG criteria classification, as the strictest criteria, was similar to others (Figure 7).
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Figure 7. Bubble plot of the meta-regression relationships adverse outcomes and GDM classification.

3.3. Results of Publication Bias and Risk of Bias evaluation

According to Begg’s test, no considerable publication bias for various meta-analyses
was observed (Table 2). Results of the Risk of Bias evaluation are presented in Supple-
mentary Figures S1A,B and S2A,B. Given that all included studies were observational, the
overall risk of bias was low or probably low. However, half of the cross-sectional studies
had a probably high risk of bias in the control of prognostic variables. 10% of cohort studies
had a probable or high risk of bias in the assessment of exposure and bias in controlling
prognostic variables.
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4. Discussion

Results of this systematic review and meta-analysis demonstrated that GDM, regard-
less of its diagnostic classification, could increase the risk of adverse maternal outcomes;
however, the key finding is that, despite variations in screening approaches, screening
methods, and diagnostic threshold values, the increased risk was not influenced by the
GDM diagnostic classification.

Despite the wide range of endorsements and guidelines for the diagnosis of GDM in
pregnant women recommended by international societies [1,13,69–74], there is a strong
controversy over the definition of GDM including advice on selective approaches such as
universal or risk-based screening, the optimal time for screening in the first and second
trimesters, appropriate screening method or criteria for diagnosis, and proper threshold
values. Furthermore, there are ongoing debates concerning the risk of adverse pregnancy
outcomes and the cost-effectiveness of different screening or diagnostic strategies. However,
the aim of almost six decades of research and tremendous efforts has been to reach a global
consensus and uniformly accepted guideline with regard to the optimum and cost-effective
approach for screening by which the risk of adverse pregnancy outcome is reduced.

The risk of adverse perinatal events using two main GDM diagnostic criteria has
been studied by previous reviews. Given that our systematic review and meta-analysis
compared all available criteria, it can have a complementary role to the findings of other
reviews. For instance, Wendland et al. (2012) [6] in a systematically review and meta-
analysis of the relationship between GDM based on the WHO and IADPSG criteria, and
adverse events of preeclampsia and cesarean delivery, reported that these criteria could
identify women with an elevated risk of adverse perinatal events. The same magnitude
for both criteria was reported in our review. Another meta-analysis by Hosseini et al.
(2018) [15] assessed the magnitude of the association between GDM using the IADPSG or
Carpenter and Coustan criteria and selected adverse perinatal events. They demonstrated
that the risk of adverse pregnancy events including preeclampsia, cesarean section, and
gestational hypertension increased in both GDM criteria. Although associations with the
Carpenter and Coustan criteria were slightly greater, it was not confirmed by the statistical
test.

The results of our review demonstrated that despite an increased risk of adverse
maternal outcomes among women with GDM, this risk had a similar magnitude for all
GDM diagnostic classification. Considering that the use of the strict IADPSG criteria has a
significant impact on health care costs and infrastructure capacity with a similar magnitude
on short term adverse maternal outcomes, the cost-effectiveness of their use should be
defined. Until now, there are not sufficient data to demonstrate the cost-effectiveness
superiority of one screening and diagnostic approach over the other [75,76]. In addition,
most available cost-effectiveness studies [75,77–80] were performed in developed societies
with higher health economic resources and a lower rate of annual birth than developing
and transitional countries [81].

Moreover, the label of GDM, its exhausting treatment, concerns about pregnant
women, and unborn health status are some sources of stress, which may lead to a se-
rious psychological problem for some pregnant women and families and could diminish
the quality of life [82–84]. However, using the optimum cost-effective GDM diagnosis
approach with an improved adverse outcome such problems can be prevented.

It is believed that GDM is associated with adverse perinatal events and our meta-
analysis confirmed the findings of available literature. Diagnosis of GDM is associated with
more pregnancy-related hypertension, and higher rates of induction of labor and primary
cesarean section, irrespective of the diagnostic criteria used for GDM. However, insulin
resistance has also been hypothesized to contribute to the pathophysiology of adverse
outcomes [85]. In our review despite the lower gestational weight gain, an increase in the
rate of primary cesarean was seen, which was associated with GDM and an increase in
the frequency of induction of labor. It is assumed that gestational weight gain may not
be the important factor responsible for the higher odds of cesarean section or induction
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of labor among women with GDM compared to non-GDM counterparts [7]. Fetal size
and macrosomia given fetal insulin response to the elevated glucose level in the body
of pregnant women or overtreatment may be associated with an elevated prevalence of
cesarean section [7,86]. Moreover, the label of GDM can lead to a tendency toward cesarean
section.

Ass the limitations of this review, studies that used the universal screening strategy
were selected for inclusion in the meta-analysis. Therefore, studies from north Europe with
a low prevalence of GDM that might use a targeted high-risk screening strategy were not
included in our review. The short-term maternal outcomes of GDM were considered in our
review indicating the need to evaluate the long-term adverse outcomes of GDM based on
different diagnostic criteria. Also, given the lack of data on some GDM diagnostic criteria,
subgroup analysis for classifications could not be carried out and the lack of a unique
definition for each adverse pregnancy outcome may have affected our review findings and
their generalizability. Additionally, the effect of diagnostic criteria on outcomes irrespective
of GDM treatment strategies might have influenced the results.

5. Conclusions

The use of the straighten criteria of the IAPDSG definition can increase the prevalence
of GDM among pregnant women. Also, the magnitude of the increased risk of adverse
maternal outcomes in all diagnostic criteria was similar. The finding of our review can
empower health care providers to select the cost-effective GDM screening approach for
pregnant women.
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Abstract: There is no information about whether maternal neutrophil to lymphocyte ratios (NLRs)
progressively increase with respect to the progression of acute histologic chorioamnionitis (acute-
HCA) and increased maternal NLR is a risk factor for amnionitis, known as advanced acute-HCA, in
pregnant women at risk for spontaneous preterm birth (PTB). The objective of the current study is
to examine this issue. The study population included 132 singleton PTB (<34 weeks) due to either
preterm labor or preterm-PROM with both placental pathology and maternal CBC results within 48 h
before delivery. We examined maternal NLRs according to the progression of acute-HCA in extra-
placental membranes (EPM) (i.e., group-0, inflammation-free EPM; group-1, inflammation restricted
to decidua; group-2, inflammation restricted to the membranous trophoblast of chorion and the
decidua; group-3, inflammation in the connective tissue of chorion but not amnion; group-4, amnioni-
tis). Maternal NLRs significantly and progressively increased with the progression of acute-HCA
(Spearman’s rank correlation test, γ = 0.363, p = 0.000019). Moreover, the increased maternal NLR
(≥7.75) (Odds-ratio 5.56, 95% confidence-interval 1.26-24.62, p < 0.05) was a significant independent
risk factor for amnionitis even after the correction for potential confounders. In conclusion, maternal
NLRs significantly and progressively increased according to the progression of acute-HCA and the
increased maternal NLR (≥7.75) was an independent risk factor for amnionitis in spontaneous PTB.
The evaluation of the performance of NLR should clearly require a prospective description of this
parameter in a cohort of patients with either threatened PTL or preterm-PROM.

Keywords: amnionitis; maternal blood; neutrophil to lymphocyte ratio; preterm birth

1. Introduction

Ascending intrauterine infection is one of the major physiologies in spontaneous
preterm birth (PTB) (i.e., preterm labor and intact membranes (PTL) and preterm prema-
ture rupture of membranes (preterm-PROM)) [1,2]. Micro-organisms from the vaginal
and cervical canal ascend to chorio-decidua and advance to the amnion in extra-placental
membranes (EPM) [2]; this eventually results in fetal infection [1–3]. During the progres-
sion of ascending intrauterine infection, maternal neutrophils sequentially migrate from
the decidua through the membranous trophoblast of chorion to the connective tissue of
chorion and finally infiltrates into amnion in EPM [4]. Acute histologic chorioamnionitis
(acute-HCA) generated by neutrophils infiltration into the EPM is considered a maternal
inflammatory response because neutrophils in EPM are derived from maternal vessels of
decidua parietalis [5,6].

It is well known that intra-amniotic inflammatory responses are closely associated
with acute-HCA [7–10]. Moreover, our previous study reported that intra-amniotic inflam-
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matory responses increase with outside-in neutrophils migration in the chorio-decidua
(i.e., ‘inflammation restricted to decidua’, ‘inflammation restricted to the membranous
trophoblast of chorion’, and ‘inflammation in the connective tissue of chorion’) [11]. More-
over, intra-amniotic and fetal inflammatory responses are more intense and the early-onset
neonatal sepsis is more frequent in amnionitis (more advanced stage inflammation) than in
inflammation restricted to chorio-decidua (less advanced stage inflammation) of EPM [12].
In general, intra-amniotic inflammatory response is gauged by several markers (i.e., white
blood cell (WBC) count, matrix metalloproteinase-8 (MMP-8), and IL-6 in amniotic fluid
(AF) obtained by amniocentesis. However, amniocentesis is an invasive procedure and
may not be feasible in cases with decreased AF volume in the context of preterm-PROM.
Therefore, numerous studies attempted to find potential markers in maternal blood but
not in AF for the identification of acute-HCA in EPM (Table S1) [13–46]. However, acute-
HCA remains unpredictable with the use of maternal inflammatory blood markers and,
moreover, there are limitations in previous studies as follows (Table S1); (1) no previous
studies examined maternal inflammatory blood markers according to the progression of
acute-HCA in the sub-divisions of EPM (i.e., decidua, the membranous trophoblast of
chorion, the connective tissue of chorion, and amnion) [13–42]; (2) a substantial number
of studies did not adjust for gestational age (GA) at delivery or maternal blood sam-
pling [13,14,16–20,23–28,30–42] and did not provide a meaningful temporal relationship
between the maternal inflammatory blood tests and the placental pathologic examinations
after delivery [16,17,22–25,27,31,32,41].

Recently, the neutrophil to lymphocyte ratio (NLR) as a biomarker for systemic in-
flammatory conditions in adults is known to be positively correlated with disease activity
in rheumatic disease [47–53] and known to be associated with the prognosis (i.e., survival)
of sepsis, systemic inflammatory response syndrome (SIRS), and septic shock [54–58] in pa-
tients. Moreover, some researchers demonstrated that increased neonatal NLR is a marker
or predictor for significant neonatal morbidities (i.e., early-onset neonatal sepsis [EONS],
broncho-pulmonary dysplasia (BPD), and necrotizing enterocolitis (NEC)) [59–61]. What
is noteworthy is that maternal NLRs are reported to be elevated in cases with preeclamp-
sia [62–64], which is associated with exaggerated inflammatory responses in the maternal
vascular system [65]. However, there is no information on the relationship between mater-
nal NLRs and the progression of acute-HCA among pregnant women at risk for PTB in
the current body of research. We hypothesized that maternal NLRs progressively increase
according to the progression of acute-HCA and increased maternal NLR is a risk factor
for amnionitis known as advanced acute-HCA among pregnant women at risk for sponta-
neous PTB. We additionally examined maternal high-sensitivity C-reactive protein (hs-CRP)
concentrations to demonstrate the usefulness of maternal NLR for the identification of
amnionitis. The objective of the current study is to examine this issue.

2. Materials and Methods

2.1. Study Design and Patient Population

The study population included 132 singleton pregnant women who met the following
criteria: (1) Korean; (2) GA at delivery between 20.6 weeks and 33.9 weeks; (3) PTB due to
either PTL (63 cases) or preterm-PROM (69 cases); (4) available placental pathologic slides;
(5) maternal complete blood count (CBC) profile available within 48 h before delivery. The
last criterion was used to preserve a meaningful temporal relationship between maternal
CBC profiles and placental pathologic findings at delivery. At our institution, the maternal
CBC test and placental pathologic examination after delivery were routinely recommended
and performed to all pregnant women hospitalized with either PTL or preterm-PROM. PTL
and preterm-PROM were diagnosed in accordance with previously published criteria [8,9].
Written informed consent was obtained from the entire study population. The Institutional
Review Board of our institute specifically approved the current study.
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2.2. Clinical Characteristics and Pregnancy Outcomes

Clinical characteristics and pregnancy outcomes were investigated from medical
records. Data included maternal age, parity, clinical history of antenatal vaginal bleeding
or the evidence of placenta previa, cause of preterm delivery, gender of newborn, delivery
mode, GA at delivery, birth weight, 1 min and 5 min Apgar scores, meconium staining,
antenatal use of corticosteroids, antenatal use of antibiotics, and antenatal use of tocolytics.

2.3. Diagnosis of Acute Histologic Chorioamnionitis (Acute-HCA) in Extra-Placental
Membranes (EPM)

Placental tissue samples for pathologic examination included EPM (i.e., chorio-decidua
and amnion), chorionic plate, and the umbilical cord. These samples were fixed in 10% neu-
tral buffered formalin and embedded in paraffin. Sections of prepared tissue blocks were
stained with hematoxylin and eosin (H&E). Clinical information regarding the placental
tissues was not disclosed to pathologists. Acute-HCA in EPM was defined as the pres-
ence of neutrophil infiltration in either chorio-decidua or amnion. Acute inflammation in
chorio-decidua and amnion was diagnosed according to the previously published criteria:
(1) Chorio-deciduitis was diagnosed in the presence of at least one focus of >5 neutrophils
in chorio-decidua; (2) amnionitis was diagnosed in the presence of at least one focus of
>5 neutrophils in amnion. The progression of acute-HCA in EPM was divided according to
outside-in neutrophils migration in EPM as follows: (1) group-0, inflammation-free EPM;
(2) group-1, inflammation restricted to decidua; (3) group-2, inflammation restricted to
the membranous trophoblast of chorion and the decidua; (4) group-3, inflammation in the
connective tissue of chorion but not amnion; (5) group-4, amnionitis.

2.4. Maternal Neutrophil to Lymphocyte Ratio (NLR)

Maternal blood was collected in ethylenediaminetetraacetic-acid (EDTA) tubes by
venipuncture of the antecubital vein within 48 h before delivery and CBC with differential
leukocyte count was performed. NLR is defined as absolute neutrophil count divided
by absolute lymphocyte count. We additionally examined maternal hs-CRP concentra-
tions within 48 h before delivery to demonstrate the usefulness of maternal NLR for the
identification of amnionitis.

2.5. Statistical Analysis

Continuous and categorical variables were compared with the Kruskal–Wallis test and
Pearson’s chi-square test, respectively. Multiple comparisons of continuous and categorical
variables between the groups according to the progression of acute-HCA in EPM were
performed with 1-way ANOVA with post-hoc Tukey test and Fisher’s exact test with
Bonferroni’s correction, respectively. Spearman’s rank correlation test was used to examine
the relationship between maternal NLRs and acute-HCA in EPM. The receiver operating
characteristics (ROC) curve was used to estimate the best cut-off values (maximum sum
of sensitivity and specificity) and to identify maternal NLRs as being raised or not raised
for the detection of amnionitis. Using this cut-off value, we compared the frequency of
increased maternal NLR according to the progression of acute-HCA in EPM with Pearson’s
chi-square test. Moreover, linear by linear association was used to investigate the trend
about the frequency of increased maternal NLR (≥7.75) according to the progression of
acute-HCA in EPM. Diagnostics indices (i.e., sensitivity, specificity, positive predictive
value, negative predictive value, positive likelihood ratio, and negative likelihood ratio)
were determined for increased maternal NLR for the identification of amnionitis. We
performed multiple logistic regression analysis for the exploration of the relationship
between various variables and amnionitis. We analyzed maternal hs-CRP with the same
statistical methods to demonstrate the usefulness of maternal NLR for the identification of
amnionitis. Statistical significance was defined as p < 0.05.
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3. Results

3.1. Clinical Characteristics and Pregnancy Outcomes According to the Progression of Acute
Histologic Chorioamnionitis (Acute-HCA) in Extra-Placental Membranes (EPM)

Group-0, group-1, group-2, group-3, and group-4 was present in 36.4% (48/132),
14.4% (19/132), 20.5% (27/132), 17.4% (23/132), and 11.4% (15/132) of study population,
respectively (Table 1). Table 2 demonstrated that GA at delivery and birth weight were
significantly decreased according to the progression of acute-HCA in EPM and there was a
significant difference in the frequency of antenatal use of antibiotics among five groups
according to the progression of acute-HCA in EPM (Table 2).

Table 1. Clinical characteristics and pregnancy outcomes according to the progression of acute histologic chorioamnionitis
(acute-HCA) in extra-placental membranes (EPM).

Group-0 † Group-1 † Group-2 † Group-3 † Group-4 † p Value a

36.4% (48/132) 14.4% (19/132) 20.5% (27/132) 17.4% (23/132) 11.4% (15/132)

Maternal age,
year (mean ± SD) 32.8 ± 4.6 32.9 ± 3.4 32.5 ± 3.9 34.7 ± 3.6 33.2 ± 4.6 NS (0.302)

Nulliparity 50.0% (24/48) 47.4% (9/19) 37.0% (10/27) 34.8% (8/23) 33.3% (5/15) NS (0.610)
Either clinical history of

antenatal vaginal bleeding
or evidence of placenta previa

18.8% (9/48) 15.8% (3/19) 0% (0/27) 4.3% (1/23) 13.3% (2/15) NS (0.107)

Preterm-PROM
as a cause of PTB 50.0% (24/48) 31.6% (6/19) 59.3% (16/27) 69.6% (16/23) 46.7% (7/15) NS (0.145)

Male Newborn 58.3% (28/48) 57.9% (11/19) 70.4% (19/27) 34.8% (8/23) 66.7% (10/15) NS (0.125)
Cesarean delivery 41.7% (20/48) 31.6% (6/19) 18.5% (5/27) 34.8% (8/23) 33.3% (5/15) NS (0.378)

Median GA at delivery,
weeks (range)

31.6
(21.6–33.9)

30.3
(23.4–33.7)

30.3
(20.6–33.4)

28.0
(22.0–31.9) b

26.6
(21.3–31.4) c, d <0.001

Birth weight,
g (mean ± SD) 1572 ± 567 1478 ± 547 1444 ± 636 1129 ± 330 e 1057 ± 419 e 0.003

1 min Apgar score of <7 77.1% (37/48) 63.2% (12/19) 66.7% (18/27) 91.3% (21/23) 80.0% (12/15) NS (0.193)
5 min Apgar score of <7 31.2% (15/48) 26.3% (5/19) 22.2% (6/27) 43.5% (10/23) 60.0% (9/15) NS (0.101)

Meconium staining 8.3% (4/48) 0% (0/19) 0% (0/27) 17.4% (4/23) 6.7% (1/15) NS (0.108)
Antenatal use of corticosteroids 81.2% (39/48) 68.4% (13/19) 77.8% (21/27) 82.6% (19/23) 86.7% (13/15) NS (0.702)

Antenatal use of antibiotics 70.8% (34/48) 73.7% (14/19) 81.5% (22/27) 100% (23/23) f 93.3% (14/15) 0.029
Antenatal use of tocolytics 66.7% (32/48) 78.9% (15/19) 81.5% (22/27) 91.3% (21/23) 86.7% (13/15) NS (0.145)

GA, gestational age; NS, not significant; preterm-PROM, preterm premature rupture of membranes; PTB, preterm birth; SD, standard
deviation. † Group-0: inflammation-free extra-placental membranes (EPM). † Group-1: inflammation restricted to decidua. † Group-2:
inflammation restricted to the membranous trophoblast of chorion and the decidua. † Group-3: inflammation in the connective tissue of
chorion but not the amnion. † Group-4: amnionitis. a Intergroup difference by Chi-square test (categorical variables) and Kruskal–Wallis
test (continuous variables). b p < 0.05 vs. group-0 (1-way ANOVA with post-hoc Tukey test). c p < 0.005 vs. group-0 (1-way ANOVA with
post-hoc Tukey test). d p < 0.05 vs. group-1 (1-way ANOVA with post-hoc Tukey test). e p < 0.05 vs. group-0 (1-way ANOVA with post-hoc
Tukey test). f p < 0.05 vs. group-0 (Fisher’s exact test with Bonferroni’s correction).

Table 2. Diagnostic indices, predictive values, and likelihood ratios of maternal NLR (neutrophil to lymphocyte ratio) ≥ 7.75
within 48 h before delivery for the identification of amnionitis in cases with either preterm labor and intact membranes
(PTL) or preterm premature rupture of membranes (preterm-PROM) (The prevalence of amnionitis is 11.4% (15/132)).

Sensitivity Specificity
Positive

Predictive Value
Negative

Predictive Value
Positive LR

(95% CI)
Negative LR

(95% CI)

NLR ≥ 7.75 80.0%
(12/15)

59.0%
(69/117)

20.0%
(12/60)

95.8%
(69/72)

2.9487
(1.0597–8.2047)

0.5128
(0.3674–0.7158)

CI, confidence interval; LR, likelihood ratio; NLR, neutrophil to lymphocyte ratio.

3.2. Maternal Neutrophil to Lymphocyte Ratios (NLRs) According to the Progression of Acute
Histologic Chorioamnionitis (Acute-HCA) in Extra-Placental Membranes (EPM)

Figure 1 shows maternal NLRs according to the progression of acute-HCA in EPM.
Maternal NLRs significantly and progressively increased with the progression of acute-
HCA (Kruskal–Wallis test, p = 0.001; and Spearman’s rank correlation test, γ = 0.363,
p = 0.000019) (Figure 1). Maternal hs-CRP (mg/dL) also significantly and progressively in-
creased with the progression of acute-HCA (Kruskal–Wallis test, p = 0.006; and Spearman’s
rank correlation test, γ = 0.298, p = 0.000900) (Figure S1).
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Figure 1. Maternal neutrophil to lymphocyte ratios (NLRs) according to the progression of acute
histologic chorioamnionitis (acute-HCA) in extra-placental membranes (EPM). Maternal NLRs
significantly and progressively increased with the progression of acute-HCA (group-0 vs. group-1
vs. group-2 vs. group-3 vs. group-4; median, range; 5.15 (1.90–21.30) vs. 6.70 (1.30–17.40) vs. 7.90
(1.90–31.20) vs. 8.00 (2.30–29.40) vs. 11.20 (5.10–33.70)). Each p value is shown in the graph.

3.3. Diagnostic Indices, Predictive Values, and Likelihood Ratios of Increased Maternal Neutrophil
to Lymphocyte Ratio (NLR) for the Identification of Amnionitis

ROC curves were constructed to select the cut-off values for identifying maternal
NLR (area under curve (AUC), 0.745; standard error (SE), 0.066; p = 0.002) as being raised
or not raised for the identification of amnionitis and a cut-off value of 7.75 was chosen
(Figure S2, red line). Moreover, for the comparison with maternal NLR, we constructed
a ROC curve to choose the cut-off values for the discovery of maternal hs-CRP (AUC,
0.581; SE, 0.086; p = 0.323) as being raised or not raised for the diagnosis of amnionitis
and a cut-off value of 1.035 mg/dL was chosen (Figure S2, blue line). Table 2 displays
diagnostic indices, predictive values, and the likelihood ratios of increased maternal NLR
(≥7.75) within 48 h before delivery for the identification of amnionitis. Moreover, we
demonstrated diagnostic indices, predictive values, and likelihood ratios of maternal hs-
CRP ≥ 1.035 mg/dL within 48 h before delivery for the identification of amnionitis in
cases with either PTL or preterm-PROM (Table S2). However, these positive and negative
likelihood ratios were not significant (Table S2).

3.4. The Frequency of Increased Maternal Neutrophil to Lymphocyte Ratio (NLR) According to the
Progression of Acute Histologic Chorioamnionitis (Acute-HCA) in Extra-Placental
Membranes (EPM)

There was a significant stepwise increase in the frequency of increased maternal NLR
(≥7.75) according to the progression of acute-HCA in EPM (Pearson’s chi-square test,
p = 0.014; and linear by linear association, p = 0.000833) (Figure 2). Moreover, Table 3
demonstrated that increased maternal NLR (≥7.75) was a significant independent risk
factor for amnionitis even after the correction for potential confounding variables. We
additionally demonstrated the frequency of increased maternal hs-CRP (≥1.035 mg/dL) ac-

50



J. Clin. Med. 2021, 10, 2673

cording to the progression of acute-HCA in EPM (Figure S3). However, increased maternal
hs-CRP ≥ 1.013 mg/dL was not an independent risk factor for amnionitis (Table S3).

Figure 2. Frequency of increased maternal neutrophil to lymphocyte ratio (NLR) (≥7.75) according
to the progression of acute histologic chorioamnionitis (acute-HCA) in extra-placental membranes
(EPM). Each p value is shown in the graph.

Table 3. Relationship of various independent variables with amnionitis analyzed by overall logistic regression analysis.

Odds Ratio 95% Confidence Interval p Value

Increased maternal NLR (≥7.75) 5.559 1.255–24.621 0.024
Gestational age at delivery (on a daily basis) 0.716 0.562–0.912 0.007
Parity (≥1) 2.209 0.567–8.602 NS (0.253)
Preterm-PROM as a cause of PTB 1.258 0.311–5.091 NS (0.748)
Vaginal delivery 0.945 0.217–4.116 NS (0.940)
Antenatal corticosteroids use 9.474 0.989–90.794 NS (0.051)
Antenatal antibiotics use 0.980 0.076–12.607 NS (0.987)
Antenatal tocolytics use 1.367 0.193–9.665 NS (0.754)
Meconium staining 0.752 0.071–7.938 NS (0.813)
Male sex of newborn 1.765 0.486–6.406 NS (0.388)
Either clinical history of antenatal vaginal bleedingor the
evidence of placenta previa 2.674 0.296–24.131 NS (0.381)

NLR, neutrophil to lymphocyte ratio; preterm-PROM, preterm premature rupture of membranes; PTB, preterm birth.

3.5. Histopathology and Schema of the Progression of Acute Histologic Chorioamnionitis
(Acute-HCA) in Extra-Placental Membranes (EPM)

Figure 3 shows representative images for inflammation-free EPM (a, group-0), in-
flammation restricted to decidua (b, group-1), inflammation restricted to the membranous
trophoblast of chorion and the decidua (c, group-2), inflammation in the connective tissue
of chorion but not amnion (d, group-3), and amnionitis (e, group-4) in H&E stained his-
tologic sections of EPM. Figure 3f is the schema depicting the progression of acute-HCA
generated by outside-in neutrophils migration in the entire sub-divisions of EPM.
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Figure 3. Histopathology and schema of the progression of acute histologic chorioamnionitis (acute-
HCA). Hematoxylin and eosin stained histologic sections of extra-placental membrane (EPM) are
shown as follows: (a) group-0, inflammation-free EPM; (b) group-1, inflammation restricted to
decidua; (c) group-2, inflammation restricted to the membranous trophoblast of chorion and the
decidua; (d) group-3, inflammation in the connective tissue of chorion but not amnion; (e) group-4,
amnionitis. These images are based on the magnification setting ×200 and the insets of panels are
based on the magnification setting ×400. Some neutrophils are shown in the decidua (group-1) (b), the
membrane trophoblast of chorion (group-2) (c), the connective tissue of chorion (d), and amnion (e)
(see the insets of panels). Black arrows in the insets of panels indicate neutrophils infiltrating into
EPM (b–e). The schema of the progression of acute-HCA depicts outside-in neutrophils migration in
the whole sub-divisions of EPM (f).

4. Discussion

4.1. Principal Findings of This Study

Maternal NLRs significantly and progressively increased according to the progression
of acute-HCA (Figure 4) and increased maternal NLR (≥7.75) was an independent risk
factor for amnionitis in spontaneous PTB. This finding suggests maternal NLR may be
used as a non-invasive antenatal marker for amnionitis.
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Figure 4. Schema of maternal neutrophil to lymphocyte ratios (NLRs) according to the progression
of acute histologic chorioamnionitis (acute-HCA).

4.2. Limitations of Previous Studies Reporting the Relationship between Maternal Inflammatory
Blood Markers and Acute Histologic Chorioamnionitis (Acute-HCA) in Extra-Placental
Membranes (EPM)

There is a good chance that maternal inflammatory blood markers and immunologic
responses develop when acute-HCA sequentially progresses in EPM resulting in either PTL
or preterm-PROM. However, previous studies show inconclusive results and, moreover, pos-
sessed limitations in terms of the diagnosis of the progression of acute-HCA in EPM, which
did not evaluate the whole sub-divisions of EPM (i.e., decidua, the membranous trophoblast
of chorion, the connective tissue of chorion, and amnion) as follows (Table 1): (1) not avail-
able for the diagnostic criteria of acute-HCA in EPM [19,23,27,30,32]; (2) does not include the
decidua [17–19,22,23,27,30,32,34,36,37,39,42]; (3) does not include chorion [19,23,27,30,32,42];
(4) does not include the chorio-decidua [19,23,27,30,32,42]; (5) does not include the mem-
branous trophoblast of chorion [19,23,27,30,32,42]; (6) does not include the connective
tissue of chorion [19,23,27,30,32,42]; (7) does not divide chorio-decidua into chorion and
decidua [15,19–21,23,27–30,32,38,40,42]; (8) does not divide chorion into membranous
trophoblast and connective tissue [13–16,19–21,23–33,35,36,38–42]; (9) does not dif-
ferentiate the connective tissue of the chorion from amnion [16–19,22,23,27,30,32,34,37];
(10) does not consider amniotropic neutrophils migration as a progression of acute-HCA
in EPM [19,23,27,30–32,42].

4.3. The Usefulness of Neutrophil to Lymphocyte Ratio (NLR) as a Maternal Inflammatory Blood
Marker during Pregnancy

What is noteworthy is that the absolute count of each neutrophil and lymphocyte, but
not the percentage of each neutrophil and lymphocyte as a relative ratio within leukocytes,
should be interpreted cautiously because leukocytosis usually occurs during normal preg-
nancy [66] and the normal range of leukocyte count is widely variable among pregnant
women [67–71]. Therefore, it is reasonable that the percentage of each neutrophil and
lymphocyte, but not the absolute count of each neutrophil and lymphocyte in maternal
blood, is used for the differentiation between inflammation-free placenta and acute-HCA
during antenatal period.

4.4. Biologic Plausibility about Increased Maternal Inflammatory Blood Markers According to the
Progression of Acute Histologic Chorioamnionitis (Acute-HCA) in Extra-Placental
Membranes (EPM)

We previously demonstrated that intra-amniotic infection and inflammation recruits
maternal neutrophils to the feto-maternal interface of chorio-decidua from maternal de-
cidual vessels in both preterm rhesus model and human spontaneous PTB [72]; moreover,
intra-amniotic inflammatory responses are more severe according to outside-in neutrophils
migration in the chorio-decidua of EPM in human spontaneous PTB (i.e., ‘inflammation
restricted to decidua’, ‘inflammation restricted to the membranous trophoblast of chorion
and the decidua’, and ‘inflammation in the connective tissue of chorion’) [12]. Given
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that ‘leukocyte integrin lymphocyte function-associated antigen 1 (LFA-1)’ and its en-
dothelial ligand ‘intercellular adhesion molecule (ICAM)-1′ play an important role in the
endothelial adhesivity and transmigration of neutrophils in the capillaries of in vivo and
in vitro inflammation models [73,74], we should find evidence about the expression of
LFA-1/ICAM-1 in both maternal blood and EPM in the context of acute-HCA to explain
the biological plausibility with respect to the positive correlation between maternal NLRs
and the progression of acute-HCA generated by outside-in neutrophils migration in EPM.
Indeed, maternal blood ICAM-1 was reported to be a reliable indicator of acute-HCA
among cases with either PTL [28,42] or preterm-PROM [42] in spite of the above-mentioned
limitations in those studies [28,42]. Moreover, EPM shows about a five-fold elevation of
LFA-1 and about a three-fold elevation of ICAM-1 in mRNA sequencing profiles in preterm
rhesus macaques delivered after 48 h following intra-amniotic lipopolysaccharides (LPS)
infusion in our previous study (unpublished data). Therefore, one can expect that maternal
NLRs significantly and progressively increased according to the progression of acute-HCA
generated by outside-in neutrophils migration in EPM.

4.5. Major Strengths and Limitation of This Study

Firstly, the current study analyzed the progression of acute-HCA in the whole sub-
divisions of EPM (i.e., decidua, the membranous trophoblast of chorion, the connective
tissue of chorion, and amnion). Secondly, this study demonstrated that increased maternal
NLR is an independent risk factor for amnionitis, known as advanced acute-HCA in
EPM, even after the adjustment for the potential confounding variables including GA at
delivery. Thirdly, this study recommended maternal NLR as a maternal inflammatory
blood maker for the identification of acute-HCA with the use of a simple and widely
available CBC in every medical institution. Although we did not compare the specificity
and sensitivity for the identification of amnionitis between maternal NLR and other tests
such as cytokines and chemokines, the measurements of cytokines and chemokines are
not generally and widely available in every hospital. Limitation of this study is that the
positive and negative LRs of maternal NLR cut-off 7.75 for the identification of amnionitis
remained low. However, we did not find any non-invasive maternal blood biomarker for
amnionitis (Table S1) and, therefore, maternal NLR may be promising for future trials for
the identification of amnionitis.

4.6. Significance of This Study

This is the first human research reporting that maternal NLRs are significantly and
positively correlated with the progression of acute-HCA in the whole sub-divisions of
EPM (Figure 4) and that maternal NLRs are an independent risk factor for amnionitis,
known as advanced acute-HCA, even after the correction for the potential confounding
variables. This finding suggests maternal NLR may be used as a non-invasive antenatal
marker for amnionitis.

4.7. Unanswered Questions and Proposals for Future Study

It is not yet known whether maternal inflammatory blood markers (i.e., NLR) can be
used for the prediction for early acute-HCA in EPM (i.e., inflammation restricted to the
decidua and inflammation restricted to the membrane trophoblast of chorion). This kind
of study will improve the value of non-invasive maternal blood inflammatory markers
for the early identification of pregnant women at risk for spontaneous PTB. However, the
evaluation of the performance of NLR should clearly require a prospective description of
this parameter in a cohort of patients with threatened PTL or preterm-PROM, including a
part of patients remaining undelivered as is observed in real life.
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5. Conclusions

Maternal NLRs significantly and progressively increased according to the progression
of acute-HCA and increased maternal NLR (≥7.75) was an independent risk factor for
amnionitis in spontaneous PTB.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10122673/s1, Figure S1: Maternal high sensitivity C-reactive protein (hs-CRP) (mg/dL)
according to the progression of acute histologic chorioamnionitis (acute-HCA) in extra-placental
membranes (EPM), Figure S2: A receiver operating characteristics (ROC) curve was constructed to
select the cut-off values at which to identify maternal NLR, as being raised or not raised for the identi-
fication of amnionitis, Figure S3: Frequency of increased maternal high sensitivity C-reactive protein
(hs-CRP) (≥1.035 mg/dL) according to the progression of acute histologic chorioamnionitis (acute-
HCA) in extra-placental membranes (EPM), Table S1: Previous studies reporting the relationship
between maternal inflammatory blood markers and acute histologic chorioamnionitis (acute-HCA)
in ex-tra-placental membranes (EPM), Table S2: Diagnostic indices, predictive values, and likelihood
ratios of maternal high sensitivity C-reactive protein (hs-CRP) ≥ 1.035 mg/dL within 48 h before
delivery for the identification of amnionitis in cases with either preterm labor and intact membranes
(PTL) or preterm premature rupture of membranes (preterm-PROM), Table S3: Relationship of
various independent variables with amnionitis analyzed by overall logistic regression analysis.
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Abstract: Objective: The aim of this study was to describe the evolution of high-grade cervical dyspla-
sia during pregnancy and the postpartum period and to determine factors associated with dysplasia
regression. Methods: Pregnant patients diagnosed with high-grade lesions were identified in our
tertiary hospital center. High-grade lesions were defined either cytologically, by high squamous
intraepithelial lesion/atypical squamous cells being unable to exclude HSIL (HSIL/ASC-H), or histo-
logically, with cervical intraepithelial neoplasia (CIN) 2+ (all CIN 2 and CIN 3) during pregnancy.
Postpartum regression was defined cytologically or histologically by at least a one-degree reduction
in severity from the antepartum diagnosis. A logistic regression model was applied to determine
independent predictive factors for high-grade cervical dysplasia regression after delivery. Results:
Between January 2000 and October 2017, 79 patients fulfilled the inclusion criteria and were analyzed.
High-grade cervical lesions were diagnosed by cytology in 87% of cases (69/79) and confirmed
by histology in 45% of those (31/69). The overall regression rate in our cohort was 43% (34/79).
Univariate analysis revealed that parity (p = 0.04), diabetes (p = 0.04) and third trimester cytology
(p = 0.009) were associated with dysplasia regression. Nulliparity (OR = 4.35; 95%CI = (1.03–18.42);
p= 0.046) was identified by multivariate analysis as an independent predictive factor of high-grade
dysplasia regression. The presence of HSIL on third-trimester cervical cytology (OR = 0.17; 95%CI
= (0.04–0.72); p = 0.016) was identified as an independent predictive factor of high-grade dysplasia
persistence at postpartum. Conclusion: Our regression rate was high, at 43%, for high-grade cervical
lesions postpartum. Parity status may have an impact on dysplasia regression during pregnancy.
A cervical cytology should be performed at the third trimester to identify patients at risk of CIN
persistence after delivery. However, larger cohorts are required to confirm these results.

Keywords: high-grade dysplasia; cervical cancer; cervical intraepithelial neoplasia; CIN; HSIL;
ASC-H; pregnancy

1. Introduction

In current obstetrical practice, antenatal consultations are commonly considered as
an opportunity to screen for cervical cancer. High-grade dysplasia is most frequently
diagnosed during the childbearing years, with an incidence of 8.1/1000 women aged
25–29 years [1]. Cervical intraepithelial neoplasia (CIN) is diagnosed in 1–7% of pregnant
women [2,3], among whom the prevalence of high-grade lesions (defined as CIN2+) is
0.5% [4]. The progression of high-grade lesions during pregnancy to microinvasive lesions
ranges from 0% to 13% [5,6]. Human papilloma virus (HPV) infections appear to be more
frequent among pregnant women, which may be related to the immunotolerance observed
in pregnancy [7,8].
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According to international criteria [9], pregnant patients with cytological abnormali-
ties should be investigated by colposcopy in order to exclude a cancer by targeted biopsy.
Although assessment of the cervix in pregnancy may be complicated due to pelvic con-
gestion, colposcopic criteria remain the same as for non-pregnant women. In addition,
the transformation zone is well visualized due to the eversion of the endocervix as preg-
nancy progresses. Cytology, colposcopy, and targeted biopsies are as reliable during
pregnancy as for non-pregnant-women [10].

As regards the evolution of cervical dysplasia during pregnancy, the literature has
shown a trend toward increased postpartum regression [11]. This regression is possibly
related either to the return of the immune system or to a stimulation of it. A previous article
suggested that during vaginal delivery, the cervical microlesions induced inflammation
and, consequently, regression of the lesions. However, these results remain controversial.

Through a unicentric cohort of pregnant women diagnosed with high-grade cervical
dysplasia during pregnancy, the aim of this study was to describe the evolution of high-
grade cervical dysplasia during pregnancy and the postpartum period and to determine
the factors that can be associated with dysplasia regression.

2. Materials and Methods

We retrospectively reviewed the medical records of pregnant women with high-
grade lesions who were referred to the colposcopy unit of our tertiary hospital between
January 2000 and September 2017. High-grade lesions were defined either cytologically by
high squamous intraepithelial lesion/atypical squamous cells that cannot exclude HSIL
(HSIL/ASC-H) or histologically with high-grade cervical intraepithelial neoplasia (CIN 2
and CIN 3), during pregnancy. All CIN 2 and CIN 3 high-grade histologic dysplasia were
classified as CIN2+. Other data abstracted from the medical record included parity, tobacco
use, diabetes, presence of HPV, first/second/third trimester feature, delivery route and
postpartum feature.

Patients were excluded in cases of incomplete cytological or histological
ante/postpartum data about the evolution of dysplastic lesions or in cases of the presence
of a factor that could affect the patient’s immunity (immunosuppressive treatment or
acquired/innate immunodeficiency).

Cervical biopsies were not systematically performed but were required in cases of
significant discordance between cervical cytology and colposcopic impression or those with
colposcopic evidence of invasion. To ensure the expertise of the colposcopy assessment,
all cases of high-grade lesions were supervised by a colposcopy expert (MJG), either by the
image taken by the colpophotograph or directly during the colposcopy. The follow-up was
based on a comparison with the images taken during the previous consultation.

When a diagnosis of high-grade dysplasia was confirmed in a pregnant woman,
a quarterly follow-up was scheduled on the basis of typical obstetrical trimesters. At each
visit, a cervical PAP smear and a colposcopy were performed, and an additional directed
cervical biopsy was carried out in cases of suspected higher-grade lesions. The mode of
delivery and other procedures were recorded as well.

In our cohort, the postpartum colposcopic follow-up was performed within six to eight
weeks after childbirth. Postpartum regression was defined cytologically or histologically
by a reduction of at least one-degree in severity from the antepartum diagnosis, such as
HSIL regressed to LSIL/normal or CIN2+ regressed to CIN 1/normal. The histopatholog-
ical findings in patients who underwent loop electrosurgical excision procedure (LEEP
procedure) due to extensive lesions or cytology/colposcopic discordance were included to
the analysis.

Qualitative data were compared by using the chi-square test and quantitative data
by using the student t-test. Results are presented as 95% confidence intervals (95%CIs)
or numbers (percentages). p values lower than 0.05 were retained as significant. Patients
with CIN regression were compared to those with CIN persistence during the postpar-
tum period. Relevant covariates associated with cervical dysplasia regressions that were
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significant (p < 0.05) in the univariate analysis were considered in a backward selection pro-
cedure to fit a multivariable model. A logistic regression model was applied to determine
independent predictive factors for high-grade cervical dysplasia regression after delivery.
All statistical analyses were carried out using XLStat Biomed software (AddInsoft V19.4,
Paris, France). This study was approved by the ethical research committee of the canton de
Vaud (25 July 2019, ID N 2017-01375).

3. Results

Ninety-four women diagnosed with high-grade dysplasia were identified. Among
them, four patients with a cytological HSIL were excluded due to an extensive lesion during
the antenatal period with colposcopic neoplasia suspicion, who subsequently underwent a
LEEP procedure. Finally, only CIN 2+ lesions without invasive lesions were found in these
four cases. No cases received corticosteroid treatment in our cohort; only one patient was
known to have mother-to-child HIV infection with CD4+ in the normal range throughout
her pregnancy. After exclusion of 15 patients, 79 patients fulfilled the inclusion criteria
and were analyzed (Figure 1). The characteristics of the study population are presented in
Tables 1 and 2.

Figure 1. Flow-chart of population study.

Patients had at least two antenatal examinations in 90% of cases (71/79) and all had a
postpartum evaluation. High-grade lesions were diagnosed by cytology in 87% of cases
(69/79), of which 45% (31/69) were histologically confirmed, whereas the remaining 13%
(10/79) were found on biopsies that revealed CIN2+ after initial LSIL cytology. During
colposcopic follow-up, no cases of invasive lesions were found. Delivery routes were
vaginal in 68% of cases (54/79) and by C-section in 32% of cases (25/79). Among the
patients who had a vaginal delivery, 27 delivered spontaneously, 14 were induced for an
obstetric indication and 13 were unspecified.
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Table 1. General patient characteristics.

Predictive Variable
Overall Population

n = 79

n
Mean ± SD

(%)
(Range)

Age (years)

Mean 29.7 ± 4.8 (20–41)

Parity status

Nulliparity 40 53.3

Multiparity 35 46.7

Not specified 4

Tobacco use

Yes 23 30.7

No 52 69.3

Not specified 4

Gestational diabetes

Yes 8 10.7

No 67 89.3

Not specified 4

Presence of HPV

Yes 18 22.8

No 61 77.2

Delivery route

Vaginal delivery 54 68.4

C-section 25 31.6

Table 2. Colposcopy-related patient characteristics by trimester.

Predictive Variable

First Trimester Second Trimester Third Trimester
Postpartum

Colposcopic Follow
Up

Overall Population n = 79

n
Mean ± SD

(%)
(Range)

n
Mean ± SD

(%)
(Range)

n
Mean ± SD

(%)
(range)

n
Mean ± SD

(%)
(Range)

Colposcopy
performed

Yes 68 86.1 71 89.9 60 76.0 76 96.2

No 11 13.9 8 10.1 19 24.0 3 3.8

Gestational age
(weeks)

Median 10 (1–20) 20 (12–29) 32 (24–39)

Aspect

HSIL 21 65.6 41 67.2 34 68.0 36 65.5

LSIL 10 31.3 15 24.6 14 28.0 12 21.8

Normal 1 3.1 5 8.2 2 4.0 7 12.7

Not specified 36 10 10 21
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Table 2. Cont.

Predictive Variable

First Trimester Second Trimester Third Trimester
Postpartum

Colposcopic Follow
Up

Overall Population n = 79

n
Mean ± SD

(%)
(Range)

n
Mean ± SD

(%)
(Range)

n
Mean ± SD

(%)
(range)

n
Mean ± SD

(%)
(Range)

Cytology

HSIL 44 66.7 24 53.3 25 51.0 26 42.6

LSIL 14 21.2 13 28.9 16 32.6 10 16.4

ASC-H 8 12.1 3 6.7 8 16.3 1 1.6

Normal 5 11.1 24 39.3

Not performed 2 26 11 15

Biopsy

HSIL 19 90.5 17 81.0 9 69.2 25 53.2

LSIL 2 9.5 2 9.5 2 15.4 12 25.5

Normal 2 9.5 2 15.4 10 21.3

Not performed 47 50 47 29

At postpartum colposcopic follow up, all patients underwent colposcopy with cytol-
ogy/histology except for three. These three cases underwent a LEEP procedure immedi-
ately postpartum due to CIN2+ extensive antenatal lesions, which was confirmed by the
pathology. Of the 27 patients whose postpartum cytology revealed an HSIL, 18 (66.7%)
histological samples confirmed a high-grade lesion (either by directed biopsy or coniza-
tion result) and 6 (22%) samples did not. In the 34 cytological specimens showing an
LSIL/ASCUS/normal lesion, only 20 (59%) histological specimens were collected, of which
10 (50%) confirmed a high-grade lesion. For patients who only underwent colposcopic
evaluation (15/79), 13 histological samples were taken, 8 (62%) of which confirmed a
HSIL lesion. Sixteen patients were only diagnosed cytologically and not histologically,
of which only 3 (11%) were in the HSIL group. A total of 47 biopsies and 42 conizations
were performed with a rate of 53% (25/47) and 79% (33/42), respectively, of persistent
high-grade lesions. Seventy-one percent (56/79) of our cohort had a histological diagno-
sis at postpartum colposcopic follow up. The overall regression rate in our cohort was
43% (34/79).

Univariate analysis revealed that parity (p = 0.04), diabetes (p = 0.04) and third
trimester cytology (p = 0.009) were associated with dysplasia regression. Age, smok-
ing and delivery route did not impact on postpartum CIN regression rate (Tables 3 and 4).
By multivariate analysis, nulliparity (OR = 4.35; 95%CI= (1.03–18.42); p= 0.046) and pres-
ence of HSIL at third-trimester cervical cytology (OR = 0.17; 95%CI = (0.04–0.72); p = 0.016)
were identified as independent predictive factors for dysplasia regression (Table 5).
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Table 3. Univariate analysis of general factors associated with postpartum CIN regression.

Predictive Variable
Persistence of CIN

n = 45
Regression of CIN

n = 34
p

n
Mean ± SD

(%)
(Range)

n
Mean ± SD

(%)
(Range)

Age (years)
Mean 29.5 ± 4.8 (20–41) 30.1 ± 4.8 (21–41) 0.58

Parity status
Nulliparity 19 43.2 21 67.7

0.04Multiparity 25 56.8 10 32.3
Not specified 1 3

Tobacco use
Yes 15 34.9 8 25.0

0.36No 28 65.1 24 75.0
Not specified 2 2

Gestational diabetes
Yes 2 4.5 6 19.4

0.04No 42 95.5 25 80.6
Not specified 1 3

Presence of HPV
Yes 10 22.2 8 23.5

0.89No 35 77.8 26 76.5
Delivery route

Vaginal delivery 32 71.1 22 64.7 0.54
C-section 13 28.9 12 35.3

Significant statistical values are marked with Bold.
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Table 5. Multivariate analysis of factors associated with postpartum CIN regression.

Variable Odds Ratio (95% CI) p

Parity status

Multiparity 1

Nulliparity 4.35 (1.03–18.42) 0.046

Gestational diabetes

No 1

Yes 6.00 (0.45–79.46) 0.17

Third trimester cervical
cytology

LSIL or ASC-H 1

HSIL 0.17 (0.04–0.72) 0.016

Significant statistical values are marked with Bold.

4. Discussion

The aim of this study was to assess the clinical interest in knowing which factors
would allow targeting patients at potential risk of maintaining a high-grade lesion or
progressing to a cancerous lesion in the postpartum period and avoiding loss to follow up
for adequate treatment.

In our cohort, we reported a regression rate of high-grade lesion at 43% and no case of
invasive lesions at postpartum colposcopy follow up. This rate is similar to those reported
in the literature of 17–69% [4,5,12,13]. However, these studies show large disparities
in terms of diagnostic criteria and therapeutic management. Considering all grades of
dysplasia, caution should be paid to the interpretation of these data, since overall regression
may design initial high-grade or low-grade lesions [6,11,14–18].

The correlation between cytology and final diagnosis within one degree of severity
in pregnant woman has been found to be 78% [10], with cytology having an 88% positive
predictive value for high-grade lesions [10]. Regarding colposcopic impressions, the results
are consistent with final diagnoses in 73% of cases within one degree of severity [19]. In our
cohort, we found a prenatal biopsy rate of 45% due to suspicion of cancerous lesion. This is
due to overestimation of lesions related to colposcopic changes in pregnancy, which often
leads to systematic sampling despite the examiner’s experience. This is described by Fader
et al. [20], in their large study based on correlations between colposcopic impression and
final diagnosis by colposcopy experts; out of 62 samples taken for colposcopic suspicion
of CIN2+/neoplasia, only 55% confirmed a high grade lesion. The overestimation of the
severity of lesions when performing colposcopies among pregnant women is the main
reason for the non-concordance [19]. In our cohort, 34 of the 45 patients with diagnoses
of persistent HSIL/CIN2+ at postpartum colposcopy follow up had a LEEP procedure
confirming high-grade non-invasive dysplastic lesions.

In our univariate analysis, there was a statistically significant result for the variable
gestational diabetes; however, this should be interpreted with caution due to the small
patient cohort (eight patients). In contrast, our results support the idea that the parity
status may have an impact on HSIL/CIN regression rate during pregnancy. This finding is
concordant with the findings reported by Hong et al. [21]. The authors highlighted that the
persistence of high-grade lesions was more frequent in multiparous patients (OR: 10.52;
95%CI: 1.36–81.01; p = 0.004) [21]. Compared to multiparous patients, nulliparous patients
would also have longer exposure estrogen impregnation related to cervical ripening [22],
as well as related proinflammatory cytokine signaling, leading to increased local vascular-
ization and a recrudescence of immune cells such as myeloid-derived immune cells and
lymphocyte cells. These cells may participate in inflammation and recovery processes [23].
The density of CD4+ T-lymphocytes was shown to increase by 4-fold in pregnant patients
who are not in labor and by 10-fold in pregnant patients in labor [24].
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There is some evidence that persistent, high-risk HPV infections in the postpartum
period may be an underlying factor in patients with either persistent or progressing le-
sions [21]. Pregnancy leads to physiological changes that induce temporary immunomodu-
latory effects in downregulating the expression of inflammatory chemokines [25] increasing
susceptibility to HPV infection. Hong et al. [21] showed that the persistence of high-grade le-
sions were more frequent in patients with persistent, high-grade HPV infections (OR = 5.25;
95%CI: 2.26–12.18; p < 0.001).

However, no differences were found between both groups in terms of presence of high-
risk HPV. As for non-pregnant women, it would be interesting to investigate other markers,
such as P16 and Ki67, and to assess their prognostic value for more accurately identifying
patients at risk of developing invasive lesions. Nonetheless, there is no consensus on the
use of P16 and Ki67 during pregnancy, and the influences of hormones and immunity on
these proteins remain unknown. The literature is scarce with only one study that has been
published; furthermore, it was based on a small series of cases [26].

Some authors raised the hypothesis that cervical desquamation related to vaginal
delivery resulted in an inflammatory response that leads to increased regressions of cervical
intraepithelial lesions in the postpartum period [11]. However, the role of the delivery
route is still subject to debate and remains controversial. As suggested by our results,
the route of delivery had no influence on HSIL/CIN 2+ regression rate. This result is
concordant with that reported by Yost et al. [5], who reported no difference in regression
rates according to mode of delivery in a prospective study of 153 histologically diagnosed
high-grade dysplasia.

This study has several limitations. First, the retrospective design and the small sample
size lead to insufficient power to extrapolate these results. Second, our study is mainly
based on colposcopic and cytological criteria, histological samplings being carried out
only when a lesion is suspected of being cancerous. Although cytology has a positive
predictive value of 88% for high-grade lesions in pregnant women, histology remains
the gold standard for the diagnosis of high-grade lesions, thus excluding high-grade
cytological lesions lacking histological confirmation [4–6,12,14,15,21,27]. This implies that
if the sample does not contain the high-grade lesion, this minimizes the risk and results
in these patients not being monitored during pregnancy and postpartum [28]. However,
the results of the current study underlined that cytological regression at the third trimester
was predictive of HSIL/CIN regression after delivery. In addition, Ueda et al. reported the
same observations as those underlined in our study, with a spontaneous regression in a
quarter of their cohort in the second and third trimester before delivery. Persistent HPV
infection is necessary for the development of precancers and cancers. Although our study
does not report HPV typing, there is a ripening of the cervix due to hormonal change and,
consequently, a return of the inflammatory system in the third trimester. We support the
idea that this process allows clearance of the HPV infection and, consequently, a regression
of the lesion. Cytology in the third trimester will allow this change to be observed and,
therefore, predict the evolution of the lesions.

5. Conclusions

In conclusion, our study follows the ASCCP (American Society of Colposcopy and
Cervical Pathology) guidelines. Although assessment of high-grade dysplastic lesions may
be postponed in the postpartum period, our observations revealed that the clinical value
of surveillance for high-grade dysplasia during pregnancy is to identify lesions with a
potential risk of progression to cervical carcinoma in the postpartum period. Our results
highlighted that parity status may have an impact on the regression of dysplasia during
pregnancy. Cervical cytology should be performed in the third trimester to identify patients
at risk of persistent CIN after delivery. Therefore, larger cohorts are required to confirm
these results. A prospective study, including biomarkers such as P16 and Ki67, as well
as immune cell characteristics/density and HPV typing would be relevant to gain more
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knowledge and increase the accuracy of diagnosis and management of high-grade cervical
lesions during pregnancy and postpartum.
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Abstract: (1) Background: The death of a baby in utero is a very sad event for both the affected parents
and the caring doctors. By this study, we aimed to assess the tools, which may help obstetricians
to overcome this challenge in their profession. (2) Methods: We conducted a cross-sectional online
survey in 1526 obstetricians registered with the Austrian Society of Obstetrics and Gynecology
between September and October 2020. (3) Results: With a response rate of 24.2% (n = 439), our
study shows that diagnosing fetal death was associated with a moderate to high degree of stress,
regardless of position (p = 0.949), age (p = 0.110), gender (p = 0.155), and experience (p = 0.150) of
physicians. Coping strategies for delivering the news of intrauterine death to affected parents were
relying on clinical knowledge and high levels of self-confidence (55.0%; 203/369), support from
colleagues (53.9%; 199/369), and debriefing (52.8%; 195/369). In general, facilitators for breaking
bad news were more commonly cultivated by female obstetricians [OR 1.267 (95% CI 1.149–1.396);
p < 0.001], residents [χ2(3;369) = 9.937; p = 0.019], and obstetricians of younger age [41 (34–50) years
vs. 45 (36–55) years; p = 0.018]. External facilitators were most frequently mentioned, including
professional support, training, professional guidance, time, parents’ leaflets, follow-up consultations,
a supporting consultation atmosphere, and preparation before delivering the bad news. Internal
facilitators included knowledge, empathy, seeking silence, reflection, privacy, and relief of guilt.
(4) Conclusions: Communicating the diagnosis of fetal death evokes moderate to high levels of stress
among obstetricians. Resources from both the professional and private environment are required to
deal with this professional challenge on a personal level.

Keywords: stillbirth; fetal death; intrauterine death; breaking bad news; resilience; stress;
coping strategies

1. Introduction

In high-income countries, the rate of antepartum stillbirth, or intrauterine fetal
death (IUFD) above 22 weeks of gestation, ranges between 2.6 to 9.1 per 1000 births [1].
Despite its relatively small and stable prevalence in high-income countries, fetal death
has an immeasurable and profound impact on the personal and intimate life of affected
parents. In addition, from the perspective of the caring physician, detecting and/or com-
municating the diagnosis of intrauterine death has a personal impact with regard to stress
and burden [2]. In semi-structured in-depth qualitative interviews with eight consultants,
Nuzum et al. found that two super-ordinate themes dominate obstetricians’ state following
the diagnosis of stillbirth: the weight of experienced professional responsibility, and their
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personal human response to stillbirth [3]. Clearly, stillbirth was identified as one of the most
difficult parts of their jobs, whilst, paradoxically, none of the physicians had received any
specialist training in perinatal bereavement care, as all learned “on the job” and from senior
colleagues during their training years. Physicians also noted that recalling these particular
situations during the interview opened up “painful and vivid memories”. Additionally, the
burden of stillbirth experience was found to be unwaveringly high over time, with lasting
resentments expressed as “sadness, fear, anger, disappointment and personal grief” [3,4].

Causes of intrauterine death are diverse, and in the majority of cases, unclear at the
time of diagnosis [5]. Circumstances that lead women to seek the doctor’s or midwife’s
office may be acute, such as bleeding or pain, or within the frame of a routine check-up.
Often, however, women feel that “something is wrong”, either by intuition, or by reduced
or increased fetal movements [6,7]. Diagnosis of fetal death is usually made by real-time
ultrasonography and confirmed upon absent fetal heart beats and blood circulation in
the umbilical cord. For the attending physician, breaking news of fetal death requires a
sensitive approach and an empathetic communication towards the affected parents [8].
The physician’s confrontation with fetal death and care for the bereaved may be over-
whelming, especially in case of perceived lack of training and limited support.

By means of this mixed methods study among Austrian obstetricians, we, therefore,
sought to assess the level of stress which obstetricians experience when diagnosing fetal
death and delivering the news to the parents. We, furthermore, aimed to explore factors
that may facilitate this situation of breaking such bad news. Lastly, we set out to iden-
tify physicians’ individual strategies that support them in coping with these and other
professional challenges in obstetrics.

2. Materials and Methods

2.1. Data Collection

An online survey was conducted via SurveyMonkey (https://www.surveymonkey.de/
(accessed on 4 November 2020)), a standard tool for online surveys, which allows for collect-
ing data anonymously without storing sensitive background information (i.e., IP-address).
The target population was 1526 Austrian obstetricians and gynecologists registered with
the Austrian Society of Obstetrics and Gynecology (Oesterreichische Gesellschaft fuer
Gynaekologie und Geburtshilfe; OEGGG). The survey link was sent out with an invita-
tion email via the OEGGG email-server between 21 September 2020 and 31 October 2020.
Authorized access to the survey data source and email-list was solely and confidentially
provided to the OEGGG secretary (S.L.). Two friendly reminders were sent out by weeks 2
and 3. No incentives were offered, and participants were informed that the data would be
published and presented at the annual meeting of the society.

The survey questionnaire was conceived by the study team (D.A.M., J.S.E., A.F.)
and approved by the Medical Board of the OEGGG as well as the Ethics Committee of
the Medical University of Vienna. Usability and technical functionality of the electronic
questionnaire were tested among the study team and with five voluntary participants
before fielding the questionnaire. Reliability was established by an oral interview of the
five participants after the completion of the survey, in which the survey questions were
repeated. The variance between written and oral responses was 0.1%.

Participants were informed about the purpose of the study, the investigators, the
anonymity of their data and the approximate length of the survey (15 min). The survey
adhered to the Declaration of Helsinki, and an online informed consent by a tick-box was
obtained upon digital participation.

The total online questionnaire entailed seven pages with four to five questions per
page. Respondents were able to review and change their answers via a return button.
Consistency or completeness checks were not included before signing-off. The closed sur-
vey was protected against un-authorized access. All received responses were anonymous,
and no direct personal information were collected or stored. No cookies were used in this
survey. Duplicate entries were avoided by preventing users’ access to the survey twice.
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Time to fill in a questionnaire was not assessed by the investigators. No methods were
used to adjust for potential non-representative samples. Only completed questionnaires
were analyzed. Collected data were transferred into an Excel file sheet and checked for
integrity and consistency.

2.2. Measures

For this survey, we constructed a mixed methods research design, integrating quanti-
tative and qualitative data derived from an online 16-item questionnaire, which included
three validated questionnaires, overarching in total eight domains: (a) demographic data,
(b) experience, (c) stress coping [9,10], (d) coping strategies, (e) open-answer textbox regard-
ing facilitators, (f) trait empathy [11,12], (g) locus of control [12,13] and (h) affect. For the
purpose of this study, we extracted data from domains (a–e) only. Data and results of the
other domains are presented elsewhere (Muin et al., manuscript under revision).

Demographics

The following key demographic variables were assessed as categorical variables:
gender, age, children, marital status, current position, year of residence, and current
workplace (e.g., university hospital vs. private practice).

Experience

Participating obstetricians were asked to categorize their level of experience in having
previously diagnosed and delivered the news of fetal deaths to affected parents (i.e., “0”,
“<5”, “6–10”, “11–30” and “>31” times).

Stress Perception

Participants were asked to rate the question “The situation was stressful for me” (i.e.,
perceived stress) when delivering the diagnosis of fetal death, on a 5-point-Likert-scale
(1 = does not apply, 5 = fully applies) [9,10].

Coping Strategies

Obstetricians were asked to grade which strategies (i.e., activities or attitudes) were
most useful to them for coping (a) with the circumstance of diagnosing or breaking news
of fetal death, and (b) with challenging obstetrical situations in general.

The selection of variables was based upon the conceptual model of resilience in
health-care professionals, encompassing the following values and items: social culture, per-
sonal life, individual identity, professional identity, professional community, and medical
culture [14].

The participants could choose between the categories (a) “Clinical knowledge and
self-confidence”, “Team based decisions”, “Psychological support”, “Psychological de-
briefing after adverse events”, “Balint groups”, “Supervision”, “Support from your su-
pervisor/head of department”, “Support from colleagues”, “No strategy”, and “Others”,
and (b) “Conversation with colleagues”, “Conversation with my partner”, “Follow-up
consultations with parents”, “Balint groups”, “Distraction or avoidance”, “Psychotherapy”,
“Antidepressant medication”, “No strategy”, and “Others”, respectively.

Open Responses

Finally, a single text box for open responses was placed at the end of the questionnaire
to the question “What do you think may help to facilitate this situation for you?” The an-
swers from this open-ended question were collected, harmonized into main themes and
divided into two categories by inductive approach for further analyses [15,16]. Individual
items were counterchecked for plausibility and accuracy by all co-authors.

Facilitators were defined as factors, which help an individual to overcome a situation,
rebuild and regain their strength for further professional performance and mitigate stress.
Internal facilitators were defined as endogenic factors, i.e., values, attitudes or habits
derived from within and cultivated by an individual person. External facilitators were
defined as outer circumstances that can be either provided or acquired by the environment
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or by one-self in order to support an experience, such as the workflow, procedures or
professional habits.

2.3. Definitions

Residents in obstetrics and gynecology are part-time or full-time working hospital
doctors in specialist training for the duration of six to eight years in Austria. Routine
duties include seeing patients in outpatient clinic, participating in ward rounds, theatre
and delivery units, as well as doing on-calls and nights shifts.

Specialty doctors in obstetrics and gynecology working full- or part-time in hospital
are considered equivalent to consultants. Their duties range from leading ward rounds,
deliveries, theatres and outpatient clinics according to their special fields of interest, as
well as doing on-calls and night shifts. They may have an additional part-time private
practice outside the hospital; however, they were considered as “specialist doctors in
hospitals” only.

Departmental heads are leading specialty doctors who are in charge of a department of
obstetrics and/or gynecology and/or reproductive medicine, who usually work full-time
in hospital and are on standby for emergencies during nights. They often lead outpatient
clinics and may see their own patients in an affiliated private clinic or in hospital.

Specialty doctors working only in private or public funded practice are hospital-
independent obstetricians and gynecologists with flexible working hours and an individual
emphasis on obstetrics and/or gynecology. They are the first to be consulted by women
with a gynecological problem or emergencies outside hospital. They also provide annual
gynecological check-ups, carry out regular routine scans in pregnant women, and fetal and
maternal well-being examinations.

2.4. Statistical Analyses

Distribution of data was analyzed using the Kolmogorov–Smirnov test. Categorical
data are given as absolute (n) and relative frequencies (%). Continuous data are given
as mean (M) and standard deviation (SD) or median and 25th and 75th percentile. Cate-
gorical data were compared with Chi2 and Fisher’s Exact test, respectively. Continuous
data were compared with a Kruskal–Wallis test with Dunn’s multiple comparison test.
Univariate Analyses of Variance (ANOVAs) were used to analyze group-differences with
ordinal variables. All reported p-values are two-sided, and a p-value < 0.05 was considered
as statistically significant. Statistical tests were performed with SPSS Statistics Version 26
(IBM Corporation, Armonk, NY, USA). Figures were designed by GraphPad Prism 9 for
macOS (GraphPad Software, LLC, San Diego, CA, USA). The Venn diagram was manually
designed using Graphic for Mac to illustrate a theme cloud: The circle sizes correlate with
the frequency of a mentioned element in the open-ended questions, and the circle colors
represent the predominant professional group to mention this element.

3. Results

3.1. Baseline Characteristics

In total, 439 obstetricians and gynecologists completed the online survey (Figure 1).
For this study and due to missing responses, we included 369 participants

(n = 88 residents; n = 129 hospital specialist doctors; n = 21 departmental heads; n = 131
specialist doctors working in private or public practice), all of who answered the question
regarding coping strategies. Seventy-four were included into the qualitative assessment of
facilitators for breaking news of fetal death. Median age of participants was 44 (36–54) years
with a female participants’ rate of 76.4%. The baseline characteristics of all participants are
shown in Table 1.
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Figure 1. Flowchart illustrating the enrolment of participants (n = 369) to the survey conducted by the Austrian Society of
Obstetrics and Gynecology between 21 September 2020 and 31 October 2020.

3.2. Main Parameters
3.2.1. Experience

Most participants indicated to have diagnosed and delivered the news of fetal death
up to five times (n = 164/369; 44.4%, and n = 151/369; 40.9%, respectively), whereas
departmental heads showed to have acquired significantly more experience compared
to other professional groups [F(3, 365) = 3.893, p = 0.009; and F(3, 365) = 3.769, p = 0.011,
respectively; Table 1)].
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Table 1. Baseline characteristics of obstetricians who participated in the online survey conducted by the Austrian Society of
Obstetrics and Gynecology between 21 September 2020 and 31 October 2020 (n = 369).

Total
(n = 369)

Resident
(n = 88)

Specialist
Doctor in
Hospital
(n = 129)

Departmental
Head

(n = 21)

Specialist Doctor
in Private/Public

Practice
(n = 131)

p-Value

Age
(n = 351)

(Median;
min-max; in

years)
44 (24–67) 31 (24–42) 43 (26–66) 57 (45–64) 52 (26–67)

Sex
(n = 369)

Female 282 (76.4%) 80 (90.9%) 99 (76.7%) 5 (23.8%) 98 (74.8%)
Male 87 (23.6%) 8 (9.1%) 30 (23.3%) 16 (76.2%) 33 (25.2%)

Marital
status

(n = 364)

Single 52 (14.3%) 17 (19.5%) 24 (19.2%) 2 (9.5%) 9 (6.9%)
Coupled 71 (19.5%) 34 (39.1%) 19 (15.2%) 1 (4.8%) 17 (13%)
Married 228 (62.6%) 35 (40.2%) 77 (61.6%) 18 (85.7%) 98 (74.8%)
Divorced 13 (3.6%) 1 (1.1%) 5 (4.0%) 0 (0.0%) 7 (5.3%)

Parent
(n = 367)

Yes 253 (68.9%) 31 (35.2%) 97 (75.8%) 19 (90.5%) 106 (81.5%)
No 114 (31.1%) 57 (64.8%) 31 (24.2%) 2 (9.5%) 24 (18.5%)

Diagnosed
IUFD

(n)

0 39 (10.6%) 27 (30.7%) 7 (5.4%) 0 (0.0%) 5 (3.8%)
χ2 (12; N = 369)

= 114.821;
p < 0.001

<5 164 (44.4%) 51 (58%) 51 (39.5%) 3 (14.3%) 59 (45.0%)
6–10 76 (20.6%) 9 (10.2%) 31 (24%) 1 (4.8%) 35 (26.7%)
11–30 53 (14.4%) 1 (1.1%) 22 (17.1%) 9 (42.9%) 21 (16%)
>31 37 (10%) 0 (0%) 18 (14%) 8 (38.1%) 11 (8.4%)

Delivered
diagnoses
of IUFD

(n)

0 42 (11.4%) 34 (38.6%) 5 (3.9%) 0 (0.0%) 3 (2.3%)
χ2 (12; N = 369)

= 147.043;
p < 0.001

<5 151 (40.9%) 45 (51.1%) 47 (36.4%) 2 (9.5%) 57 (43.5%)
6–10 82 (22.2%) 7 (8.0%) 36 (27.9%) 2 (9.5%) 37 (28.2%)
11–30 53 (14.4%) 2 (2.3%) 21 (16.3%) 8 (38.1%) 22 (16.8%)
>31 41 (11.1%) 0 (0.0%) 20 (15.5%) 9 (42.9%) 12 (9.2%)

Abbreviations: IUFD, intrauterine fetal death.

3.2.2. Stress

Figure 2 illustrates the distribution of self-reported stress levels among obstetricians
per position and shows that diagnosing fetal death is associated with moderate to high
degrees of stress among all participants, regardless of position [M = 3.08, SD = 0.903;
F(4, 326) = 0.180, p = 0.949], age [M = 45.91, SD = 10.88; F(4, 311) = 1.901, p = 0.110], gender
[M = 1.26, SD = 0.438; F(4, 326) = 1.676, p = 0.155], and experience [M = 3.55, SD = 1.697;
F(4, 326) = 1.698, p = 0.150].

Figure 2. Clustered bar chart on stress levels (i.e., very high; high; moderate; low; very low) in obstetricians when diagnosing
fetal death.

75



J. Clin. Med. 2021, 10, 5347

3.2.3. Coping Strategies for Breaking News of Fetal Death

The majority of obstetricians consider clinical knowledge and self-confidence the
most useful strategy for coping with delivering the news of fetal death (n = 203/369;
55.0%). The second and third most prevalent coping tools were support from colleagues
(n = 199/369; 53.9%), and debriefing (n = 195/369; 52.8%; Figure 3).

 
Figure 3. Clustered bar chart on the frequency of coping strategies among obstetricians for breaking news of fetal death.

3.2.4. Coping Strategies in Stressful Obstetrical Events

As to coping with professional challenges in obstetrics in general, the majority of
obstetricians consider talking to colleagues as the most useful strategy (n = 325/369; 88.1%),
followed by talking to one’s spouse or partner (n = 229/369; 62.1%), and a follow-up
consultation with parents (n = 198/369; 53.7%). A minority of obstetricians indicated to
consume antidepressants or have no strategy at all (each n = 3/369; 0.8%; Figure 4).

Figure 4. Clustered bar chart on the frequency of strategies among obstetricians for coping with stressful obstetric events.

3.2.5. Facilitators for Delivering News of Fetal Death

Facilitators were more commonly present in women [OR 1.267 (95% CI 1.149–1.396);
p < 0.001] and residents [χ2(3) = 9.937; p = 0.019] and therefore obstetricians of younger
median age [41 (34–50) years vs. 45 (36–55) years; p = 0.018]. From 74 responses, we
distilled professional and personal values into a theme cloud of both external and internal
facilitators to help break the news of fetal death for obstetricians (Figure 5).

In total, external facilitators most frequently resonated with participants, especially
among residents. These entailed the values in professional culture, i.e., professional
support, training, professional guidance, time, parents’ leaflets, follow-up consultations,
a supporting consultation atmosphere, and lastly, preparation before delivering the bad
news. Sample narratives are presented in Table 2 to illustrate each theme.
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Figure 5. Graphical theme cloud illustrating obstetricians’ external and internal facilitators for breaking news of fetal death
to affected parents. The size of the circles directly correlates with the number of positive replies by obstetricians. The color
of the circles represents the respective professional group, which predominantly quoted this element in the open response
(i.e., residents; specialist doctors in hospital and practice, respectively; departmental heads).

Table 2. Sample narratives by obstetricians expressing their spectrum of external facilitators when delivering news of
fetal death.

External Facilitator
(Listed per Frequency)

Exemplar Quotes
(Translated from German to English)

Support

“To have the opportunity to talk to my colleagues regarding this situation”
(Female resident, 24 y/o, single, diagnosed IUFDs < 5 times)

“To have support from experienced colleagues and professionals dealing with crisis-intervention”
(Female 3rd year resident, 34 y/o, single, never diagnosed IUFD)

“To know within the team what and how to break the bad news (with all residents, specialist
doctors, midwives) and also debrief in this team after the consultation”
(Female specialist doctor in private practice, 53 y/o, coupled; diagnosed IUFDs
6–10 times)

Training

“To have continuous trainings and skills-and-drills simulation practice”
(Female specialist doctor in private practice, 45 y/o, married; diagnosed IUFDs
11–30 times)

“This situation will always be terrible, whatever the circumstance. However, frequent courses
help and foster reflective practice”
(Female specialist doctor in public practice, 42 y/o; married, diagnosed IUFDs < 5 times)

“To gain knowledge on how to handle these consultations by learning from experienced
colleagues, psychologists, etc. You will never feel good during these consultations. It would be
advisable to have predefined intern standards, on what needs to be checked post-mortem”
(Male specialist doctor in public practice, 50 y/o, coupled; diagnosed IUFDs < 5 times)

Professional guidance
“It would be helpful to have a short guidance or checklist with all points that have to be raised
within such consultation and what needs to be considered”
(Female 1st year resident, married, never diagnosed IUFD)

Time
“To have time during clinics, to be there for the patient and also for oneself to debrief after
such consultation”
(Female consultant, diagnosed IUFDs > 31 times)
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Table 2. Cont.

External Facilitator
(Listed per Frequency)

Exemplar Quotes
(Translated from German to English)

Parents’ handouts
“Professional handouts and leaflets for the parents”
(Female specialist doctor in pubic practice, 43 y/o; divorced, diagnosed IUFDs
6–19 times)

Parents’ follow-up
“It would be helpful to receive feedback from affected women to understand what went well or not
so well during these consultations, and what they wished to be different next time”
(Female consultant, 55 y/o; married, diagnosed IUFDs < 5 times)

Supporting consultation atmosphere “To lead this consultation with another colleague, to be stronger together”
(Female 6th year resident, 35 y/o; married, diagnosed IUFDs 6–10 times)

Preparation
“Briefing and debriefing: Being mentally and verbally prepared what to say and how to act”
(Female specialist doctor in public practice, 35 y/o; married, diagnosed IUFDs
6–10 times)

Internal facilitators, that support breaking bad news of fetal death, entailed the motives
surrounding personal culture, i.e., knowledge/wisdom, empathy, silence, reflection, pri-
vacy and relief of guilt. Sample narratives are presented in Table 3 to illustrate each theme.

Table 3. Sample narratives by obstetricians expressing their spectrum of internal facilitators when delivering news of
fetal death.

Internal Facilitator
(Listed per Frequency)

Exemplar Quotes
(Translated from German to English)

Knowledge

“To know and understand what needs to be done after fetal death (e.g., genetic testing), to know what,
when and how to take all necessary samples and tissues. To know how to advice and consult parents
after the diagnosis.”
(Female 2nd year resident, 31 y/o; coupled, diagnosed IUFDs < 5 times)

Empathy “To be fully empathetic with the patient and be medically well trained and skilled”
(Male specialist doctor in private practice, 62 y/o; married, diagnosed IUFDs 11–30 times)

Silence “Time, silence and willingness to reflect for oneself after such event. Be centered and mindful.”
(Female specialist doctor in public practice, 42 y/o; married, diagnosed IUFDs < 5 times)

Reflection “This situation will always be terrible; regular training and reflection are helpful”
(Female consultant, 42 y/o; married, diagnosed IUFDs 6–10 times)

Privacy “Privacy; to have my other half by my side”
(Female 1st year resident, 26 y/o; Single, diagnosed IUFDs < 5 times)

Relief of professional guilt “Somebody to tell me that I am not responsible for the adverse outcome”
(Female consultant, 38 y/o; coupled, diagnosed IUFDs > 31 times)

4. Discussion

4.1. Main Findings

In this cross-sectional online survey, we found that diagnosing fetal death evokes
moderate to high levels of stress in obstetricians, regardless of experience, position, age, or
gender. When trying to cope with stress of breaking news of fetal death, obstetricians orient
their needs towards different sources depending on their level of experience and position:
Whilst residents more commonly turn to colleagues for help and support, departmental
heads cope with stress by team debriefing. Specialist doctors in hospital and private or
public practice, however, ground their stability through acquisition of expertise and clinical
knowledge. Likewise, with regards to facilitators, the needs are individually directed as
per role and position: In general, more externally-mediated facilitators were identified,
with the most prevalent ones being “support” and “professional guidance”, which, yet
again, were most commonly requested by residents.
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4.2. Results in the Context of What Is Known

Experiencing stillbirth as a bereaved parent is a traumatic event that requires careful
and empathetic communication [17,18]. Previous studies have shown that stillbirth has an
unacknowledged impact on obstetricians as well, which has been neglected in education
and psychological support at the workplace [3]. Our findings support previous qualitative
survey studies highlighting the need for additional training and the value of peer support
from colleagues [3,19,20]. In 2008, Gold et al. explored experiences and attitudes about
perinatal death, as well as coping strategies and training by an online survey among
804 obstetricians in the United States (U.S.) [20]. The authors found that the majority of
respondents agreed that detecting stillbirth “took a large emotional toll” on them personally.
Adequate training to cope with fetal death was noted to significantly mitigate the feelings of
guilt, worries about legal actions, and the consideration of giving up obstetrics all together.
In addition, most common coping strategies were found to be “talking to colleagues” (87%)
or one’s “friends” (56%).

These results are also in accordance with the findings of Farrow et al., who conducted
a U.S. questionnaire survey on the psychological impact of stillbirth and the influence
of epidemiological factors in stillbirth reactions among 499 obstetricians in 2013 [19].
The authors specifically explored the spectrum of physicians’ psychological responses
towards a pregnancy, which ended in stillbirth, and found that, overall, grief was the most
common emotional response to stillbirth (53.7%), followed by self-doubt (17.2%). Of note,
the authors found that older physicians (≥51 years of age) and physicians in solo and
private practice were more likely to suffer from depression, as they might feel more isolated
and experience greater lack of support from colleagues to process stillbirth [19].

4.3. Clinical Implications

To our knowledge, our study is the first to specifically explore obstetricians’ attitude
and coping strategies when confirming and delivering the burdensome diagnosis of fetal
death. More so, our data together with the findings from the previous surveys conducted
by Gold and Farrow et al. [19,20] suggest that the psychological impact of fetal death
on physicians is not to be ignored and that a sustainable social and peer network are of
importance for coping with professional challenges.

“Obstetrics” is a term that emerged in the mid 18th century, derived from the modern
Latin word obstetrix, meaning ‘midwife’ and obstare ‘to be present’. Indeed, obstetrics, as
taught today at medical schools in the western world, primarily focuses on the science and
knowledge regarding maternal and fetal care before, during and after childbirth. The prime
intention of reproduction and pregnancy is to help to give birth to a healthy infant, with all
its biological, social, cultural roles and expectations attached to and surrounded by [21].
The anticipation of a vital new-born—as grounded in our human nature by parental
archetypes—marks a strong drive within the medical profession of obstetrics and mid-
wifery, so that the contrary of such—the delivery of a dead infant—seems to erratically run
against human instincts and causes disturbance and rejection on deep layers of medical
professionalism and psychological identification of the individuals involved in its care.
This phenomenon is reflected not only by the lack of relevant chapters on fetal death in
numerous obstetric textbooks, yet also in the lack of consideration of respective teaching el-
ements within the medical curriculum and during specialty training on how to break news
of fetal death. The results of our study reflect this lack by flagging up the degree of stress in
this population and the need for better training and education in that subject, biologically,
psychologically and in terms of patient- and topic-centered-communication skills.

The design and introduction of a specific learning tool for clinicians “IMproving Perina-
tal Mortality Review and Outcomes Via Education” (IMPROVE; https://learn.stillbirthcre.
org.au (accessed on 1 October 2021) showed to increase confidence and knowledge of
healthcare professionals in managing perinatal deaths [22]: It delivers a structured and inte-
grated clinical and problem-oriented learning on all domains of stillbirth (communication,
post-mortem examination, classification, audit and bereavement care).
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4.4. Research Implications

Learning tools, such as the IMPROVE workshop [22], may also support clinicians with
managing stress surrounding diagnosis and communication. Specific training programs
ought to be revised and implemented at institutions, which care for bereaved parents after
fetal loss, the content of which should entail the medical, social and psychological impact
of stillbirth, as well as techniques for enhancing communication skills and obstetricians’
resilience encountering death in medicine. Subsequent steps to quantitatively and qualita-
tively assess parents’ and physicians’ experiences would close the audit loop and allow
further improvement.

4.5. Strengths and Limitations

The paucity of data regarding the impact of diagnosing and delivering the diagnosis of
fetal death on health care professionals, and the scarce body of evidence regarding resilience
among obstetricians, justify our study and provide validity to our data to add to the current
literature. In addition, our study is unique to have specifically examined the level of
self-reported stress among attending physicians and their means of coping and facilitators
at diagnosing and delivering the news of fetal death. The response rate of about 24.2%
of participants is consistent with current trends for social science surveys administered
through the internet [23]. The range of demographic and professional characteristics in
responders reflects the diversity of physicians involved in stillbirth care.

After all, our study is not devoid of limitations inherent to the failure to control for
recall bias of responders and thus data accuracy from returned questionnaires. We also
acknowledge a potential response and selection bias by obstetricians with either greater
interest in stillbirth or previous unfavorable experiences in diagnosing or communicating
fetal death. Furthermore, our study did not assess the amount of time, which had elapsed
since the responder’s last experience of stillbirth, which might have made a difference with
regards to the individual perception of stress. In addition, we retrospectively assessed
the levels of stress and coping strategies, relying on the participants’ memory. Hence, we
cannot preclude a certain recall bias. Finally, our survey was conducted in a European
high-income country. We, therefore, note that our data might not be fully generalizable due
to potential fundamental differences in health care systems and governance, thus medical
conduct and practice, cultural and social behavior, as well as teaching systems at medical
school and during residency. After all, this limitation highlights the need for further data
generation on that matter.

5. Conclusions

Our study shows that engagement in stillbirth evokes moderate to high levels of
stress among obstetricians regardless of prior experiences, professional position, age, and
gender. Handling these situations requires resources from both the professional and
private environment, the context of which differs with the grade of professional experience
and role.
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Abstract: Introduction: At present, we are witnessing an increase in preeclampsia, especially the
most severe forms, which are associated with an increased risk of maternal-perinatal morbidity
and mortality. As a severity criterion, acute kidney injury (AKI) has been associated with a worse
prognosis, and for this reason, the maternal and perinatal variables associated with AKI in patients
with severe preeclampsia (SP) were analysed in this study. Methods: An observational, retrospective,
single-centre study of patients with SP treated at a tertiary hospital between January 2007 and De-
cember 2018 was conducted. The case criteria based on the criteria established by the ACOG Practice
Guidelines for Gestational Hypertension and Preeclampsia. AKI is considered when serum creatinine
exceeds 1.1 mg/dL in a pregnant woman with previously normal renal function. In patients with ex-
isting chronic kidney disease (CKD), it is referred to as AKI if the baseline serum creatinine increases
by 1.5 fold. Pregestational, gestational and postpartum variables were analysed up to 12 weeks
postpartum using univariate and multivariate logistic regression analysis. Results: During the study
period, 76,828 births were attended, and 303 pregnant women were diagnosed with SP. The annual
incidence of SP increased gradually throughout the study period, reaching 1.79/100 births/year
in 2018. Acute kidney injury (AKI) occurred in 24.8% of the patients. The multivariate analysis
revealed an increased association with a history of previous CKD, the use of assisted reproductive
techniques and caesarean section. Uric acid and thrombotic microangiopathy (TMA) had a high
correlation with AKI. Indications for caesarean section are associated with AKI in SP. Regarding
perinatal outcomes in cases of AKI, there was a higher percentage of neonates who required foetal
lung maturation with steroids and an increased need for NICU admission. No case of maternal death
was recorded; however, an increase in neonatal mortality was found among patients who did not
develop AKI. After 12 weeks postpartum, 72 patients were referred to the nephrology consultation
for persistent hypertension, proteinuria or renal failure. Conclusions: In preeclampsia, AKI is a
common complication, especially among patients with a history of CKD, those who became pregnant
using assisted reproduction techniques and those who delivered via caesarean section. The perinatal
impact of AKI is mainly centred on a higher rate of NICU admission and a lower mortality rate.
Among biochemical and haematological markers, the uric acid level prior to renal failure has a direct
and significant correlation with the risk of AKI, as does the development of TMA in patients with
preeclampsia. Therefore, the monitoring of renal function in cases of preeclampsia should be strict,
and referral for a nephrology consultation may be necessary in some cases.

J. Clin. Med. 2021, 10, 5629. https://doi.org/10.3390/jcm10235629 https://www.mdpi.com/journal/jcm83
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1. Introduction

Preeclampsia (PE) is a syndrome characterised by the de novo appearance in a woman
more than 20 weeks pregnant of hypertension (HT) associated with proteinuria and/or
other manifestations of organ dysfunction. It is included within the category of hyperten-
sive disorders of pregnancy (HDP), a term that refers to a set of entities whose link is the
presence of arterial HT in a pregnant woman [1,2].

There are clinical and analytical conditions that confer severity upon preeclampsia and
further increase the risk of maternal-perinatal morbidity and mortality [3,4]. Among them
are systolic blood pressure ≥ 160 mmHg and/or diastolic blood pressure ≥ 110 mmHg;
proteinuria ≥ 2 g; oliguria; renal failure; neurological or visual alterations; acute pulmonary
oedema or cyanosis; pain in the epigastrium or right hypochondrium; liver dysfunction;
haematological alterations or placental involvement, with foetal manifestations such as
delayed intrauterine growth.

At present, we are witnessing an increase in the incidence of preeclampsia and SP; it
is a frequently encountered obstetric complication and one of the main causes of maternal-
perinatal morbidity and mortality [5–11]. In pregnancy, the glomerular filtration rate (GFR)
increases by 40–60% compared to normal levels, which leads to a decrease in plasma
creatinine levels (normal levels in pregnant women are 0.4–0.6 mg/dL) [12–14]. The
formulas used to estimate the GFR with creatinine are not validated for pregnancy, which
makes the diagnosis of acute kidney injury (AKI) difficult in this clinical situation [13].
As a result of these factors, there is controversy regarding the definition of AKI during
pregnancy, which has led to different ways of defining it in the literature [14,15]. AKI,
generally defined as a decrease in the GFR within hours or days, is a frequent complication
in the hospital setting, especially in cases of previous chronic kidney disease (CKD) and
chronic renal failure (CRF), defined as GFR < 60 mL/min/1.73 m2 It is classically defined
as a rare complication within the maternal clinical manifestations of PE. When it occurs in
this context, it is associated with a worse maternal and perinatal prognosis [16]. In fact, as
previously mentioned, it is one of the clinical criteria that defines severe preclampsia (SP)
and necessitates important considerations, such as whether to terminate the pregnancy, as
it has a decisive influence on maternal and perinatal prognoses [3,4].

The objective of this study is to compare the maternal and perinatal clinical and
analytical variables in patients with SP who develop AKI vs. those who do not develop
this condition.

2. Materials and Methods

Design and patients: An observational study was conducted with a retrospective,
hospital-based cohort of patients with SP treated at a tertiary centre between January
2007 and December 2018 to compare maternal-perinatal variables between patients who
develop AKI and those who do not. SP was diagnosed according to the criteria of the
American College of Obstetricians and Gynecologists Practice Guidelines for Gestational
Hypertension and Preeclampsia [16] in patients with preeclampsia who met some of the
following severity criteria: Systolic blood pressure (SBP) ≥ 160 mmHg and/or Diastolic
blood pressure (DBP) ≥ 110 mmHg confirmed at 15 min; proteinuria ≥ 2 g measured in
24-h urine or estimated by the protein/creatinine ratio in urine; oliguria ≤ 500 mL/24 h or
diuresis rate < 0.5 mL/kg/h for 2 h; renal insufficiency: serum creatinine > 1.1 mg/dL, or
double the value of serum creatinine in the absence of other renal disease; neurological or
visual alterations, including severe headache that does not subside with analgesics, blurred
vision, diplopia or amaurosis; acute lung oedema or cyanosis; pain in the epigastrium or
right hypochondrium; hepatic dysfunction: transaminase levels elevated to double the
normal value; haematological alterations, including thrombocytopenia (<100,000 mm3),
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disseminated intravascular coagulation (DIC) or haemolysis; placental involvement with
foetal manifestations including intrauterine growth restriction (IGR), abnormal umbilical
artery Doppler results and foetal death [3,4]. In this study, we considered the presence of
a serum creatinine level greater than 1.1 mg/dL, which is a criterion for the severity of
preeclampsia [16]. This cut-off point takes into account the Kidney Disease: Improving
Global Outcomes (KDIGO) definition and attempts to avoid overestimating the incidence
of AKI by including mild forms of renal function impairment.

In patients with pre-existing CKD, AKI was considered when the baseline serum creati-
nine level was 1.5 times higher than the baseline level. Oliguria was considered at a diuresis
rate of less than 500 mL in 24 h or less than 0.5 mL/kg/h for 2 consecutive hours [16].
If AKI was accompanied by oliguria, it was defined as oliguric AKI. CKD was defined
according to the criteria of the National Kidney Foundation-Kidney Disease Outcomes
Quality Initiative (NKF-KDOQI) guidelines [17]. Also for CKD we included patients with
proteinuria at <20 weeks HELLP (H: hemolysis, EL: elevated liver enzymes and LP: low
platelets) syndrome was diagnosed according to the Sibai criteria: haemolysis (schistocytes
in smear, LDH ≥ 600 IU/L or bilirubin ≥ 1.2 mg/dL), platelet count < 100,000 cells/μL and
GPT ≥ 70 U/L [18]. Thrombotic microangiopathy (TMA) was clinically defined by the pres-
ence of microangiopathic haemolytic anaemia, thrombocytopenia and organ dysfunction,
with primary involvement of the kidneys [19].

The study protocol was approved by the centres Ethics Committee for Medical Re-
search, and patient follow-up was performed from the point at which the women were
diagnosed with SP during either pregnancy, childbirth or postpartum, mainly until the
normalisation of blood pressure (without the need for antihypertensive medication) and
proteinuria; the maximum postpartum follow-up duration was 12 weeks in cases of spe-
cialised postpartum consultation for at-risk patients.

The study variables were collected at the following time points: pre-gestational; gesta-
tional; at the time of the preeclampsia diagnosis; peripartum; perinatal; upon discharge
from the hospital; and at the 12-weeks postpartum consultation.

The study data were stored in a database created for this purpose until the statistical
analysis. The variables were analysed using the statistical package IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp. are presented
as means and SDs for quantitative variables and as number and percentages for qualitative
variables. For the comparison of the variables between the study groups, we conducted
a univariate analysis by logistic regression to determine the probability ratio, odds ratio
(OR) and 95% confidence interval (CI). After univariate analysis, variables with clinical
relevance or a p-value equal to or less than 0.20 were included in the multivariate logistic
regression analysis. Results with p less than 0.05 were accepted as significant.

3. Results

During the study period, 76,828 births took place at the centre; of these, 303 were
to women diagnosed with SP. The annual incidence increased gradually over the study
period, reaching 1.79% births/year in 2018. During the study period, no cases of maternal
death were recorded among patients with SP. AKI occurred in 75 patients (24.8%), of whom
34.66% had oliguria, with a mean serum creatinine of 1.53 ± 0.73 mg/dL and a mean
urea of 58.39 ± 25.83 mg/dL. In 32% of cases, AKI was caused by CKD, and in 5.33%
(4 patients), it was caused by CRF. In the AKI group, 25.33% (19 patients) developed AKI
in the context of HELLP syndrome, and in 3 developed AKI in the context of haemolytic
uraemic syndrome secondary to pregnancy. Twenty-one patients who developed AKI
(28%) required the transfusion of packed red blood cells; 12 of these patients also had
HELLP syndrome, and 3 also had haemolytic uraemic syndrome secondary to pregnancy.
Only 1 patient required temporary dialysis to recover renal function.

Tables 1–7 summarise the descriptive statistics of the study variables for all patients
diagnosed with SP (n = 303), those who developed AKI (n = 75) and those who did not
develop AKI (n = 228). As Table 1 shows, the comparative analysis found significant
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differences in personal history of CKD, CRF, mean baseline serum creatinine and mean
pregestational proteinuria. Table 2 show that in AKI patients there were a significantly
higher percentage of patients who became pregnant through in vitro fertilisation (IVF) and
patients who had proteinuria before 20 weeks of gestation.

Table 1. Comparative analysis of the distribution of pre-pregnancy variables in all patients with pre-eclampsia and in the
study groups (AKI vs Non AKI). Cr: creatinine; Obesity: body mass index (BMI) ≥ 30 Kg/m2. Overweight BMI ≥ 25 Kg/m2.

Total n = 303 AKI (n = 75) No AKI (n = 228)

N; Mean ± S.T % Mean ± S.T % Mean ± S.T % p

Maternal age 33.94 ± 6.29 35.09 ± 6.99 33.56 ± 6.02 0.068

Nationality 0.570

Spanish 179 59.1 60 58.8

South American 91 29.6 33.3 28.9

African 14 4.5 4 4.8

European not Spanish 14 4.5 2.7 5.3

Other 5 1.5 0 2.2

HT 49 16.2 18.7 15.4 0.499

Diabetes Mellitus 7 2.3 1.3 2.6 0.516

Hypothyroidism 30 9.9 9.3 10.1 0.480

BMI (Kg/m2) 26.23 ± 5.27 26.05 ± 5.44 26.29 ± 5.23 0.742

Obesity 66 24.0 21.1 25 0.510

Overweight 153 56.3 53.6 57.1 0.611

Autoimmune disease 7 2.3 4 1.8 0.261

CKD 24 7.9 17.3 4.8 0.001

CRF 5 1.7 5.3 0.4 0.004

Cr baseline serum (mg/dL) 0.64 ± 0.20 0.78 ± 0.31 0.60 ± 0.11 <0.001

Pregestational proteinuria 12 4 9.3 2.2 0.006

Number of pregnancies 2.01 ± 1.38 1.87 ± 1.31 2.06 ± 1.40 0.290

Nulliparity 153 50.5 54.7 49.1 0.405

Abortion History 107 35.3 26.7 38.2 0.071

Number of abortions 0.52 ± 0.87 0.44 ± 0.90 0.54 ± 0.81 0.352

History of preeclampsia 26 8.6 10.7 7.9 0.457

Family History of HT 116 38.3 39.7 39.4 0.957

Family history of
preeclampsia 22 7.3 4 8.3 0.210
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Table 2. Comparative analysis of the distribution of gestational variables in all patients with preeclampsia and in the study
groups (AKI vs non AKI). UTI: urinary tract infection.

Total n = 303 AKI (n = 75) No AKI (n = 228)

n % n % n % p

IVF 63 20.8 24 32 39 17.1 0.006

Multiple pregnancy 55 18.2 19 25.3 36 15.8 0.063

HT before 20 weeks of follow-up 53 17.5 15 20 38 16.7 0.510

Gestational HT 78 25.7 14 18.7 64 28.1 0.106

Gestational Diabetes 30 9.9 8 10.7 22 9.6 0.798

Gestational hypothyroidism 33 10.9 11 14.7 22 9.6 0.480

Proteinuria < 20 weeks 12 4 7 9.3 5 2.2 0.006

UTI during pregnancy 97 32.1 25 33.3 72 31.6 0.778

Alphamethyldopa treatment 59 19.5 15 20 44 19.3 0.894

Calcium antagonist treatment 11 3.6 2 2.7 9 3.9 0.607

Labetalol treatment 40 13.2 18 23.5 22 17 0.758

Table 3. Comparative analysis of the distribution of the variables that refer to the time of diagnosis of severe preeclampsia
in all the patients and in the study groups (AKI vs. non AKI). CrCl: Creatinine clearance.

Total n = 303 AKI (n = 75) No AKI (n = 228)

N; Mean ± SD % Mean ± SD % Mean ± SD % p

SBP mmHg 178.97 ± 16.52 179.04 ± 20.13 178.95 ± 15.20 0.971

DBP mmHg 103.84 ± 11.82 102.52 ± 13.81 104.28 ± 11.09 0.263

Gestational age at diagnosis 34.03 ± 4.37 33.31 ± 3.99 34.27 ± 4.46 0.098

Gestational age at diagnosis
<28 weeks

28–36.6 weeks
≥37 weeks

25
175
103

8.3
57.8
34

8
72
20

8.3
53.1
36.6

0.010

Early initiation of SP 125 41.3 49.3 38.6 0.101

Puerperal PE 66 21.8 14.7 24.1 0.085

Proteinuria (g/24 h) 2.8 ± 2.78 3.18 ± 2.92 2.67 ± 2.72 0.170

Creatinine (mg/dL) 0.89 ± 0.53 1.53 ± 0.73 0.68 ± 0.14 <0.001

Urea (mg/dL) 37.88 ± 21.48 58.39 ± 25.83 29.68 ± 12.08 <0.001

CrCl (mL/min) 112.24 ± 42.65 81.64 ± 41.58 127.39 ± 34.37 <0.001

Uric acid (mg/dL) 6.80 ± 1.68 8.13 ± 1.54 6.36 ± 1.48 <0.001

Maximum uric acid level
(mg/dL) 7.37 ± 1.74 8.87 ± 1.74 6.88 ± 1.45 <0.001

GOT (U/L) 110.28 ± 298.74 220.87 ± 488.14 60.880 ± 126.00 0.010

GPT (U/L) 68.50 ± 143.03 139.63 ± 244.96 45.10 ± 73.72 0.001

Platelets (×103/μL) 165.25 ± 72.12 138.21 ± 78.15 174.25 ± 67.15 <0.001

LDH (U/L) 356.81 ± 340.91 534.15 ± 588.81 298.47 ± 166.71 0.001

Hemoglobin (g/dl) 10.66 ± 1.76 9.89 ± 2.05 10.91 ± 1.58 <0.001

Magnesium (mg/dL) 4.20 ± 2.59 5.28 ± 2.47 3.77 ± 2.52 <0.001

C3 level (mg/dL) 141.26 ± 39.46 131.59 ± 45.20 145.35 ± 36.15 0.025

C4 level (mg/dL) 26.34 ± 10.25 24.90 ± 11.15 26.96 ± 9.81 0.156
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Table 3. Cont.

Total n = 303 AKI (n = 75) No AKI (n = 228)

N; Mean ± SD % Mean ± SD % Mean ± SD % p

IgG level (mg/dL) 810.97 ± 283.01 756.81 ± 291.17 833.81 ± 277.23 0.056

IgA level (mg/dL) 202.78 ± 77.91 197.15 ± 80.34 205.16 ± 76.99 0.472

IgM level (mg/dL) 128.06 ± 63.05 119.10 ± 60.21 131.85 ± 64.02 0.157

Antiphospholipid 1st 9 3.4 4.4 3 0.575

ANA 16 6.7 5.6 7.1 0.670

antiDNA 4 1.7 1.4 1.8 0.853

Albumin (g/dL) 3.41 ± 0.68 3.21 ± 0.77 3.53 ± 0.60 0.004

Triglycerides (mg/dL) 194.30 ± 94.80 227.01 ± 95.35 180.80 ± 91.45 <0.001

Cholesterol (mg/dL) 247.51 ± 73.28 228.27 ± 64.76 255.25 ± 75.23 0.009

Magnesium sulfate treatment 208 68.6 82.7 64 0.003

Labetalol treatment 247 81.5 82.7 81.1 0.768

Treatment with hydralazine 98 32.3 8.9 23.4 0.435

Diuretic treatment 15 5 10.7 3.1 0.009

Oliguria 32 10.6 34.7 2.6 <0.001

HELLP syndrome 31 10.2 25.3 5.3 <0.001

TMA (includes HELLP) 35 11.6 29.3 5.7 <0.001

Eclampsia 10 3.3 0 4.4 0.065

Table 4. Comparative analysis of the distribution of intrapartum and immediate postpartum variables in all patients with
pre-eclampsia and in the study groups (AKI vs non AKI). ARB: angiotensine receptor blockers.

Total n = 303 AKI (n = 75) Non AKI (n = 228)

Mean ± SD % Mean ± SD % Mean ± SD % p

Delivery follow-up 34.46 ± 3.86 33.80 ± 3.60 34.68 ± 3.92 0.089

Gestational age at diagnosis
<28 weeks

28–36.6 weeks
≥37 weeks

16
178
109

5.3
58.7
36

5.3
73.3
21.3

5.3
53.9
40.8

0.008

Birth initiation method:
Spontaneous

Induced
Elective caesarean section

25
135
143

8.3
44.6
47.2

4
38.7
57.3

9.6
46.5
43.9

0.077

Completion of delivery:
Vaginal

Caesarean
107
196

35.3
64.7

17.3
82.7

41.2
58.8

<0.001

HT at delivery 260 85.8 86.7 85.5 0.806

Transfusion 30 9.9 6.9 3 <0.001

Postpartum Labetalol 292 96.4 96 96.5 0.844

Postpartum hydralazine 147 48.5 56 46.3 0.143

Postpartum Enalapril 275 90.8 80 94.3 <0.001

ARB II postpartum 17 5.6 8.1 4.8 0.291

Postpartum calcium
antagonists 202 66.7 66 70.2 0.031

Postpartum furosemide 102 33.7 44 30.3 0.082
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Table 5. Comparative analysis of the distribution of perinatal variables in all patients with pre-eclampsia and in the study
groups (AKI vs non AKI). SGA: small for their gestational age. Newborn: NB.

Total n = 303/351 AKI (n = 75) No AKI (n = 228)

Mean ± SD % Mean ± SD % Mean ± SD % p

Follow-up at birth 34.46 ± 3.86 33.80 ± 3.60 34.68 ± 3.92 0.089

Lung maturation 146 48.2 60 44.3 0.018

Intrauterine growth
restriction (IUGR) 71 20.2 18.7 25 0.261

SGA 1st Newborn (non
IUGR) 62 17.7 10.8 23.9 0.036

Sex 1st Newborn
Male

Female
138
165

45.5
54.5

41.3
58.7

46.9
53.1

0.399

Sex 2nd Newborn
Male

Female
20
28

41.7
58.3

41.2
58.8

41.9
58.1

0.959

Weight 1st Newborn
(grams) 2.128.24 ± 864.29 2.023.81 ± 851.33 2.162.59 ± 867.61 0.228

Weight 2nd Newborn
(grams) 1.919.86 ± 504.70 2.052.22 ± 433.28 1.845.41 ± 532.71 0.167

Apgar Test value 1st min 7.52 ± 1.76 6.96 ± 1.82 7.73 ± 1.67 0.002

Apgar Test Value 1st min
2nd NB 7.94 ± 1.23 7.72 ± 1.36 8.06 ± 1.16 0.355

Apgar Test Value 5 min 1st
NB 8.44 ± 1.70 8.5 ± 1.43 9.02 ± 1.18 0.006

Apgar test value 5 min 2nd
NB 9.16 ± 0.86 9.11 ± 0.90 9.19 ± 0.85 0.768

1st NB cord pH 7.24 ± 0.09 7.23 ± 0.11 7.25 ± 0.08 0.310

2nd NB cord pH 7.29 ± 0.08 7.28 ± 0.11 7.29 ± 0.07 0.513

Exitus perinatal 18 5.1 2.7 7 0.165

Admission to Neonatal
Intensive Care Unit 96 27.4 42.7 28.1 0.018

Cause of admission
Heart disease

Distres
Intubation difficulty

Prematurity
IUGR

15
37
10
13
21

15.6
38.5
10.4
13.5
21.9

9.4
50.0
15.6
12.5
12.5

18.8
32.8
7.8
14.1
26.6

0.20
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Table 6. Comparative analysis of the distribution of variables at hospital discharge in all patients with pre-eclampsia and in
the study groups (AKI vs non AKI).

Total n = 303 AKI (n = 75) No AKI (n = 228)

Mean ± SD % Mean ± SD % Mean ± SD % p

HT 288 95 86.7 97.8 <0.001

Number of Antihypertensive
treatment

0
1
2
≥3

16
130
132
25

5.3
43.9
43.6
8.3

13.3
46.7
33.3
6.7

2.6
41.7
46.9
8.8

0.002

Proteinuria 219 72.3 71.6 75.1 0.552

Creatinine (mg/dL) 0.68 ± 0.26 0.88 ± 0.42 0.62 ± 0.12 <0.001

Urea (mg/dL) 33.15 ± 13.59 41.18 ± 18.73 29.90 ± 9.07 <0.001

Ccr (mL/min) 123.49 ± 34.58 104.35 ± 37.38 130.71 ± 30.61 <0.001

Uric acid (mg/dL) 5.73 ± 1.44 6.21 ± 1.72 5.58 ± 1.30 0.005

Proteinuria (g/24 h) 1.04 ± 1.17 1.36 ± 1.51 0.93 ± 1.02 0.026

GOT (U/L) 31.87 ± 23.60 36.22 ± 27.54 29.95 ± 21.46 0.075

GPT (U/L) 30.17 ± 25.08 39.56 ± 36.01 27.08 ± 19.38 0.005

Platelets at discharge
(×103/μL) 288.45 ± 101.82 294.00 ± 115.21 286.02 ± 97.18 0.574

LDH (U/L) 245.75 ± 82.36 268.36 ± 122.88 238.28 ± 62.17 0.045

Haemoglobin (g/dL) 11.22 ± 1.45 10.87 ± 1.48 11.33 ± 1.43 0.016

Table 7. Comparative analysis of the distribution of variables at discharge from the risk puerperium consultation in all
patients with pre-eclampsia and in the study groups (AKI vs non AKI).

Total n = 303 AKI (n = 75) No AKI (n = 228)

Mean ± SD % Mean ± SD % Mean ± SD % p

Persistent hypertension 72 23.8 24.3 25.8 0.797

Persistent proteinuria 31 11.1 21.4 7.6 0.001

Renal insufficiency 7 2.3 9.9 0 <0.001

Proteinuria (mg/mg) 0.19 ± 0.47 0.38 ± 0.88 0.13 ± 0.21 0.032

Serum creatinine (mg/dL) 0.69 ± 0.21 0.85 ± 0.35 0.65 ± 0.11 <0.001

CrCl (mL/min) 115.17 ± 29.8 99.61 ± 27.57 121.68 ± 28.37 <0.001

Evolution
Referral to family doctor
Referral to Nephrology

Loss of follow-up

203
72
28

67
23.8
9.2

64
29.3
6.7

68
21.9
10.1

0.341

Regarding the variables measured at the time of SP diagnosis, presented in Table 3,
the occurrence of AKI was positive associated with the gestational week at which SP was
diagnosed, OR 1.67 (CI 95%: 1.07–2.61). Statistically significant differences were found in
the mean levels of some biochemical variables in maternal blood. The difference in uric
acid was especially notable, with an OR 2.11 (CI 95%: 1.70–2.60) in AKI group. The mean
levels of platelets, haemoglobin and albumin were significantly lower in the AKI group,
as were the plasma levels of C3. The AKI group had a significantly higher percentage of
patients with HELLP, and patients treated with diuretics and magnesium sulfate than the
group without AKI.
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Regarding variables measured intrapartum and immediately postpartum, shown in
Table 4, we found a significantly higher percentage of patients in the AKI group who had a
caesarean section, OR: 3.35 (CI 95%: 1.74–6.43), or required a transfusion. Regarding the
week of gestation at the time of delivery, the group with AKI had a higher percentage of
premature delivery (<37 weeks of gestation) OR: 3.4 (CI 95%: 1.7–6.4). There were also
significant differences in the type of antihypertensive treatment used during the immediate
postpartum period: a lower percentage of patients in the AKI group were treated with
enalapril, and a higher percentage were treated with calcium antagonists. No significant
differences were found for the rest of the variables.

A perinatal mortality rate of 5.1% was found for all 351 neonates. A total of 64%
were premature (<37 weeks of gestation), and 5.3% were extremely premature at less than
28 weeks of gestation at birth. The mean gestational age at delivery was 34 weeks. Table 5
presents the perinatal variables and shows that a significantly higher percentage of the
neonates born to the AKI group required foetal lung maturation with steroids, OR 1.89
(CI 95%: 1.11–3.21) and ICU admission. The mean Apgar scores at 1 min and 5 min of life
were significantly lower in the AKI group than in the non-AKI group, OR 0.74 (CI 95%:
0.61–0.91). Regarding IGR, no differences were found between the groups. In contrast, the
percentage of infants who were small for their gestational age (SGA) was higher in the
non-AKI group.

Regarding the variables measures at the time of hospital discharge, shown in Table 6,
there was a lower percentage of hypertensive patients in the AKI group than in the no-AKI
group, OR 0.15 (CI 95%: 0.05–0.44), and there were statistically significant differences in
the number of antihypertensive drugs being taken at discharge. There were no differences
in the percentage of patients with proteinuria at discharge, although the mean proteinuria
level at discharge was significantly higher in the group with AKI. There were also significant
differences in the mean GPT, uric acid, LDH and haemoglobin values at discharge.

After hospital discharge, 9.2% of the participants were lost to follow-up. At discharge
from the postpartum risk consultation, as shown in Table 7, the highest percentage of
patients lost to follow-up were in the no-AKI group. On the other hand, there were
statistically significant differences between groups in the percentage of patients with
persistent proteinuria at 12 weeks postpartum, OR 3.31 (CI 95%: 1.54–7.11), and in the
mean value of proteinuria in the AKI group than in the no-AKI group.

After a maximum follow-up of 12 weeks postpartum, 25 patients (9%) without a
previous history of chronic HT remained hypertensive. Similarly, 19 patients (7%) without
pregestational proteinuria showed persistent postpartum proteinuria (protein/creatinine
index greater than 0.3 mg/mg), and 7 patients (2.3%) had persistent AKI, including 2 who
had previous CRF. After 12 weeks postpartum, 72 patients were referred to the nephrology
consultation for persistent HT, proteinuria or renal failure.

In the multivariate logistic regression analysis (Figure 1), previous CKD and IVF
predicted an increased risk of AKI onset. The pre-AKI uric acid level was the strongest
biochemical marker of the onset of AKI. TMA was a cause of AKI in SP. Indications for
caesarean section were associated with the onset of AKI in SP.

91



J. Clin. Med. 2021, 10, 5629

Figure 1. Association study of maternal-perinatal variables with acute renal failure in the group of pregnant women with
severe pre-eclampsia. Multivariate logistic regression analysis (variables included in the model). Pre-pregnancy CKD; IVF
in vitro fertilization; GAD gestational age at diagnosis of AKI; Ac. Uric pre AKI; HELLP syndrome; TMA thrombotic micro
angiopathy; indication for caesarean section.

4. Discussion

Our results describe a high frequency of AKI in our series of pregnant women with
SP stands out: it affects 25% of these patients and 9.76/10,000 births in our hospital-
based population. In SP cases, AKI occur in the third trimester and in the immediate
postpartum period, and HDP, mainly preeclampsia and HELLP syndrome, are the main
causes [13,20,21]. Other maternal and perinatal variables associated with AKI cases were a
history of CRF, pregnancies after assisted reproductive techniques use, higher maternal
blood of uric acid and creatinine levels, higher rate of preterm delivery, c-section and
postpartum complications such as haemorrhage the need for red blood cell transfusion.
Despite a higher rate of preterm and admission in neonatal ICU, neonatal mortality rate
was significantly lower in AKI cases.

Comparing to the literature, in a series of pregnancy-associated AKI in India, the
researchers observed that 17% of patients with preeclampsia and 60% of patients with
HELLP syndrome developed AKI [20]. In any case, it is important to consider other causes
of AKI associated with pregnancy, which, although infrequent, are very serious. Examples
include forms of TMA that can occur in the final phase of pregnancy or immediately
postpartum and that are often difficult to differentiate from SP or HELLP syndrome. In
fact, both SP and HELLP syndrome are currently considered types of TMA [22]. Our
incidence is clearly higher than that described in the literature, including the incidences of
2.68/10,000 births in a Canadian study [23] and 4.5/10,000 births in a US series [24].

Seventy-five percent of cases of AKI occur in the third trimester and in the immediate
postpartum period, and HDP, mainly preeclampsia and HELLP syndrome, are the main
causes [13,20,21]. Preeclampsia involves histological changes at the renal level that are char-
acterised by glomerular endotheliosis, podocyturia and proteinuria; functional changes,
such as decreased renal tubular secretion of uric acid; and haemodynamic alterations
consisting of intrarenal vasoconstriction, decreased renal plasma flow and a GFR reduction
of between 30 and 40% [25]. These conditions lead to susceptibility to renal ischaemic
injury and the onset of AKF.

In the general population, one of the main risk factors for AKI is a history of CRF
and, above all, its severity [26]. The results of our study are consistent with these data,
showing an OR 12.79 (CI 95%: 1.41–116.28), p = 0.02, for CRF. This result is supported by
the findings of other authors [27,28].
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Regarding pregnancy-related variables, a higher frequency of assisted reproductive
techniques and IVF use was found among the SP patients who developed AKI than in
those without AKI (32 vs. 17.1%). The risk of developing AKI was 2.28 times higher among
patients with SP who underwent IVF. To date, we have not found any studies that that relate
AKI to the use of assisted reproductive techniques in patients with SP, although there are
studies that describe the relationship between AKI and assisted reproduction techniques
in pregnant women in general [29,30]. What is well established is that preeclampsia is
the most frequent cause of AKI in developed countries [13,21,23,24,31,32], and it is very
likely that the established relationship between preeclampsia and assisted reproductive
techniques justifies our results [33–36].

When analysing the association between the development of AKI and variables mea-
sured at the time of SP diagnosis, it was found that the mean uric acid value was signifi-
cantly higher in the group with SP and AKI than in the group without AKI, 8.87 ± 1.74 vs.
6.88 ± 1.45 mg/dL, p < 0.001. This result is explained by the fact that uric acid is eliminated
mainly by the kidneys and therefore, when SP develops and the GFR and tubular secretion
decrease, uric acid levels increase [37]. Hyperuricaemia is correlated with the severity
of glomerular endotheliosis, and in pregnant women with SP, the level of uric acid is
an early marker of kidney damage and maternal-foetal prognosis [38–42]. In this sense,
Le TM et al. [40] found that a uric acid level of 6.6 mg/dL is a good predictor of the severity
of preeclampsia/eclampsia, OR 5.19 (CI 95%: 2.79–9.65). A possible line of study is the use
of this and other markers of the progression of renal damage in SP.

In our series, HELLP syndrome, a form of TMA associated with pregnancy [22,43,44],
occurred significantly more frequently in the group of women with SP who developed AKI
than in those who did not develop AKI (25.3% vs. 5.3%, respectively). Many studies have
established the role of HELLP syndrome in AKI associated with pregnancy [15,20–22,44–47].
In the series by Jai Prakash et al. [21] that included 132 pregnant women with AKI, HELLP
syndrome was responsible for 6.8% of all cases. This percentage is even higher in the series
of Huang C et al. [47], in which HELLP syndrome was responsible for 60% of AKI cases.
It is important to note that these authors defined AKI as serum creatinine levels greater
than 0.8 mg/dL. In the meta-analysis of Liu Y et al. [15], in which a group of 834 patients
with pregnancy-associated AKI was compared to 5334 pregnant women without AKI, the
pregnant women with AKI had a 1.86-fold higher risk of having HELLP syndrome than
the pregnant women without AKI. We mention this work to highlight the relevance of the
temporality of the analysis of the causal association between AKI and HELLP syndrome.
In our study, we considered AKI a consequence of HELLP syndrome, with an OR of 6.11
(CI 95%: 2.8–13.33), p < 0.01. In contrast, the aforementioned authors considered that AKI
determines the risk of developing HELLP syndrome [15]. Although we demonstrated an
association, we understand the clinical difficulty of determining which pathology precedes
the other. The sudden onset of both clinical pictures makes it difficult to obtain definitive
conclusions in one direction or another.

Regarding the measurement of variables at the time of delivery, we observed a sta-
tistically significant association between the development of AKI and gestational age at
the time of delivery, with a higher percentage of preterm births (<37 weeks of gestation) to
patients with AKI. In the meta-analysis of Liu Y et al. [15] mentioned above, the gestational
age at the time of delivery was 0.7 weeks lower in the group of pregnant women with
AKI. In our cohort of pregnant women with SP, the gestational age at the time of delivery
was 1 week lower in the group of patients with AKI than in the group of patients without
AKI: 33.8 vs. 34.7 weeks. This finding can be explained, at least in part, by the fact that
AKI is severity criterion in pregnant women with preeclampsia and often determines the
completion of childbirth [48].

The risk of caesarean section was 3.35 times higher in the SP group with AKI than in
the group without AKI (CI 95%: 1.74–6.46, p < 0.01). This value is higher than that reported
in the meta-analysis of Liu Y et al. [15], who found a 1.49 times higher risk of caesarean
section in the AKI group (OR 1.49 (CI 95%: 1.37–1.61)). In this case, it is important to
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emphasise that our study included only women with SP, a group that was not included in
the AKI group in the meta-analysis by Liu Y et al. [15]. In the study by Huang C et al. [47],
the incidence of AKI in patients with SP who underwent caesarean section was as high
as 60%. The clinical situation of the patient, the heterogeneity for AKI definition used by
the authors and the intraoperative management of blood volume can decisively influence
the incidence of AKI associated with caesarean section [49–51]. In our series, we relate
caesarean section to the association between AKI in the SP patients however, since we did
not record the time at which AKI appears in patients, before or after cesarean section, we
cannot attribute a causal association of it to the development of AKI. In AKI cases after
cesarean section, it could be explained that cesarean section involves greater volume loss,
compared to vaginal delivery, with possible acute hemodynamic changes that lead to AKI.
On the contrary, in the case in which a patient develops AKI during pregnancy and with
the intention of improving the maternal-fetal prognosis, the termination of the pregnancy
is decided by caesarean section due to unfavorable obstetric conditions.

There was also a statistical association between the development of AKI and the need
for red blood cell transfusion, with transfused patients presenting a 9.46 times higher risk
of developing AKI (OR 9.46, CI 95%: 4.10–21.83). Peripartum haemorrhage is a frequent
cause of AKI associated with pregnancy and is even more common than preeclampsia
in some developing countries [52–54]. Severe cases that require transfusion present an
ischaemia-reperfusion model that can explain the development of acute tubular necrosis as
a cause of AKI associated with childbirth [55].

Regarding the perinatal variables, it should first be noted that the need for steroids for
foetal lung maturation was 1.89 times more frequent in the SP with AKI group OR 1.89
(CI 95%: 1.1–3.21, p < 0.05). The higher need for treatments for foetal lung maturation is
probably linked to the greater number of newborns with a gestational age between 28 and
37 weeks in the AKI group. In our study, there was a higher percentage of SGA infants in
the SP group without AKI (23.9% vs. 10.8% in the AKI group). However, no significant
differences were found in the percentage of IGR. These somewhat contradictory results
are reflected in the literature: the meta-analysis of Liu Y et al. [15] found that neonates
born to mothers with AKI had a lower birth weight than those born to mothers without
AKI, and Cooke et al. [54], in a series of 26 patients with AKI from a cohort of 322 pregnant
women, found that AKI had no substantial impact on perinatal prognosis. The risk of
new-borns requiring admission to the neonatal ICU was 1.9 times higher in the group with
AKI (OR 1.90; CI 95%: 1.11–3.28, p 0.002); however, perinatal mortality in the group of
pregnant women with SP and AKI was 2.7%, significantly lower than that of the group
with SP without AKI (7%). This result is in disagreement with the report of Liu Y et al. [15],
who found that the risk of perinatal mortality in pregnant women with AKI was 3.39 times
higher than that in pregnant women without AKI. Along this line, we must say that more
studies are necessary to weigh the impact of AKI on neonates born to women with SP.

In the multivariate analysis performed to predict the risk of AKI, only a history of
CKD, IVF, TMA (including HELLP syndrome), uric acid level and caesarean section were
independently associated with the development of AKI in pregnant women with SP. CRF
and pregestational proteinuria, which had a high magnitude of effect in the univariate
analysis, lost their statistical significance in the multivariate analysis because both are
related to CKD. When HELLP syndrome was considered in isolation outside of TMA,
it also lost the ability to predict AKI, despite its important association with AKI in the
univariate analysis. A likely explanation is the small sample size (n = 31). Uric acid, as a
marker of renal risk, was maintained as a predictor of AKI, but the average haemoglobin,
platelet and LDH values were not. The relationship of these analytical variables with
TMA, defined as microangiopathic haemolytic anaemia and thrombocytopenia, probably
justifies the loss of their statistical association with AKI, (Although in the opinion of the
authors, due to the fact that a high IQ range is described, this value should be taken
with caution despite its statistical association). Finally, caesarean section maintained its
statistical significance, but the need for transfusion did not. The association of transfusion
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with TMA and postpartum haemorrhage, which is more common with caesarean delivery,
may explain this result. Liu Y et al. [15] conducted a systematic review on the subject and
found that pregnancy-associated AKI carries a significantly higher risk of caesarean section,
postpartum haemorrhage, abruptio placentae, DIC and maternal death. At this point, we
want to highlight that patients who resort to IVF are patients with more frequent previous
pathologies that predispose to developing hypertensive pathology during pregnancy and
endothelial lesion included at the renal level in early gestational ages [56]. Despite the fact
that pregnant women with IVF have a higher rate of cesarean section, in our series we
found an independent statistical association for the development of AKI.

At the same time, they found a significantly higher risk of perinatal mortality, pre-
maturity and SGA. Regarding the renal prognosis, they observed a 2.4% incidence of the
evolution to terminal renal failure with the need for renal replacement therapy.

The prognosis of AKI associated with preeclampsia is relatively good as long as there
are no other associated complications, such as sepsis, DIC or severe bleeding, and most
patients resume normal renal function postpartum [29,50]. Persistent renal dysfunction
and the need for dialysis is more common in patients with previous CKD [20,57]. However,
several authors have shown that pregnant women with preeclampsia have a higher risk of
developing CKD than normotensive pregnant women [58,59]. Therefore, short- and long-
term monitoring of renal function is necessary in women with a history of hypertensive
disorders during pregnancy, childbirth and puerperium [60].

The study has limitations that are important to take into consideration when interpret-
ing the data including a lack of other variables that were not the focus of this study, and that
could provide additional information, such as ethnicity, body mass index or weight gain
during pregnancy. In addition, we must clarify that since some study variables, such as
the c-section, can occur before or after the appearance of AKI, as well as before or after the
appearance of SP, the established causal associations must be analyzed with caution due to
the fact that the temporality of the cause and effect is not fulfilled in all cases. In relation to
the strengths of the study, although our results are not novel and support those obtained
previously by the various studies already described in the discussion, with a large number
of SP patients. All these patients were attended in a tertiary hospital in Madrid, one of
the reference hospitals for obstetrics in Spain with more than 70,000 deliveries, attended
over more than 11 years. Furthermore, our study analyses and compared the maternal and
perinatal variables between AKI and No AKI groups.

5. Conclusions

Severe preeclampsia is constantly increasing in developing countries and in those
patients, AKI is a common complication, especially among those with a history of CKD,
those who became pregnant using assisted reproduction techniques and in cases of cae-
sarean section. Among biochemical and haematological markers, the uric acid level prior
to the development of AKI has a direct and significant correlation with the risk of AKI in
patients with preeclampsia, as does the development of TMA. Therefore, the need for strict
monitoring of renal function in cases of preeclampsia should be noted.
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Abstract: (1) Background: Across Europe, the incidence of antepartum stillbirth varies greatly, partly
because of heterogeneous definitions regarding gestational weeks and differences in legislation. With
this study, we sought to provide a comprehensive overview on the demographics of antepartum still-
birth in Austria, defined as non-iatrogenic fetal demise ≥22+0 gestational weeks (/40). (2) Methods:
We conducted a population-based study on epidemiological characteristics of singleton antepartum
stillbirth in Austria between January 2008 and December 2020. Data were derived from the validated
Austrian Birth Registry. (3) Results: From January 2008 through December 2020, the antepartum
stillbirth rate ≥20+0/40 was 3.10, ≥22+0/40 3.14, and ≥24+0/40 2.83 per 1000 births in Austria. The
highest incidence was recorded in the federal states of Vienna, Styria, and Lower and Upper Austria,
contributing to 71.9% of all stillbirths in the country. In the last decade, significant fluctuations in
incidence were noted: from 2011 to 2012, the rate significantly declined from 3.40 to 3.07‰, whilst it
significantly increased from 2.76 to 3.49‰ between 2019 and 2020. The median gestational age of an-
tepartum stillbirth in Austria was 33+0 (27+2–37+4) weeks. Stillbirth rates ≤26/40 ranged from 164.98
to 334.18‰, whilst the lowest rates of 0.58–8.4‰ were observed ≥36/40. The main demographic risk
factors were maternal obesity and low parity. (4) Conclusions: In Austria, the antepartum stillbirth
rate has remained relatively stable at 2.83–3.10 per 1000 births for the last decade, despite a significant
decline in 2012 and an increase in 2020.

Keywords: stillbirth; fetal death; perinatal mortality; epidemiology; registration

1. Introduction

Live birth rates and perinatal mortality statistics are considered two of the paramount
parameters which shape national demographics and reflect the general population qualities
and public health standards within a system. Whilst these may differ grossly between
low- and high-income countries across the world, basic characteristics in live birth and
stillbirth rates are approximately similar within Europe [1]. After all, minor influences in
regional legislation and definition may contribute to major differences even within Europe,
which make continental stillbirth rates, in particular, range from 2.6 to 9.1 per 1000 total
births [2,3].

The differences in the legislation of perinatal mortality statistics primarily concern
definitions of stillbirth with regard to gestational age of delivery, birth weight, and timing
or way of demise. While some countries differentiate between antepartum and peripartum
fetal death, others include terminations of pregnancies into their fetal mortality statistics [4].
Since the Lancet Stillbirth Series in 2011, a common consciousness emerged for the ne-
cessity to harmonize definitions, reporting standards, and legislations internationally to
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allow valid comparisons between nations and expand knowledge for better prevention of
stillbirths worldwide [5].

In Austria, stillbirth is defined as the delivery of a baby of ≥500 g birth weight,
irrespective of gestational age, with no signs of life, such as pulsation of the umbilical cord,
positive heartbeats, and involuntary muscle contractions. Perinatal mortality is defined
as the summary of both stillbirth and early neonatal death up to seven days of life. The
Austrian perinatal mortality statistics are annually published by Statistics Austria and
gather live birth and mortality data from the Austrian Birth Registry.

To date, stillbirth data as such are not precisely differentiated between the actual timing
of stillbirth (i.e., antepartum versus intrapartum) and termination of pregnancy. In view of
the profound differences in both the etiology and clinical implications of antepartum versus
intrapartum stillbirths, we hereby aim to provide accurate and clean data from the Austrian
Birth Registry to portray the demography of antepartum stillbirths in Austria since the
implementation of the registry. We furthermore set out to assess regional differences in
antepartum stillbirths and evaluate potential risk factors in the Austrian population.

2. Materials and Methods

2.1. Data Collection

The Austrian Birth Registry, founded in 2008, is maintained by the Institute of Clinical
Epidemiology, Tyrolean Federal Institute for Integrated Care (https://www.iet.at/) and
collects perinatal data from all maternity units in Austria (Supplementary Figure S1). It
provides epidemiological data from all deliveries for Austria’s Federal Statistical Office
(https://pic.statistik.at). Data are regularly checked for accuracy and consistency and
therefore assure validity.

For this study and statistical analyses, data from the Austrian Birth Registry were
extracted which fulfilled the following criteria: singleton intrauterine fetal death (IUFD)
above 22 weeks of gestation followed by stillbirth between 1 January 2008 and 31 December
2020 at an Austrian maternity unit. Exclusion criteria were terminations of pregnancy, and
intrapartum or perinatal demise (Figure 1). For the sake of international comparison, the
incidence of IUFDs above 20 weeks of gestation, excluding terminations, is provided.

2.2. Statistical Analyses

Continuous data are described as mean (M) and standard deviation (SD) or median
and 25th and 75th percentiles (interquartile range, IQR). Categorical data are described
as absolute (n) and relative frequencies (%). Comparison of categorical variables was
conducted with the chi2 (X

2) test; comparison of continuous data was conducted with an
independent t-test and the Wilcoxon rank test. Discrepancy between values was reported
with standard error of the mean (SEM) and the value of discrepancy ± standard deviation of
discrepancy with a 95% confidence interval (CI). A binary logistic regression was performed
in order to assess the influence of feto-maternal characteristics on stillbirth. A two-tailed
p-value below 0.05 was considered significant. Statistical tests were performed with
GraphPad Prism 9 for macOS (GraphPad Software, LLC) and STATA (16.0, StataCorp LLC,
College Station, TX, USA). Figures were designed with GraphPad Prism 9 and Microsoft
Excel (Version 16.53; Microsoft Corporation, Redmond, WA, USA).
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Figure 1. Flowchart on eligibility and selection of study population.

2.3. Ethical Approval and Consent

This study was approved by the Ethics Committee of the Medical University of
Vienna (Registration number 1154/2019) and complied with the principles as outlined in
the Declaration of Helsinki and Good Clinical Practice guidelines. Participants’ written
consent was not required as per the Austrian Federal Act (Protection of Personal Data
Regulation, §46, Paragraph 1; 2000).

3. Results

3.1. Incidence of Antepartum Stillbirths in Austria

From January 2008 through December 2020, a total of 2888 antepartum stillbirths
were registered ≥24+0 gestational weeks in Austria, resulting in a national stillbirth rate of
2.83 ± 0.21 per 1000 births. After lowering the threshold of fetal death to ≥20+0 and ≥22+0

gestational weeks, a total of 3208 and 3168 fetal deaths, respectively, occurred, increasing
the rate to 3.14 ± 0.22 and 3.10 ± 0.21 per 1000 births, respectively (Figure 2).
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Figure 2. Interleaved contingency bar graph showing the stillbirth rate per 1000 births ≥20+0, ≥22+0, and ≥24+0 gestational
weeks in Austria between 2008 and 2020.

In total, 275 (8.69%) antepartum singleton stillbirths were registered between 22+0 and
23+6 gestational weeks, 573 (18.12%) stillbirths occurred between 24+0 and 27+6, and 2315
(73.19%) stillbirths occurred ≥28+0 gestational weeks in Austria from 2008 to 2020.

Across the country, the highest incidence of antepartum stillbirth ≥22+0 was registered
in the capital state, Vienna, with a rate of 3.81 ± 0.33 per 1000 births, contributing to 28.0%
(n = 884) of all stillbirths in Austria. The lowest rate was reported in the federal state
of Burgenland, with an incidence of 2.07 ± 0.74 antepartum stillbirths per 1000 births
(Figure 3). A total of 71.9% (n = 2274) of all stillbirths in Austria occurred in the states
Lower Austria (n = 499; 15.78%), Upper Austria (n = 489; 15.46%), Styria (n = 402; 12.71%),
and Vienna between 2008 and 2020.

 

Figure 3. Map chart illustrating the rate of antepartum stillbirths per 1000 births ≥22+0 weeks of gestation in the nine
Austrian federal states between January 2008 and December 2020.
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Maternal and fetal characteristics per federal state are shown in Table 1. While the
antepartum stillbirth rate was the highest in Vienna, demographics show no significant
difference regarding maternal age or BMI compared to other states in Austria; however,
smoking has been more commonly registered among Viennese women.

Longitudinal analysis on the trend of the incidence over time showed a significant
change and increase in all states across Austria (Figure 4). The highest rate discrepancy
over time was reported in Vorarlberg (SEM 0.25; 2.79 ± 0.92 (95% CI 2.23–3.34); p < 0.0001),
followed by Styria (SEM 0.23; 3.1 ± 0.81 (95% CI 2.61–3.59); p < 0.0001) and Burgenland
(SEM 0.20; 2.07 ± 0.74 (95% CI 1.63–2.52); p < 0.0001). The lowest, yet still statistically
significant, time trend was observed in Vienna (SEM 0.09; 3.81 ± 0.33 (95% CI 3.62–4.01);
p < 0.0001).

 
Figure 4. Trends in rates of antepartum stillbirth ≥22+0 gestational weeks in Austria between January 2008 and Decem-
ber 2020.

From 2011 to 2012, the total antepartum stillbirth rate ≥22 gestational weeks signifi-
cantly declined from 3.40 to 3.07‰, whereas from 2019 to 2020, it significantly increased
from 2.76 to 3.49‰. Thus far, the rate of 2.76‰ in the year 2019 has been the lowest rate of
antepartum stillbirths ≥22+0 ever documented in Austria since the implementation of the
Austrian Birth Registry.
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3.2. Timing of Antepartum Stillbirths

The median gestational age of antepartum stillbirth in Austria between 2008 and
2020 was 33+0 (27+2–37+4) weeks. Stillbirths at higher gestational weeks more frequently
occurred in Upper Austria (34+2 (29+1–38+1) weeks), whereas stillbirths in early gestational
weeks were more commonly reported in Styria (31+6 (26+1–36+6) weeks) (Figure 5).

 

Figure 5. Map chart illustrating the median gestational age of antepartum stillbirths ≥22+0 gestational weeks across Austria
between 2008 and 2020.

Considering the gestational age throughout the study period, the highest prevalence
of fetal deaths was noted for pregnancies below 26 gestational weeks, with a rate ranging
from 164.98‰ at 26+0 to 334.18‰ at 22+0. The lowest prevalence was observed above
35 gestational weeks, with a rate ranging from 8.4‰ at 36+0 to 0.84‰ at 39+0 and 0.58‰ at
term at 40+0 gestational weeks (Figure 6).

Over the years, there have been significant fluctuations in the stillbirth prevalence
as per age of gestation (Figure 7). The highest fluctuation over time was observed at
weeks 22 and 23, with a discrepancy in prevalence of SEM 25.52 (328.8 ± 92.0 (95% CI
273.2–384.4); p < 0.0001) and SEM 28.07 (271.9 ± 101.2 (95% CI 210.8–333.1); p < 0.0001),
respectively. Meanwhile, in 2017, the antepartum stillbirth rate peaked at 466.7‰ for fetuses
of 22+0–22+6 gestational age, and it significantly declined to 230.8‰ in 2019, reflecting a
reduction of 235.9‰ within only two years. An even greater reduction of 274.8‰ was
noted for stillborn fetuses at 23+0–23+6 gestation, with a significant decrease from 428.6‰
in 2018 to 153.8‰ in 2020. The steadiest prevalence was observed for stillbirths occurring
≥38 gestational weeks.
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Figure 6. Bar graph illustrating the prevalence of antepartum stillbirth in Austria per gestational week (stillbirth rate per
1000 births in logarithmic scale to the base 2).

Figure 7. Time trend of stillbirth prevalence as per gestational age in Austria between January 2008 and December 2020:
stillbirth rate per 1000 births in logarithmic scale to the base 2.
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3.3. Risk Factors for Suffering Antepartum Stillbirth in Austria

Factors associated with antepartum stillbirth in Austria are increased maternal BMI
(OR 0.98 (95% CI 0.972–0.989); p < 0.001), nulliparity (OR 1.32 (95% CI 1.031–1.679);
p < 0.001), primiparity (OR 1.04 (95% CI 0.822–1.327); p = 0.027), and fetal growth restriction
(OR 1.00 (95% CI 1.001–1.001); p < 0.001). Maternal age (OR 1.00 (95% CI 0.998–1.015);
p = 0.148), nicotine consumption (OR 1.14 (95% CI 0.989–1.325); p = 0.070), and fetal sex
(OR 1.08 (95% CI 0.986–1.188); p = 0.096) showed no significant association in logistic
regression analyses.

4. Discussion

4.1. Main Findings and Interpretation

With this population-based study, we sought to assess the antepartum stillbirth rate in
a validated cohort restricted to singleton fetuses excluding terminations of pregnancies
and intrapartum or peripartum fetal demise in Austria. We generated four main findings,
which are of note.

First, reflecting the medical advances in neonatal intensive care for extremely prema-
ture infants [6,7], our Austrian data confirm a significant and steep reduction in stillbirths
for gestational weeks 22+0 to 23+6, which is regarded as the period of fetal viability. Al-
though data are missing regarding the precise cause of death in these fetuses, we may
assume that the reduction in stillbirths at such a gestational age in recent years may have
involved fetuses who had been rescued from intrauterine demise by early delivery and
thus were subjected to iatrogenic extreme prematurity.

Second, our temporal analysis over the last 13 years showed two significant changes in
the overall incidence of antepartum stillbirths in Austria: whilst the average stillbirth rate
has remained relatively stable, there was a significant decline in the national antepartum
stillbirth rate between January 2011 and December 2012 by 0.34‰ and a significant increase
between January 2019 and December 2020 by 0.73‰. In a previous population-based
study, we investigated the effect of the implementation of universal gestational diabetes
screening (OGTT) in an Austrian pregnant population within the frame of the Mother
and Child Booklet (Muin et al. 2021 Manuscript under revision): in consideration of
singleton antepartum stillbirths ≥24+0 gestational weeks, we found that, whilst, following
the implementation of OGTT between 24+0 and 28+0 in the year 2011, the annual stillbirth
rate in the general population remained stable with 2.76 to 2.74 per 1000 births (p = 0.845),
the stillbirth rate declined from 4.10 to 2.96 per 1000 live births (p = 0.043), resulting in an
absolute risk reduction of 0.11% and a relative risk reduction of 27.73% in women at greater
risk for stillbirths. Despite the lack of valid data on how many women had indeed received
treatment for gestational diabetes, we acknowledge that untreated gestational diabetes
may contribute to placental dysfunction, causing intrauterine hypoxia and, furthermore,
disturbing the fetal metabolic state, resulting in acidosis, especially in later stages of
pregnancy; early detection and, therefore, treatment of maternal diabetes are considered
important measures in preventing fetal death in these women.

The pandemic caused by the coronavirus SARS-CoV-2 (COVID-19) in 2020 has con-
veyed profound direct and indirect effects on pregnant women worldwide. In a population-
based study involving singleton antepartum stillbirths ≥24+0 gestational weeks, we con-
firmed that, during the pandemic in Austria, the national stillbirth rate had increased from
2.49‰ to 2.60‰ (p = 0.601), yielding a significant increase during the first lockdown phase
(p = 0.021), with an adjusted odds ratio of 1.57 (95% CI 1.08–2.27; p = 0.018), compared to
matched historical months [8]. We, therefore, assume that the significant increase by 0.73‰
from 2019 to 2020, as shown by our present data on stillbirths ≥22+0 weeks of gestation,
may have been, partly, an effect of the pandemic, as observed elsewhere [9–17].

Our third imminent finding is the geographical distribution of antepartum stillbirths
being centered in and around the capital city of Vienna, accounting for approximately 50%
of all antepartum stillbirth cases in Austria. In a previous study, we illustrated the adverse
perinatal outcome by increased light pollution, as naturally observed in urban areas [18].
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At the same time, we acknowledge a provider bias in larger hospitals, as supported by
more accurate registrations of stillbirths in maternity units, along with a higher prevalence
of dealing with high-risk pregnancies. Additionally, urbanization has been consistently
associated with poorer lifestyle habits and thus greater health risks, which might, therefore,
also account for overall greater perinatal risks [19,20].

Our fourth finding of note is the prevalence of stillbirth as per gestational age: In
acknowledgement of varying definitions and legal cut-offs for registering fetal deaths as
stillbirths versus late miscarriages, the current study confirms that when counting stillbirths
≥28 weeks, as suggested by the WHO, only 73% of all late stillbirths would be represented
in our country, i.e., 27% of losses ≥22 weeks would be neglected in their registration.
Additionally, taking the threshold ≥24 weeks, as supposed by a birth weight ≥500 g to
officially register a stillbirth as per current Austrian law, approximately 9% of late stillbirths
(≥22 weeks) are left underrepresented in annual official statistics. This finding supports
prior population-based studies showing the underestimated and unrecognized burden
of late fetal losses which are not fully acknowledged by law due to limitations in local
legislations [2,3,21].

4.2. Strengths and Limitations

The accuracy and validity of the dataset from the Austrian Birth Registry provide a
precise overview on the epidemiological landscape in Austria. The exact differentiation
between three different thresholds for antepartum stillbirth definition, as early as by
gestational week 20+0, may allow future accurate comparison with international data.
Furthermore, we strictly defined antepartum stillbirth as singleton fetal death in utero,
excluding elective termination of pregnancy, multiple pregnancies, and perinatal deaths, as
epidemiology and etiology in these are known to differ greatly and may cause heterogeneity
in incidence and data interpretation.

Our study is limited by its retrospective, multicenter setting with data unavoidably
missing and potential data errors inherent to recall bias in participating maternity units.
We also acknowledge the lack of a national classification system for defining the cause
of fetal death and are, therefore, unable to provide an overview on causes of stillbirth in
Austria, as yet. In consideration of the importance of assessing the cause of fetal death in
each case, we are currently establishing a prospective national collaboration for acquisition
of post-mortem diagnoses for future public health measures.

5. Conclusions

In Austria, the antepartum stillbirth rate per 1000 births was 3.10 for ≥20+0 gestational
week, 3.14 for ≥22+0 gestational week, and 2.83 for ≥24+0 gestational week from 2008 to
2020. Whilst there was a significant decline from 2011 to 2012, followed by a significant
increase from 2019 to 2020, the overall rate has remained relatively stable compared to
other European countries. The most prevalent risk factors were high maternal BMI and
low parity.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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Abstract: Diabetes in pregnancy creates many problems for both the mother and child. Pregnant
women with type 1 diabetes experience more frequent hypoglycemic and hyperglycemic episodes.
This study aimed to determine the risk of clinically significant biochemical hypoglycemia (CSBH) by
HbA1c, fasting C-peptide, mean plasma glucose (PG), and insulin dose in pregnant women type 1
diabetes mellitus according to each trimester of the pregnancy. Methods. We conducted a prospective
observational study of 84 pregnant women with type 1 diabetes in an academic hospital. To present
the hypoglycemia, we divided the participants into two groups: those who did not have clinically
significant biochemical hypoglycemia (CSBH−; n = 30) and those who had clinically significant
biochemical hypoglycemia (CSBH+; n = 54). Results. In the first, second, and third trimesters, the
duration of T1DM, fasting C-peptide, and mean glucose concentration was inversely associated
with CSBH. Conclusions. Insulin overdose is the most common risk factor for hypoglycemia. In
pregnant women with type 1 diabetes with elevated fasting C-peptide levels, the insulin dose should
be diminished to reduce the risk of hypoglycemia.

Keywords: C-peptide; diabetes mellitus type 1; hypoglycemia; pregnancy

1. Introduction

Poor metabolic control in pregnant women with type 1 diabetes mellitus is associated
with an increased risk of spontaneous abortion, preeclampsia, congenital malformations, as-
phyxia, macrosomia, and neonatal morbidity and mortality [1–3]. For a successful perinatal
outcome, an intensive clinical approach is required to achieve normoglycemia before con-
ception and pregnancy. Good metabolic control (fasting plasma glucose of 3.9–5.3 mmol/L
and 1 h postprandial values between the glucose of 6.1–7.8 mmol/L or 2 h postprandial
glucose of 5.6–6.7 mmol/L, and HbA1c values <6.0% (<42 mmol/mol)) exhibits potential
pregnancy complications as being equal to those in the healthy pregnant population [2].
Treating women with type 1 diabetes mellitus aims to achieve normoglycemia before
and during pregnancy to reduce spontaneous abortion, congenital malformations, fetal
macrosomia, and neonatal complications. Tight glycemic control improves pregnancy
outcomes; however, it also increases the risk of hypoglycemia [3,4] and possibly causes
maternal complications, including coma, convulsion, and death [5]. Severe hypoglycemia
affects up to 19–44% of pregnant women with type 1 diabetes and is 15 times higher than
that observed with intensified treatment outside of pregnancy [3,6]. The risk of hypo-
glycemia is usually highest in early pregnancy, especially during the first trimester, due to
overinsulinization [6,7].

The known risk factors for hypoglycemia are the duration of diabetes, history of
previous severe hypoglycemia, hypoglycemia unawareness, change in insulin treatment,
and HbA1c <6.0% (42 mmol/mol) [1,3]. A successful pregnancy outcome needs to achieve
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normoglycemia, with HbA1c levels between 4.0 and 6.0% (20 and 42 mmol/mol) [3,8]. Re-
ducing the risk of hypoglycemia is a significant challenge for doctors who care for pregnant
women with type 1 diabetes mellitus. The International Hypoglycemia Study Group (IHSG)
considers glucose concentration levels of <3.0 mmol/L unequivocally hypoglycemic values,
which are detected by self-monitoring of plasma glucose, continuous glucose monitoring
(for at least 20 min), or laboratory measurement of plasma glucose [3,7]. The glycemic
threshold for cognitive impairment is <2.8 mmol/L [7]. The IHSG considers a glucose
concentration <3.0 mmol/L low enough to indicate severe, clinically significant hypo-
glycemia [8]. The same group suggested that a glucose value of 3.9 mmol/L or less should
only indicate possible hypoglycemia. Severe hypoglycemia is considered a hypoglycemic
episode requiring external assistance for recovery [7].

This study aimed to determine the risk of clinically significant biochemical hypo-
glycemia (CSBH) by HbA1c, gestational weight gain, C-peptide, mean capillary plasma
glucose, and total insulin dose in pregnant women with type 1 diabetes mellitus in each
trimester of pregnancy. The specific aim was to establish the effect of the C-peptide con-
centration on the prevalence of CSBH in pregnant women with type 1 diabetes and its
association with insulin dosage.

2. Materials and Methods

2.1. Ethical Statements

The Ethics Committee of the School of Medicine, the University of Zagreb (No. 380-
59-10106-19-111/26), approved the study within the scientific project PRE-HYPO No.
IP-2018-01-1284. All women included in the study provided written informed consent for
themselves and their newborns.

2.2. Study Participants

In the prospective observational study, we consecutively included 84 women with
type 1 diabetes mellitus before completing 10 gestational weeks with a single living fetus
during the study period from 1 January 2018 to 31 December 2019. Pregnant women
without complications of diabetes and those with non-proliferative retinopathy and diabetic
neuropathy were included in the study. All participants were admitted to the Department
of Obstetrics and Gynecology at least once or repeatedly in each trimester. The daily glucose
profiles of patients with type 1 diabetes were determined, and plasma glucose (9/day) was
monitored for 2–3 days. Glucose was measured in capillary plasma at the following time
intervals: 7, 10, 13, 16, 19, 22, 1, 4, and 7 h.

Clinically significant biochemical hypoglycemia was defined as a glucose concen-
tration of ≤3.0 mmol/L detected by laboratory measurement of plasma glucose. None
of the pregnant participants in this study experienced a hypoglycemic coma or needed
third-party assistance during hypoglycemia or glucagon/intravenous glucose during the
hypoglycemic event. No episodes of severe hypoglycemia were reported for the whole
pregnancy.

We included 84 women with type 1 diabetes and singleton pregnancies who re-
ceived insulin therapy for ≥2 years. At pregnancy confirmation, the HbA1c was ≤8%
(≤64 mmol/mol). All pregnant women received intensified insulin therapy with fast-acting
insulin aspart and long-acting insulin detemir.

We divided the participants into two groups according to the prevalence of CSBH
events: into the group of participants who did not have CSBH− (n = 30) and into the group
with CSBH+ (n = 54).

The maternal and umbilical vein sera were analyzed for fasting C-peptide concentra-
tion, and the HbA1c percentage, along with glucose levels, were measured in maternal
blood only.

Pregnant women with T1DM who had proliferative retinopathy, nephropathy, and
chronic hypertension were excluded from the study.
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2.3. Data Collection

The following parameters were recorded: maternal height (cm) and weight (kg) before
pregnancy, gestational weight gain, which was the difference in weight before pregnancy
(self-reported) and at time of delivery; and the pre-pregnancy body mass index (kg/m2;
BMI), calculated from the pre-pregnancy values.

Neonatal macrosomia was defined as ≥4000 g. Blood samples were obtained from the
antecubital vein for glucose measurements when indicated, as well as HbA1c determination
in each trimester throughout pregnancy in the type 1 diabetes mellitus groups. Umbilical
vein blood samples were obtained immediately after birth but before the placenta was
removed through puncture of the umbilical vein for glucose and C-peptide. Neonatal birth
weight (g), length (cm), and the 1 min and 5 min Apgar scores were measured postnatally.

2.4. Blood Sample Analyses

The glucose levels were quantified by the hexokinase method on a Cobas C301 analyzer
with reagents from the same manufacturer (Roche, Basel, Switzerland). The HbA1c levels
in whole blood were measured by turbidimetric inhibition immunoassays on a Cobas C501
instrument (Roche, Basel, Switzerland). The C-peptide concentrations were determined by
electrochemiluminescence immunoassays (ECLIA) with Elecsys immunoassay analyzers
(Roche Diagnostics, Switzerland). The lower detection limit of C-peptide in serum is
0.003 nmol/L.

According to a homeostasis model assessment, neonatal insulin resistance was cal-
culated using online software (https://homa-calculator.informer.com/2.2/, accessed on
15 January 2022).

2.5. Sample Size

We performed a power calculation using G*power 3.1.9.4 (https://g-power.apponic.
com/, accessed on 15 January 2022). For sample size calculation, we tested the mean
difference in C-peptide concentration between CSBH− and CSBH+ in the first trimester of
pregnancy. For 80% power p < 0.05, a total sample size of 45 participants was needed.

2.6. Statistical Analyses

Statistical analyses were performed using the statistical package of SPSS version 24
(IBM, Armonk, NY, USA). Continuous variables are expressed as the mean ± SD, or median
(25th–75th percentile) for a skewed distribution, and qualitative variables are presented as
frequencies and percentages. Between-group differences in normally distributed contin-
uous variables were assessed with Student’s t-test. The Mann–Whitney U test was used
for variables with a skewed distribution, and the χ2 test was used for proportions. For
repeated measurements of continuous data, the Wilcoxon signed-rank test was used. Data
that were not normally distributed were log-transformed before Spearman’s nonparametric
correlation analyses. Statistical tests were two-sided.

3. Results

Impact of Clinically Significant Biochemical Hypoglycemia (CSBH) on Maternal and
Neonatal Characteristics

The duration of diabetes is a significant risk factor for developing CSBH in pregnant
women with type 1 diabetes, as demonstrated in Table 1.

The age, height, body weight, BMI, and weight gain did not differ between pregnant
women and those without CSBH. We found the difference in prescribed total insulin doses
between the groups with and without CSBH.

In all trimesters of pregnancy, the women with CSBH had lower C-peptide levels and
glucose concentration in the daily profile, as demonstrated in Table 1, Figure 1a,b. The
HbA1c values were significantly lower in the second trimester in the group of pregnant
women with CSBH+ (p = 0.004).
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Table 1. Maternal characteristics according to groups and trimesters of pregnancy.

CSBH− (n = 30) CSBH+ (n = 54) p

Maternal characteristics in 1st trimester

Maternal age (years) 29.8 ± 5.3 29.3 ± 6.3 0.693
Maternal height (cm) 166.3 ± 7.4 166.7 ± 6.9 0.798

Maternal pre-pregnancy weight (kg) 63.5 ± 10.9 63.8 ± 8.0 0.804
Pre-pregnancy body mass index (kg/m2) 22.8 ± 2.9 22.9 ± 2.8 0.755

Gestational weight gain (kg) 13.3 ± 4.4 13.5 ± 4.8 0.858
Duration of type 1 diabetes mellitus (years) 10.1 ± 6.6 13.5 ± 7.1 0.032

Total insulin dose (IU/kg) 1st trimester 0.74 ± 0.15 0.82 ± 0.18 0.044
Total insulin dose (IU/kg) 2nd trimester 0.75 ± 0.18 0.84 ± 0.21 0.045
Total insulin dose (IU/kg) 3rd trimester 0.80 ± 0.13 0.89 ± 0.17 0.015

Maternal vein blood (serum and plasma) measurements in 1st trimester of pregnancy

HbA1c % (mmol/mol) 6.8 ± 1.3 ** (51) 6.7 ± 1.0 ** (50) 0.296
Fasting C-peptide (pmol/L) 180.0 * (90.0–230.0) 50.0 (30.0–70.0) 0.005
Fasting glucose (mmol/L) 5.1 ± 1.9 5.0 ± 2.0 0.870

Mean glucose concentration (mmol/L) 5.9 ± 1.4 5.1 ± 0.9 0.004

Maternal vein blood (serum and plasma) measurements in 2nd trimester of pregnancy

HbA1c % (mmol/mol) 5.9 ± 0.5 (41) 5.5 ± 0.6 (37) 0.004
Fasting C-peptide (pmol/L) 130 (80–220) 60 (30–90) 0.004
Fasting glucose (mmol/L) 5.0 ± 1.8 4.4 ± 1.8 0.165

Mean glucose concentration (mmol/L) 5.9 ± 1.4 5.1 ± 0.9 0.016

Maternal vein blood (serum and plasma) measurements in 3rd trimester of pregnancy

HbA1c % (mmol/mol) 6.9 ± 0.7 ** (52) 5.8 ± 0.8 ** (40) 0.142
Fasting C-peptide (pmol/L) 210 (130–240) * 60 (30–90) 0.001
Fasting glucose (mmol/L) 5.1 ± 1.4 4.8 ±1.8 0.508

Mean glucose concentration (mmol/L) 5.3 ± 1.0 4.6 ± 1.3 0.009

CSBH—Clinically Significant Biochemical Hypoglycemia; Wilcoxon test * p < 0.05; ** p < 0.001.

 
(a) (b) 

Figure 1. (a) Mean and standard deviation total insulin dose in two study groups in three trimesters
of pregnancy (IU/kg). (b) Mean and standard deviation of glucose concentration in capillary plasma
study groups in three trimesters of pregnancy (mmol/L).

The newborns did not differ in gestational age, birth weight and length, Apgar index at
1 and 5 min, or macrosomia prevalence. No difference was found in the glucose, C-peptide
concentration, and insulin resistance HOMA 2 between the study groups (Table 2).
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Table 2. Neonatal characteristics.

CSBH− (n = 30) CSBH+ (n = 54) p

Gestational age at delivery (weeks) 38.5 ± 0.7 38.3 ± 1.1 0.488
Birth weight (g) 3573.0 ± 542.1 3449.3 ± 421.2 0.231

Birth length (cm) 49.6 ± 2.1 49.0 ± 1.8 0.178
Ponderal index 2.9 ± 0.2 2.9 ± 0.3 0.822

Fetal macrosomia >4000 g n Yes/No (%) 7/23 (23.3/76.7) 5/49 (9.3/90.7) 0.071
Apgar score at 1 min 9.7 ± 1.0 9.9 ± 0.4 0.217
Apgar score at 5 min 9.8 ± 0.5 9.9 ± 0.2 0.157

Umbilical vein serum measurements

C-peptide (pmol/L) 580.0 (340.0–1100.0) 850.0 (580.0–1250.0) 0.056
Umbilical vein glucose mmo/L 4.7 ± 1.5 4.6 ± 1.4 0.428

IR HOMA 2 1.9 (0.9–2.8) 2.1 (1.4–2.9) 0.492

A significant positive correlation was obtained between CSBH+ and the duration of
T1DM (p < 0.05). Comparing CSBH+ with C-peptide concentration, a significant negative
correlation was found in all pregnancy trimesters, as shown in Table 3. A significant
negative correlation was obtained between the mean value of glucose and CSBH+: Table 3.

Table 3. Nonparametric correlations between the CSBH duration of T1DM, C-peptide and mean
glucose concentration according to the trimesters of pregnancy.

CSBH+ Duration of T1DM

DurationT1DM 0.224 *
Mean glucose concentration in 1st trimester of pregnancy −0.375 ** −0.073
Mean glucose concentration in 2nd trimester of pregnancy −0.256 * −0.028
Mean glucose concentration in 3rd trimester of pregnancy −0.387 ** −0.115

C-peptide in 1st trimester of pregnancy −0.331 ** −0.552 **
C-peptide in 2nd trimester of pregnancy −0.332 ** −0.564 **
C-peptide in 3rd trimester of pregnancy −0.314 ** −0.546 **

* p < 0.05; ** p < 0.01.

The duration of T1DM is inversely correlated with C-peptide concentration: Figure 2a.
The total insulin dose is inversely correlated with C-peptide: Figure 2b.

 
(a) (b) 

Figure 2. (a) Nonparametric linear correlation between duration of T1DM and log C-peptide concen-
tration (CSBH+, R2 = −0.148, p = 0.005; CSBH−, R2 = −0.403, p < 0.001). (b) Nonparametric linear
correlation between total log insulin dose and log C-peptide concentration (CSBH+: R2 = −0.210,
p < 0.031; CSBH−: R2 = −0.213, p < 0.001).
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4. Discussion

4.1. C-Peptide Concentration in Pregnant Women with Type 1 Diabetes Mellitus

The most reliable indicator of maintaining beta-cell function is the concentration of C-
peptide in the blood. Measurement of the C-peptide concentration provides a validated way
to quantify secreted endogenous insulin. The close association between C-peptide in the sys-
temic circulation and endogenous insulin in the portal system is well-established [3,9–11].
Nielsen et al. showed that the C-peptide concentration gradually increases during preg-
nancy, independent of blood glucose concentration, in pregnant women suffering from type
1 diabetes mellitus [3,10]. Comparing C-peptide concentrations across all three trimesters,
we found an increase in the CSBH− group from the first to the third trimester. This finding
is consistent with our previous research showing that pregnancy increases the C-peptide
concentration in healthy pregnant women and women with type 1 diabetes [11] and is com-
patible with the reported C-peptide increase throughout pregnancy (Nielsen et al.) [3,10].
As the C-peptide does not cross the placenta in either direction, the high C-peptide values
detected during pregnancy originate from the maternal beta-cells rather than the fetus.

The increase in the C-peptide concentration in both groups of pregnant women might
be mirrored by suppression of the inflammatory immune system during pregnancy, which
enhances the ability of the mother to have a genetically and immunologically diverse
fetus [3,12,13]. Consequently, the mother’s immune system undergoes significant changes,
including developing several specific pathways to protect the fetus from maternal cytotoxic
attack. One mechanism reduces the expression of classical HLA class I molecules, while
the other mechanisms are associated with an altered Th1 and Th2 balance [3,12]. Cellular
immune function and pro-inflammatory Th1 cytokines (e.g., IL-2, TNF-α, and INF-γ) are
suppressed during pregnancy. In contrast, humoral immunity and the production of anti-
inflammatory Th2 cytokines (e.g., IL-4 and IL 10) are enhanced. This immune function
pattern is reversed in the postpartum period [12,13]. A partial decrease in the activity of the
inflammatory immune system leads to the suppression of various autoimmune diseases
during pregnancy, including diabetes. In type 1 diabetes, these changes are expressed
through the growth and functional modification of the Langerhans pancreatic islets. The
most significant difference that the Langerhans islets undergo during pregnancy is insulin
secretion enhancement or improved beta-cell proliferation [3,14].

Numerous animal model studies have shown that the beta-cell mass increases
3–4 times during pregnancy. In addition to significant maternal beta-cell hypertrophy,
beta-cell proliferation during pregnancy dramatically increases [14,15]. Nielsen et al. [10]
observed a rapid decrease in the postpartum C-peptide concentration. This finding also
indicates the active role of the placenta in increasing the concentration of C-peptide dur-
ing pregnancy. Placental growth factors and hormones that reduce maternal lymphocyte
response of the fetoplacental unit [15,16] and beta-cell hyperplasia are no longer excreted
after pregnancy.

The data acquired in this study are consistent with earlier studies because the con-
centration of C-peptide in both study groups was higher in the third trimester than in
the first trimester. Tight glycemic control during pregnancy was mirrored by a significant
decline in the HbA1c percentage in the third trimester, with average values below 6%. The
strict glycemic control also resulted in a low rate of macrosomic infants, although the high
percentage of severe hypoglycemia continued during pregnancy.

4.2. C-Peptide, Insulin Doses, and Glycemic Control

We compared the insulin dose between the first and third trimesters. We found that
they were significantly reduced with a simultaneous increase in the C-peptide levels in
both groups [3] (Figure 2b).

Earlier studies have shown that improved glycemic control during pregnancy leads
to increased C-peptide concentrations in pregnant women with type 1 diabetes [16,17].
Although they found no association between the reduced insulin doses at the end of
pregnancy and the increased C-peptide concentrations, Nielsen et al. concluded that
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improved glycemic control facilitates C-peptide production [10]. The authors believe that
achieving and maintaining reasonable metabolic control in pregnancy plays a role in beta-
cell regeneration. However, our study showed that the C-peptide concentrations affect
the insulin dose. A higher C-peptide concentration decreases the total insulin dose, and
a lower C-peptide level increases the total insulin dose. We obtained these results thanks
to accurate data on the need for daily insulin doses and the determination of glucose and
C-peptide concentrations in the same hospital laboratory. So far, only Ilic et al. [18] found
a decrease in insulin dose with increased C-peptide concentration in the first trimester
of pregnancy.

However, the results of this study did not show a significant correlation between the
HbA1c percentage and fasting glucose with the serum C-peptide concentrations. Although
this result may seem unexpected, the reason may be that pregnant women in both groups
had well-controlled glycemia.

Preservation of beta-cell function decreases the number of hypoglycemic events during
pregnancy. It improves metabolic control and reduces the risk of long-term diabetic compli-
cations and the adverse effects of intensive therapy, primarily hypoglycemia [3,18,19].

The umbilical vein glucose and C-peptide concentrations differed between the study
groups. In a previous study, Delmis et al. showed a significant positive association
between the glucose and insulin levels in the umbilical vein [20], that is, increased glucose
concentrations increased the synthesis and release of fetal insulin and vice versa. In this
study, the concentration of C-peptide in the umbilical vein was correlated with the umbilical
vein glucose level.

This research has its advantages and limitations. To the best of our knowledge,
this is the first study to investigate the effect of C-peptide on the prevalence of severe
hypoglycemia and the insulin dose in pregnant women with type 1 diabetes mellitus. A
strength of this report is that this is a prospective study with evidence of fasting glucose
and C-peptide values in capillary plasma and 8-point glucose profiles determined in
the same hospital laboratory with accurate fast-acting and long-acting insulin dose data.
Another advantage is the determination of glucose in the maternal capillary plasma and the
glucose and C peptides in the umbilical vein immediately after delivery while the placenta
was still in situ. The potential limitation of this study is that no C-peptide values were
determined postprandially.

5. Conclusions

Although insulin overdose is the most common risk factor for hypoglycemia, there
are more subtle endogenous actors in diabetic pregnancy, which impact hypoglycemia
occurrence. An increase in fasting C-peptide in the CSBH group occurred in the third
trimester of pregnancy compared to the first. The lower prevalence of clinically signifi-
cant biochemical hypoglycemia and the decrease in the required dose of insulin during
pregnancy were associated with increased endogenous insulin secretion. The duration of
pregnancy serves as a mediator between CSBH and C-peptide. Our suggestion would be to
introduce fasting and postprandial C peptide as additional valuable laboratory parameters
in the conventional clinical approach as a complementary tool for insulin dose titration
throughout diabetic pregnancy.
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Abstract: The fear of childbirth is a topical concern, yet the issue has barely been studied in Spain,
and only one fear of childbirth measurement instrument has been validated in the country. The aim
of this study was to translate, adapt and validate the Fear of Childbirth Questionnaire (CFQ) for use
in Spain, as well as to describe and evaluate the psychometric properties of the Spanish version of
this instrument. In a first phase, a methodological study was carried out (translation–backtranslation
and cross-cultural adaptation), and pilot study was carried out in the target population. In addition,
content validation of the instrument was obtained (CFQ-e) from 10 experts. In the second phase,
a cross-sectional study was carried out at several centres in Gran Canaria Island to obtain a validation
sample. The evaluation of the psychometric properties of the CFQ-e, including construct validity
through exploratory factor analysis and confirmatory factor analysis, the calculation of reliability via
factor consistency using the ORION coefficients as well as alpha and omega coefficients were carried
out. The CFQ-e showed evidence of content validity, adequate construct validity and reliability.
The CFQ-e is composed of 37 items distributed in four subscales or dimensions: “fear of medical
interventions”; “fear of harm and dying”; “fear of pain” and “fears relating to sexual aspects and
embarrassment”. The CFQ-e constitutes a valid and reliable tool to measure the fear of childbirth in
the Spanish pregnant population.

Keywords: fear of childbirth; pregnancy; surveys and questionnaires; validation studies as topic

1. Introduction

The fear of childbirth (FOC) is a state of intense anxiety that leads some pregnant
women to a fear of childbirth that interferes with their daily lives [1–3].

This fear can become pathological, in which case, it is called tokophobia and can
negatively affect the development of the pregnancy and childbirth, as well as favour the
development of post-traumatic stress disorders, postpartum depression and anxiety [4–7].

There seems to be a consensus that both FOC and tokophobia rates are increasing
in pregnant women [3,8]. The global prevalence of FOC is, however, difficult to esti-
mate [3,9,10]. A global FOC prevalence of 14% has been suggested [9], but this figure is
disputed; reported rates vary widely from one study to another, and the problem is often
under-detected [11,12].

There are various possible explanations for this. On the one hand, different definitions
of the fear of childbirth and tokophobia have been proposed. This makes it very difficult
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to establish a clear divide between both conditions, distorting the calculations of real and
accurate prevalence rates [3,8,13]. On the other hand, FOC is known to be linked to certain
factors. For example, FOC prevalence differs according to the woman’s previous number
of childbirths, showing higher rates in nulliparous women compared to multiparous
women [14,15]. Some authors therefore argue that both groups of women should be
studied separately regarding FOC [16,17].

Nevertheless, a decisive factor in the detection, diagnosis and evaluation of FOC is
the availability of various measurement instruments [18,19]. The use of different scales
or instruments conditions the calculation of cut-off points and the determination of mild,
moderate or severe fear. It also obstructs the comparative analyses of different studies that
address this issue [8,10,20].

Although many tools and measuring instruments exist to assess the fear of childbirth,
the most widely known and applied is the Wijma Delivery Expectancy/Experience Ques-
tionnaire (W-DEQ) [10,18,19]. Developed in Sweden in 1998, the W-DEQ is a two-part
questionnaire (W-DEQ-A and W-DEQ-B) [21]. Part A measures FOC based on women’s
expectations, and Part B measures FOC based on prior experience [21].

The W-DEQ has been validated in several languages and settings and has been exten-
sively used in FOC studies [10,18,20]. It is worth noting that the W-DEQ was initially conceived
as a unidimensional tool [18], despite the causes of FOC being multifactorial [10,22,23].

Other multidimensional tools have thus been developed to measure FOC. One example
is the Slade–Pais Expectations of Childbirth Scale (SPECS) [24], or more recently, the Fear
of Childbirth Questionnaire (CFQ) [17,22,25].

The CFQ’s creators designed the instrument so that it could both measure FOC symp-
tom severity and be used as a screening tool for clinically significant symptoms. To do
this, the CFQ includes a wide range of fears related to childbirth that can be perceived by
women, reflected in 40 items and organised into 9 dimensions or subscales [17,22,25]. This
feature is important, as it allows one to detect and determine the domains in which health
professionals should further educate and/or intervene when addressing a pregnant woman
with FOC. Additionally, the CFQ includes another scale that measures the interference of
FOC in the different spheres of the pregnant woman’s life [17].

An increased risk of elective caesarean section has been linked to severe cases of
FOC [26,27]. The CFQ design therefore took into account the fact that it was useful for
measuring the fear of both vaginal delivery and caesarean section.

The CFQ was validated in a sample of 643 pregnant women from different English-
speaking countries (Canada, the United States and the United Kingdom). A Cronbach’s alpha
of 0.94 was obtained for the general 40-item scale and 0.85 for the interference scale [17,25].

The fear of childbirth is widely studied in certain countries, such as Scandinavian
countries [20]. In Finland, for example, FOC measurement and treatment is regulated
during pregnancy [5], and in Sweden, midwives offer routine counselling [28]. In Spain, the
existence of FOC has been recognised [29], but the problem has barely been studied, partly
due to a lack of validated measurement tools [19]. The W-DEQ-A [30] and W-DEQ-B [31]
have only very recently been validated in Spain.

Given the growing interest in this topic and the lack of measurement instruments in
Spain, the aim was to translate, adapt and validate the Fear of Childbirth Questionnaire
(CFQ) for use in Spanish settings, as well as to describe and evaluate the psychometric
properties of the Spanish version of this instrument.

2. Materials and Methods

The present study took place over two phases:
First Phase: The translation and cross-cultural adaptation of the CFQ and content

validation by experts.
Second Phase: A cross-sectional observational study to evaluate the psychometric

properties of the Spanish version of the CFQ (CFQ-e).
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2.1. Phase 1
2.1.1. Starting Instrument

The original version of the CFQ consists of 40 items based on a positive Likert scale
ranging from 0 points to 4 points. The total score can therefore range from 0 to 160 points
(the higher the score, the greater the fear). These items are grouped into 9 subscales, which
represent different dimensions or constructs of the fear of childbirth [17,25].

The subscales considered were as follows: fear of loss of sexual pleasure/attractiveness
(6 items); fear of pain from a vaginal birth (5 items); fear of medical interventions (7 items);
fear of embarrassment (5 items); fear of harm to baby (3 items); fear of caesarean birth
(3 items); fear of mum or baby dying (3 items); fear of insufficient pain medication (3 items);
fear of body damage from a vaginal birth (5 items). To obtain each subscale’s score,
the scores of the items in each subscale are added up, and the sum was divided by the
number of items within each subscale. This made it possible to compare the different
subscale scores [17,22,25].

In addition, the CFQ includes another scale that measures the degree of FOC in-
terference in the different spheres of the pregnant woman’s life. This scale consists of
7 Likert-type items, with 0 points meaning no interference and 4 points signifying extreme
interference (between 0 and 28 points/the higher the score, the greater the interference) [17].

2.1.2. Translation and Cross-Cultural Adaptation

In order to translate and culturally adapt the questionnaire, the stages proposed by
Sousa et al. were followed [32]. The author of the original questionnaire was first contacted
to ask for her approval, and her authorisation to adapt it was obtained.

The process unfolded from April to June 2020. Two freelance translators performed
two translations from English to Spanish. The first translator was a midwife who had
completed her professional studies in England, was a native Spanish speaker, but had been
bilingual English/Spanish since childhood. The second was Spanish and a professional
translator. The first translator was knowledgeable in the subject, while the second was not.
Both translations were analysed and discussed by the research team to obtain an initial
unified version (preliminary version 1 of the CFQ-e).

This preliminary version 1 was sent to two independent bilingual translators—who
were different from the initial translators—and they performed two backtranslations. The
first was a native English translator, who was bilingual and had been residing in Spain
for many years. The second was a native Spanish speaker, an obstetrician, who was
also bilingual English/Spanish, having spent all her childhood in an English-speaking
country (Australia). This second translator was knowledgeable in the subject, while the
first was not.

The research team compared the two backtranslations with the original version of the
questionnaire, discussing possible discrepancies until a consensus was reached. They were
also sent to the original author via email for evaluation. No item was considered necessary
to modify, and the similarity of the two backtranslations with the original version of the
CFQ was confirmed. This phase thus led to preliminary version 2 of the CFQ-e.

Finally, this version was evaluated and compared with the original CFQ by an ex-
ternal bilingual researcher, an expert in Health Science research methodology and highly
experienced in the adaptation and validation of questionnaires.

2.1.3. Pretest

A pilot of the preliminary CFQ-e version 2 was administered to the population under
study by means of convenience sampling in order to estimate the instrument’s feasibility
and viability, as well as its cultural adequacy in the Spanish population. In this phase, the
aim was to identify ambiguous items, possible errors and misunderstandings of the items,
as well as to assess the burden of administering the questionnaire. Sampling was considered
completed when none of the participants expressed any comprehension problems with
the questionnaire.
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2.1.4. Content Validation

To evaluate the total content validity (CVI-T), the expert test described by Polit and
Hungler was performed [33]. The content validity of each item (CVI-I) and the content
validity index per expert (CVI-E), as well as the total content validity (CVI-T = sum of
the CVI of each expert/total number of experts) were also calculated based on the expert
scores. To ensure the validity of the items in the content validity index calculation, the likely
random agreement (Pa) was corrected using the formula Pa = [N!/(A!(NA)!)] × 0.5N, where
N = expert number and A = nº according to good relevance and the statistical calculation of
the modified Kappa (K* = (CVI-I − Pa)/(1 − Pa)) for each instrument item [33,34].

2.2. Phase 2
2.2.1. Design

A cross-sectional observational study was proposed to obtain a validation sample for
the CFQ-e questionnaire.

2.2.2. Population to Study

The population to be studied was pregnant women living in Gran Canaria Island.
The inclusion criteria were as follows: pregnant women aged 18 years or above, with
a gestational age equal to or over 16 weeks and with pregnancies with a live foetus. The
exclusion criteria were the following: scheduled/elective caesarean section, in active
stage of labour and having a language barrier (difficulty reading or understanding the
Spanish language).

Withdrawal criteria included incorrectly or incompletely completing the questionnaire
(unanswered items or multiple answers where inappropriate) or wishing to leave the study
after having given informed consent.

2.2.3. Sampling and Data Collection

Non-probabilistic convenience sampling was applied. Participants were recruited
among women whose pregnancy was being followed up at primary care centres and
specialised care centres, or pregnant women who went to consultations and the emergency
service of the Insular Maternal and Child University Hospital Complex of Gran Canaria.
Each centre’s responsible obstetrician or midwife collaborated in the recruitment process.
Data were collected from 1 August to 15 November 2020.

It is usually considered that at least 10 subjects need to be studied for each ques-
tionnaire item in order to obtain a sufficient number of subjects for an exploratory factor
analysis (EFA) [35,36]. Given that the original questionnaire consisted of 40 items, the
intention was to reach a minimum sample size of 400 pregnant women.

2.2.4. Variables and Collection Instrument

The questionnaire consisted of two parts. The first part was created “ad hoc” to
collect some sociodemographic variables (age, education level and marital status) and
obstetric variables (gestational age, previous offspring, type of previous childbirths, how
the current pregnancy was achieved, single or twin gestation and the existence of any
risk factors). All these variables were gathered by the midwives or obstetricians from the
clinical history records.

The second part collected answers to the first version of the CFQ-e. It maintained the
same number of items as the original CFQ (40 items) and the interference scale (7 items).

2.2.5. Data Analysis

A descriptive analysis of the variables was conducted using the IBM© SPSS Statis-
tics v.28.0 statistical program, expressing the qualitative variables in percentages and
frequencies, and in the case of quantitative variables, in means, standard deviation and
minimum-maximum values.
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2.2.6. Construct Validation

To evaluate construct validity, a factor analysis was performed using the FACTOR
program v.11.05.01 [37–39]. To estimate whether the common variance justified a factor
analysis, the Kaiser–Meyer–Olkin index (KMO) was used, with values above 0.75 being
considered adequate, as well as Bartlett’s statistic, with values p ≤ 0.05 being considered
statistically significant [35,36]. The following indices were used to evaluate the adequacy
of the Factorial Solution: Root Mean Square Error of Approximation (RMSEA), Non-
Normed Fit Index (NNFI), Comparative Fit Index (CFI), Goodness of Fit Index (GFI) and
the Adjusted Goodness of Fit Index (AGFI). RMSEA values less than 0.05 were considered
a good fit and values between 0.05 and 0.08 a reasonable fit [35]. NNFI and CFI values of
0.95 or higher were accepted as indicators of good fit, with values for GFI and AGFI over
0.90 generally indicating acceptable model fit [35,38].

To examine the questionnaire’s factorial structure, a random sample was initially se-
lected using the Solomon method [35,40], based on 279 participants out of the 557 included
in the total sample. An EFA was carried out with the Pearson correlation matrix (according
to the result of the Mardia test for symmetry and kurtosis) and the extraction of factors by
unweighted least squares and PROMIN rotation [35,41,42]. A parallel analysis was used
to establish the number of factors to retain. The consistency (reliability) of the retained
factors was calculated. Using bootstrapping, 95% confidence intervals (95%CI) were cal-
culated for the model measurements. Initially, the EFA was performed for a nine-factor
model to verify its similarity with the original model proposed for the CFQ, and, subse-
quently, for a four-factor model, according to the solution suggested in the first EFA, via
parallel analysis.

Subsequently, a confirmatory factor analysis (CFA) was performed using the data of
the remaining 278 participants, taking as a reference the factor loadings matrix obtained
from the first sample’s EFA. The loading matrix was semi-specified, with non-zero values
attributed to coefficients above 0.30 for each factor and zero to the rest. In cases in which
an item’s factor loading was above 0.30 in more than one factor, a value other than 0 was
assigned in the one with the highest loading and 0 in the rest.

2.2.7. Internal Consistency

Factor consistency was evaluated using the ORION coefficients (Overall Reliability of
fully Informative prior Oblique N-EAP scores) [35,43]. Moreover, the questionnaire’s relia-
bility was calculated based on the alpha coefficient and the omega coefficient using the IBM
Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY, USA:
IBM Corp.

2.2.8. Ethical Considerations

The study protocol was evaluated and approved by the Research Ethics Commit-
tee/Medicines Research Ethics Committee Universitary Hospital of Gran Canaria Dr. Negrín
(CEI/CEIm HUGCDN, CEIm HUGCDN Code: 2020-264-1). The project was explained to
each participant, and their written informed consent was obtained. An anonymised matrix
was used to statistically analyse the data. Confidentiality and anonymity were ensured
during all of the stages of the study.

3. Results

3.1. Phase 1
3.1.1. Translation and Cross-Cultural Adaptation

The research team’s review of the translated versions revealed no major discrepancies
between the two initial translations. No items were controversial, and preliminary version
1 CFQ-e was obtained.

The research team compared the original questionnaire with the two backtranslations
obtained from CFQ-e preliminary version 1. No significant differences were found between
the two versions. The original author also evaluated them and considered that both
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backtranslations were faithful and conveyed the meaning of the original questionnaire. The
author did show, however, a slight preference for backtranslation number 2.

The external researcher agreed that CFQ-e preliminary version 2 was similar to the
CFQ original version.

3.1.2. Pretest

A total of 20 pregnant women presenting similar inclusion and exclusion criteria to
those considered in phase 2 answered and completed CFQ-e preliminary version 2 in writ-
ing, expressing their opinion and providing suggestions. This pilot study was conducted
in one of the health centres participating in the study and in the emergency department of
the Insular Maternal and Child University Hospital Complex of Gran Canaria.

Overall, no problems were encountered regarding the participants’ understanding of
the questionnaire, except for item number 19 (“having an episiotomy”), since the pretest
revealed that several women did not understand the term “episiotomy”. This meant that
the item had to be modified with an additional clarification note, as follows: Item 19—have
an episiotomy performed (have a cut made in your vagina). This item was considered to be
the one that differed the most from the original CFQ reference item. Regarding the efforts
required to fill out the questionnaire, a number of pregnant women found that it was rather
long to complete.

After the pretest, the first Spanish version of the CFQ (CFQ-e) was obtained. Similarly
to the original CFQ, it included 40 items (Table S1: First version of the CFQ-e).

3.1.3. Content Validation

The expert panel was composed of ten professionals: six women and four men
(two obstetricians, five midwives and three nurses). The expert assessment provided
a CVI-Total of 0.77. The CVI-E values ranged from 0.52 (one expert) to 1 (two experts)
(Table S2: Profile and CVI-E of the experts). According to the experts, twenty-one out of
the forty items included in the CFQ-e showed an excellent CVI-I, and another ten items
obtained good CVI-I. Nine items presented a CVI-I with “fair” (items 14, 21, 24 and 32) or
“poor” (items 5, 12, 13, 22 and 38) values (Table S3: CVI-I scores for each CFQ-e item).

3.2. Phase 2
3.2.1. Sociodemographic Characteristics

A total of 608 women from 22 health centres, 3 specialised care centres, obstetric
consultations and the emergency service of the XXXX completed the questionnaires, but
51 questionnaires were inadequately completed and had to be withdrawn. The final sample
was therefore composed of a total of 557 women (n = 557).

The participants’ mean age was 31.30 years (SD = 5.49/Minimum = 18-Maximum = 48).
The mean gestational age was 29.63 weeks (SD = 7.42/Minimum = 16.00-Maximum = 42.00).
Table 1 shows the frequencies and percentages for the rest of the sociodemographic and
obstetric variables considered.

The final mean score obtained for fear of childbirth in the sample was 66.15 points
(SD = 26.77/Minimum = 1.00-Maximum = 143.00). The final mean score obtained for the
interference scale in the sample was 4.95 points (SD = 5.06/Minimum = 0-Maximum = 28).
Table 2 shows the floor percentage, ceiling percentage, mean and standard deviation for
each item, as well as the average scores for the nine subscales considered in the original
CFQ. These same values can be found for the interference scale in Table S4.
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Table 1. Sociodemographic and obstetric variables of the sample (n = 557).

Variables
Frequency (%)

n = 557
M (SD)

Age (years) 31.30 (5.49)

Gestational Age (weeks) 29.63 (7.42)

Level of studies
No studies 2 (0.4)
Primary education 127 (22.8)
Secondary education 229 (41.1)
University studies 199 (35.7)

Marital status
Has a partner 536 (96.2)
No Partner 21 (3.8)

Type of Pregnancy
Single pregnancy 550 (98.7)
Twin pregnancy 7 (1.3)

How the current pregnancy was achieved
Spontaneous 529 (95.0)
Assisted reproduction technique 28 (5.0)

Previous offspring a

Nulliparous 365 (65.5)
Primiparous 146 (26.2)
Multiparous 46 (8.3)

Existence of at least one risk factor b

Yes 99 (17.8)
No 458 (82.2)

Gestational hypertension risk factor
Yes 24 (4.3)
No 533 (95.7)

Preeclampsia risk factor
Yes 4 (0.7)
No 553 (99.3)

Pregestational Diabetes risk factor
Yes 4 (0.7)
No 553 (99.3)

Gestational Diabetes risk factor
Yes 60 (10.8)
No 497 (89.2)

Intrauterine Growth Restriction risk factor
Yes 9 (1.6)
No 548 (98.4)

Coagulopathies risk factor
Yes 7 (1.3)
No 550 (98.7)

Anterior Eutocic delivery
Yes 173 (31.1)
No 384 (68.9)

Anterior Dystopian delivery (Forceps)
Yes 20 (3.6)
No 537 (96.4)

Previous caesarean section
Yes 31 (5.6)
No 526 (94.4)

M = Mean/SD = standard deviation; a = nulliparous: woman with no vaginal births/primiparous: woman who
had given birth vaginally only once/multiparous: woman who had had two or more vaginal births; b = existence
of at least one of the risk factors considered in the study.
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Table 2. Floor and ceiling scores and means and standard deviations for each of the items in the
CFQ-e (n = 557).

Subscales and Items of the CFQ a
Floor

Not at All b

n (%)

Ceiling
Extremely b

n (%)

M
(SD)

Subscale Fear of loss of sexual pleasure/attractiveness 1.07 (0.86)

12—That your vagina stretches by having a vaginal birth 272 (48.8%) 9 (1.6%) 0.86 (1.02)
13—Enjoy less sexual intercourse by stretching the vagina because of vaginal birth 212 (38.1%) 19 (3.4%) 1.17 (1.15)
15—That your body is less attractive after childbirth 254 (45.6%) 18 (3.2%) 0.90 (1.05)
24—Make your vagina look less attractive after a vaginal birth 301 (54.0%) 9 (1.6%) 0.73 (0.94)
26—Enjoy less sexual intercourse because you feel pain or discomfort after childbirth 127 (22.8%) 25 (4.5%) 1.47 (1.15)
27—That your partner enjoys less of sexual intercourse after childbirth by stretching
your vagina after childbirth 175 (31.4%) 20 (3.6%) 1.30 (1.15)

Subscale Fear of pain from a vaginal birth 1.33 (0.95)

30—Feeling pain during childbirth 117 (21.0%) 59 (10.6%) 1.77 (1.28)
31—Have a vaginal birth 333 (59.8%) 9 (1.6%) 0.71 (1.02)
34—Feel pain while pushing the baby 139 (25.0%) 20 (3.6%) 1.35 (1.09)
35—Feeling pain during a vaginal birth 133 (23.9%) 27 (4.8%) 1.41 (1.12)
37—Feeling pain during contractions 120 (21.5%) 22 (3.9%) 1.45 (1.08)

Subscale Fear of medical interventions 1.45 (0.79)

1—That you are harmed by incompetent medical assistance 44 (7.9%) 104 (18.7%) 2.25 (1.22)
4—Receive general anaesthesia 162 (29.1%) 38 (6.8%) 1.44 (1.24)
5—To be given injections 295 (53.0%) 15 (2.7%) 0.85 (1.09)
22—That you get the epidural 252 (45.2%) 27 (4.8%) 0.99 (1.15)
25—That you have scars after the caesarean section 288 (51.7%) 14 (2.5%) 0.82 (1.03)
38—To be probed (a tube that is inserted into the urethra to collect urine) 136 (24.4%) 57 (10.2%) 1.70 (1.31)
39—Feeling pain during a C-section 63 (11.3%) 88 (15.8%) 2.15 (1.24)

Subscale Fear of embarrassment 0.72 (0.69)

7—That other people see you naked during childbirth 428 (76.8%) 2 (0.4%) 0.34 (0.70)
14—Losing control of your emotions in front of other people (being rude, screaming)
during childbirth 241 (43.3%) 14 (2.5%) 0.94 (1.04)

21—That other people see you urinating during childbirth 328 (58.9%) 7 (1.3%) 0.63 (0.90)
23—Feeling observed by strangers during childbirth 355 (63.7%) 8 (1.4%) 0.58 (0.91)
32—That other people see you defecate during childbirth 216 (38.8%) 26 (4.7%) 1.12 (1.17)

Subscale Fear of harm to baby 3.25 (0.97)

6—That damage or harm the baby as a result of childbirth 19 (3.4%) 307 (55.1%) 3.18 (1.11)
9—That the baby suffers some damage during childbirth 9 (1.6%) 329 (59.1%) 3.33 (0.96)
10—That harm the baby in a medical intervention during childbirth
(e.g., vacuum, anaesthesia, forceps...) 13 (2.3%) 307 (55.1%) 3.24 (1.02)

Subscale Fear of caesarean birth 1.72 (1.10)

33—Not being able to have a vaginal birth despite being what you prefer 132 (23.7%) 44 (7.9%) 1.58 (1.23)
36—Having a caesarean section 116 (20.8%) 73 (13.1%) 1.86 (1.31)
40—Not being able to have the type of birth you would like
(for example, vaginal or caesarean section) 119 (21.4%) 63 (11.3%) 1.73 (1.28)

Subscale Fear of mom or baby dying 3.06 (1.06)

3—Dying during childbirth 98 (17.6%) 233 (41.8%) 2.46 (1.57)
16—That the baby suffocates during childbirth 15 (2.7%) 324 (58.2%) 3.24 (1.08)
20—That the baby dies during childbirth 18 (3.2%) 415 (74.5%) 3.49 (1.04)

Subscale Fear of insufficient pain medication 1.66 (1.01)

11—That you do not have a caesarean section when it is what you want 242 (43.4%) 32 (5.7%) 1.21 (1.29)
18—Not getting the pain medication you need 67 (12.0%) 57 (10.2%) 1.92 (1.18)
29—That you do not put the epidural during childbirth in the case of wanting it or
needing it 102 (18.3%) 65 (11.7%) 1.87 (1.29)

Subscale Fear of body damage from a vaginal birth 2.01 (0.90)

2—Suffer a tear or rectal damage as a result of childbirth 33 (5.9%) 85 (15.3%) 2.31 (1.12)
8—Suffering a vaginal tear during childbirth 37 (6.6%) 72 (12.9%) 2.12 (1.14)
17—Need a forceps or suction cup 38 (6.8%) 133 (23.9%) 2.48 (1.21)
19—Have an episiotomy performed (have a cut made in your vagina) 82 (14.7%) 76 (13.6%) 1.96 (1.26)
28—Need stitches after childbirth 181 (32.5%) 23 (4.1%) 1.22 (1.12)

M = Mean/SD = standard deviation; a For each of the nine-subscale listed, sum the items in the subscale. To
create mean score (to be able to compare across subscales), divide the subscale score by the number of items in the
subscale. b Only the highest (ceiling) and lowest scores (floor) per question are shown.

3.2.2. Preliminary Factor Analysis

Initially, a preliminary EFA was performed for a nine-factor model, according to the
model proposed in the original questionnaire. Although it presented very good adequacy,
with a Kaiser–Meyer–Olkin measure (KMO) = 0.918 (95%CI: 0.867–0.911) and a significant
Bartlett statistic (p = 0.00001), and it showed excellent goodness of fit indices (Root Mean
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Square Error of Approximation (RMSEA) = 0.000 (95%CI: could not be computed), Non-
Normed Fit Index (NNFI) = 1.020 (95%CI: 1.015–1.026) and Comparative Fit Index (CFI)
= 0.999 (95%CI: 0.999–0.999), the parallel analysis recommended a four-factor solution.
Because of this, an EFA was carried out for a four-factor model.

The EFA for this four-factor model presented very good adequacy, with KMO = 0.918
(95%CI: 0.867–0.911) and Bartlett’s statistic p = 0.00001, with the goodness of fit indices being
RMSEA = 0.021 (95%CI: 0.015–0.015), NNFI = 0.996 (95%CI: 0.997–0.998) and CFI = 0.997
(95%CI: 0.997–0.999). In this model, all items had a factor loading above 0.30 in the assigned
factor, except item numbers 8 and 14, which did not obtain sufficiently satisfactory loading
for any factor (less than 0.30 in both cases) (Table S5: Factor loadings obtained in the EFA
of the model of 4 factors and 40 items).

The CFA subsequently performed on the second sample (278 participants) to confirm
the model showed excellent adjustment (RMSEA = 0.022 (95%CI: 0.001–0.022), NNFI = 0.996
(95%CI: 0.995–1.000) and CFI = 0.997 (95%CI: 0.996–1.000) but suggested problems in the
case of some items. Thus, two items (items 11 and 14) had loadings below 0.30. Moreover,
a change of factor assignment with respect to the EFA was proposed for another, with the
factor loading of “Item 19-have an episiotomy performed (have a cut made in your vagina)”
being the lowest of all those that exceeded the established limit of 0.30 (0.311) (Table S6:
Factor loadings obtained in the CFA of the four-factor forty-item model). The analysis of
the estimated congruences for each item [44] indicated comparatively lower values for
these three items compared to the rest, especially in the case of item 19 (Congruence Index
= 0.208/95%CI: −0.165–0.531) (Table S7).

Based on the results obtained in this preliminary factor analysis, a CFQ-e four-factor
model with thirty-seven items was tested via a new factor analysis, eliminating items
number 11, 14 and 19 of the first version of the questionnaire and maintaining the rest of
the conditions that were specified in the Materials and Methods section.

3.2.3. Exploratory Factor Analysis (EFA) of the Four-Factor and Thirty-Seven-Item Model

The EFA for this model also presented very good adequacy, with KMO = 0.913 (95%CI:
0.864–0.908) and a significant Bartlett statistic (p = 0.00001), with Normed item-MSA indices
above 0.85 in all items. The four-factor solution provided a total explained variance of
58.75% according to the parallel analysis. The goodness of fit indices for the model were
RMSEA = 0.025 (95%CI: 0.013–0.024)—i.e., below the 0.05 limit to be considered a good
fit—NNFI = 0.995 (95%CI: 0.994–0.999), CFI = 0.996 (95%CI: 0.995–0.999) and above 0.95,
also indicating an excellent fit.

Table 3 presents the factor loadings (after rotation) of the four-factor and thirty-seven-
item model. According to the analysis, in this model, Factor 1 groups all the “fear of
caesarean birth“ and “fear of medical interventions” subscale items (except items 1 and
25) in addition to item 28; Factor 2 includes all the items relating to “fear of harm to baby”,
“fear of mum or baby dying” and “fear of body damage from a vaginal birth” subscales,
plus item 1; Factor 3 includes all the items from the “fear of pain from a vaginal birth” and
“fear of insufficient pain medication” subscales, and finally Factor 4, includes the items from
the subscales “fear of loss of pleasure/sexual attractiveness” and “fear of embarrassment”,
plus item 25.

In this initial model, F1 is called “fear of medical interventions” (9 items), F2 is “fear
of harm and dying” (10 items), F3 refers to “fear of pain” (7 items) and Factor 4 is called
“fear relating to sexual aspects and embarrassment” (11 items).

The results obtained can generally be observed to maintain the structure of the original
questionnaire, although some subscales were grouped until they reached a reduction in
four dimensions or subscales. With this structure, all items had a factor loading above 0.30
in the assigned factor, with the lowest value corresponding to item number 8 (0.307). The
items could have been assigned differently to the factors, since some items (items number
18, 23 and 25) had a loading above 0.3 in several factors. These items could therefore be
assigned to the factor presenting the highest factor loading to perform the subsequent CFA.
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Table 3. Factorial loads (after rotation) of the 4-factor, 37-item model obtained on the first sample (n = 279).

F1 F2 F3 F4

Item 1 0.097 0.503 0.037 0.101
Item 2 −0.037 0.427 0.276 0.136
Item 3 −0.004 0.659 −0.081 0.089
Item 4 0.442 0.191 −0.136 0.172
Item 5 0.418 0.060 −0.085 0.180
Item 6 0.099 0.872 −0.010 −0.154
Item 7 0.149 −0.177 0.036 0.483
Item 8 −0.037 0.307 0.225 0.259
Item 9 −0.018 0.880 −0.076 0.044
Item 10 0.087 0.886 −0.048 −0.075
Item 12 −0.126 0.139 0.162 0.514
Item 13 −0.158 −0.228 0.014 0.686
Item 15 −0.014 −0.116 −0.026 0.775
Item 16 −0.039 0.882 −0.038 −0.050
Item 17 0.193 0.463 0.109 0.049
Item 18 −0.104 0.362 0.499 0.064
Item 20 0.013 0.817 −0.017 −0.077
Item 21 0.164 −0.142 0.029 0.509
Item 22 0.524 0.074 −0.109 0.131
Item 23 0.323 −0.191 0.043 0.456
Item 24 −0.005 −0.069 0.052 0.812
Item 25 0.314 −0.135 −0.089 0.538
Item 26 −0.002 0.215 −0.076 0.685
Item 27 0.020 0.205 −0.165 0.718
Item 28 0.357 0.001 0.258 0.212
Item 29 −0.075 0.219 0.618 0.004
Item 30 −0.027 0.038 0.800 −0.019
Item 31 −0.087 −0.002 0.471 0.283
Item 32 0.171 −0.100 0.104 0.512
Item 33 0.772 −0.013 −0.061 −0.005
Item 34 0.027 −0.075 0.987 −0.099
Item 35 0.068 −0.075 0.934 −0.050
Item 36 0.882 −0.046 0.042 −0.098
Item 37 0.087 −0.070 0.775 −0.036
Item 38 0.477 0.089 0.289 −0.103
Item 39 0.566 0.224 0.266 −0.172
Item 40 0.634 0.101 0.046 0.015

3.2.4. Confirmatory Factor Analysis (CFA) for the Four-Factor and Thirty-Seven-Item Model

The factorial model obtained from four factors with the first sample (n = 279) was
confirmed via CFA using the second sample with the remaining 278 participants. To do
this, a CFA was performed using a semi-specified matrix of factor loading coefficients. This
procedure compares the congruence or similarity with a model for which the factor loadings
are 0 in specified items and other than 0 in the rest. Accordingly, the factor loadings matrix
to be confirmed were factor loadings other than 0 in the items obtained from the EFA of the
four-factor and thirty-seven-item model in the first sample.

The second sample (n = 278) presented very good adequacy, with a KMO = 0.914
(95%CI: 0.864–0.908) and a significant Bartlett statistic (p = 0.00001), and with an explained
variance by the four factors of 59.84% according to the parallel analysis. The model’s
goodness of fit indices were RMSEA = 0.028 (95%CI: 0.018–0.030) (below the 0.05 limit
to be considered a good fit), NNFI = 0.994 (95%CI: 0.992–0.998) and CFI = 0.995 (95%CI:
0.993–0.998), above 0.95, thus confirming the model’s excellent fit. The Goodness of Fit
Index (GFI) was 0.984 (95%CI: 0.981–0.988), and the Adjusted Goodness of Fit Index
(AGFI) = 0.980 (95%CI: 0.976–0.984).

Table 4 presents the model’s factor loadings (after rotation) obtained after the CFA. All
items had loadings above 0.30. The analysis confirmed the assignment of most items to the
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factors proposed by the EFA, although three items had loadings above 0.30 in two factors
(items number 18, 25 and 28). Depending on the loadings, the CFA led to a change in factor
assignment for items 18 and 25.

Table 4. Factorial loads (after rotation) of the model obtained from 4-factor, 37-item model in the
second sample (n = 278) (loadings lower than absolute 0.300 omitted).

F1
Fear of Medical
Interventions

F2
Fear of Harm

and Dying

F3
Fear

of Pain

F4
Fears Relating to
Sexual Aspects

and Embarrassment

Item 1—That you are harmed by incompetent medical assistance 0.565

Item 2—Suffer a tear or rectal damage as a result of childbirth 0.443

Item 3—Dying during childbirth 0.764

Item 4—Receive general anaesthesia 0.493

Item 5—Get injections 0.551

Item 6—That harm or harm the baby as a result of childbirth 0.894

Item 7—That other people see you naked during childbirth 0.568

Item 8—Suffering a vaginal tear during childbirth 0.355

Item 9—That the baby suffers some damage during childbirth 0.940

Item 10—That harm the baby in a medical intervention during childbirth
(e.g., vacuum, anaesthesia, forceps...) 0.890

Item 12—That your vagina stretches from having a vaginal birth 0.619

Item 13—Enjoy less sexual intercourse by stretching the vagina because of
vaginal birth 0.852

Item 15—Make your body less attractive after childbirth 0.688

Item 16—That the baby suffocates during childbirth 0.929

Item 17—Need a forceps or suction cup 0.474

Item 18—Not getting the pain medication you need 0.470 0.386

Item 20—That the baby dies during childbirth 0.715

Item 21—Other people see you urinating during childbirth 0.565

Item 22—Have your epidural administered 0.703

Item 23—Feeling observed by strangers during childbirth 0.646

Item 24—Make your vagina look less attractive after a vaginal birth 0.898

Item 25—That you have scars after the caesarean section 0.388 0.376

Item 26—Enjoying sex less because of feeling pain or discomfort after childbirth 0.696

Item 27—That your partner enjoys less of sexual intercourse after childbirth by
stretching your vagina after childbirth 0.771

Item 28—Needing stitches after childbirth 0.435 0.309

Item 29—That you do not get the epidural during childbirth in the case of
wanting or needing it 0.457

Item 30—Feeling pain during childbirth 0.846

Item 31—Having a vaginal birth 0.487

Item 32—That other people see you defecate during childbirth 0.709

Item 33—Not being able to have a vaginal birth despite being what you prefer 0.758

Item 34—Feel pain while pushing the baby 0.955

Item 35—Feeling pain during a vaginal birth 0.962

Item 36—Have a C-section 0.915

Item 37—Feeling pain during contractions 0.845

Item 38—To be probed (a tube that is inserted into the urethra to collect urine 0.534

Item 39—Feeling pain during a C-section 0.541

Item 40—Not being able to have the type of birth you would like
(for example vaginal or caesarean section) 0.632

“Item 18—not receiving adequate pain relief” had loadings for factors F2 (0.470) and
F3 (0.386). Although the highest loading was for F2, it was considered more appropriate
and in line with the theoretical framework to maintain this item in factor F3 (“fear of pain”).
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Regarding “item 28—needing stitches after childbirth”, despite receiving loadings for
two factors (F1 and F4), the F4 loading was minimal (0.309), so the factor change was not
considered and F1 was maintained, as suggested by the EFA.

The only item that was considered problematic in this model was “item 25—scars after
a C-section”, since it had very similar loadings for Factors F1 (0.388) and F4 (0.376). In this
case, a change of factor was chosen, assigning it to F1 (fear of medical interventions).

Table S8 illustrates the root mean square discrepancy (RMSD) between the rotated
loading matrix and the target matrix for each variable under study between the data of
the second sample and the semi-specified four-factor model. The global RSMDs estimated
for each factor were 0.086 (95%CI: 0.065–0.100) for F1, 0.108 (95%CI: 0.077–0.128) for F2,
0.104 (95%CI: 0.078–0.115) for F3 and 0.120 (95%CI: 0.085–0.137), with an overall model
discrepancy coefficient of 0.105 (95%CI: 0.103–0.104). Table 5 shows the correlations between
the model factors, presenting all significant factor correlations.

Table 5. Correlations (and 95% confidence intervals) between the factors of the obtained model.

Factors Correlation Values
Bias-Corrected Bootstrap
95% Confidence Intervals

1——–2 0.479 * (0.403–0.579)

1——–3 0.537 * (0.480–0.646)

1——–4 0.533 * (0.464–0.680)

2——–3 0.380 * (0.288–0.472)

2——–4 0.399 * (0.315–0.485)

3——–4 0.588 * (0.539–0.674)
* Significantly different from zero at population.

3.2.5. CFQ-e Final Instrument

The analysis gave rise to a final version of the CFQ-e, consisting of 37 items (items
number 11, 14 and 19 in the original CFQ questionnaire were eliminated), distributed in
4 dimensions or subscales called: “fear of medical interventions” (10 items), “fear of harm
and dying” (10 items), “fear of pain” (7 items) and “fear relating to sexual aspects and
embarrassment” (10 items). In this way, the total score can range between 0 and 148 points
(a higher score corresponds to greater fear). The interference scale remains unchanged. The
final version of the CFQ-e can be found in Table S9.

3.2.6. Internal Consistency

The values obtained for the ORION coefficients for the final version of the CFQ-e
were 0.900 (95%CI: 0.800–0.916) for F1, 0.954 (95%CI: 0.938–0.962) for F2, 0.940 (95%CI:
0.924–0.955) for F3 and 0.930 (95%CI: 0.914–0.941) for F4. All values were above 0.80, thus
showing adequate consistency [43,45].

A total alpha of 0.947 was obtained for the final version of the CFQ-e and 0.898 for the
interference scale. The total omega coefficient was 0.945 for the CFQ-e and 0.898 for the
interference scale. All alpha and omega coefficient values calculated for the subscales in
this study can be seen in Table S10.

4. Discussion

Despite extensive interest in FOC and the large amount of research published on
the subject, FOC has barely been studied in Spain [30,46]. The absence of validated FOC
measurement tools in Spain has undoubtedly contributed to this situation.

Some authors have pointed out the need for measuring instruments that assess the differ-
ent dimensions that could be related to the fear of childbirth [8]. The FCQ’s multidimensional-
ity is regarded by its creators as one of its greatest strengths compared to the W-DEQ [17,25],
which was hitherto considered the “gold standard” of FOC measurement [10,18,30].
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The unidimensional nature of the W-DEQ has been much discussed, as many stud-
ies suggest that this measuring instrument should in fact be considered multidimen-
sional [47–49]. Despite this, no consensus has been reached regarding the number of
factors or dimensions included or their composition [50]. In fact, the authors who per-
formed the Spanish validation (W-DEQ-A-Sp) suggested that this version had four factors
or dimensions [30].

Unlike W-DEQ, the CFQ was conceived as a multidimensional tool from the outset.
For this reason—and because another research group was already validating the W-DEQ in
Spain—we chose the CFQ as the tool to validate, regarding it as a potentially effective way
to study FOC in the Spanish population.

The performed factor analysis indicates that the Spanish version of the CFQ-e is
composed of thirty-seven items and four factors/subscales, achieving an appropriate
model adjustment. The model’s goodness of fit indices were greater than that of the
original version of the CFQ, with RMSEA = 0.028 (95%CI: 0.018–0.030) and CFI = 0.995
(95%CI: 0.993–0.998) compared to RMSEA = 0.064 (90% CI: 0.062–0.066) and CFI = 0.977,
reported by Fairbrother [25].

We cannot yet compare these results with other validation studies in other language
populations since, to the best of our knowledge, this is the first CFQ validation study in
a non-English-speaking setting. Further validation studies are required in other contexts
to provide more information in this regard and to confirm or discard this model.

Regarding the sample size, we followed the classic factorial analysis recommendation
of having at least 10 subjects for each item. We do accept, however, that such a recommen-
dation is highly controversial [36]. Conversely, when using Pearson correlation matrices,
as in this case, the recommendation is to use a minimum sample of 200 subjects [35,36].
We therefore consider that the sample size achieved was sufficient to ensure the results’
internal validity. The KMO and Barlett statistic values obtained supported this assumption.

While the EFA was initially conducted for nine subscales and showed excellent good-
ness of fit indices, the parallel analysis suggested four factors. A parallel analysis method
was chosen, since this system allows one to perform the most rigorous identification of
a questionnaire’s numbers of dimensions [36,51]. In addition, it was also used by Fair-
brother et al. and Ortega-Cejas et al. to validate the W-DEQ-Sp [25,30,31].

The number of items that should be included in each factor is an object of discussion.
The common procedure is to select a minimum of three items with high saturations (factor
loadings above 0.60) by factor [36,52]. This practice, however, has been described as counter-
productive, as it can affect the stability of the results [36]. It seems clear that the greater
the number of items, and the more accurately they measure a factor, the more stable the
factor solution [35,36]. The distribution of the items and factor loadings obtained for the
four-factor model proposed for CFQ-e is robust in this regard.

The analysis revealed problems with three items. Item numbers “11—that you do
not have a caesarean section when it is what you want” and “14—losing control of your
emotions in front of other people (being rude, screaming) during childbirth” had loadings
below 0.30 in the preliminary factor analysis. These items obtained kappa values of 0.66
(good) and 0.50 (fair), respectively, in the content validation process. The latter suggests
that the experts had assessed, a priori, the existence of cultural aspects that could affect the
adequacy of these items in Spanish settings.

In Fairbrother’s factor analysis, the item “11—that you do not have a caesarean section
when it is what you want” was the item with the lowest factor loading in the EFA (0.297),
discarding items with similar and even higher loadings during the creation and validation
of the CFQ [25]. These results indicate that this item is problematic in both versions, perhaps
because there may be a contradiction between women who desire a caesarean section and
those who wish to avoid it at all costs, which is reflected in the item’s construct.

Fairbrother’s study did not identify any problems with the item “14—losing control of
your emotions in front of other people (being rude, screaming) during childbirth”, with
loadings above 0.35 (0.446), although this item had the lowest loading in its dimension [25].
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The results of our study indicate that the item is complex, at least in the case of our sample,
since it had much lower loadings, as well as the highest loading (0.208) in a subscale
factor which was not very consistent with the theoretical framework (F4–fear of harm and
dying). Although a possible explanation may be that Spanish women are not afraid of
losing control of their emotions during labour, this item’s average score in our sample was
0.94, i.e., higher than that obtained for other items of the original subscale. The relationship
between the loss of self-control during labour and fear in the Spanish population should
thus be explored more in depth.

“Item 19–Have an episiotomy performed (have a cut made in your vagina)” deserves
special attention. In the pilot study, it was found that several women did not understand this
term, so it had to be substantially modified with respect to that of the original questionnaire.
Although the item obtained a discrete factor loading (0.311), the estimated congruence
value was extremely low (Congruence Index = 0.208). While this index has given rise
to different interpretations, most authors agree that values above 0.85 can be considered
adequate, indicating a similarity of the items with the model [44]. Values below 0.68 are
considered “terrible” [44]. Based on the latter, item 19 was removed from the final CFQ-e
model, although we recommend assessing this aspect in future studies on the CFQ-e. In
Spain, episiotomy rates are even higher than the recommended number [53–55], suggesting
that Spanish women are still insufficiently aware of certain childbirth interventions, and
this could influence FOC.

The obtained alpha coefficients, with a total value of 0.947, and values above 0.85 for
the four factor-subscales indicated the adequate reliability of the final version of the CFQ-e
for practical use [56], the values being almost identical to those reported by Fairbrother and
her team [17,25].

In recent years, the widespread use of the alpha coefficient as the only index to evaluate
the reliability of a measuring instrument has been criticised [57,58]. This has led some
authors to recommend the use of other estimators such as the omega coefficient [59,60].
Indeed, this latter index, unlike the alpha coefficient, works directly with the factor loadings,
making the calculations more stable and reducing the dependence on the number of
instrument items to be evaluated [58,61]. Values above 0.80 are considered adequate [59,61].

This aspect was not taken into account by the authors of the CFQ, who did not report
the omega coefficients. They were, however, considered by those responsible for validating
the W-DEQ-A-Sp, who mentioned a total omega coefficient of 0.936 and values between
0.80 and 0.90 for the four identified factors [30].

In our study, the omega coefficients were calculated both for the original nine-subscale
model proposed by the original CFQ and for the final model of the proposed four-subscale
and thirty-seven-item CFQ-e. The analysis indicated that despite an almost complete
absence of variation in the total omega coefficient in our sample, the subscale values
obtained were more suitable for the four-factor model of the CFQ-e. Indeed, the values
were above 0.85 for all the subscales, while in the original model, the omega values were
below 0.80 in three subscales.

Based on these results, we can affirm that the decision to remove the items mentioned
above did not affect the reliability of the CFQ-e. Considering that, as identified in the
pilot study, some women found that the questionnaire was long to complete, this decision
improves the instrument’s applicability in practice.

Fairbrother et al., in their assessment of the CFQ’s convergent validity, reported
a correlation value between CFQ and W-DEQ-A of 0.58 (p < 0.001) [25]. Since both the
validation process of the W-DEQ-A-Sp and this study were conducted during the same
period, it was not possible to explore the convergent validity between both tools. This step
has thus been left for future studies.

Another unresolved question is the CFQ-e cut-off points between moderate fear and
extreme fear, compared to the 83 and 104 points, respectively, proposed for the CFQ [17].
Further studies in the rest of Spain should explore and confirm the cut-off points, taking
into account the fact that the scores must be adjusted (total score between 0 and 148 points
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for the CFQ-e, unlike the CFQ, whose total score can range between 0 and 160 points).
Another line to explore is converting the scores to a standard scale, for example, with values
0–100, which would facilitate comparisons with other studies.

The study presented a number of limitations. We chose non-probabilistic convenience
sampling, i.e., a type of sampling which presents certain shortcomings. We do not believe,
however, that this affected the sample’s representativeness. Indeed, pregnant women
were recruited from a large number of health centres. Moreover, numerous profession-
als, both obstetricians and midwives, also participated in the process. In addition, the
sociodemographic and clinical characteristics of the Canarian’s pregnant population can be
considered to be similar to the rest of Spain’s pregnant women, so the CFQ-e properties
can be generalised.

A notable limitation is that women were recruited exclusively from public health
services. Therefore, no data were obtained for women who had chosen to follow-up their
pregnancies exclusively in private centres or services.

The present study was conducted in 2020, the year in which the SARS-CoV-2 global
pandemic unfolded, also affecting pregnant women around the world [62]. This situation
had an impact both on the data collection and women’s emotions, so it should be considered
as a possible external confounding factor. In this respect, several studies have highlighted
the influence of the pandemic on pregnant women’s mental health [63–65], so we can
consider that the pandemic did influence the results obtained in this study.

5. Conclusions

The present work is the second validation study of a FOC evaluation instrument in
Spain and the first validation of the CFQ in a non-English-speaking setting. The Spanish
version of the CFQ (CFQ-e) consists of thirty-seven items distributed into four subscales or
dimensions: “fear of medical interventions”, “fear of harm and dying”, “fear of pain” and
“fears relating to sexual aspects and embarrassment”. The psychometric characteristics
of the CFQ-e indicate that this instrument is useful, valid and reliable to measure fear of
childbirth. In addition, it allows one to assess different dimensions associated with FOC in
the Spanish population.

Further studies are needed to evaluate the prevalence of FOC in Spanish settings, as well
as to explore the convergent validity of CFQ-e with other FOC measurement instruments.
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Abstract: The clinical management of pregnancy and spontaneous preterm birth (sPTB) relies on
estimates of gestational age (GA). Our objective was to evaluate the effect of GA dating uncertainty
on the observed performance of a validated proteomic biomarker risk predictor, and then to test
the generalizability of that effect in a broader range of GA at blood draw. In a secondary analysis
of a prospective clinical trial (PAPR; NCT01371019), we compared two GA dating categories: both
ultrasound and dating by last menstrual period (LMP) (all subjects) and excluding dating by LMP
(excluding LMP). The risk predictor’s performance was observed at the validated risk predictor
threshold both in weeks 191/7–206/7 and extended to weeks 180/7–206/7. Strict blinding and inde-
pendent statistical analyses were employed. The validated biomarker risk predictor showed greater
observed sensitivity of 88% at 75% specificity (increases of 17% and 1%) in more reliably dated
(excluding-LMP) subjects, relative to all subjects. Excluding dating by LMP significantly improved
the sensitivity in weeks 191/7–206/7. In the broader blood draw window, the previously validated
risk predictor threshold significantly stratified higher and lower risk of sPTB, and the risk predictor
again showed significantly greater observed sensitivity in excluding-LMP subjects. These findings
have implications for testing the performance of models aimed at predicting PTB.

Keywords: gestational age; gestational age dating; preterm birth; spontaneous preterm birth; pro-
teomic biomarker risk predictor
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1. Introduction

Preterm birth (PTB), including both spontaneous (sPTB) and indicated delivery earlier
than 37 weeks of gestational age (GA), is the leading global cause of perinatal morbidity and
mortality [1]. Each year, PTB occurs in more than 10% of U.S. births [2,3]. For decades, these
estimates have remained essentially unchanged, despite evolving medical technologies and
clinical practices. The economic impact of PTB on the U.S. healthcare system is immense,
estimated to exceed USD 25 billion annually [4]. Thus, effectively addressing PTB persists
as a critical need.

PTB is an adverse outcome defined by a single endpoint: delivery before an established
time period as measured by an estimate of GA [5]. Consequently, uncertainty in GA
dating, defined as the variability observed between the estimated and actual GA, affects
the observed performance of a predictor of PTB. Further, the clinical management of
pregnancy relies on GA, which is set by establishing the estimated due date (EDD) following
professional society recommendations and guidelines [6,7]. Conventionally, in the United
States, the EDD is set at 280 days following the first day of the last menstrual period (LMP).
However, LMP dating assumes a regular, 28-day menstrual cycle with ovulation on day
14 and set timing for implantation, though studies have shown that approximately half
of all women do not recall their precise LMP date [7–10]. Even when the LMP is known,
it is surprisingly uncertain in determining the EDD, with a 95% confidence interval of
±29 days [11,12]. Today, ultrasound measurements during the first trimester of pregnancy
are considered the most certain method for establishing (or confirming) GA [7–9,13–16].
Ultrasound measurements through week 21 of pregnancy are regarded as standard in the
obstetric estimation of EDD and can be used to confirm or replace an LMP-established
EDD. Pregnancies dated by LMP without confirmation or revision based on ultrasound
examination before week 22 of gestation are considered to show sub-optimal dating [7,17].

The successful application of any PTB-preventive strategy is enabled by the early and
accurate identification of higher-risk pregnancies. Here, we consider the performance of
a risk factor or predictor in terms of how well it identifies pregnancies destined for sPTB.
A history of prior PTB and short cervical length in the current pregnancy are clinically
accepted risk factors for sPTB but combine to detect less than 20% of singleton sPTBs [18,19].
A range of additional factors including body mass index (BMI), smoking, substance use
and socioeconomic circumstances are commonly considered on a case-by-case basis in
evaluating PTB risk but are not sufficiently prognostic for clinical use; instead, they are
seen to provide opportunities for preconception and post-partum care. Untapped potential
exists to develop tools, including molecular biomarkers, that sensitively identify PTB
risk early in pregnancy, providing opportunities for risk-ameliorating interventions in
addition to current options for acute care. Increasing true-positive and true-negative
rates for prognostic tests improves the targeting of interventions and the allocation of
resources, respectively.

Saade et al. [20] broadly validated a proteomic biomarker risk predictor for the as-
sessment of sPTB risk in serum collected from asymptomatic singleton pregnancies in the
United States at weeks 191/7–206/7 of gestation [21]. This risk predictor is based on the ratio
of insulin-like-growth-factor-binding protein 4 (IBP4) and sex-hormone-binding globulin
(SHBG). Clinical validation of the test was performed in an independent and representative
set of women from the prospective Proteomic Assessment of Preterm Risk (PAPR) study
(NCT01371019) [20], a large, multicenter, observational study that enrolled a diverse pop-
ulation across 14 U.S. sites, emphasizing academic medical centers. The PAPR analysis
established a predictive biomarker threshold score that significantly stratifies premature
from later GAs at birth and corresponds to a 15% risk, i.e., a twofold increase compared
with the average risk across U.S. singleton pregnancies [6]. Subsequently, this threshold
was validated in subjects from an independent, prospective cohort (Multicenter Assess-
ment of a Spontaneous Preterm Birth Risk Predictor (TREETOP); NCT02787213) [22,23].
The prediction of health outcomes related to prematurity by these biomarkers also was
confirmed in TREETOP [22].
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The PAPR trial was concluded prior to the publication of current American College
of Obstetricians and Gynecologists (ACOG) guidelines for GA dating [7]. The objectives
of our current study were: (1) to estimate biomarker risk predictor performance more
accurately by restricting the analysis of the PAPR cohort to women who have more certain
GA dating as per current practice guidelines; and (2) to test the generalizability of the
effect of dating certainty upon observed performance amongst these women, by comparing
performance in the previously established blood draw window of 191/7–206/7 weeks’ GA
with that for a broader GA window, 180/7–206/7 weeks.

2. Materials and Methods

The current study was a secondary analysis of the prospective PAPR clinical trial
(NCT01371019), using only subjects held out for validation and not employed in the discov-
ery or verification of biomarker prediction [20]. The PAPR study enrolled 5501 pregnant
women between 170/7 and 286/7 weeks’ GA across 11 sites in the United States for the
purpose of discovering and validating a biomarker prediction of spontaneous preterm
delivery (sPTB). The PAPR study was approved by the Institutional Review Boards/Ethics
Committees of all participating study sites. Informed consent was obtained from all sub-
jects involved in the study. The PAPR study was conducted before the ACOG Committee
Opinion 700 (CO 700), which provides guidance on GA dating, was issued [7].

In the current analysis, we compared the performance of the proteomic biomarker
risk predictor as published for women dated using any available method [20] against test
performance observed in the subset of women whose pregnancies were dated with more
certainty. For the purposes of our current analysis, GA calculated directly from a first- or
second- trimester ultrasound was considered more certain, while GA calculated using LMP
was considered less certain, consistent with current practice standards [7]. To evaluate the
generalizability of the effects of GA dating on observed test performance, we also compared
risk predictor performance among more certainly dated subjects. These included subjects
in both the previously established blood draw window of 191/7–206/7 weeks’ GA and in a
broader GA window of 180/7–206/7 weeks, inclusive of subjects not previously assessed
by these measures. The primary outcome measured was the predictive performance of
the test, the endpoints for which included a regression test for sPTB case classifications,
sensitivity, specificity, area under the receiver operating curve (AUC), positive predictive
value (PPV) and negative predictive value (NPV), evaluated at the validated biomarker
threshold score [20,23].

2.1. Study Population

The evaluated study population was the PAPR validation cohort [20], for which
data were prospectively collected under a strict blinding protocol. The sample size was
sufficient to power the study to >80%, assuming an AUC of 0.75 and an alpha of 0.05, and to
power a regression test of classification at the validated threshold with 75% sensitivity and
74% specificity. BMI in the PAPR population was derived from height and prepregnancy
self-reported weight and reported in two categories: (1) “All BMI”, representing the full
range of BMI scores; and (2) “Stratified BMI”, which only included BMI scores in the range
of >22–≤37 kg/m2. Deliveries were classified as term births (≥370/7 weeks GA) or sPTBs.

2.2. Gestational Age Dating and Estimated Delivery Date

The PAPR clinical trial protocol specified an algorithm for the assessment of GA
and EDD. In recognition of the importance of dating certainty, the protocol specified
that ultrasound was the preferred method of dating and, when possible, the earliest
available ultrasound should be used for GA determination. LMP was to be used on its
own only in the absence of other dating methods. When both ultrasound and LMP were
available, subjects were dated using LMP if the LMP date was <7 days different from a 1st-
trimester ultrasound date, <10 days different from an early 2nd-trimester ultrasound date
(140/7–200/7), <14 days different from a late 2nd-trimester ultrasound date (201/7–276/7),
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or <21 days different from a 3rd-trimester ultrasound date. Among 4285 PAPR subjects
who had a record of GA dating method, 37.3% were dated by a 1st-trimester ultrasound,
11.0% by an early 2nd-trimester ultrasound, 2.1% by a late 2nd-trimester ultrasound and
49.5% by LMP. We classified subjects with a record of direct use of LMP to establish the
EDD as “LMP” and all others as “excluding LMP.” This was a conservative assumption, in
that subjects without a record of a GA dating method were included in the excluding-LMP
group. The population of subjects dated by any method (all subjects) was compared to the
excluding-LMP subset population.

2.3. Sample Analysis

Samples were analyzed in a Clinical Laboratory Improvement Amendments, College
of American Pathologists and New York State Department of Health certified laboratory
according to a previously described standard operating protocol [20,21]. Briefly, serum
samples were depleted of the 14 most abundant proteins, reduced, alkylated, and digested
with trypsin. Samples then were spiked with stable isotope standard peptides for proteins
of interest, desalted, and analyzed using reverse phase liquid chromatography, followed
by multiple reaction monitoring mass spectrometry. Relative levels of IBP4 and SHBG
were expressed as response ratios of the peak area for the endogenous peptide divided
by the peak area of the stable isotopic standard peptide. The IBP4/SHBG proteomic
biomarker was calculated as: ln(IBP4 response ratio/SHBG response ratio). Measurements
within 10% of the standard analytic error (standard deviation of replicates) of the test were
considered equivalent.

2.4. Statistical Analysis

All analyses of AUC, sensitivity, and specificity tested predefined hypotheses using a
prespecified statistical analysis plan. The blinded assessment of hypotheses was conducted
by a third-party statistician. In post hoc analyses, NPV and PPV were calculated from
sensitivity, specificity, and an sPTB prevalence of 7.3%, as specified [20]. NPV and PPV
confidence intervals were calculated as appropriate for a case–control study [24]. Means
not contained within comparator 95% confidence intervals indicated significant differences
in predictor performance metrics. Analyses were performed in R 3.5 or higher, using the
packages data.table [25], pROC [26], and binom [27].

2.5. Estimation of the Effects of Certainty of Gestational Age Dating on Prediction of Prematurity

We simulated the effects of dating uncertainty on observed predictor performance
using the 2019 distribution in the United States of GA at birth [28] and a simplification of
intervals in guidelines for the use of ultrasound dates provided in ACOG CO 700 [7].

The United States’ national distribution of GA at birth for singleton pregnancies was
retrieved from the CDC for 2019, the most recent full year of data not known to be affected
by the COVID-19 pandemic [28]. Spline interpolation was used to convert CDC GAs at
birth from weeks to days.

ACOG guidelines’ intervals for the confirmation of LMP by ultrasound were used as
the half-widths of 95% confidence intervals of ultrasound dates: 7 days for 1st-trimester
dating and 10 days for 2nd-trimester dating. The two-standard-deviation interval for LMP
dating has been reported to be 29 days for known LMP and 53 days for uncertain LMP [11].
Based on known similar centers [7,8] and independent spreads of LMP and ultrasound
dating and the above standard deviations with the assumption of normally distributed
values, we estimated that about half of LMP dates would be confirmed by a 2nd-trimester
ultrasound, with a two-standard-deviation interval of 14 days for the confirmed LMP dates.

We defined a perfect predictor that assigned high risk probabilities to all births below
37 weeks of GA and low risk probabilities to all births at or above 37 weeks of GA. Random
sets of 0.1% of births were selected 20 times. Each set was assigned GA dating types at
prevalences observed in PAPR: half LMP confirmed by ultrasound, half pure ultrasound.
Random normally distributed noise was added to the GAs at birth to simulate uncertainty in
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GA dating, calculated with a mean of zero and standard deviations derived from guidelines
as established [7]. Lastly, the predictor perfectly matched to the original GAs was tested for
the AUC of the prediction of PTB amongst the adjusted GAs.

3. Results

Table 1 summarizes the characteristics of the subjects in the study, with comparisons
between the all-subject population and the excluding-LMP population for the GA windows
of weeks 180/7–206/7 and 191/7–206/7. No significant differences were observed between
the two populations across a range of demographic and clinical parameters.

Table 1. Demographic comparison of all-subject and excluding-LMP (not dated by first day of last
menstrual period) populations in gestational age weeks 191/7–206/7 and 180/7–206/7.

Weeks 191/7–206/7 Weeks 180/7–206/7

Demographic/
Clinical Variable

Value
All-

Subjects
Excluding

LMP
p-Value

All
Subjects

Excluding
LMP

p-Value

Maternal age Median (IQR) 24.5
(21.0–30.0)

23
(21.0–28.0) 0.72 24.5

(22.0–31.0)
23.0

(21.5–28.0) 0.7

Maternal BMI Median (IQR) 26.5
(22.3–31.3)

28.5
(23.8–34.6) 0.7 28.0

(23.5–32.0)
29.4

(24.4–34.6) 0.7

Gravida
Primigravida 13 7

1
24 11

0.83
Multigravida 41 22 60 33

Race

Black 13 5
0.76

17 8
0.95

White 38 23 61 33

Other 3 1 6 3

Ethnicity
Hispanic 22 12

0.97
36 20

0.9
Non-Hispanic 32 17 48 24

Prior PTB
No 34 19

0.9
50 29

0.76
Yes 20 10 34 15

GABD Median (IQR) 139
(135–144)

139
(135–144) 0.96 135

(130.5–142.5)
135

(130–143) 0.98

GAB Median (IQR) 273
(256–281)

273
(258–277) 0.98 273

(256–281)
273

(257–277) 0.96

Neonatal gender
Female 22 21

0.34
39 17

0.46
Male 32 8 45 27

Outcome

Cases 18 10

0.95

28 15

0.97Controls 36 19 56 29

Total 54 29 84 44

Continuous data: 2-sided Wilcoxon test. Medians and IQRs are shown. Categorical data: 2-sided Fisher’s Exact test.
Counts are shown. IQR, interquartile ratio; excluding LMP, not dated by first day of last menstrual period. GAB,
gestational age at birth; GABD, gestational age at blood draw; LMP, last menstrual period; PTB, preterm birth.

Figure 1 shows the expected performance of a simulated perfect PTB predictor on
subjects with GAs determined by LMP or excluding-LMP dating, interpreted as per ACOG
CO 700 guidance. Performance was significantly lower with LMP than with excluding-LMP
dating (mean LMP AUC: 0.79; mean excluding-LMP AUC: 0.89; p-value < 0.001).

Applying the ACOG estimates of reliability of dating to the present study, we estimated
that in weeks 191/7–206/7, three births labeled as sPTB in the all-subject population and
one in the excluding-LMP group were likely to have been term births, while less than
one term birth in each was likely to be a misclassified PTB. In weeks 180/7–206/7, we
estimated that at least one additional sPTB and one additional term birth were likely to
have been misclassified.
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Figure 1. Performance of a hypothetical perfect preterm birth risk predictor using first date of last
menstrual period (LMP) or excluding-LMP gestational age dating. Darker curves represent individual
simulations, while the shaded area represents the 95% confidence interval of sensitivity at each value
of 1 − specificity. AUC, area under the receiver operating curve.

Risk Predictor Performance

The AUC of the proteomic biomarker sPTB risk predictor was significant in the
validated draw window, weeks 191/7–206/7, for both all subjects (0.75) and excluding-LMP
subjects (0.80) in the BMI-stratified population. Similarly, the correlation between the sPTB
risk predictor and GA at birth was significant in both populations, with Pearson correlation
coefficients −0.6 and −0.5 in the all-subject and excluding-LMP, BMI-stratified populations,
respectively. At the validated threshold and the range of GA at blood draw reported
in Saade et al. [28], the sPTB risk predictor showed previously reported performance
within the all-subject BMI-stratified population, extended here with additional descriptive
statistics: 75% sensitivity, 74% specificity, 18% PPV, and 97% NPV. At the same threshold
in the excluding-LMP, BMI-stratified population, the sPTB risk predictor showed higher
performance, with 88% sensitivity, 75% specificity, 22% PPV, and 99% NPV. The only
significant difference in performance between the all-subject population and the excluding-
LMP population was in sensitivity, although point estimates were generally numerically
higher in the excluding-LMP population, while confidence intervals overlapped.

To test whether these observations extended to additional subjects whose samples
were collected in a broader GA blood draw window, we compared the performance of the
risk predictor in excluding-LMP subjects with blood drawn in weeks 191/7–206/7 versus
that in weeks 180/7–206/7. As a baseline observation, we found that the validated threshold
significantly stratified higher- from lower-risk subjects in weeks 180/7–206/7. Additionally,
there was no significant difference in sPTB risk predictor performance in the excluding-
LMP population in weeks 180/7–206/7 compared to 191/7–206/7. Sensitivity, specificity, PPV,
and NPV at the validated threshold did not differ, nor did AUC and correlation to GA at
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birth. As well, values did not differ significantly by BMI stratification. However, sensitivity
was significantly improved in weeks 180/7–206/7 in the excluding-LMP population as
compared to the all-subject population. Specificity, NPV, PPV, AUC, and correlation to GA
at birth showed numerical increases in point estimates in the excluding-LMP population
relative to the all-subject population, with overlapping confidence intervals. Figure 2
shows the separation in risk predictor scores between sPTBs and term births (controls)
for the excluding-LMP population across GA at blood draw, relative to (A) the proteomic
biomarker risk predictor score and (B) the validated threshold.

 

Figure 2. Separation between spontaneous preterm birth (sPTB) cases and term births (controls)
across gestational age (GA) at blood draw, in the excluding-LMP (not dated by first day of last
menstrual period) population. (A) Using the proteomic predictor score. Dashed line corresponds
to the validated risk predictor threshold (−1.37), representing 15% sPTB risk, or twice the average
sPTB risk across all U.S. singleton pregnancies. (B) Using the percent sPTB risk. Dashed line indicates
15% sPTB risk.

143



J. Clin. Med. 2022, 11, 2885

4. Discussion

In the current analysis, we demonstrated an improvement in observed biomarker risk
predictor performance in representative subjects who had more certain GA dating. The fact
that subjects with more certain dating did not differ from all subjects by any demographic
or clinical factor suggests that the improvement we observed in performance is only due to
more certain dating and applies to all pregnancies, no matter how they are dated. We note
that the sPTB risk predictor assessed in the current analysis was developed on a broad and
diverse United States pregnant population and is applicable across demographic groups,
including those based on race or ethnicity. Performance improvement also was confirmed
in additional subjects by extending the analysis from the current intended-use window of
191/7–206/7 weeks to a broader window of 180/7–206/7 weeks.

Based on the lower reliability of their GA dating, we estimated that three term births
in weeks 191/7–206/7 were misclassified as preterm when all dating methods were included,
while only one was estimated to have been misclassified with more reliable dating. Thus,
the significantly increased sensitivity that we observed at the validated risk predictor
threshold is indeed the most likely result of restricting analysis to subjects with better
dating. Our data suggest that lower-scoring cases contributing to the original, lower
estimate of sensitivity largely had received less certain dating and that at least some are
expected to represent term births misclassified as PTBs due to dating uncertainty.

ACOG guidance regarding GA dating was revised after PAPR study data were col-
lected, providing new specifications for the uncertainty of available GA dating methods [7].
These specifications motivated the current analysis. ACOG guidance quantifies the in-
creased certainty of GA dating with earlier GA at ultrasound. More certain dating in turn
provides greater certainty for GA-related outcomes such as PTB and thus provides more
accurate quantitation of risk predictor performance.

The impact of GA dating uncertainty on the assessment of the prediction of GA-
dependent events such as PTB can be quantified. In our simulations, a perfect PTB predictor
showed a decrease in the AUC of 21% when GA was determined by LMP dating confirmed
by ultrasound and about half that decrease when GA was determined by ultrasound
dating. This simulation demonstrates the inaccuracy of assessing predictor performance in
a population for which the outcome (sPTB as determined by GA date) is not known reliably.
While ultrasound dating is commonly accepted as a more certain dating method than LMP,
our results demonstrate the novel suggestion that confirming LMP by ultrasound does not
improve its certainty to the level achieved by using actual ultrasound dates. The impact
of GA dating certainty can also be quantified in ways that impact daily obstetric practice.
Based on the approximately nine-fold higher prevalence of term than PTBs, less certain GA
dating notably increases the number of term births misclassified as preterm, while a smaller
number of PTBs will be misclassified as term births. Estimated GAs that provide higher
numbers of false positive and false negative calls for PTB result in more opportunities for
the incorrect application of treatments such as antenatal corticosteroid administration.

Uncertainty in GA dating may be particularly impactful upon medical decisions for
preterm and late-term or post-date deliveries. Maternal and neonatal care recommenda-
tions may differ strongly with threatened labor or delivery at an estimated GA of 216/7 vs.
226/7 weeks. Similarly, recommendations for intervention as opposed to expectant man-
agement may differ for post-term pregnancy at 410/7 vs. 420/7 weeks. Such challenging
scenarios motivate the development of prognostics or diagnostics that can improve the
certainty of GA dating beyond the current state and thus improve the performance of GA
as a classifier of risk of periviable or post-term birth. These findings have wider-ranging
implications beyond PTB prediction and may affect the timing of antenatal testing and
induction, reductions in cesarean section, and the prevention of stillbirth. The results of
the present analysis suggest that use of pure ultrasound dating with a validated proteomic
biomarker risk predictor may allow the most accurate assessment of the prediction of
PTB. As well, combinations of biomarkers selected for the estimation of GA at the time of
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sampling rather than risk prediction, in combination with ultrasound, may be of interest
for the more confident estimation of GA and EDD.

Future work might include an examination of the observed performance of pregnancy
predictors on additional cohorts with two or more GA dating techniques assessed on
all subjects, enabling within-subject comparison of the effects of dating uncertainty on
performance assessment.

The limitations of the current study include the modest size of the study and the
availability of only one GA dating method per subject. In addition, the exact GA of the
dating ultrasound was not available in the PAPR study. For this reason, we established
biomarker performance amongst a more precisely dated population by excluding LMP-
only dating. Future studies are planned to extend these analyses in clinical trials where
the gestational age of the dating ultrasound is available and within-patient comparison
of gestational age dating methods can be carried out. Finally, ours was a retrospective
analysis, which can be enhanced by focused prospective studies.

A major strength of the study was that it applied the current best practices, including
the implementation of ACOG guidance and evidence cited therein and a blinded analysis
by a third-party statistician. The analysis was conducted on a well-characterized, previously
studied population. Finally, the current study introduced a methodology for assessing risk
predictor performance more accurately through the consideration of GA dating uncertainty.

5. Conclusions

The improved estimation of the performance of an sPTB risk predictor in subjects
whose GA at delivery is more certain suggests that the risk predictor provides accurate
predictions that are confirmed by better dating. Improvements in risk prediction can lead
to better risk stratification, and this work suggests that more well-designed controlled
studies on interventions to reduce risk are warranted and have the potential to have
significant impacts.
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Abstract: Gestational diabetes mellitus (GDM) is one of the most common complications of pregnancy,
affecting up to 14% of pregnant women. The population of patients with risk factors of GDM is
increasing; thus, it is essential to improve management of this condition. One of the key factors
affecting perinatal outcomes in GDM is glycaemic control. Until recently, glucose monitoring was
only available with self-monitoring of blood glucose (SMBG). However, nowadays, there is a new
method, continuous glucose monitoring (CGM), which has been shown to be safe in pregnancy.
Since proper glycaemia assessment has been shown to affect perinatal outcomes, we decided to
perform a systematic review to analyse the role of CGM in glycaemic control in GDM. We conducted
a web search of the MEDLINE, EMBASE, Cochrane Library, Scopus, and Web of Science databases
according to the PRISMA guidelines. The web search was performed by two independent researchers
and resulted in 14 articles included in the systematic review. The study protocol was registered
in the PROSPERO database with registration number CRD42021289883. The main outcome of the
systematic review was determining that, when compared, CGM played an important role in better
glycaemic control than SMBG. Furthermore, glycaemic control with CGM improved qualification
for insulin therapy. However, most of the articles did not reveal CGM’s role in improving neonatal
outcomes. Therefore, more studies are needed to analyse the role of CGM in affecting perinatal
outcomes in GDM.

Keywords: gestational diabetes mellitus; continuous glucose monitoring; self-monitoring of blood
glucose; hyperglycaemia; hypoglycaemia

1. Introduction

Gestational diabetes mellitus (GDM) is the most common complication of pregnancy,
with an incidence rate of up to 14% of all pregnant women [1]. Over a long period of
time, it was defined as any degree of glucose intolerance with the onset or first recognition
during pregnancy [2,3]. However, now it is debated whether this definition is appropriate
due to its limitations, including imprecise information about diagnostic thresholds for
GDM [4]. The population of patients with risk factors for GDM is continuously increasing,
thus, it is essential to improve the management of GDM [5]. It is believed that glycaemic
control plays a major role in the proper treatment of GDM [6,7]. Until recently glycaemic
control in GDM was mainly based on the self-monitoring of blood glucose (SMBG) [8].
However, the main inconveniences of this method are multiple finger-pricking for a single
glycaemia measurement and intermittent checking of glucose levels, which might lead to
poor patient compliance [9]. Recently, a new method for glycaemic control was introduced,
namely, continuous glucose monitoring (CGM) [10]. The method uses a subcutaneous
sensor to collect the glycaemia results. The main benefit of CGM is that, after insertion,
the system analyses the actual glycaemia constantly without any additional invasive
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procedure [11]. An important advantage of CGM is the evaluation of time the patient
spends in normoglycaemia. It is called time-in-range, and it is defined as the percentage
of time in which glycaemia is in reference range [12]. It is believed that time-in-range is a
more accurate outcome to assess the patient’s compliance.

There are ongoing debates about what type of glycaemia measurement method is the
most effective for pregnant women diagnosed with GDM. It is hypothesized that CGM is
superior to SMBG, but due to the high price of the device and a lack of reimbursement for
GDM in many countries, it is not used as the method of choice [7,8].

The aim of this systematic review is to assess the efficacy of continuous glucose moni-
toring on glycaemic control in pregnant women with GDM. In addition, this review will
focus on the need for pharmacological treatment and perinatal outcomes in the population
of patients using CGM.

2. Materials and Methods

2.1. Search Strategy and Selection Criteria

We conducted a systematic web search in the MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials (CENTRAL), Scopus, and Web of Science databases according
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The systematic review has been registered in the International Prospective
Register of Systematic Reviews (PROSPERO) registry (CRD42021289883). The keywords
utilized for the research were: continuous glucose monitoring, flash glucose monitoring,
and gestational diabetes mellitus. The time frame of the research was from database
inception date to November 2021. The inclusion criteria were: randomized controlled
trials and observational studies, and human studies in English. The exclusion criteria were
types of studies other than the inclusion criteria, animal studies, and studies in different
languages than English (Table 1).

Table 1. Inclusion and exclusion criteria for the systematic review.

Inclusion Criteria Exclusion Criteria

Randomized controlled trials and
observational studies

Case reports, review articles,
editorial comments

Human studies
Studies in English

Animal studies
Studies in different languages than English

Following the initial screening, publications were analysed further by title and abstract
to exclude studies that did not meet the inclusion criteria. After initial selection, the
remaining full articles were screened to assess the final number of eligible publications
included to the systematic review. Two of the authors independently evaluated all retrieved
studies against the eligibility criteria and, in cases of differing opinion, the publication was
discussed with the third author.

Due to heterogeneity in terms of continuous glucose monitoring devices, study dura-
tion, and number of patients among the included articles, no meta-analysis was performed.

2.2. Data Analysis

Data were extracted independently by two researchers. The following data were ex-
tracted: type of article, year of publication, type of continuous glucose monitoring, number
of patients included in the study, fasting, postprandial and nocturnal glycaemia, time
in range, qualification for insulin therapy, incidence of severe nocturnal hypoglycaemia,
glycosylated haemoglobin concentration (HbA1c), gestational weight gain, newborn birth
weight, and other neonatal outcomes.
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2.3. Outcomes

The main outcome was glycaemic control (fasting, postprandial and nocturnal gly-
caemia). Several secondary outcomes were also investigated, including: qualification to
insulin therapy, incidence of severe nocturnal hypoglycaemia, HbA1c, gestational weight
gain, newborn birth weight, and other neonatal outcomes.

3. Results

A total of 435 articles were identified through a systematic review of the literature (Figure 1).

Records identified from 
databases searching (n =  435):
MEDLINE (n =  234)
COCHRANE DATABASE
(n =  39)
SCOPUS (n =  120)
WEB OF SCIENCE (n =  42)

Records removed before screening:
Duplicate records removed 
(n =  172)
Records marked as ineligible 
by automation tools (n =  0)
Records removed for other 
reasons (n =  0)

Titles and abstracts screened for 
eligibility (n =  263)

Records excluded by title and 
abstract screening (n =  212)

Full-text articles assessed for 
eligibility (n =  51)

Full-text articles excluded 
(n =  37) 

Studies included in review
(n =  14)

Identification of studies via databases and registers
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Figure 1. PRISMA flow diagram.

After initial screening, 172 duplicates were excluded and 263 titles and abstracts were
screened further for eligibility criteria, leaving a total of 51 full-text publications. Review
of the full-text articles resulted in 37 studies being excluded from further assessment. A
total of 14 remaining publications were included in the final analysis of this systematic
review (Table 2).

Table 2. Characteristics of studies included in the systematic review.

Study ID Study Design
Study

Population
Type of CGM

Duration of
CGM Usage

Outcome Results

Paramasivam S et al. [6] RCT * 57 GDM
patients

iPro™ 2
Medtronic 6 days

Incidence of
hypoglycaemia,
insulin therapy,
maternal and

neonatal outcomes

Higher detection of
hypoglycaemia in
CGM group; no

difference in
other outcomes

Afandi B et al. [7]
Prospective

observational
study

25 GDM
patients

iPro™ 2
Medtronic 5 days

Incidence of hyper-
and hypoglycaemia,

HbA1c level,
qualification to
insulin therapy

Lower incidence of
hyperglycaemia

and higher
detection of

hypoglycaemia in
CGM group
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Table 2. Cont.

Study ID Study Design
Study

Population
Type of CGM

Duration of
CGM Usage

Outcome Results

Márquez-Pardo S et al. [8]
Prospective

observational
study

77 GDM
patients

iPro™ 2
Medtronic 6 days

Incidence of
hyperglycaemia,
qualification to
insulin therapy

Higher detection of
hyperglycaemia,

more qualification
to insulin therapy

in CGM group

Chen R et al. [9]
Prospective

observational
study

57 GDM
patients

Medtronic
MiniMed 72 h

Incidence of
postprandial

hyperglycaemia
and nocturnal

hypoglycaemia;
HbA1c level

Higher detection of
nocturnal

hypoglycaemia and
postprandial

hyperglycaemia in
CGM group, no

difference in HbA1c
level between

the groups

Lane AF et al. [11] RCT 40 GDM
patients

Medtronic Min-
iMed/iPro™ 2

Medtronic
28 days

Incidence of hyper-
and hypoglycaemia,

time in range,
HbA1c level,
maternal and

neonatal outcomes

No difference
between the groups

Yu F et al. [12] Prospective
cohort study

340 GDM
patients

Medtronic
MiniMed

72 h a week
for 5 weeks

Glycaemia control,
insulin therapy,
maternal and

neonatal outcomes

Shorter durations of
hyper- and

hypoglycaemia,
more patients

qualified to insulin
therapy in CGM

group; less
incidence of LGA *,

neonatal
hypoglycaemia and
hyperbilirubinemia

in CGM group

Cypryk K et al. [13]
Prospective

observational
study

12 GDM
patients,

7 patients
non-GDM

Medtronic
MiniMed 72 h Glycaemia control No difference

between the groups

Zhang X et al. [14] RCT 110 GDM
patients

ISGMS *
(Abbott

Diabetes Care)
14 days

Incidence of
hypoglycaemia,

gestational weight
gain, health

behaviour patterns

Lower gestational
weight gain, better
health behaviour

patterns and lower
incidence of

hypoglycaemia in
CGM group

Buhling KJ et al. [15]
Prospective

observational
study

63 GDM,
17 IGT,

24 non-GDM,
9 non-

pregnant
patients

Medtronic
MiniMed 72 h Glycaemia control,

neonatal outcomes

Higher detection of
hyperglycaemia in

CGM group, no
difference in other
outcomes between

the groups

Zaharieva D et al. [16]
Prospective

Observational
Study

90 GDM
patients

iPRO
Medtronic 7 days Incidence of

hyperglycaemia

Higher detection of
hyperglycaemia in

CGM group

Alfadhli E et al. [17] RCT 130 GDM
patients

Guardian®

RT-CGMS
MiniMed

3–7 days

Fasting and
postprandial

glycaemia, HbA1c
level, insulin

therapy, maternal
and

neonatal outcomes

No difference
between the groups
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Table 2. Cont.

Study ID Study Design
Study

Population
Type of CGM

Duration of
CGM Usage

Outcome Results

Kestila K et al. [18] RCT 73 GDM
patients

Medtronic
MiniMed Mean 47.4 h

Insulin therapy,
maternal and

neonatal outcomes

Higher number of
patients qualified
for insulin therapy
in CGM group; no

difference in
maternal and

neonatal outcomes
between the groups

Yogev Y et al. [19]
Prospective

observational
study

6 PGDM,
2 GDM

patients,

Medtronic
MiniMed 72 h

Glycaemia, HbA1c
level, insulin

therapy, maternal
and

neonatal outcomes

Higher detection of
nocturnal

hypoglycaemia and
postprandial

hyperglycaemia,
better modification
of insulin therapy
in CGM group; no
difference in other
outcomes between

the groups

Wei Q et al. [20] RCT 106 GDM
patients

Medtronic
MiniMed 48–72 h

Glycaemia, HbA1c
level, insulin

therapy, maternal
and neonatal

outcomes

Higher number of
patients qualified to

insulin therapy,
better detection of

nocturnal
hypoglycaemia and

postprandial
hyperglycaemia,
less gestational
weight gain in

CGM group; No
difference in other
outcomes between

the groups

* RCT = Randomised controlled trial; LGA = large for gestational age; ISGMS: instantaneous scanning glucose
monitoring system.

3.1. Glycaemic Control
3.1.1. Hyperglycaemia

In five studies, it was found that CGM is better at detecting episodes of hyperglycaemia
as compared to SMBG [7,9,12,15,16]. In two studies, it was found that CGM detected more
hyperglycaemic events than SMBG [9,15]. However, Afandi et al. demonstrated that
the incidence rate of hyperglycaemia in all patients included in the study reached 5.65%
using CGM versus 14.2% using SMBG (p < 0.05) [7]. The incidence of hyperglycaemia
above 180 mg/dL in the CGM and SMBG groups was estimated to be <1.0% and 2% of all
readings, respectively (p < 0.05). In another prospective study, hyperglycaemic events were
analysed further, and the result was that, in the CGM group, the duration of time spent in
hyperglycaemia was shorter than in the SMBG group [12]. One study found that CGM is
a better detector of nocturnal hyperglycaemia than SMBG [16]. On the other hand, three
studies described no statistical difference between the SMBG and CGM groups in detecting
glycaemia above the reference range [11,13,17].

3.1.2. Hypoglycaemia

We found eight articles about incidences of hypoglycaemia [6,7,9,11–15]. In most
studies, the outcome was that CGM detects a higher number of hypoglycaemia episodes
than SMBG [6,7,9,15]. It played an especially significant role in pregnant women qualified
for insulin therapy [9,19]. Chen et al. underlined CGM’s role in especially detecting
nocturnal hypoglycaemia in patients requiring pharmacological treatment [9].
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There was only one study, by Zhang et al., that calculated a significantly lower number
of patients with hypoglycaemic events in the CGM group (overall, 3 patients with hypo-
glyceamic episodes (5.45%) in CGM versus 12 patients (21.82%) in SMBG group; χ2 = 6.253,
p = 0.012) [13]. Yu at el analysed hypoglycaemia further and showed significant a difference
in the duration of time spent in hypoglycaemia, with lower results in the CGM group [12].

3.2. Insulin Therapy

Five studies analysed how qualification to insulin therapy differs between the CGM
and SMBG groups [6,8,18–20]. In three of them, it was noted that CGM is a better predictor
for the initiation of antihyperglycaemic treatment [8,18,20]. Kestilä et al. found that using
SMBG only leads to underestimation of the actual number of patients requiring insulin
therapy [18]. In another study, it was also confirmed that CGM detects a higher number of
patients who should be qualified for pharmacological treatment [8].

Two studies analysed whether CGM has an impact on insulin dosage. Paramasi-
van et al. conducted a randomised, controlled trial and revealed that the total insulin
requirement was higher in the CGM group throughout pregnancy; however, there was no
significant difference in the insulin dosage between the groups (CGM vs. control: 16.2 ± 6.4
vs. 11.8 ± 13.6 units, p = 0.314) [6]. An interesting outcome was demonstrated in the study
by Yogev et al.; namely, the CGM group demanded 33% less long and intermediate-acting
insulin, while, simultaneously, having higher (mean 20%) postprandial morning and after-
noon insulin doses than the SMBG group [19].

3.3. HBA1c

HBA1c levels were analysed in six studies [5,8,10,16,18,19]. A randomized, controlled
trial assessing HbA1c results in patients with GDM treated with insulin revealed sig-
nificantly lower HbA1c concentration in the CGM group (CGM group: 5.2 ± 0.4% vs.
SMBG group: 5.6 ± 0.6%, p < 0.006) [6]. Furthermore, in the CGM group, HbA1c re-
mained unchanged, in contrast to SMBG group, in which HbA1c levels increased over
the course of pregnancy. Despite the above-mentioned results in five other studies, no
significant differences in HbA1c concentration between CGM and SMBG groups were
observed [9,11,17,19,20].

3.4. Gestational Weight Gain

Gestational weight gain was analysed in three publications [14,18,20]. Two of them
revealed a significantly lower increase in weight gain in the CGM group [14,20]. In addition,
there was less incidence of excessive weight gain in the group using continuous glucose
monitoring [14,20]. Nevertheless, the third publication, by Kestila et al., did not confirm
the impact of CGM on gestational weight gain [18].

3.5. Neonatal Outcomes

Seven studies compared neonatal outcomes, and the results are not conclusive [6,11–13,17,18,20].
In the study by Paramasivan et al., no significant difference in newborn weight between
the CGM and SMBG groups was noted (CGM: 2842.4 g ± 448.6 vs. SMBG: 2976.0 g ± 473.5;
p = 0.311) [6]. Another two prospective studies confirmed their result [18,20]. In the study
by Kestilla et al., the incidence of macrosomia was similar in both groups (p = 0.33) [18].
In contrast, Yu F et al. observed significantly lower neonatal weight in the CGM group
(an average difference of 207 g; p < 0.001) and higher incidence of macrosomia or LGA
in the SMBG group (p < 0.05) [12]. The authors also analysed other neonatal outcomes,
but the results were inconclusive. There was a significantly lower incidence of neonatal
hypoglycaemia and hyperbilirubinemia in the CGM group; however, NICU admission
rates did not differ between the groups [12]. In four other studies, the authors showed no
differences in any analysed neonatal outcomes [11,17,18,20].
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4. Discussion

In this systematic review, we aimed to assess the efficacy of CGM on glycaemic control
in GDM. Overall, the results of our review provide clear evidence for the superiority of
CGM over SMBG in dysglycaemia assessment. In the majority of studies, it was shown
that, in the CGM group, there was a better detection of dysglycaemia than in the SMBG
group [6,7,9,12,15]. However, few studies did not confirm the statistical difference between
those two methods [11,13,17]. The difference in outcomes might be the consequence of
different methodologies used in the studies, including the number of patients recruited
or study duration (for example, too short a period of time to reveal a statistical difference
between the groups).

An interesting outcome analysed in the review was the role of CGM in detecting
nocturnal hypoglycaemia. In four studies, CGM performed better in the assessment of
hypoglycaemic events [6,7,9,16]. Yu et al. revealed that CGM shortens the time spent in
hypoglycaemia as compared to SMBG [12]. Moreover, the authors observed that CGM had
an impact on diet control, weight monitoring and appropriate exercise. Thus, shorter time
spent in hypoglycaemia was correlated with better health behaviour patterns and patient
compliance. Overall, it is believed that improved nocturnal hypoglycaemia detection by
CGM might have implications for better modification of GDM treatment, not only better
qualification for insulin therapy, but also diet modifications [6,12]. It might play a particular
role for patients requiring pharmacological treatment.

HbA1c levels, widely used as an assessment tool for patients with diabetes compliance,
did not differ between the groups in almost all analysed articles [11,19,20]. Only one study
noted the role of CGM in improving HbA1c levels throughout pregnancy [6]. Consequently,
these outcomes might confirm that HbA1c is not the most reliable parameter used for
gestational diabetes management.

Regarding insulin therapy, almost all studies demonstrated CGM’s superiority over
SMBG in predicting adequate antihyperglycaemic treatment [8,18–20]. Continuous glucose
monitoring not only enabled better qualifications of patients for insulin therapy, but also
had an impact on dose modification. CGM improved adjustments in the insulin dosage that,
in consequence, could minimalize complications associated with improper treatment [20].

Regarding neonatal outcomes, in most of the included studies, there was no statistical
difference between the CGM and SMBG groups [6,18,20]. Only one study, including over
300 patients, revealed a significantly lower incidence of LGA and lower birth weight in
the CGM than in the SMBG group [12]. As a result, further studies need to be conducted
to elucidate whether lack of differences in neonatal outcomes may be a consequence of
methodological shortcomings. It seems likely that if continuous glucose monitoring better
detects dysglycaemia and improves pharmacological treatment, it should have an impact
on neonatal outcomes.

A few studies revealed the role of CGM in improving health behaviour patterns [14,20].
Zhang et al. noted its role, especially with regard to lower gestational weight gain compared
to the SMBG group [14]. However, there is limited data available in other analysed studies
about this maternal outcome. The possible cause of this ambiguous result might be a
short period of CGM usage in the majority of the included articles (less than 7 days of
measurements per patient).

Several methodological flaws limit the internal validity of this systematic review. First,
the main limitation of the analysed studies is that they included small study groups (there
was only one study including >150 patients). For example, Paramasivan et al. studied
the impact of CGM on maternal and neonatal outcomes with a relatively small group of
patients (n = 25 in CGM and n = 25 in SMBG group) [6]. Hence, some of their results
do not merge together—the study revealed the impact of continuous glucose monitoring
on improving glycaemia control, but it revealed no significant differences in neonatal
outcomes. Secondly, not all of the studies were randomized, controlled trials; therefore,
some of the results might have been prone to recall bias. Thirdly, the periods planned for
conducting the study were relatively short (median: 5 days), which may not allow the
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demonstration of significant differences in certain perinatal outcomes. Furthermore, there
were not many studies that analysed additional maternal outcomes.

The strengths of this systematic review include study selection from five major databases
and their further analysis based on clearly defined inclusion and exclusion criteria.

5. Conclusions

This systematic review supports the thesis that CGM is superior to SMBG in the
management of dysglycaemia in GDM. Our findings suggest that CGM better detects
hyper- and hypolgycaemic events and is a more appropriate predictor of qualification for
insulin therapy. Therefore, these results provide justification for the idea that CGM plays an
important role in glycaemia management in GDM. CGM improves the detection of fasting
and postprandial hyperglycaemia. Additionally, it better assesses nocturnal hypoglycemia
episodes. Improved identification of dysglycaemia allows for better patient compliance as
well as decreases the rate of unnecessary interventions, including qualification for insulin
therapy and further improper dose adjustment.

On the other hand, the results for neonatal outcomes, including LGA incidence in both
methods of measurement, were inconclusive. There is limited evidence that CGM improves
any of the analysed neonatal outcomes. Furthermore, it will be essential to elucidate the
role of CGM in changing patient health behaviour patterns.

To conclude, more prospective studies focusing on maternal and neonatal outcomes
in GDM-complicated pregnancies monitored by CGM need to be conducted to support the
existing evidence and to solve the inconclusive findings.
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Abstract: Background: FLT1 is one of the significantly overexpressed genes found in a pre-eclamptic
placenta and is involved with the etiology of this disease. Methods: We conducted genome-wide
expression profiling by RNA-seq of placentas from women with pre-eclampsia and those with
normotensive pregnancy. Results: We identified a lncRNA gene, MG828507, located ~80 kb upstream
of the FLT1 gene in a head-to-head orientation, which was overexpressed in the pre-eclamptic
placenta. MG828507 and FLT1 are located within the same topologically associated domain in the
genome. The MG828507 mRNA level correlated with that of the FLT1 in placentas from pre-eclamptic
women as well as in samples from uncomplicated pregnancies. However, neither the overexpression
nor knockdown of MG828507 affected the expression of FLT1. Analysis of pre-eclampsia-linking
genetic variants at this locus suggested that the placental genotype of one variant was associated
with the expression of MG828507. The MG828507 transcript level was not found to be associated with
maternal blood pressure, but showed a relationship with birth and placental weights, suggesting
that this lncRNA might be one of the pivotal placental factors in pre-eclampsia. Conclusion: Further
characterization of the MG828507 gene may elucidate the etiological roles of the MG828507 and FLT1
genes in pre-eclampsia in a genomic context.

Keywords: lncRNA; FLT1; placenta; pre-eclampsia

1. Introduction

Pre-eclampsia is a syndrome defined by the onset of hypertension with proteinuria
and is one of the most common obstetric problems, accounting for almost 15% of pregnancy-
associated disorders [1]. It is not a simple complication of pregnancy, however, rather it is a
syndrome of multiple organ failures involving the liver, kidneys, and lungs, in addition
to coagulation and neural-system difficulties. Since cases of severe pre-eclampsia have a
considerably poorer prognosis for both the mother and fetus than an uncomplicated preg-
nancy, it is potentially one of the most devastating pregnancy-associated disorders faced by
gynecologists. There is now an emerging consensus that pre-eclampsia is a multifactorial
disease, in which the pathogenetic processes underlying this disorder involve numerous fac-
tors such as oxidative stress, endothelial dysfunction, vasoconstriction, metabolic changes,
thrombotic disorders, and inflammatory responses, although the precise mechanisms have
continued to remain elusive [2,3].

It is generally accepted now that the placenta plays a primary role in the etiology of
this disorder. A two-stage disease hypothesis has been proposed, in which an initiating
reduction in placental perfusion by abnormal vascular remodeling leads to the maternal
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symptoms in individuals who have a genetic predisposition to this disease [4]. A con-
siderable body of evidence indicates that placenta-derived anti-angiogenic factors, such
as soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin, are found at high con-
centrations in the maternal circulation in pre-eclampsia and significantly contribute to
disease onset [5–7]. sFlt-1 is a truncated soluble form of this protein lacking the tyrosine
kinase domain and acts as an anti-angiogenic factor, by neutralizing proangiogenic fac-
tors such as VEGF (vascular endothelial growth factor) or PlGF (placental growth factor),
possibly leading to the abnormal placentation in the onset of pre-eclampsia. Assuming
that pre-eclampsia is a polygenic disease, several lines of evidence suggest that genetic
variants that increase the expression of the FLT1 gene likely predispose the individual to
pre-eclampsia. As the FLT1 gene is located at chromosome 13q12.3, an elevated sFlt-1 and
reduced placental growth factor (PlGF) are associated with trisomy 13 pregnancies, leading
to a greater susceptibility to pre-eclampsia [8]. Nucleotide variants that are proximal to the
FLT1 gene in the placenta are also associated with this disease [9–11].

The fine-tuning of gene expression that contributes to the onset of polygenic diseases
is often regulated by genetic variants, which act as an expression quantitative trait lo-
cus (eQTL). These variants might affect their target gene’s expression level via structural
changes to a topologically associated domain (TAD) or via expression changes in lncRNAs
(>200 nt) or miRNAs (<200 nt), which also regulate the expression of genes associated
with disease [12,13]. Nearly 98% of human genome generates many species of non-coding
RNAs, and it is now appreciated that many types of DNA regulatory elements, such as
enhancers and promoters, produce lncRNAs to regulate the transcription of the relevant
gene. Global gene-expression profile analysis is a powerful tool for the elucidation of the
mechanistic pathway underlying the disease or identification of its diagnostic or prognostic
markers. RNA-seq technology allows us to identify differentially expressed genes, includ-
ing those genes that have not been well-characterized yet, such as lncRNAs [14–16]. In our
current study, we conducted global-expression profiling using RNA-seq in women with
uncomplicated pregnancies and in women with severe pre-eclampsia. Our comparative
analyses focused on lncRNA species that might potentially regulate the expression of genes
associated with pre-eclampsia.

2. Materials and Methods

2.1. Samples

All of the clinical samples analyzed in this study were collected at the Department of
Obstetrics and Gynecology, Fujita Health University Hospital, Japan, from 2005 to 2014.
Placental biopsy samples were obtained during Caesarean sections from both normotensive
patients and women with severe pre-eclampsia (n = 39). Severe pre-eclampsia was defined
by a blood pressure of greater than 160/110 mmHg and by proteinuria of more than 2 g over
a 24 h collection period, according to the criteria used in Japan at that time, although these
criteria have been revised, so the latest version is currently used [17,18]. Normotensive
subjects (n = 38) were matched for both maternal and gestational age and for maternal
body mass index at pre-pregnancy. Normotensive subjects underwent a Caesarean section
due to a breech presentation or a previous Caesarean section. In addition, we collected
preterm normotensive control samples from pregnancies with a premature rupture of the
membrane that underwent a Caesarean section due to a breech presentation or with a
previous Caesarean section without evidence of intrauterine infection. We calculated the
birthweight coefficient by dividing the measured birthweight by the expected standard
birthweight at the gestational week in the general Japanese population [19]. The clinical
details of our study subjects are presented in Table 1.
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Table 1. Characteristics of the normotensive and pre-eclamptic study subjects.

Normotensive
Pregnancy

Pre-Eclampsia p Value

n = 38 n = 39
Maternal age (y) 30 (28–36) † 30 (28–32) n.s

Gestational age (weeks) 37 (31–38) 33 (32–36) n.s
Systolic BP (mmHg) 114 (107–118) 163 (157–175) <0.05
Diastolic BP (mmHg) 70 (60–76) 103 (93–110) <0.05

Proteinuria ‡ 0 (0%) 39 (100%) <0.05
Body mass index (BMI) § 21.2 (19.7–22.8) 21.0 (19.0–23.9) n.s

Birth weight (g) 2649 (1827–3105) 1494 (1146–1974) <0.05
Birth weight coefficient 1.000 (0.919–1.112) 0.717 (0.640–0.813) <0.05

Placental weight (g) 540 (485–630) 300 (240–398) <0.05
† Data are the median (interquartile range). ‡ ≥2 g in a 24-h collection. § pre-pregnancy.

To avoid any possible confounding effects of labor on gene expression, only placental
samples that were obtained through Caesarean section from women who had not under-
gone labor were included in the analyses. A central area of chorionic tissue was then
dissected, and the maternal deciduae and amnionic membranes were removed. We then
dissected 1 cm sections of placental villi from the four different central areas between the
basal and chorionic plates [20,21]. After vigorous washing of the maternal blood with saline,
the tissues were immediately frozen in liquid nitrogen and stored until use. Informed
consent was obtained from each patient, and this study was approved by the Ethical Review
Board for Clinical Studies at Fujita Health University.

2.2. RNA-Seq

We performed RNA-seq analyses of placental tissues from severe pre-eclamptic (n = 6)
and normotensive (n = 6) pregnancies. Total RNA was extracted from chorionic villous tis-
sue samples using an RNeasy mini-kit (Qiagen, Valencia, CA, USA), in accordance with the
instructions of the manufacturer. Briefly, approximately 1 μg of each total RNA sample was
applied for library preparation using the NEBNext Ultra RNA Library Prep Kit for Illumina
(#E7530; New England Biolabs, Inc., Ipswich, MA, USA), in accordance with the instructions
of the manufacturer, except for the use of AMPure XP beads (A63880; Beckman Coulter,
Indianapolis, IN, USA) in the clean-up steps. The NEBNext Poly(A) mRNA Magnetic
Isolation Module upstream and the NEBNext Multiplex Oligos for Illumina downstream
(#E7500, #E7335; New England Biolabs) were also used for poly(A) RNA purification and
multiplex library production steps, respectively. The samples were sequenced using a
high-throughput platform (HiSeq2500, Illumina) with a 100 bp single-end strategy.

We obtained about 40 million raw reads for each sample. These sequence data were
quality-trimmed using FASTQX-Toolkit v0.0.13 (http://hannonlab.cshl.edu/fastx_toolkit/
accessed on 10 April 2022) with the command “-Q 33 -t 20 -l 30”. The reads were aligned
to hg38 using Hisat2 ver. 2.0.5 with default parameters. Potential transcripts were as-
sembled and read-counted using StringTie ver. 1.3.3 and TACO ver. 0.7.3 with gen-
code_v27_annotation.gtf file. The resulting counting data were used for the statistical
analyses of differentially expressed genes by DESeq2 ver. 1.14.1 with the Wald test (cut-offs:
baseMean > 10, false discovery rate (FDR; adjusted p-value, padj) < 0.05, and log2 fold
change of >1 or <−1) [22].

2.3. Quantitative Real-Time RT-PCR

RNA recovered from the placental samples was subjected to quantitative real-time RT-
PCR to quantify MG828507 and FLT1 gene expression. A Superscript III First-Strand Synthe-
sis SuperMix for RT-PCR (Invitrogen, Grand Island, NY, USA) using random primers was
employed to produce single-stranded cDNA from the total RNA. The 18S rRNA housekeep-
ing gene 18S rRNA (Hs99999901_s1) was used to normalize the mRNA concentrations, be-
cause other genes commonly used as such a control are often regulated by estrogen [23]. RT-
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PCR reactions were performed in triplicate using a THUNDERBIRD Probe qPCR Mix (Toy-
obo, Osaka, Japan) in a final volume of 20 μL. The cycling conditions for PCR amplification
were 1 min at 95 ◦C, followed by 40 cycles of 15 s at 95 ◦C, and 1 min at 60 ◦C. PCR primers
and TaqMan probes for the FLT1 gene were purchased commercially (Hs0105296_m1,
Thermo Fisher Scientific, Tokyo, Japan), and those for the MG828507 gene were custom-
designed as follows: forward (5′-AAGTCAGCACACAGCTTGAAAGC-3′), reverse (5′-
GTCTTGTGCTGTTTGACAAATGG-3′), and Taqman probe (5′-ACTACAGGCCTTTCTT-3′).

2.4. Overexpression of MG828507 in Cells

Almost the entire cDNA encoding MG828507 was produced by RT-PCR and cloned
into the pEGFP-N1 vector equipped with a CMV promoter. HTR-8/SVneo, a widely-used
first trimester human trophoblast cell line, was purchased from Dr. Charles Graham at
Queen’s University (Kingston, ON, Canada). The HTR-8 cells were seeded at 3.0 × 105 cells
per 2 mL in 30 mm dishes. After 24 h, 3.2 μg of the vector was transfected using Lipo-
fectamine 3000 (Thermo Fisher Scientific, Tokyo, Japan). HTR-8 cells that transiently
overexpressing the MG828507 gene were harvested at 48 h after transfection. Expression
levels were assayed by qRT-PCR.

2.5. RNAi Knockdown of the MG828507 and FLT1 Genes

HTR-8 cells were seeded at 3.0 × 105 cells per 2 mL in 30 mm dishes. After 24 h,
siRNAs were transfected at a 40 nM concentration using Lipofectamine RNAiMax (In-
vitrogen, Grand Island, NY, USA). The Silencer™ Select siRNAs for the MG828507 gene
were designed as follows; sense: 5′-UCUUUUUGUGAUGUAUGUGGC-3′, antisense:
5′-CACAUACAUCACAAAAAGAGG-3′. The siRNAs for the FLT1 (Silencer™ Select Pre-
Designed siRNA 4392420) and scrambled siRNA (Silencer™ Select Negative Control No. 1
siRNA 4390843) were purchased from Thermo Fisher. The HTR-8 cells were harvested at
96 h after transfection. Expression levels for the MG828507 gene and the FLT1 were assayed
by qRT-PCR.

2.6. Genomic Analysis

Genomic DNA was extracted from the sampled placentas using a commercially avail-
able kit in accordance with the protocol of the manufacturer (Qiagen, Frankfurt, Germany).
A total of 34 control samples from a normotensive pregnancy and 37 pre-eclampsia samples
were used. Two single nucleotide variants (SNVs) (rs4769613, rs12050029) and one short
tandem repeat (STR) variant (rs149427560), tag variants of each haplotype block located
upstream of the FLT1 gene, were genotyped. TaqMan primers and probes were purchased
to genotype the rs4769613, rs12050029 SNVs, in accordance with the protocol of the manu-
facturer (C_32231378_10, C_1445411_10, Applied Biosystems, Foster City, CA, USA). For
the STR variant, rs149427560, forward primers were labeled with FAM. The PCR products
were analyzed by capillary electrophoresis (ABI3730 Genetic Analyzer; Applied Biosystems,
Tokyo, Japan). Genotype deviations from a Hardy–Weinberg equilibrium (HWE) were first
evaluated using the chi-squared test. Genotype and allele frequency differences between
the pre-eclamptic and control groups were then evaluated using chi-squared analysis. All
of these calculations were performed using SNPAlyze software (Dynacom, Chiba, Japan).
Power calculations were performed using a genetic-power calculator.

To analyze the topologically associated domain (TAD) surrounding the FLT1 gene
and the variants at that site, we used published Hi-C data for the trophoblast cell line
(http://promoter.bx.psu.edu/hi-c/view.php accessed on 15 April 2022).

2.7. Statistical Analysis

Intergroup comparisons were made using the Mann–Whitney U test or one way
analysis of variance method, and p values of less than 0.05 were considered statistically
significant. Correlations were evaluated using a Spearman’s test. In significant difference
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tests, p values were calculated with the z conversion of Fisher’s r. p values of less than 0.05
were again considered statistically significant.

3. Results

3.1. Identification of a lncRNA Gene Upregulated in Pre-Eclampsia

To further understand the molecular mechanisms underlying the symptoms of pre-
eclampsia, we performed RNA-seq on pre-eclamptic placentas and normal uncomplicated
pregnancies to compare their expression profiles. In comparisons of the data from six
pre-eclamptic and six normotensive samples, we extracted 240 transcripts that were differ-
entially expressed in the pre-eclamptic placenta (log2 fold-change >1 or <−1, FDR < 0.05).
Since we focused on lncRNAs, we omitted protein-coding genes using annotation data
in ref_gene_type and, thereby, obtained a gene set comprising 41 transcripts enriched for
these nucleic acids. We manually characterized each transcript, examining the location and
annotation information individually. We noted that one of the lncRNA genes in our panel,
MG828507, was previously identified as being expressed in the placenta [24]. qRT-PCR
confirmed that MG828507 was more abundant in the six pre-eclamptic placentas used for
RNA-seq than in the controls.

MG828507 contains two exons and encodes a 6489 bp lncRNA. It is located ~80 kb
upstream of the FLT1 gene in a head-to-head orientation (Figure 1). The 5′ upstream
region and 3′ end of the first exon is conserved among mammals, but all other regions
are conserved only among primates. MG828507 is known to be abundant in the placenta,
and RNA-seq data of various organs in the public database reveals that the expression is
scarcely found in other tissues than placenta [24]. Since the MG828507 and FLT1 genes are
located within the same TAD, we hypothesized that MG828507 may affect the expression
of FLT1 and, thereby, have an impact on susceptibility to pre-eclampsia.

Figure 1. Genomic structure of the FLT1 upstream region. (A) Location of the MG828507 and FLT1
genes. The horizontal arrows indicate their transcription direction. The extent of the TAD that
incorporates these genes is indicated by the large box. The vertical arrows indicate the location of the
three variants tested in this study. The STR, s149427560, is underlined. (B) RNA-seq of MG828507.
The horizontal bar indicates the MG828507 gene registered in the public database with its exon-intron
structure. The upper panel indicates the position of the cDNA for overexpression experiments as
well as the position targeted by the siRNA oligonucleotide used in this study.

3.2. Comparison of MG828507 and FLT1 Expression in Pre-Eclamptic and
Normotensive Placentas

To validate the differential expression observed in our RNA-seq data, we increased the
sample numbers and performed qRT-PCR (Figure 2A). We confirmed the overexpression
of MG828507 in our pre-eclamptic placental samples (n = 39), compared to those from the
uncomplicated normotensive control pregnancies (n = 38), and found that this difference
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was statistically significant (p < 0.01). We also examined the expression level of the FLT1
gene and found it to be significantly high in our pre-eclamptic samples, as reported previ-
ously [5]. Notably, the expression of MG828507 appeared to be linearly correlated with that
of FLT1 (Figure 2B).

Figure 2. MG828507 and FLT1 expression in pre-eclamptic and normotensive placentas. (A) Differen-
tial expression of MG828507 and FLT1 in uncomplicated pregnancies (left) and in the pre-eclampsia
samples (right). The boxes indicate the 25th and 75th percentiles, whilst the bands near the middle
indicate the median values. The bars indicate the 1.5 interquartile ranges, with the outliers specifically
marked. (B) Analysis of MG828507 and FLT1 correlations. Open circles indicate the uncomplicated
pregnancy controls, and open triangles indicate pre-eclampsia. Regression lines are shown with
correlation coefficients and p values.

3.3. Analysis of MG828507 and FLT1 Expression in the HTR-8 Trophoblast Cell Line

To test the possibility that the MG828507 lncRNA may regulate the FLT1 gene, we
exogenously overexpressed it in the HTR-8 trophoblast cell line using a transfected vector
but observed no impact on the FLT1 expression level (Figure 3A). We then knocked down
the MG828507 gene in these same cells via siRNA transfection but again saw no changes in
FLT1 expression (Figure 3B).

Figure 3. Analysis of the overexpression and knockdown of MG828507. (A) Expression of MG828507
and FLT1 after the exogenous overexpression of MG828507. HTR-8 trophoblast cells were transfected
with an MG828507 expression vector. The MG828507 and FLT1 transcript levels were analyzed by
qRT-PCR. The vertical axis indicates the ratio relative to the data of cells transfected with control
vector. (B) Expression of MG828507 and FLT1 after the knockdown of MG828507. HTR-8 trophoblast
cells were transfected with an siRNA targeting MG828507. The MG828507 and FLT1 transcript levels
were again analyzed by qRT-PCR. The siRNA for FLT1 as well as a scrambled siRNA control were
also used independently as control transfection experiments. The vertical axis indicates the ratio
relative to the data of cells transfected with control oligonucleotides.
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3.4. Analysis of MG828507 Expression in the Genetic Variants

Next, we genotyped our placental samples for two SNPs (rs4769613 and rs12050029)
and one STR (rs149427560) that are located around the MG828507 gene and examined
whether there was any association between the expression of this lncRNA and these
variants. The genotype frequencies in our samples were comparable to those reported in
East Asian populations, and the distribution satisfied the HWE. When we analyzed the
association between MG828507 gene expression and rs4769613 and rs12050029, via allele
wise and genotype wise analysis, no association was observed (Figure 4). We then examined
the STR repeat numbers. Among the four size variants (472, 474, 476, and 478) identified in
our samples, the 474 and 476 alleles were observed more frequently than the others. In the
genotype-wise analysis, the pre-eclamptic samples of the 476/476 homozygotes showed
significantly higher MG828507 expression (p < 0.05). The 476 allele was significantly more
frequent than the 474 allele in the allele-wise analysis (Figure 4).

Figure 4. Correlations between MG828507 expression and the indicated genetic variants. (A) Compar-
ison of the placental mRNA levels by variant genotype. Data for rs4769613 (left), rs12050029 (center),
and rs149427560 (right) are shown. In each panel, data for the normotensive placental controls are
shown on the left, and those from pre-eclamptic cases are shown on the right. (B) Comparison of
the placental mRNA levels by variant allele type. The boxes indicate the 25th and 75th percentiles.
The bands near the middle indicate the median values. The bars indicate the 1.5 interquartile ranges,
with the outliers specifically marked. Sample numbers and p values are shown in each panel.

3.5. Correlations between MG828507 Expression and Clinical Parameters

We finally assessed whether there were any correlations between MG828507 expression
and various clinical parameters that might reflect the severity of pre-eclampsia. With
regard to disease onset, no significant difference in this expression was observed between
the severe early onset group (earlier than 34 weeks of gestation, n = 22) and late onset
group (34 weeks of gestation or later, n = 17) (Supplementary Figure S1). The MG828507
levels appeared to correlate, however, with both the systolic and diastolic blood pressure
(Figure 5A,B). However, when these analyses were performed separately for each group,
no correlation was observed within either the pre-eclamptic or normotensive groups. These
findings suggest that the correlation between MG828507 level and blood pressure simply
reflects an association between this lncRNA and the presence or absence of pre-eclampsia.
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On the other hand, a negative correlation was observed between the MG828507 level and
the normalized birth or placental weights (Figure 5C,D). Even after stratification by group,
this negative correlation was still evident. In addition, we analyzed the correlation between
the MG828507 level and other clinical parameters that indicate disease severity, including
platelet count, serum transaminases, and creatinine levels. However, they did not correlate
with the MG828507 level (Supplementary Figure S2).

Figure 5. Correlations between MG828507 expression and systolic blood pressure (A), diastolic blood
pressure (B), normalized birth weight (C), or placental weight (D). Open circles indicate control
uncomplicated pregnancies, and open triangles indicate pre-eclampsia. Regression lines are shown
with correlation coefficients and p values.

4. Discussion

There is growing evidence that the unbalanced expression of specific lncRNA is in-
volved in the pathogenesis of pre-eclampsia, and several important lncRNA genes have
been identified via RNA-seq strategy [15,25,26]. We have reported here that MG828507
lncRNA is expressed in the placenta, in tandem with the FLT1 gene, and is highly expressed
in a pre-eclamptic placenta compared to that of an uncomplicated normotensive pregnancy.
It has been amply documented that lncRNAs play diverse regulatory roles in gene expres-
sion [27]. A growing body of evidence now indicates that the lncRNAs act as regulators of
placental development and differentiation [28]. Since the expression of MG828507 lncRNA
was found in our current analyses to be linearly associated with that of the FLT1 gene, we
postulated that MG828507 lncRNA may have a regulatory role in the expression of FLT1.

The MG828507 and FLT1 genes are located within the same TAD. The TADs are
megabase-scale genomic domains, in which certain DNA regions show a significantly
higher interaction frequency with other DNA regions within the domain, compared with
those outside of the domain [29,30]. TADs are generally separated by an insulating protein
complex, including CTCF, and build a common framework for contact between regulatory
elements and genes within the domain [31]. One possibility in relation to our current
investigation is that MG828507 is an enhancer of regulatory RNA for the FLT1 gene. Hence,
the promoter of the FLT1 gene and MG828507 may interact within the TAD, forming
a transcriptional complex via a loop conformation. Although Genhancer analysis did
not indicate any interaction between MG828507 and FLT1, the public databases indicate
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a positive acetylation of H3K27 at the 5′ end of MG828507 exon, suggesting a possible
enhancer function of MG828507 (data not shown).

As regulatory lncRNAs or enhancer RNAs generally regulate their downstream target
genes in either a cis or trans manner, we conducted an overexpression experiment with
MG828507 as a gain-of-function analysis and also, in parallel, a knockdown using siRNA
as a loss-of-function experiment [32]. The expression of the FLT1 gene was unaffected in
both instances, however, which did not support our hypothesis. One notable limitation of
these experiments was the possibility that HTR-8 cells have already lost the fine regulation
of FLT1 expression that is predicted in normal trophoblasts, since the FLT1 mRNA level is
low and the MG828507 level is quite high in these cells relative to a normal placenta (data
not shown). Alternatively, synergistic action of other genetic modifiers might be required
to observe the effects of MG828507 on FLT1.

We analyzed three FLT1 upstream genomic variants that were previously reported
to be associated with pre-eclampsia [9]. In our previous study, two of the SNPs we again
tested here did not show such an association, but the rs149427560 STR showed a weak
association with pre-eclampsia [11]. Although it was not unreasonable to speculate that
the association was possibly based on an eQTL effect by the STR upon FLT1 expression,
we did not observe any association between this genotype and the FLT1 expression level
in our previous investigation [11]. Notably, however, this STR was found in our current
analyses to be associated with MG828507 expression in the pre-eclamptic placentas. The
476/476 genotype, showing a higher MG828507 level, was frequent in pre-eclampsia, while
the 474/476 genotype, showing a lower MG828507 expression in our present analysis, was
found in our prior study to be less frequent in the pre-eclamptic population [11]. This
suggests that this STR may serve as an eQTL for MG828507 and, thereby, lead to a higher
susceptibility to pre-eclampsia via the modification of FLT1 expression. Further validation
with an increased sample number will be necessary.

When we analyzed the correlation here between MG828507 expression and the clinical
parameters of our study subjects, no association was found with the maternal blood pres-
sure, but a correlation was observed with both the birth and placental weights. Based on
our observation that the expression of MG828507 correlates that of FLT1 anti-angiogenic fac-
tor, an augmented MG828507 expression may induce sFlt-1 and, thus, suppress angiogenic
factors such as VEGF or PlGF and cause abnormal placentation. It is generally accepted
that the initial event in pre-eclampsia is a reduction in placental perfusion via abnormal
vascular remodeling, which later leads to symptoms in the women who have a genetic
predisposition to the disease [4]. It is not unreasonable, therefore, to speculate that an
increase in MG828507 or FLT1 expression may be a fundamental placental event that leads
to both fetal and placental symptoms, which might not correlate with maternal symptom
severity. This would suggest that MG828507 lncRNA may be a pivotal placental factor in
the pathophysiology of pre-eclampsia.

There are some limitations in this study. First, the sample size is small in the associa-
tion study between MG828507 expression and the genetic variants. To demonstrate that
these genetic variants act as an eQTL, further studies involving a large sample size are
required. Second, in the functional experimental study, although overexpression of exoge-
nous MG828507 did not affect the FLT1 expression level, it is still possible that induction of
endogenous MG828507 expression might increase the FLT1 expression. Altogether, it is still
noteworthy that the strong correlation of expression levels of MG828507 and FLT1 genes
might implicate a presence of a common, underlying regulatory mechanism between the
MG828507 and FLT1 genes.

In summary, genomic variants located between the MG828507 and FLT1 genes may
affect their expression and, thus, exert influence on the severity of the fetal and placental
symptoms in pre-eclampsia. Further characterization of this lncRNA gene is likely to
elucidate the etiological role of the FLT1 gene in pre-eclampsia within a genomic context.
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Abstract: Background: Gestational diabetes mellitus (GDM) can cause maternal and neonatal health
problems, and its prevalence is increasing worldwide. We assessed the screening of GDM during a
7-year period and compared the outcome of pregnancies at high risk for GDM. Methods: We analyzed
non-selected pregnant women (n = 5021) receiving antenatal care in Tartu University Hospital, Estonia
in 2012–2018. Pregnant women were classified based on the absence or presence of GDM risk factors
as low risk (n = 2302) or high risk for GDM (n = 2719), respectively. The latter were divided into
subgroups after the oral glycose tolerance test (OGTT): GDM (n = 423), normal result (n = 1357) and
not tested (n = 939). Results: The proportion of women with GDM risk factors increased from 43.5%
in 2012 to 57.8% in 2018, and the diagnosis of GDM more than doubled (5.2% vs. 13.7%). Pregnancies
predisposed to GDM but with normal OGTT results were accompanied by an excessive gestational
weight gain and increased odds to deliver a LGA baby (AOR 2.3 (CI 1.8–3.0)). Conclusions: An
increasing number of pregnancies presenting GDM risk factors are diagnosed with GDM. Pregnant
women with GDM risk factors are, despite normal OGTT, at risk of increased weight gain and
LGA newborns.

Keywords: gestational diabetes; screening test; hyperglycemia; macrosomia; oral glycose tolerance test

1. Introduction

Gestational diabetes mellitus (GDM), glycose tolerance disorder with onset or first
recognition during pregnancy, is the most frequent complication of gestation. According to
a report from the International Diabetes Federation, every 6th birth was complicated by
GDM in 2019 [1].

GDM increases the risk of delivering a large for gestational age newborn (LGA) and
related complications such as operative delivery, lacerations in the birth canal, birth trauma
and the poor adaptation of the newborn [2]. Additionally, impaired glucose metabolism
during the pregnancy is associated with preeclampsia and premature delivery [3,4]. In
the long term, approximately half of women with GDM will develop type 2 diabetes
later in life [5]. Therefore, screening, early initiation of counselling and treatment remains
crucial [6].

Currently there is no generally accepted screening group or “gold standard” test
to define the disease status. In most centers, the oral glucose tolerance test (OGTT) is
applied but the testing strategy and diagnostic criteria vary [7,8]. In 2010, the International
Association of Diabetes and Pregnancy Study Groups (IADPSG) recommended the use
of 75 g OGTT at 24–28 gestational weeks with a cut-off point of fasting venous plasma
glucose ≥5.1 mmol/L and/or after 1 h and 2 h level of ≥10.0 mmol/L and ≥8.5 mmol/L,
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respectively [9]. The recommendations are based on the results of the Hyperglycemia and
Adverse Pregnancy Outcome (HAPO) study, which demonstrated a continuous relationship
between maternal hyperglycemia and adverse perinatal outcome [3].

As in many countries, in Estonia, the decision of OGTT referral is based on the
presence of GDM risk factors [10]. The most commonly recognized risk factors for GDM are
obesity (BMI >30 kg/m2), GDM and/or of birth baby >4500 g during any of the previous
pregnancies, diabetes mellitus (DM) among first-degree relatives, ethnicity with a high
prevalence of diabetes and previous polycystic ovary syndrome (PCOS) [10,11].

After the diagnosis of hyperglycemia, a pregnant woman is referred to diet coun-
selling and if the blood glucose level exceeds the target, metformin and/or insulin, are
administrated. Treatment of GDM, lifestyle changes and timing of delivery have shown to
reduce serious perinatal complications such as the rate of macrosomia and the long-term
consequences of GDM [12,13].

The pregnancy outcome of women presenting GDM risk factors who skip the OGTT or
whose glycose levels remain below the GDM diagnostic cutoff and therefore continue usual
follow-up without additional dietary restrictions is addressed less. High risk untested preg-
nant women include those with possible undiagnosed GDM and prone to poor gestational
outcome [14].

The aim of this study is to assess the prevalence of GDM and its risk factors in
2012–2018 in Estonia and to compare the outcome of pregnancies predisposed to GDM in
cases with and without subsequent GDM diagnosis.

2. Materials and Methods

2.1. Study Population

We performed a retrospective observational study including 5735 pregnant women
receiving antenatal care in Women’s Clinic Tartu University Hospital (TUH), Estonia
in 2012–2018.

The study participants were recruited during three time periods. The first study cohort
was compiled to assess the compliance to the GDM screening algorithm, and it incorporated
data of all women starting antenatal follow-up visits between January and December
2012 (n = 1373) [15]. The second set of women (n = 2334) originated from a monocentric
prospective “Happy Pregnancy” (HP) study (full name “Development of novel non-invasive
biomarkers for fertility and healthy pregnancy”: principial investigator Prof. Maris Laan).
The recruited women included approximately two thirds of unselected pregnant women
receiving antenatal care in TUH between March 2013 and August 2015 [16–18]. The third
dataset comprised all women whose antenatal follow-up in TUH started between January
and December 2018 (n = 2028).

The considered GDM risk factors included pre-pregnancy overweight/obesity
(BMI 25–29.9/>30 kg/m2), GDM and/or of birth newborn >4500 g during any of the previ-
ous pregnancies, DM among first-degree relatives, PCOS, fasting glucose >5.1 mmol/L,
glycosuria, excessive weight gain, suspicion of a LGA fetus or polyhydramnion during the
index pregnancy. The information about the GDM risk factors, course and outcome of the
pregnancy was collected by midwives and/or extracted from electronic hospital medical
records (Supplementary Table S1).

The women with pregestational DM including type 2 DM diagnosed at the 1st trimester
(fasting plasma glycose ≥7.0 mmol/l or any plasma glycose above 11.1 mmol/L) [19],
multiple pregnancy or termination of pregnancy before 22 gestational weeks (g.w.), and
those who had missing delivery data were excluded from the analysis.

The final dataset included a total of 5021 pregnancies: 1073 women represented the first
(2012), 2176 women the second (2013–2015) and 1772 women the third (2018) recruitment
cohort. All participants were of white European ancestry and Estonian residents.
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2.2. Patient Grouping and Diagnostic Criteria

The GDM screening algorithm applied in Estonia since 2011 is shown in Figure 1 [19].
According to the current algorithm and clinical guidelines, OGTT is not mandatory to all
pregnant women. Only women presenting any GDM risk factor are referred to OGTT.

Figure 1. Gestational diabetes mellitus screening algorithm in Estonia.

GDM was diagnosed when any of the three consecutive measurements of oral glucose
tolerance test (OGTT) were abnormal. Values were considered abnormal if the fasting venous
plasma glucose level was ≥5.1 mmol/L and/or 1 h or 2 h after administration of 75 g oral
glucose orally resulted in plasma glucose levels of ≥10.0 mmol/l and/or ≥8.5 mmol/L
glucose, respectively [19].

Women were further categorized into four subgroups according to the presence of
GDM risk factors and OGTT results: (1) low risk (group 1): women without risk factors and
no indication to OGTT (n = 2302, 46%); (2) no OGTT (group 2): women with risk factors
but no OGTT or only one normal test result before 20 weeks (n = 939, 19%); (3) normal
OGTT (group 3): women with risk factors and a normal OGTT result obtained after 20 g.w.
(n = 1357, 27%); (4) GDM (group 4): women with an abnormal OGTT result at any time
during the gestation (n = 423, 8%).

For the assessment of a newborn’s weight, a growth calculator based on INTER
GROWTH-21st Project [20] data was applied to convert the newborn birthweight into
gestational age and sex-adjusted centiles. Large-for-gestational-age (LGA) newborns were
diagnosed as birthweight ≥95th centile and small-for-gestational-age (SGA) newborns as
birthweight ≤10th centile.

Birth <37th g.w. was defined as preterm birth (PTB). Gestational hypertension
(GH) was diagnosed if a patient exhibited after 20 g.w. new-onset isolated hypertension
(≥140 mmHg and/or ≥90 mmHg). Preeclampsia (PE) was diagnosed if a patient exhibited
hypertension after 20 g.w. accompanied by any of the following new-onset conditions:
proteinuria, renal insufficiency, impaired liver function; hematological or neurological
complications and eclampsia [21]. Only perineal ruptures after vaginal delivery involving
anal sphincter (3rd grade) and/or anal epithelium (4th grade) were analyzed.
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Total weight gain during the pregnancy was considered excessive when it exceeded the
widely accepted recommendations: >9.0 kg for obese (pre-pregnancy BMI 30.0 kg/m2 or higher);
>11.5 kg for overweight (25.0–29.9 kg/m2), >16.0 kg for normal weight (18.5–24.9 kg/m2) and
>18.0 kg for underweight women (less than 18.5 kg/m2) [22].

2.3. Statistical Analysis

Summary estimates of the data (median, 5th–95th centile) were calculated and all
statistical tests were implemented using the STATA software ver. 13.1 (StataCorp, College
Station, TX, USA). To compare groups, the Wilcoxon rank-sum test was used for continuous
variables and Chi2 test for categorical variables. A significance level of 0.05 was used.
Bonferroni correction for multiple testing was applied according to the number of tests
performed. One-way ANOVA was used for continuous variables to detect the differences
in multiple group comparisons. In case of significant difference for post hoc pairwise
comparisons, the Wilcoxon rank-sum test was applied. Binary logistic regression analysis
was used to examine the association between pregnancy outcome and allocated GDM risk
group. The adjusted odds ratios with 95% confidence intervals were calculated. The odds
ratios (OR) were adjusted for previous births, LGA baby, pre-pregnancy BMI, age, cohort,
or gestational age at delivery depending on pregnancy outcome variable.

2.4. Ethical Approval

The data collection and analysis was approved by the Research Ethics Committee of
the University of Tartu, Estonia (permissions no. 225/T-6, 06.05.2013; 221/T-6, 17.12.2012,
286/M-18, 15.10.2018; 291/T-3, 18.03.2019 and 322/M-17, 17.08.2020) and the study was
carried out in compliance with the guidelines of the Declaration of Helsinki.

3. Results

3.1. The Prevalence of Gestational Diabetes and Its Risk Factors Has Increased during Seven Years

The study population comprised 5021 unselected pregnant women from three recruit-
ment periods across seven years (Table 1).

Table 1. Maternal characteristics of three datasets 1.

Parameter 2 I
(n = 1073)

II
(n = 2176)

III
(n = 1772)

p Value 6

Basic characteristics I vs. II I vs. III II vs. III

Maternal age (years) 28 (20–38) 28 (20–38) 29 (21–38) n.s 1.9 × 10−7 1.2 × 10−6

Pre-pregnancy
BMI (kg/m2) 22.5 (18.0–32.8) 22.3 (18.1–31.5) 22.7 (18.5–33.6) n.s n.s 1.9 × 10−5

Multiparous 3 NA 1190 (54.7%) 1114 (62.9%) NA NA 2.2 × 10−7

GDM risk factors
Risk factor carriers 467 (43.5%) 1227 (56.4%) 1025 (57.8%) 5.1 × 10−12 1.2 × 10−13 n.s

Correctly tested among
risk factor carriers 291 (62.3%) 702 (57.2%) 787 (76.8%) n.s 1.5 × 10−4 3.5 × 10−9

BMI 25–30 kg/m2

n (% of carriers)
198 (42.4%) 394 (32.1%) 320 (31.2%) n.s n.s n.s

BMI >30 kg/m2 92 (19.7%) 185 (15.1%) 210 (20.5%) n.s n.s 2.0 × 10−4

GDM previously 3 13 (2.8%) 26 (2.1%) 28 (2.7%) n.s n.s n.s
Previous baby 4500 g 30 (6.4%) 36 (2.9%) 39 (3.8%) n.s n.s n.s

DM among first degree
relatives 78 (16.7%) 224 (18.3%) 161 (15.7%) n.s n.s n.s

PCOS 24 (5.1%) 24 (2.0%) 9 (0.9%) n.s 3.0 × 10−5 n.s
Fasting

glycose >5.1 mmol/L 48 (10.3%) 471 (38.4%) 235 (22.9%) 3.3 × 10−36 1.6 × 10−14 6.0 × 10−10
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Table 1. Cont.

Parameter 2 I
(n = 1073)

II
(n = 2176)

III
(n = 1772)

p Value 6

Basic characteristics I vs. II I vs. III II vs. III

Polyhydramnion 19 (4.1%) 42 (3.4%) 40 (3.9%) n.s n.s n.s
Other 4 68 (14.6%) 116 (9.5%) 245 (23.9%) n.s 6.1 × 10−10 3.2 × 10−20

Pregnancy outcome
Gestational diabetes 56 (5.2%) 124 (5.7%) 243 (13.7%) n.s 8.05 × 10−13 6.4 × 10−18

Preterm birth 50 (4.7%) 110 (5.1%) 87 (4.9%) n.s n.s n.s
Gestational age at

delivery (days) 280 (259–287) 281 (258–293) 279 (259–291) 1.38 × 10−17 3.69 × 10−10 n.s

Birthweight (grams) 3596
(2680–4360)

3569
(2680–4366)

3590
(2660–4302) n.s n.s n.s

Cesarean section 181 (16.9%) 363 (16.7%) 342 (19.3%) n.s n.s n.s
LGA 5 202 (18.8%) 341 (15.7%) 286 (16.1%) n.s n.s n.s

LGA + GDM 23 (11.4%) 30 (8.8%) 57 (9.4%)
SGA 5 17 (1.6%) 52 (2.4%) 43 (2.4%) n.s n.s n.s

1 I dataset represented women recruited for antenatal care in 2012; II dataset in 2013–2015 and III dataset in
2018. 2 Data are given as median (5th–95th percentiles) or number (percentage) when appropriate. Groups were
compared using chi-squared test for categorical and Wilcoxon rank-sum test for continuous variables. 3 Missing
detailed data for number of previous pregnancies in 2012 cohort. 4 Risk factors: glycosuria, excessive weight gain
(more than 3 kg in 4 weeks) suspicion of LGA fetus in index pregnancy were classified as “other” risk factors.
5 For the assignment of a large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth
calculator based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational
age and sex-adjusted centiles [20]. Newborns were categorized as LGA in cases where the sex-and gestational age
adjusted birth centile was more than 95 and SGA in cases where the sex-and gestational age adjusted birth centile
was less than 10. centiles 6 p value was adjusted according to Bonferroni correction for 22 tests and 3 subgroups
0.05/3 × 22 < 7.6 × 10−4. DM, diabetes mellitus; GDM, gestational diabetes mellitus; LGA, large for gestational
age; NA, not available; n.s, non-significant; PCOS, polycystic ovary syndrome; SGA, small for gestational age.

Between 2012 and 2018, the proportion of pregnant women presenting any of the
GDM risk factors increased from 43.5% to 57.8%. The most prevalent GDM risk factor was
overweight (BMI 25–29.9 kg/m2; >30% of high-risk women), followed by women with a
high fasting glycose level (10.3–38.3% of pregnancies) and “other” risk factors (9.5–23.9%):
glycosuria, excessive weight gain and suspicion of LGA fetus. In 2018, more high-risk
women were subjected to the GDM screening algorithm compared to 2012 and 2013–2015
cohorts (Table 1). In addition, compared to the first two cohorts, the women in 2018 were
older: 29 (5–95th percentile 21–38) years versus 28 (20–38) years in both 2012 and 2013–2015
cohort, and had a higher BMI compared to the 2013–2015 cohort (22.7 vs. 22.3) (Table 1).

Women with obesity and/or GDM in a previous pregnancy were more frequently sub-
jected to the correct GDM screening algorithm (75.1–88.1% of risk factor carriers) (Table 2)
and were more likely to receive a GDM diagnosis: obesity (OR 6.3 (5.0–8.9)), previous GDM
(OR 12.5 (95% CI 7.5–20.6)). Although women with “other” risk factors were most often
tested, only 14.7% received a GDM diagnosis (Table 2).

While the proportion of LGA babies has slightly decreased since 2012 from 18.8%
to 16.1% in 2018 (p = 3.4 × 10−2), it remains not statistically significant after Bonferroni
correction (p < 7.6 × 10−4). Additionally, the occurrence of pregnancy complications
(preterm delivery and birth of SGA babies) and C-section rate has not changed notably
during the examined period (Table 1).
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Table 2. Adherence to GDM screening algorithm 1 among high-risk women and odds to receive
GDM diagnosis.

Risk Factor Carrier (n)
Tested Correctly
(n/% of Carriers)

GDM
(n/% of Correctly

Tested)
OR (95% CI) p-Value 3

BMI 25.0–29.9 kg/m2 1385 857 (61.9%) 252 (29.4%) 1.7 (1.4–2.2) 3.2 × 10−6

BMI ≥ 30.0 kg/m2 482 362 (75.1%) 139 (62.3%) 6.3 (5.0–8.9) 2.9 × 10−47

GDM in previous pregnancy 67 59 (88.1%) 36 (62.7%) 12.5 (7.5–20.6) 6.0 × 10−21

LGA 2 in previous pregnancy 105 88 (83.8%) 32 (38.2%) 4.7 (3.1–7.2) 3.0 × 10−10

PCOS 57 41 (71.9%) 14 (53.3%) 3.6 (2.0–6.9) 2.4 × 10−4

DM in relatives 463 305 (65.9%) 78 (25.6%) 2.5 (1.9–3.2) 6.1 × 10−10

Fasting glycose >5.1 mmol/L 755 436 (57.7%) 175 (40.1%) 5.0 (4.0–6.1) 2.0 × 10−44

Polyhydramnion 97 63 (64.9%) 16 (26.2%) 2.1 (1.2–3.6) 1.4 × 10−2

Other 431 402 (93.3%) 59 (14.7%) 1.8 (1.3–2.4) 2.1 × 10−4

1 Schematic representation of GDM screening algorithm is presented in Figure 1. 2 For the assignment of large-
for-gestational-age (LGA) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was
applied to convert the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborn was
categorized as LGA in case the sex-and gestational age adjusted birth centile was more than 95. 3 p value was
adjusted according to Bonferroni correction for 9 tests and 2 groups 0.05/18 is 2.7 × 10−3. BMI, body mass index;
DM, diabetes mellitus; GA, gestational age; GDM, gestational diabetes mellitus; LGA, large for gestational age;
OR, odds ratio; PCOS, polycystic ovary syndrome.

3.2. The Largest Babies Are Born to Mothers Who Undergo Correct GDM Screening Algorithm

The pregnancy outcome was assessed comparatively in the four subgroups formed
based on the presence of GDM risk factors and outcome of the OGTT test.

Compared to other subgroups, mothers with GDM (group 4) had the lowest gestational
age at delivery, were more likely to deliver a LGA baby and more often via C-section
(Tables 3 and 4). Gestational hypertension has also been more frequently reported among
the GDM cases (Table 3).

Table 3. Pregnancy outcome in women allocated into four subgroups according to GDM risk factors
and OGTT result.

Outcome 1 Low Risk
Pregnancies 5 High Risk Pregnancies

Pairwise
Comparisons

(Group 1) No OGTT
(Group 2)

OGTT Normal
(Group 3)

GDM
(Group 4)

Between Groups 6

p < 7.6 × 10−4

Number of women 2302 939 1357 423

GA at delivery (days) 280 (259–292) 280 (255–292) 280 (260–293) 276 (252–289) 1 vs. 4, 2 vs. 4,
3 vs. 4

Birthweight (grams) 3502
(2644–4233) 3576 (2642–4320) 3705 (2808–4468) 3635

(2695–4430)
1 vs. 2, 1 vs. 3,
1 vs. 4, 2 vs. 3

Birth centile 70.7 (13.7–97.3) 75.7 (18.4–98.2) 82.2 (25.0–99.3) 82.6 (26.5–99.3)
1 vs. 2, 1 vs. 3,
1 vs. 4, 2 vs. 3,

2 vs. 4

LGA 2 243 (10.5%) 160 (17.1%) 315 (23.2%) 110 (26.0%)
1 vs. 2, 1 vs. 3,
1 vs. 4, 2 vs. 3,

2 vs. 4
SGA 2 70 (3.0%) 15 (1.6%) 23 (1.7%) 4 (0.95%) n.s

Cesarean section 322 (14.0%) 175 (18.7%) 274 (20.2%) 114 (27.0%) 1 vs. 3, 1 vs. 4;
2 vs. 4

Preterm delivery 104 (4.5%) 55 (5.9%) 58 (4.3%) 27 (6.4%) n.s
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Table 3. Cont.

Outcome 1 Low Risk
Pregnancies 5 High Risk Pregnancies

Pairwise
Comparisons

(Group 1) No OGTT
(Group 2)

OGTT Normal
(Group 3)

GDM
(Group 4)

Between Groups 6

p < 7.6 × 10−4

Shoulder dystocia 3,4 6/1468 (0.4%) 3/627 (0.5%) 6/883 (0.7%) 1/266 (0.4%) n.s
Perineal rupture ≥3 grade 3,4 14/1468 (1.0%) 3/627 (0.5%) 9/883 (1.0%) 2/266 (0.8%) n.s

Preeclampsia 23 (1.04%) 23 (2.5%) 25 (1.8%) 11 (2.6%) 1 vs. 2, 1 vs. 3,
1 vs. 4

Gestational hypertension 4 20/1699 (1.2%) 26 (3.4%) 50 (4.5%) 25 (6.8%) 1 vs. 4
1 Data are given as median (5th–95th percentiles) or number (percentage) when appropriate. 2 For the assignment
of large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth calculator based
on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age and sex-
adjusted centiles [20]. Newborn was categorized as LGA in cases where the sex and gestational age adjusted birth
centile was more than 95 and SGA in cases where the sex-and gestational age adjusted birth centile was less than
10 centiles. 3 Percentage is calculated from vaginal deliveries only. 4 Data available for 2013–2015 and 2018 cohorts.
5 Low risk pregnancies for GDM were defined as absence of GDM risk factors, for those individuals OGTT is
not indicated. High-risk pregnancies for GDM were defined as the presence of any of the following risk factors:
BMI > 25 kg/m2, GDM or LGA in previous pregnancy, fasting glycose >5.1 mmol/L, PCOS, polyhydramnion,
DM in family history, “other” risk factors (glycosuria, excessive weight gain (more than 3 kg in 4 weeks) suspicion
of LGA fetus in index pregnancy). Presence of any risk factor is indication for OGTT. 6 Wilcoxon rank-sum test
was used for continuous variables and Chi2 test for categorical variables, statistical significance level adjusted
according to Bonferron correction for 11 parameters and 4 groups 0.05/66 < 7.6 × 10−4. DM, diabetes mellitus;
GA, gestational age; GDM, gestational diabetes mellitus; LGA, large for gestational age; OGTT, oral glucose
tolerance test; PCOS, polycystic ovary syndrome, SGA, small for gestational age.

Table 4. Crude and adjusted odds ratios for selected pregnancy outcomes between groups devided
according to GDM risk factors and OGTT result.

Outcome Group
Number of

Women
OR (95% CI) AOR (95% CI)

LGA newborn 1,2

Low risk 243 1 1
No OGTT 160 1.8 (1.4–2.2) *** 1.6 (1.2–2.2) ***

Normal OGTT 315 2.6 (2.1–3.1) *** 2.3 (1.8–3.0) ***
GDM 110 3.0 (2.3–3.9) *** 2.4 (1.7–3.4) ***

SGA 2,3

Low risk 70 1 1
No OGTT 15 0.5 (0.3–0.9) * 0.6 (0.3–1.1)

Normal OGTT 23 0.5 (0.3–0.9) * 0.6 (0.4–1.0) *
GDM 4 0.3 (0.1–0.8) * 0.3 (0.1–0.9) *

Preeclampsia 4

Low risk 23 1 1
No OGTT 23 2.5 (1.4–4.5) ** 1.4 (0.7–2.7)

Normal OGTT 25 1.9 (1.2–3.3) * 1.1 (0.6–2.1)
GDM 11 2.6 (1.3–5.5) * 1.3 (0.5–3.1)

Cesarean Section 5

Low risk 322 1 1
No OGTT 175 1.4 (1.2–1.7) ** 1.2 (0.9–1.5)

Normal OGTT 274 1.6 (1.3–1.9) *** 1.3 (1.1–1.7) *
GDM 114 2.3 (1.8–2.9) *** 1.5 (1.1–2.1) *

1 Adjusted to previous births, previous LGA baby, BMI, age, cohort and gestational age at delivery. 2 For the
assignment of large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth calculator
based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age
and sex-adjusted centiles [20]. Newborn was categorized as LGA in case the sex-and gestational age adjusted
birth centile was more than 95 and SGA in case the sex-and gestational age adjusted birth centile was less than
10 centile. 3 Adjusted to cohort, previous births and gestational age at delivery. 4 Adjusted to previous births, BMI,
and cohort, 5 Adjusted to previous births, previous LGA baby, BMI, age, cohort and gestational age at delivery.
* p < 0.05, ** p < 0.005; *** p < 0.001. GDM, gestational diabetes mellitus; GH, gestational diabetes; OGTT, oral
glycose tolerance test; OR, odds ratio; AOR, adjusted odds ratio.
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The median birthweight of newborns was highest among women with risk factors to
GDM, but a normal OGTT result (group 3) compared to other non GDM groups. Birth-
weight centiles were similar in women presenting risk factors to GDM and receiving OGTT
irrespective of the OGTT result (~82 percentile), but significantly higher compared to those
with risk factors but no OGTT (group 2) (Table 3).

Additionally, the C-section rate of low-risk women (group 1) was lower compared to
women with normal OGTT (group 3) and GDM (group 4) (Table 3).

Birthweight and the proportion of LGA babies was the lowest among low-risk women
(group 1) compared to all high-risk women (groups 2, 3 and 4) (Table 3). An inverse trend,
however, not significant, was noted in the prevalence of SGA newborns (3% vs. ≤1.7%).

3.3. Comparison of Maternal Characteristics and Pregnancy Course among High-Risk Pregnant
Women with Normal or No OGTT Result

Women presenting GDM risk factors but a normal OGTT result had significantly more
LGA babies compared to those with no OGTT result and, therefore, their GDM status was
unknown (Tables 3 and 5). Among women presenting risk factors to GDM, the odds to
deliver a LGA baby after a normal OGTT result was nearly as high as in the GDM diagnosis
group (Table 4).

Table 5. Maternal characteristics and pregnancy course among high-risk pregnant women without
GDM diagnosis.

OGTT Normal
N = 1357

No OGTT
N = 939

p-Value 5

Basic characteristics 1

Age (years) 28 (20–38) 29 (21–39) n.s
BMI (kg/m2) 24.4 (18.7–34.6) 25.3 (18.6–32.9) n.s
Multiparous 2 48.5% 49.3% n.s

Risk factors n (% of carriers)
Previous baby 4500 g 60 (4.4%) 13 (1.4%) 1.2 × 10−4

GDM previously 25 (1.8%) 4 (0.4%) n.s
DM among first degree relatives 243 (17.9%) 142 (15.1%) n.s

PCOS 30 (2.2%) 13 (1.4%) n.s
Fasting glycose >5.1 mmol/L 267 (19.7%) 311 (33.1%) 7.0 × 10−14

Polyhydramnion 47 (3.5%) 38 (4.0%) n.s
Other 358 (26.4%) 35 (3.7%) 1.3 × 10−57

Pregnancy course and outcome
Weight gain (0–23 g.w) (kg) 7 (0–16) 6 (−1–14) 2.2 × 10−6

Weight gain (24–42 g.w) (kg) 11 (3.6–22) 10 (2.9–17) 2.0 × 10−5

Total weight gain (kg) 17.7 (4–36.5) 15.8 (3–29.6) 3.6 × 10−5

Excessive weight gain 3 62.4% 53.9% 2.9 × 10−4

GA at delivery (days) 280 (260–293) 280 (255–292) n.s
Male newborn 52.5% 50.0% n.s

Birthweight (grams) 3705 (2808–4468) 3578 (2642–4320) 5.8 × 10−9

LGA 4 315 (23.2%) 161 (17.1%) 4.2 × 10−4

Birthweight centile 82.2 (25–99.1) 75.7 (18.4–98.2) 5.2 × 10−9

Cesarean section 274 (20.2%) 175 (18.6%) n.s
If LGA (% of Cesarean sections) 87 (31%) 32 (18%) 2.0 × 10−3

1 Data are given as median (5th–95th percentiles) or number (percentage) when appropriate. Groups were
compared using chi-squared test for categorical and Wilcoxon rank-sum test for continuous variables. 2 Data not
available for 2012 cohort. 3 Total weight gain during the pregnancy was considered excessive when it exceeded
recommendations by Rasmussen [22]. 4 For the assignment of large or small-for-gestational-age (LGA or SGA,
respectively) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was applied to convert
the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborn was categorized as LGA
in cases where the sex-and gestational age adjusted birth centile was more than 95 and SGA in cases where the
sex-and gestational age adjusted birth centile was less than 10 centiles. 5 p value was adjusted for multiple testing
according to Bonferroni correction for 2 groups 0.05/21 < 2.4 × 10−3. DM, diabetes mellitus; GA, gestational age;
g.w, gestational weeks; GDM, gestational diabetes mellitus; LGA, large for gestational age; n.s, non-significant;
OGTT, oral glycose tolerance test; PCOS, polycystic ovary syndrome; SGA, small for gestational age.
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Both birthweight and centile of newborns were significantly lower in high-risk non-
OGTT women (group 2) in contrast to the high-risk but normal OGTT group (group 3)
(Tables 3 and 5). However, in both groups approximately every fifth woman delivered by
C-section; 31% of operative deliveries among women with normal OGTT (group 3) resulted
in the birth of a LGA baby compared to 18% in the no OGTT subgroup (group 2).

There was no difference in maternal age and pre-pregnancy BMI between these
two groups.

Although the birth of a LGA baby in any of the previous pregnancies accounted for a
small number of women as a risk factor, more of them had normal OGTT (group 3). The
percentage of women with “other” risk factors was considerably higher in the normal
OGTT group (26.4% vs. 3.6%). However, women with increased fasting glycose level
detected in the first trimester were in the no OGTT group (group 2).

There was higher total weight gain among women with a normal OGTT (group 3)
result compared to non-OGTT women (group 2). Weight gain difference was observed
especially after 24 g.w. when OGTT is usually scheduled. Women with normal OGTT
(group 3) gained, on average, 11.6 ± 5.7 kg, median 11 kg, compared to 10.2 ± 4.6 kg,
median 10 kg in the no OGTT group (group 2) (Table 5). In comparison, the total weight
gain in women with GDM 12.7 ± 8.7 kg, median 11.7 kg, and after 24 gestational week
8.3 ± 5.1 kg, median 8 kg.

3.4. Pregnancy Course and Outcome of Women with GDM According to Treatment

In our study, out of 423 women with a GDM diagnosis, 82 (19.4%) needed medical
treatment (metformin and/or insulin) in addition to dietary measures. The women receiv-
ing medication delivered earlier compared to women whose GDM was controlled with diet
(274.5 vs. 277 g.d, p = 1.3 × 10−3). Apart from gestational age at delivery, we did not detect
any differences in pregnancy course and outcome between different treatment modalities
(Supplementary Table S2).

4. Discussion

We evaluated the pregnancy course and outcome of low and high-risk women with
and without GDM diagnosis after the OGTT test at Women’s Clinic of Tartu University
Hospital, Estonia in 2012–2018. Our study shows sharp increase in GDM risk factor carriers,
almost doubling the women diagnosed with GDM over the seven-year period. Additionally,
we observed a high fraction of LGA newborns among women carrying GDM risk factors
but defined as unaffected based on the current GDM screening algorithm. These women
also underwent excessive weight gain during the second half of pregnancy.

In Estonia, the risk factor-based testing of GDM is applied and the reported prevalence
of the disease is influenced by the testing activity. Referral to OGTT is dependent on the
subjective assessment of risk factors by midwives or obstetricians, as well as the patient’s
consent and understanding of the necessity of the test. By 2018, more than half of pregnant
women had at least one risk factor but only three of four (76.8%) received the OGTT test, as
suggested by the guidelines in [19]. Those who remain untested may have undiagnosed
GDM and are therefore prone to GDM-related complications, including stillbirth [23]. A
study in Finland found that even mild untreated hyperglycemia resulted in an increased
Cesarean section rate and larger birth weight [24].

Benhalima et al. studied selective screening for GDM in European countries and
found that by using the risk factor-based screening algorithm, more than a third of GDM
cases would be missed [10]. They also suggested that to improve testing, the selection
of risk factors should be simplified: by screening all women at age 30 or more and/or
BMI ≥ 25 kg/m2, 70% of pregnant women would need OGTT with missed GDM cases
of 18.6% [10]. Furthermore, OGTT testing is conducted between 20 and 30 g.w., adding
additional OGTT after that period could help to determine late onset GDM with increased
risk of operative delivery. Sasson et al. found that pathological OGTT at term due to the
suspicion of LGA resulted in a higher rate of Cesarean section [25].
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Another option to improve GDM diagnostics would be universal screening, ensuring
that every woman is at least offered testing. Universal testing would result in the maximum
number of GDM cases at the expense of increased healthcare costs and the workload of
clinical personnel; however, overall, this tends to be cost-effective [26]. As GDM also
bears responsibility for long-term complications, mothers and offspring would benefit
from universal screening and lifestyle interventions when considering their health risks in
later life. [27–29].

The aim of detecting most GDM cases would be lowering the risk of complications
after successful intervention. The most frequent complication of poorly controlled GDM
is a birth of a LGA neonate [3]. In addition to the GDM group, we could expect larger
newborns in a high-risk group who have skipped OGTT, possibly due to undiagnosed
GDM. However, our data showed a comparable number of LGA neonates between the
GDM group and women with a normal OGTT result. This could be explained by the fact
that GDM is not the only factor resulting in fetal macrosomia; other known risk factors
are multiparity, older age, previous LGA and a male newborn. In addition, pregnancy
weight gain and pre-pregnancy BMI have been shown in previous studies to be related
to GDM but also to isolated LGA newborns [30–32]. In our cohort, the most noticeable
difference among high-risk women with no OGTT and a normal OGTT result was extensive
weight gain and a more frequent need for operative delivery due to LGA neonate among
the normal OGTT group. We may assume that weight gain was the reason for the referral
to OGTT. However, we can also speculate that by relating LGA newborns only to GDM,
the normal OGTT result could offer false reassurance of a normal pregnancy course and
less motivation for weight management after testing.

Women with a GDM diagnosis receive dietary advice or medication (metformin
and/or insulin), monitor their blood sugar carefully, and are referred to labor induction
more easily. Although, in our study, the number of GDM patients receiving medical
treatment was not enough to assess the effect of different treatment modalities on pregnancy
outcome, studies have shown the positive effect of GDM treatment on maternal gestational
weight gain, perinatal outcome and the possible long term effects on lifestyle changes [33].

However, high-risk women with normal OGTT results should not receive less atten-
tion as they are at increased risk of gestational weight gain and a LGA newborn. As a large
proportion of these women are overweight, focusing on a healthy diet and exercise have
been shown to significantly reduce gestational weight gain [34]. Dodd et al. assessed the
addition of metformin to lifestyle interventions; however, they found no complementary
benefits from the medication [35]. More targeted prospective studies are needed to deter-
mine if quality of diet and additional testing later in pregnancy would add benefits such as
timing the delivery and preventing the birth of a LGA among groups of women with GDM
risk factors but a normal OGTT result [36–38].

A limitation of our study is the small sample size to assess the prevalence of less
frequent pregnancy and delivery complications such as preeclampsia, shoulder dystocia
and III and IV grade perineal tear in different groups.

5. Conclusions

As the number of GDM risk factor carriers is increasing, more women are referred to
OGTT and will be diagnosed with GDM with respective pregnancy follow-up. However,
we would like to highlight our findings that pregnant women with GDM risk factors are,
despite normal OGTT, still at risk of increased weight gain and LGA newborns.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11174953/s1, Table S1: Data acquisition for the study in three
time periods. Table S2: Comparison of pregnancy course and outcome in GDM patients according to
treatment modalities.
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Abstract: This study aimed to investigate the diagnostic accuracy of the placenta accreta index
(PAI) for predicting placenta accreta spectrum (PAS) in women with placenta previa. We analyzed
33 pregnancies with placenta previa at Keio University Hospital. The PAI was assessed in the early
third trimester, and PAS was diagnosed histologically or clinically defined as retained placenta after
manual removal attempts. The PAI and incidence of PAS were analyzed. Ten women (30%) were
diagnosed with PAS and had higher volumes of perioperative bleeding (p = 0.016), higher rate of
requiring uterine artery embolization (p = 0.005), and peripartum hysterectomy (p = 0.0002) than
women without PAS. A PAI > 2 was the most useful cut-off point for predicting PAS and was more
sensitive than prediction values using traditional evaluation (history of cesarean section and placental
location). Post-hoc analysis revealed a higher rate of previous history of cesarean delivery (30% vs.
4.4%, p = 0.038), severe placental lacunae (≥grade2) (70% vs. 8.7%, p = 0.0003), thin myometrial
thickness (90% vs. 22%, p = 0.0003), anterior placenta (100% vs. 30%, p = 0.0002), and presence of
bridging vessels (30% vs. 0%, p = 0.0059) in PAS women. PAI could help predict the outcomes of
women with placenta previa with and without a history of cesarean delivery to reduce PAS-induced
perinatal complications.

Keywords: placenta accreta spectrum; placenta previa; ultrasonography; placenta accreta index

1. Introduction

Placenta accreta spectrum (PAS) is first suspected when placenta previa is identified
because 9.3% of placenta previa cases are associated with PAS [1]. Although the mortality
rate of women with PAS has improved from 6–7% [2] to 0.05% recently [3], PAS is related
to an increased risk of perinatal complications and interventions, such as excessive peri-
partum bleeding requiring blood transfusion, uterine artery embolization, and peripartum
hysterectomy. Therefore, predicting PAS in the antepartum period is crucial because it is a
means to decrease maternal morbidity/mortality.

Ultrasonography is the mainstay of prenatal diagnosis and monitoring, as well as
preoperative prediction of PAS, and has a high accuracy for prenatal diagnosis of invasive
placentation in high-risk pregnancies [4]. Rac et al. [5] recently reported using the placenta
accreta index (PAI) scored by ultrasonography for predicting PAS; however, validation and
replication studies for PAI are limited. Additionally, a previous study on the use of PAI
only recruited women with a history of cesarean delivery [5]. It is well known that women
without a history of cesarean delivery also have an increased risk of the adherent placenta
in case of placenta previa [1].
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Therefore, we aimed to investigate and validate the clinical utility of the PAI to predict
PAS in women with placenta previa both with and without a history of cesarean delivery.

2. Materials and Methods

This was a single-center retrospective study. The hospital records of 33 consecutive
women with singleton pregnancies, diagnosed with placenta previa at Keio University Hos-
pital from June 2017 to January 2021, were analyzed. Placenta previa was diagnosed using
transvaginal ultrasonography and defined as the presence of a placenta that completely
covered the internal cervical ostium. Excluded were multiple pregnancies and patients who
were referred to our hospital after having delivered elsewhere. All the ultrasonography im-
ages of patients with placenta previa have been stored. Women for whom ultrasonography
images were unavailable or inadequate to evaluate PAI retrospectively were excluded from
the analysis.

Abdominal and vaginal ultrasonography were performed by obstetricians trained in
ultrasonography in the early third trimester. The ultrasound images were reviewed by
a single observer (K.H.), and a PAI score was assigned preoperatively for each woman.
Table 1 shows the parameters of the PAI. The PAI is a composite of the following five
parameters: previous history of cesarean delivery, placental lacunae, smallest myometrial
thickness, placental location, and bridging vessels [5].

Table 1. Clinical values of obstetric parameters for evaluating the placenta accreta index.

Obstetric Parameter Value

≥2 cesarean delivery 3.0
Lacunae
Grade 3 3.5
Grade 2 1.0

Sagittal smallest myometrial thickness
≤1 mm 1.0
<1 but ≥3 mm 0.5
>3 but ≤5 mm 0.25

Anterior placenta previa 1.0
Bridging vessels to the bladder 0.5

PAS was diagnosed histologically after hysterectomy or clinically defined as placenta
retained after previous attempts of manual removal according to the FIGO classification [6].
Depends on the predicted severity of the PAS, and for improving the perinatal outcomes,
we decided the delivery timing of women with placenta previa between 34 and 37 weeks
of gestation [7]. However, when the patient entered labor or had massive vaginal bleeding,
emergency cesarean delivery was performed even before 34 weeks of gestation. Blood loss
was counted as intraoperative bleeding.

The student’s t-test or chi-square test was used to test differences between the groups.
The estimates and Clopper–Pearson confidence intervals for sensitivity, specificity, positive
predictive value, and negative predictive value for the prediction of PAS were calculated
for each cut-off point of the PAI. Receiver operating characteristic curve (ROC) analysis
was performed for PAS prediction using the PAI; the area under the curve (AUC) was
calculated, and the cut-off value of the PAI was calculated by using the Youden index. All
statistical analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC, USA).
Two-sided p-values < 0.05 were considered to indicate statistical significance.

The study was approved by the Ethics Committee of Keio University School of
Medicine (No. 20030107). As all information was anonymous in the institutional database,
informed consent from each patient was not needed.
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3. Results

Maternal characteristics and perinatal outcomes are summarized in Table 2. Of the
33 women with placenta previa, 10 (30%) were diagnosed with PAS, and 23 did not
have PAS. The PAS group showed a significantly larger volume of perioperative bleeding
and higher rates of uterine artery embolization and peripartum hysterectomy than the
non-PAS group.

Table 2. Maternal characteristics and perinatal outcomes.

PAS
n = 10

Non-PAS
n = 23

p-Value

Maternal age, years 39 ± 3.3 38 ± 5.2 0.59
BMI, kg/m2 20 ± 3.0 22 ± 3.6 0.12
Nulliparas 4 (40%) 15 (65%) 0.17

Gestational age at delivery, weeks 35.2 ± 1.5 35.5 ± 2.4 0.51
Perioperative blood loss, g 2913 ± 1314 1650 ± 841 0.01

Uterine artery embolization 6 (60%) 3 (13%) <0.01
Blood transfusion 9 (90%) 14 (61%) 0.09

Peripartum hysterectomy 5 (50%) 0 (0%) <0.01
Birth weight, g 2372 ± 427 2333 ± 505 0.83

Apgar score at 1 min < 7 2 (20%) 7 (30%) 0.54
Apgar score at 5 min < 7 0 (0%) 3 (13%) 0.23

Continuous variables are presented as means ± standard deviations. Categorical variables are presented as n (%).
Statistically significant p-values are shown in bold text. Abbreviations: BMI, body mass index, PAS, placental
accreta spectrum.

The ROC curve predicting PAS using the PAI showed an AUC of 0.974 (95% confidence
interval [CI], 0.925–1.00). A PAI > 2 was indicated as the most useful cut-off point for PAS
prediction, with a sensitivity of 0.900 (95% CI, 0.555–0.997); specificity, 0.957 (95% CI,
0.781–0.999); positive predictive value, 0.900 (95% CI, 0.555–0.997); negative predictive
value, 0.957 (95% CI, 0.781–0.999) (Table 3). These values were higher than the prediction
rate of PAS based on the traditionally evaluated information (history of cesarean delivery
and anterior placental location: sensitivity, 0.300; specificity, 0.957; positive predictive value,
0.750; negative predictive value; 0.759). Seven (70%) out of 10 women with PAS had no
previous cesarean delivery, all of whom had a PAI > 2. Of the seven women with PAS
without a history of cesarean delivery, five (71%) were aged above 35, three (43%) received
infertility treatments, and only one (14%) had a history of uterine artery embolization.

Table 3. Sensitivity, specificity, and positive and negative predictive values corresponding to each
PAI score.

PAI Non-PAS PAS Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

>0 9 10 100.0 [69.2–100.0] 60.9 [38.5–80.3] 52.6 [28.9–75.6] 100.0 [76.8–100.0]
≤0 14 0

>1 5 10 100.0 [69.2–100.0] 78.3 [56.3–92.5] 66.7 [38.4–88.2] 100.0 [81.5–100.0]
≤1 18 0

>2 1 9 90.0 [55.5–99.7] 95.7 [78.1–99.9] 90.0 [55.5–99.7] 95.7 [78.1–99.9]
≤2 22 1

>3 1 5 50.0 [18.7–81.3] 95.7 [78.1–99.9] 83.3 [35.9–99.6] 81.5 [61.9–93.7]
≤3 22 5

>4 1 5 50.0 [18.7–81.3] 95.7 [78.1–99.9] 83.3 [35.9–99.6] 81.5 [61.9–93.7]
≤4 22 5

>5 0 2 20.0 [2.5–55.6] 100.0 [85.2–100.0] 100.0 [15.8–100.0] 74.2 [55.4–88.1]
≤5 23 8

Values are presented as median (Interquartile range). Abbreviations: PAI, placenta accreta index, PAS, placental
accreta spectrum, PPV, positive predictive value, NPV, negative predictive value, CI, confidence interval.
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The post-hoc analysis of the five parameters of the PAI score revealed significantly
higher rates of previous cesarean deliveries ≥ 2 (30% vs. 4.4%, p = 0.038), placental lacunae
≥ Grade 2 (70% vs. 8.7%, p = 0.0003), myometrial thickness ≤ 5 mm (90% vs. 22%,
p = 0.0003), placenta adhering to the anterior wall of the uterus (100% vs. 30%, p = 0.0002),
and presence of bridging vessels to the bladder (30% vs. 0%, p = 0.0059) in the PAS group
than in the non-PAS group.

4. Discussion

As previously reported, our study replicated the finding that PAS is associated with
an increased risk of perinatal complications and requiring uterine artery embolization.
Moreover, the present study indicated the clinical utility and significance of the PAI to pre-
dict PAS preoperatively in women with placenta previa both with and without a previous
history of cesarean delivery, whereas previous study applied PAI only for women with a
history of cesarean delivery [5]. In particular, a PAI > 2 indicated a practical cut-off point to
predict PAS in women with placenta previa.

As expected, in the present study, the PAS group showed a significantly increased
number of perioperative complications, including a larger amount of perioperative bleed-
ing, a higher rate of uterine artery embolization, and peripartum hysterectomy than the
non-PAS group. Per previous reports, PAS is associated with a significantly higher risk of
blood transfusion (46.9%) and peripartum hysterectomy (52.2%) [3,8,9] which is consistent
with this study’s findings. The PAI assessment may be clinically important for women
with suspected placental invasion to reduce perinatal complications and maternal mortality
associated with PAS.

The present study revealed that the PAI has high diagnostic accuracy for PAS. In
particular, a PAI > 2 could be a useful cut-off point to predict PAS. Rac et al. [5] did not
present a cut-off point for the PAI, but used it to help with risk stratification and coun-
seling. Meanwhile, the present study suggests that PAI > 2 is useful for predicting PAS
in women with and without a previous history of cesarean delivery. Of the five param-
eters comprising the PAI evaluated in this study (history of cesarean delivery, presence
of placental lacunae, smallest myometrial thickness, placental location, and presence of
bridging vessels to the bladder), significant differences were identified in all parameters
between the PAS and non-PAS groups. We also reported on several ultrasonographic
parameters that are associated with PAS. The sensitivity of placental lacunae for iden-
tifying placenta accreta was reported as 75% [10]. The sensitivity and specificity of the
loss of the clear zone for identifying placenta accreta were reported as 74.9% and 76.9%,
respectively [10]. Another study showed that the sensitivity, specificity, and positive and
negative predictive values of placenta accreta using ultrasound findings were 53.3%, 88.1%,
82.1%, and 64.8%, respectively [11]. The prediction parameters calculated in the present
study using the PAI were greater than those calculated in previous reports. On this basis,
the diagnostic accuracy of PAI for PAS could be superior to the single ultrasonographic
parameter-based method.

Happe et al. validated the predictability of the PAI for PAS by using 79 PAS cases, but
only for women who had a history of previous cesarean delivery [12]. In fact, prior cesarean
delivery has a large influence on PAI scoring [5], and the higher prevalence of cesarean
deliveries has led to an increased incidence of PAS [13]. However, it is well known that
women diagnosed with placenta previa even without previous cesarean delivery have an
increased risk of PAS [1]. Indeed, the present study included seven (70%) women with PAS
without a history of cesarean delivery, all of whom presented with PAI >2 and increased
risk of PAS. The present findings potentially expand the utility of PAI for PAS prediction in
patients even without a previous history of cesarean delivery.

Magnetic resonance imaging (MRI) is another modality used to predict PAS and MRI
findings have been reported to be useful to define the topography and area of placental
invasion [14,15]. Berkley et al. [16] reported that the sensitivity of MRI is 80–85% and the
specificity is 65–100%. Fiocchi et al. [17] reported that MRI has 100% sensitivity and 92.3%
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specificity for the prediction of PAS. However, MRI may also mislead the diagnosis of PAS
using ultrasonography [18], and it is not cost-effective as a screening tool for PAS. In this
study, we revealed similar sensitivity and specificity of the PAI as for MRI for predicting
PAS, indicating that the PAI has a high rate of diagnostic accuracy and exclusive diagnosis.
Given these results, predicting PAS using ultrasonography may be preferable to using MRI.

Our study and a previous study have demonstrated the diagnostic accuracy of PAS
using the PAI. However, Rac et al. [12] reported that the PAI could not help predict the
depth of placental invasion. Recently, machine learning models have been used to predict
the clinical outcomes in women with placenta accreta spectrum [19]. Because the severity of
PAS (e.g., depth of placental invasion) is associated with increased maternal morbidity [20],
further investigations including machine learning method and serum biomarkers are
warranted to predict the severity of perioperative complications (blood loss, uterine artery
embolization, and hysterectomy).

In our study, there were several strengths and limitations. The first strength was
that the PAI was scored preoperatively and reviewed by a single observer, which could
avoid observation bias and interobserver differences. The second strength was that the
effectiveness of other prediction methods had not been demonstrated. Maternal serum
alpha-fetoprotein, free beta-human chorionic gonadotropin [21,22], antithrombin III, PAI-1,
soluble Tie2, and soluble vascular endothelial growth factor receptor 2 have been shown
as biomarkers to predict PAS [23]. In addition, the maternal serum VEGF and Serum
Cripto-1 levels have been reported as novel biomarkers to predict abnormally invasive
placenta [24,25]. These biomarkers might aid clinicians additionally to ultrasonography
in detecting PAS cases in the early weeks of gestation. Meanwhile, the first limitation
was a small sample size, which might affect the statistical power of the present results.
In addition, women with PAS in the present study had risk factors besides a history of
cesarean delivery. The second limitation of our study was that patients with PAS accounted
for approximately 30% of all the placenta previa cases, which is higher than the general
frequency [1]. This may be related to the fact that our institution is a tertiary center and
that many of our patients are elderly or post-IVF pregnant women. The fact that our
institution is a tertiary center also resulted in high rates of blood loss, blood transfusion
and embolization in the non-PAS group despite 65% being nulliparas without PAS. The
third limitation was that systematic bias may have occurred because the observer could
not be blinded to the patients’ risk factors completely. The last limitation was that we
performed uterine artery embolization to preserve the uterus on maternal request for PAS
cases where the placenta was found to be invading the uterine wall at cesarean delivery,
where the placenta was retained after attempts at manual removal. Hence, these PAS cases
were diagnosed clinically, and there was a lack of pathological evaluation.

In conclusion, the present study confirmed the clinical significance of the PAI in
predicting PAS preoperatively in women with placenta previa, regardless of prior history
of cesarean delivery. In particular, a PAI >2 was found to be a valid cut-off point to
predict PAS in women who had placenta previa with and without a previous history of
cesarean delivery. Assigning a PAI score could be clinically important to avoid perinatal
complications and reduce maternal mortality associated with PAS.
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Abstract: Introduction: Fetal growth disturbances place fetuses at increased risk for perinatal mor-
bidity and mortality. As yet, little is known about the basic pathogenetic mechanisms underlying
deranged fetal growth. Apelin is an adipokine with several biological activities. Over the past decade,
it has been investigated for its possible role in fetal growth restriction. Most studies have examined
apelin concentrations in maternal serum and amniotic fluid in the third trimester or during neonatal
life. In this study, apelin concentrations were examined for the first time in early second-trimester
fetuses. Another major regulator of tissue growth and metabolism is insulin. Materials and Methods:
This was a prospective observational cohort study. We measured apelin and insulin concentrations
in the amniotic fluid of 80 pregnant women who underwent amniocentesis in the early second
trimester. Amniotic fluid samples were stored in appropriate conditions until delivery. The study
groups were then defined, i.e., gestations with different fetal growth patterns (SGA, AGA, and LGA).
Measurements were made using ELISA kits. Results: Apelin and insulin levels were measured in all
80 samples. The analysis revealed statistically significant differences in apelin concentrations among
groups (p = 0.007). Apelin concentrations in large for gestational age (LGA) fetuses were significantly
lower compared to those in AGA and SGA fetuses. Insulin concentrations did not differ significantly
among groups. Conclusions: A clear trend towards decreasing apelin concentrations as birthweight
progressively increased was identified. Amniotic fluid apelin concentrations in the early second
trimester may be useful as a predictive factor for determining the risk of a fetus being born LGA.
Future studies are expected/needed to corroborate the present findings and should ideally focus on
the potential interplay of apelin with other known intrauterine metabolic factors.

Keywords: apelin; insulin; amniotic fluid; second trimester; SGA; LGA; fetal growth; fetal macroso-
mia; FGR; fetal metabolism
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1. Introduction

Despite considerable scientific progress having been achieved in the field of fetal
monitoring, fetal growth evaluation and surveillance are still challenging. Meanwhile, the
underlying regulatory mechanisms continue to be under investigation given that it has
long been known that fetal growth disturbances have a major impact on both short-term
and long-term pregnancy outcomes. Perinatal morbidity and mortality are increased in
small for gestational age (SGA) and large for gestational age (LGA) fetuses [1,2]. Growth-
restricted fetuses (fetal growth restriction—FGR) that fail to reach their growth potential
and the majority of severe cases of SGA fetuses (those below the 3rd centile) are most
affected and at greater risk for adverse perinatal outcomes [3,4]. The same applies to fetuses
with weight over the 90th centile partly due to labor complications [2,5,6]. Although the
pathogenic mechanisms involved in both impaired and excessive fetal growth are still to be
fully clarified, the majority of the existing literature on the topic implicates impaired uterine
artery remodeling during early placental invasion and/or preterm placental insufficiency
at a later gestational age [7,8].

In the current literature, several biomarkers have been investigated as possible mark-
ers of fetal growth aberrations, including apelin and insulin [9–17]. Apelin is an adipokine
mainly produced in white adipose tissue and lung tissue, but also in the placenta. Apelin
is encoded by the APLN gene located on the long arm of the X chromosome at position
Xq25-26. Expression of the APLN gene produces pre-proapelin, which, after translational
modification, is transformed into several apelin isoforms with different biological activities.
A large number of published studies have highlighted the role of apelin in the cardiovascu-
lar as well as female reproductive systems. Interestingly, recent studies have investigated
the expression of the apelinergic system in the placenta and its possible effects on specific
pregnancy pathologies, such as preeclampsia, fetal growth restriction, and gestational
diabetes mellitus [18–25].

Insulin is an essential hormone produced by the pancreas that contributes to the
regulation of blood glucose levels. During pregnancy, maternal insulin production rises
and exogenous administration may be needed to maintain normal maternal serum concen-
trations and prevent the consequences of gestational diabetes. Insulin is transferred to the
amniotic fluid via fetal urine and its concentrations increase as pregnancy progresses. At
present, there is some evidence demonstrating decreased amniotic fluid insulin concentra-
tions in pregnancies complicated by placental insufficiency, fetal growth restriction, fetal
malformations, or intrauterine fetal death [17]. Importantly, data exist showing that mater-
nal glucose intolerance can impact the production of fetal insulin prior to 20 weeks gestation.
Moreover, evidence published in the literature has pointed to an association between el-
evated amniotic fluid insulin concentration at 14–20 weeks gestation and both maternal
glucose intolerance and fetal macrosomia, which were determined postnatally [26] Other
studies have failed to reveal a correlation between amniotic fluid insulin concentrations
and fetal growth [27].

This prospective observational study investigates the possible associations between
apelin and insulin concentrations in the amniotic fluid of early second-trimester gestations
with fetal growth abnormalities in the third trimester with regard to birthweight.

2. Subjects and Methods

2.1. Subjects

This is a prospective observational cohort study of 80 pregnant women consecutively
recruited according to the inclusion criteria. The inclusion criteria were as follows: singleton
pregnancies; pregnancies with indication for amniocentesis in the second trimester of
pregnancy; advanced maternal age; increased nuchal translucency; and previous history of
birth defects. The exclusion criteria were the following: pregnancies with major congenital
abnormalities or chromosomal abnormalities as diagnosed by amniocentesis; multiple
pregnancies; pregnancies occurring by in vitro fertilization; and pregnancies complicated
by pregestational diabetes. All cases underwent amniocentesis after informed consent
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in the second trimester of pregnancy (15th to 22nd gestational week). Gestational age
was estimated based on the date of the last period and was verified by a crown-rump
length measurement taken from weeks 12 through 14. The maternal characteristics are
shown in Table 1. Follow-up was carried out for all pregnancies until delivery. None of the
participants classified within the AGA or the LGA groups were diagnosed with gestational
diabetes during the current pregnancy, while only two cases belonging to the SGA group
developed gestational diabetes out of the 80 women who were included in this study.

Table 1. Maternal characteristics and neonatal birthweight among the study groups. Maternal age,
maternal weight, maternal height, maternal parity, fetal sex, gestational age in weeks, and birthweight
are expressed using the median (25th quartile–75th quartile); statistical significance was set at p < 0.05
(bold values). Discrete variables were analyzed with the chi-square test using Fisher’s exact test;
continuous variables were analyzed with the Mann–Whitney non-parametric test, as described in
Section 2.

AGA (n = 31) LGA (n = 18) SGA (n = 31) p-Value

Maternal age (years) 35 (32–37) 35 (32–37) 37 (36–38) 0.01

Maternal weight (kg) 61.5 (56.25–72) 60.5 (55–64.75) 66 (59–78.5) 0.15

Maternal BMI 22.5 (18.4–34.1) 22.0 (18.5–29.6) 23.9 (17.9–40.3) 0.82

Maternal height (cm) 167 (165–171.5) 166 (158–170) 168 (163–170) 0.60

Maternal parity 1 (0–1.5) 1 (0–1) 0 (0–1) 0.24

Fetal sex (female) 11 (36.7%) 4 (23.5%) 19 (63.3%) 0.02

Gestational age (week) 38 (37–39) 38 (37–39) 38 (38–39) 0.11

Birthweight (gr) 3300 (3200–3510) 3870 (3667–4185) 2580 (2420–2775) 0.01

AGA: appropriate weight for gestational age, LGA: large weight for gestational age, SGA: small weight for
gestational age, BMI: body-mass index.

2.2. Protocol

At the first medical visit, the past medical histories of the pregnant women were taken.
Following amniocentesis, amniotic fluid samples were collected. The latter were centrifuged
immediately after amniocentesis and the supernatant was stored in polypropylene tubes at
−80 ◦C. At delivery, neonatal birthweight was recorded, and gestational age-related fetal
weight software allocated the exact weight centile of each fetus. Based on this calculation,
the neonates were divided into three groups, as follows: fetuses with birthweight below
the 10th centile (n = 31) were defined as small for gestational age (SGA); fetuses with
birthweight between the 10th and 90th centile (n = 31) were defined as appropriate for
gestational age (AGA); and fetuses with birthweight above the 90th centile (n = 18) were
defined as large for gestational age (LGA). The group of AGA fetuses represents the control
group. The study was approved by the Ethical Committee of Aretaieion University Hospital,
Athens, Greece (143/291119), and was conducted in compliance with the Declaration of
Helsinki guidelines.

2.3. Hormone Measurements

Amniotic fluid apelin concentrations were measured using the Apelin-12 (Human,
Rat, Mouse, Bovine) extraction-free ELISA (enzyme immunoassay) kit (Phoenix Pharma-
ceuticals, Inc., Burlingame, CA, USA) according to the manufacturer’s instructions. Apelin
is synthesized as the single peptide, preproapelin, which consists of 77 amino acids; these
are converted into active fragments, including apelin-12, apelin-13, and apelin-36, which
contain a range of amino acids formed by cleavage at specific sites. Most are bioactive. Stan-
dard immunoassays quantify apelin bioactivity as a whole and cannot specifically quantify
each apelin peptide. The cross-reactivity of the kit for human peptides Apelin-12, Apelin-13,
and Apelin-36 is 100%. The sensitivity concentration of the kit is 0.07 ng/mL, with a linear
range 0.07–0.79 ng/mL, while the intra- and interassay variation is less than 10% and 15%,
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respectively. This ELISA kit has been used for human serum/plasma/cerebrospinal fluid
or tissue extraction. Given the resemblance of early second-trimester composition to that of
serum, it was appropriate for use in amniotic fluid. Amniotic fluid insulin concentrations
were measured using the Quantikine®™ human insulin enzyme immunoassay (ELISA) kit
(R&D Systems Inc., Minneapolis, MN, USA), according to the manufacturer’s instructions.
The sensitivity concentration of the kit is 2.15 pmol/L, with a linear range 15.6–500 pmol/L,
while the intra- and interassay variation is less than 4% and 8%, respectively.

2.4. Statistics

Data were analyzed using the Statistical Package for Social Sciences (SPSS) version
21 (IBM Corp., Armonk, NY, USA; Released 2012. IBM SPSS Statistics for Windows,
Version 21) [18]. Assessment of the normality distributions of the quantitive variables
was carried out via graphical methods and Kolmogorov–Smirnoff analysis. The Mann–
Whitney non-parametric test was employed for the comparison of continuous variables
due to their abnormal distribution. For the categorical variables, the chi-square test was
used with Fisher‘s exact test as fewer than five observations were available. Differences
were considered statistically significant if the null hypothesis could be rejected with >95%
confidence (p < 0.05). Multiple regression analysis was used to define the independent effect
of maternal age, weight, height, parity, gestational age at delivery, fetal sex, and amniotic
fluid apelin and insulin concentrations on the possibility of a SGA/AGA or LGA/AGA
birth. The Enter method was used for the analysis.

3. Results

3.1. Anthropometrics

No statistically significant difference was detected between the three studied groups
(SGA, LGA, and AGA) with regard to maternal weight, height, BMI, or gestational age
at birth. Maternal age, fetal sex, and fetal birthweight were significantly different among
these groups (p < 0.05) (Table 1).

3.2. Apelin and Insulin Concentrations in Amniotic Fluid Samples in Relation to Fetal Growth

Apelin and insulin concentrations in amniotic fluid were examined for potential
differences among the three studied groups. The apelin concentrations for each of the
three groups are presented in Table 2. Significantly lower concentrations of apelin were
observed in LGA fetuses > 95th percentile compared to AGA fetuses. Differences among
LGA fetuses > 97th percentile and AGA fetuses were not significant. This finding might be
influenced by the small sample size of this group. No differences in apelin concentrations
were observed between the SGA and AGA fetuses. Statistically significant differences were
found among all the studied groups regarding apelin concentrations (p = 0.007). More
specifically, apelin concentrations were significantly different between the AGA and LGA
groups (p = 0.002), while there was no difference in apelin concentrations between the AGA
and SGA groups (p = 0.668) (Figure 1). Insulin concentrations did not differ significantly
among the three groups.

The possible associations between apelin concentrations in amniotic fluid and the
severity of fetal growth disturbances were investigated. Table 2 presents the apelin con-
centrations in the amniotic fluid of pregnancies divided into subgroups according to SGA
centile (3rd, 5th), AGA, and LGA centile (95th, 97th). Amniotic fluid apelin concentrations
in the SGA fetuses were found to be greater than those in the AGA and LGA fetuses.
Apelin concentrations progressively increased as the SGA centiles dropped. The apelin
concentrations in the LGA fetuses were significantly lower compared to those in both the
SGA and AGA fetuses (p = 0.015). By contrast, SGA fetuses below either the 3rd or the
5th percentiles exhibited greater apelin concentrations when compared with those in the
AGA group (44.3, 41.5 and 40.2 ng/mL, respectively); however, the differences were not
statistically significant.
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Table 2. Comparisons of apelin concentrations (median, 25th quartile–75th quartile) of the study sub-
groups with apelin concentrations of AGA. The asterisk indicates a statistically significant difference
from the AGA group (the asterisk indicates the statistical significance). Statistical significance was set
at p < 0.05.

No. of Cases
Apelin
(ng/mL)

SGA < 10th centile 31 35.80 (15.60, 63.40)

SGA < 3rd centile 16 44.30 (11.28, 70.08)

SGA < 5th centile 22 41.50 (8.82, 62.88)

AGA 31 40.20 (18.90, 63.40)

LGA > 90th centile 18 14.35 * (2.59, 26.075)

LGA > 95th centile 11 17.90 * (2.71, 25.80)

LGA > 97th centile 4 21.15 (5.48, 33.30)

Figure 1. Apelin concentrations in the amniotic fluid of the AGA, SGA, and LGA groups. Box and
whisker plot indicates box limits: Q1 and Q3.

In addition, the possible influence of fetal birthweight on the concentration of insulin
in amniotic fluid was investigated. Table 3 illustrates insulin concentrations in amniotic
fluid at the extremes of fetal birthweight. No statistically significant differences were
detected between insulin concentrations in the amniotic fluid of the different fetal growth
subgroups.
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Table 3. Insulin concentrations (median, 25th quartile–75th quartile) did not differ among the study
subgroups.

No. of Cases Median (Q1–Q3) (pmol/L)

SGA < 10th centile 24 2.265 (2.00, 3.59)

SGA < 3rd centile 12 2.34 (2.01, 4.45)

SGA < 5th centile 16 2.34 (2.00, 3,75)

AGA 27 2.40 (2.00, 2.88)

LGA > 90th centile 15 2.24 (2.00, 3.74)

LGA > 95th centile 9 2.68 (2.16, 3.78)

LGA > 97th centile 3 2.68 (2.13, 3.75)

3.3. Predictors of SGA, AGA, and LGA Status among Maternal Anthropometrics, Fetal Sex,
Gestational Age, and Amniotic Apelin and Insulin Concentrations

Multiple logistic regression of independent parameters such as maternal age, maternal
weight, maternal height, fetal sex, and gestational age, which could influence the develop-
ment of SGA, AGA, or LGA (dependent parameters), revealed that fetal female sex and
amniotic insulin concentrations were significantly predictive of LGA fetuses (p = 0.047 and
0.042, respectively). The pseudo-R2

Nagelkerke of the regression analysis was 0.247 for the
LGA vs. AGA analysis and 0.195 for the SGA vs. AGA analysis. Table 4 summarizes the
results of the multiple regression analysis.

Table 4. Multiple regression analysis of parameters with potential influence on fetal growth in SGA
and AGA taken together, and LGA and AGA taken together. Statistical significance was set at p < 0.05
(bold value). AGA was used as the reference variable and the OR presented relates to the possibility
of SGA or LGA for each examined variable.

SGA and AGA LGA and AGA

Maternal age 1.17 (0.88, 1.56) p = 0.276 0.81 (0.63, 1.05) p = 0.109

Maternal weight 1.03 (0.94, 1.13) p = 0.504 0.95 (0.89, 1.01) p = 0.075

Maternal height 1.18 (0.97, 1.14) p = 0.105 1.00 (0.86, 1.15) p = 0.957

Maternal parity 0.83 (0.29, 2.40) p = 0.725 0.93 (0.44, 1.96) p = 0.853

Fetal female sex 8.37 (0.47, 150.27) p = 0.149 0.21 (0.04, 0.98) p = 0.047

Gestational age 1.87 (0.87, 4.05) p = 0.110 1.26 (0.70, 2.26) p = 0.449

Amniotic apelin 1.03 (0.98, 1.08) p = 0.236 1.00 (0.97, 1.03) p = 0.848

Amniotic insulin 1.38 (0.41, 4.57) p = 0.601 0.61 (0.33, 0.94) p= 0.042

AGA: appropriate weight for gestational age, LGA: large weight for gestational age, SGA: small weight for
gestational age.

4. Discussion

Despite the considerable advances achieved in prenatal medicine, fetal growth ab-
normalities remain one of the most common causes of maternal and fetal mortality and
morbidity; the underlying pathogenesis remains unclear and further investigation is cer-
tainly required. The present prospective observational cohort study was conducted in order
to determine whether there is any correlation connecting the amniotic fluid apelin and
insulin concentrations with fetal growth and birthweight abnormalities. This is, to the best
of our knowledge, the first study to scrutinize apelin concentrations in the amniotic fluid
of fetuses in the second trimester of pregnancy. The published data concerning apelin in
pregnancy include studies in which the bioactive peptide was collected from either mater-
nal blood or placental tissue [16,19–25,28]. Amniotic fluid in the early second trimester of
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pregnancy reflects fetal serum; therefore, amniotic fluid apelin concentrations correspond
to fetal serum apelin concentrations [29,30].

In this study, we found that apelin concentrations were significantly lower in LGA
fetuses compared to those in AGA and SGA fetuses, respectively. More specifically, the
median apelin concentration in LGA fetuses was found to be 14.35 ng/mL, while in AGA
it was 40.2 ng/mL, and in SGA it was 35.8 ng/mL. A progressive increase in apelin
concentrations was observed with a reduction in birthweight, even though statistical
analysis failed to show any significant difference. On the other hand, a significant effect
was observed with increasing birthweight, which implies that the impact of apelin might
not be evident until a critical fetal body mass has been attained. When regression analysis
was conducted to account for confounding factors, the effect of apelin levels on fetal growth
failed to remain significant. It is common that weak correlations, although biologically
relevant, may be masked in regression analysis when several factors are included, especially
in the case of small study samples. We believe that our study sample is responsible for
this result. Moreover, none of the participants in the AGA or the LGA group were, later
in pregnancy, diagnosed with gestational diabetes, a variable that can potentially affect
fetal growth. Since a statistically significant association was identified between these two
groups, gestational diabetes could not have been a factor influencing the results.

Several studies have indicated the positive effect of the apelinergic system on the
proliferation of placental cells and trophoblast survival. These processes are essential
during the second trimester when fetal growth is determined mainly by cell proliferation [4].
In their study, Van Mieghem et al. investigated apelin concentrations in maternal blood at
several gestational ages: their findings revealed a 30% decrease in apelin concentrations
in pregnancies with fetal growth restriction compared to normal pregnancies. Moreover,
they highlighted that these serum results were also reflected in decreased placental apelin
expression and staining. However, since their study included only four IUGR pregnancies
their outcomes should be interpreted with caution [11]. In the present study, no such
differences were revealed between AGA and SGA amniotic fluid apelin concentrations.

Apelin, which is an adipokine secreted by adipose and other tissues, shows elevated
expression in obesity; it plays a central key role in lipid and glucose metabolism and is
also implicated in atherosclerosis and oxidative stress. It is of note that pregnancy itself is
characterized by hyperlipidemia, oxidative stress, and reduced insulin sensitivity [31,32].
Fetal macrosomia is considered to be the manifestation of an impaired maternal metabolism.
Interestingly, cord blood apelin-36 levels are found to be similar in diabetic pregnancies
compared to controls [33]. Apelin may be a mediator of fetal growth, but may also serve
in protective feedback mechanisms; our finding of reduced apelin concentrations in LGA
fetuses compared to AGA and SGA fetuses supports this hypothesis.

Regarding insulin concentrations, no statistically significant differences between the
AGA, SGA, and LGA groups were found in the present study. However, paired multivariate
regression analysis carried out for the AGA and LGA fetuses revealed that amniotic fluid
insulin concentrations comprise an independent factor that affects fetal birthweight. In
the past, we have shown that the low demand for nutrient uptake in the second trimester
as well as the immaturity of the fetal pancreas could account for the lack of pronounced
differences in insulin concentrations [11].

Reviewing the existing literature concerning insulin, the data are controversial. There
is evidence that, prior to 20 weeks gestation, fetal insulin production may be impaired
by maternal glucose intolerance. Interestingly, an association has been shown between
increased amniotic fluid insulin concentration occurring at 14–20 weeks gestation and
maternal glucose intolerance and fetal macrosomia observed postnatally [26]. On the
other hand, other studies have failed to reveal a correlation between amniotic fluid insulin
concentrations and fetal growth [27]. Other data show that prior to routine screening for
gestational diabetes mellitus (GDM), exposure of the fetus to altered amniotic fluid glucose,
insulin, and insulin-like growth factor-binding protein 1 has occurred [34]. Although a
statistically significant difference was expected at least among severe LGA fetuses, subgroup
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analysis also failed to reach statistical significance, while a trend for higher values was
observed. The small size of the specific subgroups may be responsible for this non-statistical
significance.

Amniotic fluid insulin is known to be elevated in mothers with GDM versus those
without [35–37]. It has also been hypothesized that insulin levels may be more closely
associated with glucose intolerance rather than with growth disturbances, and glucose
intolerance may be present without overt macrosomia; likewise, mild macrosomia may
be present without significant insulin resistance. Hence, previous studies have already
reported the considerable importance of amniotic fluid insulin levels as a predictor of fetal
macrosomia in mothers suffering from gestational diabetes, as well as the fact that higher
concentrations of amniotic fluid insulin levels are a marker of fetal hyperinsulinemia [38].
It is clear that identifying a hyperinsulinemic fetus before birth could lead to intensified
maternal insulin therapy, thus reducing both the incidence and severity of diabetic fetopathy
(a hormonal and metabolic dysfunction and its morphological sequelae) for the fetus of the
diabetic mother.

A limitation of the present study is the small number of cases included, resulting in
the small number of cases in the study subgroups. Of note, amniotic fluid is a biological
material that is hard to collect, and thus, gathering sufficient cases prospectively is extremely
difficult. For the same reason, we did not divide our cases further into subgroups according
to the time of the amniocentesis. The exact gestational week of amniocentesis was defined
by the indication. Moreover, our purpose was to correlate fetal development at term
with apelin and insulin amniotic fluid levels in the early second trimester as a period of
pregnancy and not by pregnancy week-by-week. This also allowed for the expansion
of the implementation of our findings into clinical practice where the timing of invasive
testing is mainly determined by the gestational stage at which the indication is set; this is in
most cases after 16 weeks of gestation and usually up until 22–23 weeks, as per our study.
Furthermore, we do not expect the levels of the studied substances to differ significantly by
week during this time period, as this period of fetal life is characterized by a very shallow
fetal growth curve. To the best of our knowledge, this is the first time that amniotic fluid
apelin concentrations have been examined in the second trimester; this underlines the need
for larger multicenter prospective studies to elucidate the possible associations between
fetal growth abnormalities and amniotic fluid mediators, such as apelin and insulin, as well
as their predictive value.

On the other hand, a strength of the study is the prospective design employed, which
significantly limited the possibility of selection bias, consequently rendering our findings
accurate and fully interpretable while being directly relevant to our population.

5. Conclusions

Amniotic fluid apelin concentrations in the early second trimester are likely to be
useful as a predictive marker for the determination of the risk of a fetus being born LGA
for gestational age. Whereas our study did not detect a statistically significant effect,
a clear trend was identified toward decreasing values of apelin as birthweight progressively
increased. It remains unknown whether other confounders may affect this association,
including fetal gender, maternal age, and maternal weight, as the multiple regression
analysis revealed that the coefficient of apelin for the detection of SGA and LGA compared
to AGA was rendered non-significant. Larger studies are necessary to corroborate our
findings and further expand on variables that could determine the variation of apelin
levels; the studies should ideally focus on the potential interplay of apelin with known
factors that appear to be predictive of LGA fetuses, including fasting maternal blood
glucose concentrations, fasting insulin concentrations, and glucose concentrations in the
oral glucose tolerance test. Such an approach could reveal the mechanisms that determine
fetal growth and help us to better understand the pathophysiological pathways that place
fetuses at risk of being born SGA or LGA.
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Abstract: Accurate sonographic estimation of fetal weight is essential for every pregnancy, especially
in twin gestation. We conducted a retrospective analysis of the sonographically estimated fetal weight
(sEFW) of all twin gestations performed within 14 days of delivery in a single center that aimed to
evaluate the accuracy of sEFW in predicting neonatal weight and small for gestational age (SGA) by
comparing the first fetus to the second. A total of 190 twin gestations were evaluated for the study.
There was no statistically significant difference in the sEFW between the first and the second twins,
but the second twin had a statistically significant lower birth weight (2434 vs. 2351 g, p = 0.028).
No difference was found in median absolute systematic error (p = 0.450), random error, or sEFW
evaluations that were within 10% of the birth weight between the fetuses (65.3% vs. 67.9%, p = 0.587).
Reliability analysis demonstrated an excellent correlation between the sEFW and the birth weight for
both twins; however, the Euclidean distance was slightly higher for the first twin (12.21%). For SGA
prediction, overall, there was a low sensitivity and a high specificity for all fetuses, with almost no
difference between the first and second twins. We found that sEFW overestimated the birth weight
for the second twin, with almost no other difference in accuracy measures or SGA prediction.

Keywords: twin pregnancy; small for gestational age; estimated fetal weight; accuracy of birthweight

1. Introduction

Twin pregnancies are associated with a high incidence of pregnancy complications.
One of the most prevalent risks is preterm delivery, which accounts for most of the increased
perinatal morbidity and mortality. Additionally, higher rates of fetal growth abnormalities
and congenital anomalies contribute to adverse outcomes in twin pregnancies [1].

It has been suggested that neonatal morbidity and mortality tend to be higher for the
second-born twin (as compared to the first-born). In a systematic review of observational
studies, overall neonatal morbidity, defined as pH < 7.0, Apgar score < 7 at 5 min, or any
neonatal birth trauma, was 3.0 and 4.6 percent, respectively (OR 0.53, 95% CI 0.39–0.70),
and overall neonatal mortality, defined as death within 28 days, of the first and second
twins was 0.3 and 0.6 percent, respectively (OR 0.55, 95% CI 0.38–0.81). The increased risk
of adverse neonatal outcomes in the second-born twin was most likely related to a lower
birth weight, a higher frequency of malpresentation, cord prolapse, placental abruption,
and the need for obstetric maneuvers at delivery [2].

In twin gestation, monitoring the fetus’s growth is of utmost importance. According to
the International Society of Ultrasound in Obstetrics and Gynecology (ISOUG) guidelines,
sonographic evaluation of fetal growth is recommended every four weeks for uncompli-
cated bichorionic twins and every two weeks for uncomplicated monochorionic twins [3].
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Accurate follow-up is imperative for the early detection of peripartum placental insuffi-
ciency, ultimately allowing the healthcare provider to prepare for complications that may
arise during childbirth. Unfortunately, sonographic estimation of fetal weight (sEFW) has
been proven to be less accurate in twins than in singleton pregnancies [4].

For a singleton pregnancy, the mean error between the sEFW and the neonate’s birth
weight is about 10–20% [5–7]. The degree of accuracy depends on the examiner and on the
fetal and maternal parameters, such as fetal presentation, gestational age, amniotic fluid
volume, and the level of maternal obesity [8,9]. For twin pregnancies, despite the high
incidence of growth abnormalities, only a few studies in the literature have evaluated the
accuracy of sEFW. Furthermore, these studies have presented conflicting results [10–13].

This study aims to evaluate the accuracy of ultrasound in the prediction of neonatal
birth weight with an emphasis on comparing the first fetus (closer to the cervix) with the
second fetus. Moreover, we calculated the accuracy measurements for the determination of
small for gestational age (SGA), defined as sEFW under the tenth percentiles for the two
fetuses, and compared them.

2. Materials and Methods

2.1. Population

This was a retrospective cohort analysis of women carrying twin gestations who
delivered in a single, tertiary, university-affiliated medical center. All twin pregnancies
delivered between September 2011 and August 2021, in which sonographic fetal biometry
estimation was performed within 14 days before deliveries, were analyzed. The study
was approved by the local Institutional Review Board committee (HYMC-0048-22). Due
to the retrospective nature of the study, informed consent was waived. Inclusion criteria
included all live twin births who had a sonographic evaluation within 14 days before
delivery. Cases with any known chromosomal abnormalities or major malformations were
excluded. In addition, we excluded women without available full documentation of all
biometric measurements (biparietal diameter (BPD), head circumference (HC), abdominal
circumference (AC), and femur length (FL), as well as women who were in active labor or
with ruptured membranes at the time of the sonographic assessment. Cases with unclear
chorionicity or suspected growth abnormalities were not excluded.

2.2. Data

Data were retrieved from the comprehensive computerized database of sonographic
examinations and compared to the perinatal database. Matching was verified by comparing
the date of the last menstrual period to avoid mixing data from two different pregnancies
of the same woman. The gestational age at the time of the sonographic evaluation was
calculated by the last menstrual period or by first-trimester ultrasound if a discrepancy
exceeding six days between them was present. Antenatal data, including the gestational
age at delivery and the actual birth weights, were obtained from the perinatal database.
Small for gestational age was defined as neonates under the 10th percentile using twins,
gestational age, and gender-specific customized curves, constructed based on our popula-
tion [14]. The sonographic sEFW was calculated for every twin using the Hadlock formula:
(EFW(hadlock_4) = 10(1.3596+0.0064×Q2+0.0424×R2+0.174×S2+0.00061×P2×R2−0.00386×R2×S2)).

2.3. Measurements

By convention, fetal sonographic evaluations included all standard fetal biometry
measurements (AC, FL, BPD, and HC) according to ISUOG guidelines [3], presenting part,
placental location, and amniotic fluid estimation for every twin, measured by the largest
vertical pocket. All examinations were performed trans-abdominally using a high-quality
ultrasound system, GE Voluson E6, Voluson E8, or Voluson E10 (GE Medical Systems,
Zipf, Austria), by physicians who are ultrasound specialists or by experienced ultrasound
technicians. Twin A (the 1st twin) was defined as the fetus closer to the cervix. The BPD was
measured from the proximal echo of the fetal skull to the proximal edge of the deep border
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(outer–inner) at the level of the cavum septum pellucidum. The HC was measured as an
ellipse around the perimeter of the fetal skull at the same level [15]. The AC was measured
in the transverse plane of the fetal abdomen at the level of the umbilical vein in the anterior
third and the stomach bubble in the same plane; measurements were taken around the
perimeter [16]. The FL was measured in a view in which the full femoral diaphysis was
seen and was taken from one end of the diaphysis to the other, not including the distal
femoral epiphysis [17]. After birth, neonatal birth weight and anthropometric data were
immediately documented. Neonate A (1st neonate) was defined as the first twin delivered.

2.4. Accuracy and SGA Evaluation

For every twin fetus, the sEFW was evaluated and compared to the neonatal birth
weight. Accuracy was evaluated for every twin and compared between the 1st (closer to the
cervix) and 2nd fetus. Measures of accuracy included the systematic error (calculated as the
absolute [sEFW − birth weight]/birth weight × 100, reflecting the systematic deviation of
the sEFW from the birth weight, expressed as a percentage of the birth weight); the random
error (the standard deviation of the systematic error), reflecting the random component of
prediction error; and the proportion of estimates within 10% of the birth weight. To further
compare the accuracy of EFW between the 1st and 2nd twins, we utilized the Euclidean
distance (=square root of [systematic error2 + random error2]), representing the geometric
average of the systematic and random errors.

Next, to evaluate the sEFW prediction of SGA at birth for every twin, we compared the
sEFW and the neonatal birth weight with the 10th percentile for the exact gestational age.
Accuracy was then evaluated using the following measures: sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (+LR,
defined as sensitivity/(1 − specificity)), and negative likelihood ratio (−LR, defined as
(1 − sensitivity)/specificity). Overall accuracy was defined as (true negative + true positive
cases)/all cases.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS version 28.0 software (SPSS, Inc.,
Chicago, IL, USA). p < 0.05 was considered significant. Categorical data were analyzed us-
ing Fisher’s exact test, and continuous variables were compared using the Mann–Whitney–
Wilcoxon test as appropriate. Reliability analysis was used to calculate the Cronbach’s
α value, which measures the power of correlation between sEFW and the neonatal birth
weight (α≥ 0.9, excellent correlation; 0.7 ≤ α < 0.9, good correlation; 0.6 ≤ α < 0.7, accepted
correlation; 0.5 ≤ α < 0.6, poor correlation; and α < 0.5, unacceptable correlation).

3. Results

3.1. Demographics

Overall, 28,834 women delivered in our institution during the study period, of which
1064 had twin gestations. After consolidating the database, 190 women with twin gestations
had sonographic fetal evaluations performed within 14 days of delivery and were thus
eligible for our analysis.

The demographic and obstetrical characteristics of the cohort are shown in Table 1. The
median maternal age was 31.34 (26.42–36.2) years. One hundred thirty-six pregnancies were
dichorionic-diamniotic (71.57%) twins, 34 (17.8%) were monochorionic-diamniotic twins,
and the remaining were monochorionic-monoamniotic (0.52%). Only 38 (20%) pregnancies
were complicated by maternal diabetes. For the entire cohort, the median gestational age
at ultrasound evaluation was 35.54 (28.29–39.14) weeks, and the median sEFW was 2452
(834–5187) grams. The median gestational age at delivery was 36.37 (29.29–39.14) weeks,
with a median birth weight of 2397 (775–3750) g. The median time interval from ultrasound
evaluation to delivery was 5 (0–14) days. The majority of women delivered within 7 days
of the sonographic evaluation (130/190, 68%), and over a third (82/190, 43.15%) delivered
within 3 days of the evaluation.
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Table 1. Study cohort.

Entire Cohort

Maternal age, years 31 (18–44)

Maternal diabetes (DM and GDM) 38 (20%)

Preeclampsia 22 (11.6%)

Gestational age at sEFW, weeks 35.57 (28.29–39.14)

Gestational age at delivery, weeks 36.86 (29.29–39.14)

Ultrasound-to-delivery interval

� Three-day interval 164/380, 43.15%

� Seven-day intervall 260/380, 68.42%

Chorionicity
BCBA 136/190 (71.57)
MCBA 34/190 (17.89)
MCMA 1/190 (0.52)

Numbers are presented as median (range) for continuous variables and N (%) for categorical ones. sEFW–
sonographically estimated fetal weight; DM—diabetes mellitus; GDM—gestational diabetes.

3.2. sEFW Evaluation

Although there was no statistically significant difference in the sEFW between the first
and second twins, the second twin had a statistically significant lower birth weight of 2434
(900–3750) vs. 2351 (775–3610), grams, p = 0.028), as shown in Table 2.

Table 2. Accuracy measures for first and second twins.

First Twin Second Twin Entire Cohort p Value

sEFW, grams 2436 (878–5187) 2458 (834–3504) 2452 (834–5187) 0.850

BW, grams 2434 (900–3750) 2351 (775–3610) 2397 (775–3750) 0.028

Systematic error −0.86
(−37.94–74.09)

3.03
(−29.12–67.68)

0.97
(−37.94–74.09) 0.001

Absolute systematic
error 7.08 (0.03–74.09) 6.61 (0.03–67.68) 6.86 (0.03–74.09) 0.450

Random error 8.39 8.71 8.54

Proportion of
estimation < 10% 124/190 (65.3) 129/190 (67.9) 253/380 (66.6) 0.587

SGA by sEFW 40/190 (21.1) 40/190 (21.1) 80/380 (21.1) 1

SGA by BW 29/190 (15.3) 52/190 (27.4) 81/380 (21.3) 0.004

EFW > BW 86/190 (45.3) 119/190 (62.6) 205/380 (53.9) <0.001

Reliability analysis 0.883 0.911 0.896
Numbers are presented as median (range). Significant differences are presented in bold (p < 0.005); sEFW–
sonographically estimated fetal weight; BW–birth weight; SGA–small for gestational age.

Overall, sEFW overestimated the actual neonatal birth weight. Specifically, there was
almost no difference between the sEFW and birth weight for the first twin but a large
overestimation for the second twin.

3.3. Accuracy Measures

For all twins, there was wide variation in the absolute systematic error (median 6.86%,
range 0.03 to 74.09). The median absolute systematic error and the proportion of estimates
within 10% were similar between the first and the second fetuses (p > 0.05 for both). The
random error was 8.54% for the entire cohort. Unlike the systematic error, the random error
was slightly lower for the first twin (8.39 vs. 8.71 %).
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Reliability analysis demonstrated a good correlation with a Cronbach’s α value of
0.896 for the entire cohort with a slightly better correlation for the second twin. The
Cronbach’s α value of the second twin was 0.911, suggestive of an excellent correlation,
and the Cronbach’s α value of the first twin was 0.883, suggestive of a good correlation.

The Euclidean distance was calculated to be 12.21 for the first twin and 12.27 for the
second twin. The lower distance for the first twin reflects a higher prediction of neonatal
birth weight.

Accuracy measurements for SGA prediction for the first and second twins are demon-
strated in Table 3. The sensitivity of SGA prediction by sEFW was low for the entire
cohort and both the first and second twins (59.26%, 62.07% and 57.69%, respectively). The
specificity was high, with the best results for the second twin (92.75%). The PPV was low
in both groups but higher for the second twin (PPV first twin: 45%; PPV second twin: 75%).
The NPV was high for the entire cohort and for both the first and second twins (NPV 89%,
92.67% and 85.33%, respectively).

Table 3. Accuracy measures for SGA prediction.

First Twin Second Twin Entire Cohort

Sensitivity (%) 62.07% 57.69% 59.26%

Specificity (%) 86.34% 92.75% 89.30%

PPV (%) 45% 75% 60%

NPV (%) 92.67% 85.33% 89.00%

+LR 4.54 (2.81–7.35) 7.96 (4.2–15.11) 5.54 (3.81–8.05)

−LR 0.44 (0.27–0.70) 0.46 (0.33–0.63) 0.46 (0.35–0.6)

Accuracy 82.63% 83.16% 82.89%
PPV = positive predictive value; NPV = negative predictive value; +LR = positive likelihood ratio; −LR = negative
likelihood ratio.

4. Discussion

Ultrasonographic estimation of fetal weight is routinely used in the management
of multiple pregnancies and affects clinical decision-making regarding timing and mode
of delivery. In this study, we aimed to evaluate the accuracy of sEFW in twin gestation.
Specifically, we endeavored to assess the differences in accuracy between the first and
second twins. Additionally, in order to evaluate the clinical impact of sEFW accuracy, we
investigated the prediction of SGA at birth for both twins.

Our study has several findings: 1. Overall, for the entire cohort, there was a good
correlation between sEFW and birth weight; 2. the sonographic weight estimation of the
second twin overestimated the actual birth weight; 3. the prediction of SGA was similar
for both twins, however, with low sensitivity. The specificity and PPV were higher for the
second twin. 4. There was no difference in the accuracy of predicting SGA between the
first and second twins.

The accuracy of sonography in predicting fetal weight has been studied in numerous
studies [18–20]. One of the most comprehensive studies published by Benacerraf et al.
estimated that 74% of neonates born were within 10% of the sonographically predicted
sEFW [19]. The results of our study were similar: 66% of the entire cohort had an accurate
estimation of fetal weight with a margin of error of 10%. Moreover, similar to previous
studies, it was suggested that a shorter interval between sEFWs provides a more accurate
estimation of neonatal weight [21–23].

Our study confirmed the previous reports showing a good correlation between sEFW
and birth weight [22,23] and no difference in sEFW and birth weight between the first
and second twins [23]. Unlike our results, Danon et al. [10] suggested lower accuracy
in the sEFW of the second twin compared to the first twin. This difference might be
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explained by the high incidence of non-vertex presentation in the second twin group,
causing dolichocephaly and smaller-than-anticipated BPD measurements [24,25].

Our results matched previous studies showing a tendency to underestimate the weight
of the first twin and overestimate the weight of the second twin [10,22].

For sEFW prediction of SGA, overall we found high accuracy for both twins, as
shown in previous studies [10]. We found low sensitivity in the prediction of SGA with
high specificity, similar to other studies [10,22,23]. Conflicting results have been shown
regarding sensitivity. While Kaouther et al. have shown good sensitivity for SGA prediction,
our study, along with others [10,22,23], has found low sensitivity for the prediction of SGA.

Cognitive biases are unconscious mental shortcuts or patterns that can influence how
people perceive, interpret, and make decisions about information. Although diagnostic
errors arising from cognitive biases are well studied in the radiology field, there remains a
lack of research in the obstetric ultrasound field [26]. Our study highlights the importance
of acknowledging that cognitive biases exist in the sonographic estimation of fetal weight.

The strength of our study relies on the selection of cases for sonographic evaluation
within 14 days of delivery, with the majority performed up to 7 days before delivery.
Additionally, sonographic evaluation was undertaken by highly experienced ultrasound
technicians or physicians who were ultrasound specialists.

Our study is not free of limitations. First, this study is limited by its retrospective
design. For this reason, no data was available regarding patients’ body mass index, de-
mographics, or ethnic origin. Additionally, fetal data regarding gender was unavailable,
which potentially could have affected the sonographic weight estimation prior to delivery
and should have been evaluated as a confounding variable. Secondly, our study included
a relatively small sample size of twins at all gestational ages, which could have affected
our results. The inclusion of preterm deliveries that are potentially related to placental
insufficiency complications during pregnancy may have influenced the proportion of SGA
or growth-restricted fetuses. Therefore, future studies are needed to further study and
validate our findings. Thirdly, chorionicity was evaluated sonographically without valida-
tion using postpartum placental examinations. Lastly, although care was taken to correctly
name the first and second twins, we could not retrospectively validate that the presenting
twin in ultrasound was always the first delivered, particularly in cases of cesarean section.

5. Conclusions

In conclusion, twin gestations are prone to growth abnormalities, and fetal weights
are typically smaller at term than in singleton pregnancies. Our study shows that sEFW
has no difference in predicting birth weight for first and second twins, with high accuracy
in predicting SGA but low sensitivity.
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Abstract: Right ventricular outflow tract anomalies (RVOTAs), such as pulmonary stenosis (PS),
pulmonary atresia (PA), and pulmonary insufficiency (PI), are typical cardiac anomalies in mono-
chorionic twins, and they are complicated by twin-to-twin transfusion syndrome (TTTS). The aim
of this study was to conduct a long-term postnatal cardiological evaluation of prenatal RVOTAs
in monochorionic diamniotic twin pregnancies complicated by TTTS and treated with fetoscopic
laser surgery (FLS) and to analyze possible prenatal predictors of congenital heart disease (CHD).
Prenatal RVOTAs were retrospectively retrieved from all TTTS cases treated with FLS in our unit
between 2009 and 2019. Twenty-eight prenatal cases of RVOTAs (16 PI, 10 PS, 2 PA) were observed
out of 335 cases of TTTS. Four cases did not reach the postnatal period. CHD was present in 17
of the remaining 24 cases (70.8%), with 10 being severe (58.8%; 10/17); nine cases of PS required
balloon valvuloplasty, and one case required biventricular non-compaction cardiomyopathy. The
risk of major CHD increased with prenatal evidence of PS and decreased with the gestational age
at the time of TTTS and with the prenatal normalization of blood flow across the pulmonary valve.
Despite treatment with FLS, the majority of monochorionic diamniotic twin pregnancies complicated
by TTTS with prenatal RVOTAs had CHD at long-term follow-up.

Keywords: monochorionic twin; TTTS; fetoscopic laser surgery; prenatal RVOTA; CHD

1. Introduction

Right ventricular outflow tract anomalies (RVOTAs), such as pulmonary stenosis (PS),
pulmonary atresia (PA), and pulmonary insufficiency (PI), have been described as cardiac
anomalies that are typical in monochorionic twin (MC) pregnancies complicated by twin-to-
twin transfusion syndrome (TTTS), with a prevalence of 7–9% in the recipient twin (RT) in
untreated pregnancies [1,2]. RT cardiomyopathy might be the consequence of the passage
from donor to recipient of blood volumes and vasoactive peptides of the renin–angiotensin
system through placental anastomosis; these increase vascular resistance, leading to higher
pre- and afterloads on the left and right sides of RT hearts [3,4]. Fetoscopic laser surgery
(FLS) of placental vascular anastomosis has been identified as the best treatment for TTTS [5].
Furthermore, previous studies demonstrated how FLS, which interrupts the passage of
blood and vasoactive mediators, leads to an improvement in the right ventricular systolic
and diastolic function of the RT [6]. However, in the ex-RT, the persistence or even the
appearance of an RVOTA weeks after FLS or transient cardiac involvement in the ex-donor
twin (DT) has been reported, despite successful FLS [7]. The primary aim of the present
study was to evaluate long-term postnatal cardiological evaluations of cases with a prenatal
RVOTA in a group of MC diamniotic (MC/DA) twin pregnancies complicated by TTTS
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and treated with FLS at a single center. The secondary aim was to analyze possible prenatal
predictors of postnatal congenital heart disease (CHD).

2. Materials and Methods

This is a retrospective descriptive analysis of all MC/DA pregnancies complicated by
TTTS and treated with FLS at the “Umberto Nicolini” Fetal Therapy Unit of the Vittore
Buzzi Children’s Hospital in Milan (Italy) between January 2009 and January 2019. TTTS
was defined according to the Eurofetus criteria (i.e., polyhydramnios of a ≥8 cm maximum
vertical pocket in the recipient or ≥10 cm from 20 weeks of gestation onwards and oligohy-
dramnios of a ≤2 cm maximum vertical pocket in the donor), and the Quintero Staging
system was used to classify the severity of TTTS [8].

For each case, a detailed ultrasound anatomical evaluation including echocardiogra-
phy was carried out for both MC/DA twins by using a GE Voluson 730, Expert, and GE E8,
GE Healthcare, Zipf, Austria.

The presence, absence, and types of RVOTAs were noted. Prenatal RVOTAs were
classified as pulmonary stenosis (PS) if a forward turbulent flow was detected across the
pulmonary valve (PV) with aliasing and a peak systolic velocity (PSV) of >100 cm/sec, as
pulmonary insufficiency (PI) if a bidirectional flow was identified across the PV, and as
pulmonary atresia (PA) if no flow was detectable across the PV, with exclusive ductal reverse
flow in the pulmonary artery [9]. At each ultrasound evaluation, in addition to the blood
flow across the PV, the following parameters were recorded to assess the cardiovascular
profile: the cardiothoracic circumference ratio (C/T) measured at a cross-sectional section
through the fetal chest; tricuspid and mitral regurgitation, which was classified as mild if
the jet was protosystolic, moderate if proto-mesosystolic, and moderate if holosystolic [7];
the ductus venosus a-wave flow, which was reported as present, absent, or reversed. The
presence or absence of ascites was recorded. Pregnancies were also screened for selective
fetal growth restriction (sFGR). sFGR was diagnosed based on an estimated fetal weight
(EFW) of less than the 10th percentile in one twin and an intertwin EFW difference of >25%.

FLS was performed by using the selective technique until January 2012 and then with
the Solomon technique from that date onwards [10].

Post-FLS fetal assessments were performed 24 and 48 h after the procedure, followed
by prenatal echocardiographic assessments, which were performed at our center at 1 week
and 1 month after the treatment, and all cardiovascular parameters were recorded. In
addition, the patients who were directly followed in our hospital underwent a weekly
assessment. All cases of MC/DA twin pregnancies with a prenatal diagnosis of an RVOTA
were delivered at our hospital or at tertiary hospitals, allowing the newborns to undergo
a formal cardiac assessment within 24 h of delivery. Postnatal examinations of patients
delivered in our hospital were carried out by a dedicated pediatric cardiologist. The right
outflow tract was evaluated and the transpulmonary mean and maximum gradients were
recorded to assess the presence and severity of the abnormality [11]. The postnatal criterion
for the presence of PS was an echocardiographic ventricular to pulmonary artery pressure
gradient of >20 mmHg. In these patients, a different postnatal cardiological follow-up was
scheduled according to the type and severity of the PS; they were monitored particularly
closely during the first year of life due to the high risk of progression. After the first
year of life, mild cases (peak gradient < 36 mmHg) were evaluated once or twice per
year, while moderate cases (peak gradient: 36–64 mmHg; mean gradient: ≤50 mmHg)
were assessed every 1–3 months. Patients with severe pulmonary stenosis (mean gradient:
≥50 mmHg) and pulmonary atresia underwent balloon valvuloplasty (BV) [12]. To ensure
optimal follow-ups, in 2022, we contacted the mothers of all of the prenatal RVOTA cases
and asked them to send us all pediatric cardiac evaluations, including their last clinical
and echocardiographic report. Presence or absence of cardiac involvement and postnatal
treatment (BV or medical therapy) was recorded under the supervision of our pediatric
cardiologists. The CHD cases were divided into two categories: major if they required
surgical or medical treatments or minor if they only required a clinical follow-up.
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All women provided written informed consent for further clinical evaluation, and the
study was approved by the ethics committee of Milan Area 1.

Survival analyses were performed by calculating the Kaplan–Meier failure functions
and performing log-rank tests. Crude Cox models were used to calculate hazard ratios (HRs)
and 95% confidence intervals (CIs). Analyses were performed with Stata 17 (StataCorp.
2021).

3. Results

During the study period, 28 prenatal cases of RVOTAs were observed in 335 MC/DA
twin pregnancies complicated by TTTS and treated with FLS.

The prenatal data of these fetuses are shown in Table 1. As a type of prenatal RVOTA,
PI was present in 16 cases (57.1%, 16/28), PS was present in 10 cases (35.7%, 10/28), and
PA was present in 2 cases (7.1%, 2/28). The time at which RVOTAs appeared was related to
TTTS and FLS; in three cases (10.7%), RVOTAs developed before TTTS; in 12 cases (42.8%),
they developed at the same time as TTTS, and in 13 cases (46.4%), they developed after FLS.
RVOTAs involved the RT in 24 cases (85.7%) and the DT in 4 cases (14.2%). All cases in
the DTs developed after FLS; among them, there were three PIs and one PA, for an overall
RVOTA incidence in DT of 1.5% (4 of the 258 DTs survived from FLS until birth).

Among the RTs, we observed 24 cases of RVOTAs. In three RTs, RVOTAs (two PSs and
one PI) were observed before TTTS developed, and in 12 RTs, RVOTAs were observed at
the time of the TTTS diagnosis: eight PIs, one PAs, and three PSs. Overall, in 4.5% (15/335)
of the RTs, prenatal RVOTAs were present at the time of the TTTS diagnosis.

In nine RTs, RVOTAs were observed only after FLS, with an incidence in this subgroup
of 3.5% (9 of the 259 RTs who did not exhibit an RVOTA before FLS and survived until
birth). In this subgroup, we recorded four PIs and five PSs and, in four cases (three PIs and
one PS), recurrent TTTS was also present.

In our population, the total incidence of prenatal RVOTAs was 8% (4.5% before FLS
and 3.5% after FLS).

Out of the 28 prenatal RVOTA cases, we had two cases of fetal death. One death
occurred after FLS, and there was one termination of the pregnancy due to the critical
condition of both twins (an ex-recipient with hydrops and an ex-donor with sFGR and
reversed flow in the umbilical arteries).

We were able to collect the postnatal cardiac long-term follow-up data of all 24 pa-
tients who survived the perinatal period, for a median of 9.5 years (range 3–13 years).
In 17 patients (70.8%; 17/24), a CHD was present, with a major CHD in 10 cases (58.8%;
10/17); there were nine cases with severe PS requiring BV and one with biventricular
non-compaction cardiomyopathy. In the other seven cases (41.1%; 7/17), the long-term
FU showed a minor CHD in the form of dysplastic AV valves in five cases, left ventricular
hypertrabeculation in one case, and mild pulmonary steno-insufficiency in another case.

The prognostic role of prenatal parameters in major CHDs is shown in Table 2. The
risk of a major CHD was almost five times higher in the case of prenatal PS than in the
case of PI (HR 4.71, 95◦ CI: 1.18–18.7). No major CHDs were observed if the DT presented
prenatal RVOTAs (P: 0.07). The risk of major CHDs decreased with the gestational age at
the time of TTTS (HR 0.69, 95◦ CI: 0.49–0.96). The prenatal normalization of the blood flow
across the pulmonary valve was associated with a strongly reduced risk (HR 0.09, 95◦ CI:
0.02–0.42). No significant associations were observed between major CHDs at the long-term
follow-up and the following prenatal parameters: the onset of an RVOTA (before or at the
time of TTTS or after FLS), the TTTS stage, the presence of sFGR, C/T > 0.55, abnormal DV,
severe tricuspid valve regurgitation, severe mitral valve regurgitation, gestational age, and
weight at delivery.
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Table 2. Prenatal variables in 24 children with RVOTAs.

Variable N or Median (Range)
Cases with Major CHDs
N (%) or Median (Range)

Hazard Ratio
(95%CI)

Pulmonary insufficiency 12 3 (25) 1.00 (Reference)
Pulmonary stenosis 10 7 (70) 4.71 (1.18–18.7)
Pulmonary atresia 2 0 NC

Recipient twin with an RVOTA 20 10 (50) 1.00 (Reference)
Donor twin with an RVOTA 4 0 NC

RVOTA at the time of TTTS 10 5 (50) 1.00 (Reference)
RVOTA before TTTS 3 2 (67) 1.48 (0.28–7.69)

RVOTA developed after FLS 11 3 (27) 0.52 (0.12–2.19)

Gestational age at time of TTTS (weeks) 21.2 (16.4–23.6) 18.1 (15.9–23) 0.69 (0.50–0.97)

TTTS Stage 1–2 12 5 (42) 1.00 (Reference)
TTTS Stage 3–4 12 5 (42) 1.28 (0.37–4.43)

No selective fetal growth restriction 12 5 (42) 1.00 (Reference)
Selective fetal growth restriction 12 5 (42) 1.16 (0.33–4.04)

Cardio/thoracic ratio < 0.55 8 3 (37) 1.00 (Reference)
Cardio/thoracic ratio ≥ 0.55 16 7 (43) 1.49 (0.38–5.86)

No reversed a-wave in ductus venosus 8 3 (37) 1.00 (Reference)
Reversed a-wave in ductus venosus 16 7 (43) 1.25 (0.32–4.85)

No severe insufficiency in TV 7 2 (29) 1.00 (Reference)
Severe insufficiency in TV 17 8 (47) 1.62 (0.34–7.79)

No severe insufficiency in MV 13 4 (31) 1.00 (Reference)
Severe insufficiency in MV 11 6 (54) 2.23 (0.63–7.93)

No prenatal normalization of the flow
across the pulmonary valve 8 8 (100) 1.00 (Reference)

Prenatal normalization of the flow
across the pulmonary valve 16 2 (12) 0.09 (0.02–0.42)

Gestational age at delivery (weeks) 33 (24–38) 32 (24–35) 0.89 (0.73–1.08)

Weight at delivery (gr) 1.850 (500–2.960) 1.770 (500–2170) 0.99 (0.99–1.00)

N: numbers; RVOTAs: right ventricular outflow tract anomalies; FLS: fetoscopic laser surgery; TV: tricuspid valve;
MV: mitral valve; CI: confidence interval; NC: not calculable.

Table 3. Postnatal outcomes of twins with RVOTAs in MC pregnancies with TTTS.

Case N *
GA at the
Delivery

BW (gr)
Neonatal
Type of
RVOTA

Years of
Follow-Up

CHD at Follow-Up

1 32 1850 PS 4 Major CHD: severe PS with BV

2 35 2960 PS 8 Major CHD: severe PS with BV and closure of the ductus
arteriosus

3 33 1500 PA 7
Major CHD: PA with intact ventricular septum, BV, iatrogenic
hemopericardium during the procedure. Persistence of mild

PI; possibility of re-intervention

5 36 1960 0 8 Minor CHD: left ventricular hypertrabeculation

6 34 1490 0 9 Minor CHD: tricuspid dysplasia with mild to moderate TV-R

7 34 2020 PS 5 Major CHD: severe PS with BV. Residual PSI at FU
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Table 3. Cont.

Case N *
GA at the
Delivery

BW (gr)
Neonatal
Type of
RVOTA

Years of
Follow-Up

CHD at Follow-Up

8 34 1690 0 6 None

9 37 2680 PS 11 Major CHD: severe PS with BV

10 33 1793 0 10 None

11 35 2170 PS 11 Major CHD: severe PS with BV, atrial septal defect closure.
Planned replacement of the PV due to the residual severe PI

12 30 1200 0 11

Minor CHD: neonatal correction of patent ductus arteriosus;
dysplastic atrioventricular valves; persistence of moderate

TV-R and MV-R at the follow-up, without the need for
surgical correction

13 33 2150 0 10 Minor CHD: tricuspid dysplasia with moderate TV-R

14 38 2700 PS 10 Minor CHD: mild PSI, gradient 34 mmHg. Stationary
follow-up

15 35 2340 0 12 None

16 31 1630 PS 10 Major CHD: severe PS with BV; hypertrophic cardiomyopathy

17 28 1430 NA 11 None

18 35 2285 0 3 None

20 26 1100 NA NA
NND due to severe prematurity at birth, severe RDS and

heart failure with biventricular dilatation and systolic
dysfunction

21 34 2660 0 10 None

22 32 1700 PS 5 Major CHD: severe PS with BV

23 33 1800 0 6 None

24 26 1000 PI 4 Minor CHD: mitral dysplasia with MV-R: no intervention

25 24 500 PS 13 Major CHD: severe PS with BV

26 28 690 0 11 Major CHD: cardiomyopathy at 7 years, non-compact
myocardium

27 28 990 NA NA NND due to heart failure

28 33 1900 0 9 Minor CHD: tricuspid and mitral dysplasia with moderate
TV-R and mild MV-R at birth

RVOTA: right ventricle outflow tract abnormality; MC: monochorionic pregnancy; TTTS: twin–twin transfusion
syndrome; BW: birth weight; CHD: congenital heart defect; PS: pulmonary stenosis; PI: pulmonary insufficiency;
PSI: pulmonary steno-insufficiency; PA: pulmonary atresia; TV-R: tricuspid valve regurgitation; MV-R: mitral
valve regurgitation; BV: pulmonary balloon valvuloplasty; ND: neonatal death; * Cases 4 and 19 are not shown as
intrauterine deaths.
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335MC
670 twins

28 RVOTA
(4.2%)

3 before TTTS
(10.7%)

12 at the time of
TTTS

(42.8%)

26 born alive

24 neonates 1

7 no CHD
(29.1%)

17 CHD
(70.8%)

7 minor CHD
(41.1%)

10 major CHD
(58.8%)

2 NND

2 IUFD

13 after FLS
(46.4%)

Figure 1. Study population. MC: monochorionic pregnancy; RVOTA: right ventricle outflow tract
abnormality; TTTS: twin–twin transfusion syndrome; IUFD: intrauterine fetal demise; NND: neonatal
death; CHD: congenital heart defects. 1 Study population.

4. Discussion

To the best of our knowledge, this is the first study to analyze long-term postnatal
cardiological evaluations of cases with prenatal RVOTAs in a homogeneous group of
MC/DA twin pregnancies complicated by TTTS and treated with FLS. Furthermore, in our
series, we checked for RVOTAs in the DT as well, finding an RVOTA incidence in DTs of
1.5%. The RVOTA incidence in DTs has never been investigated before in studies of TTTS.
Alterations in the cardiac function of DTs after laser coagulation are common and were
previously described by Van Mieghem et al. [13]. They arise due to a relative overload
occurring in the DT after FLS in the form of the vasoactive peptides and blood volume
previously given to the RT, interrupting the passage through the placental anastomoses,
and they must be managed by the DT themselves. However, in four of our DTs, these
alterations had a significant impact on cardiac function, causing hydrops in the prenatal
period and minor CHDs, such as AV dysplasia, at the long-term follow-up. The incidence
of RVOTAs in the RTs in our series (8%) was similar to the value of 7.5% reported by Chang
et al. [14], even though PI, as a type of RVOTA, was not considered in that study.
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The onset of RVOTAs before TTTS has not previously been described. However, we
recently published cases of RVOTAs in MC pregnancies without TTTS, especially in cases of
sFGR with amniotic fluid discrepancies [15,16]. A possible pathophysiologic explanation for
these findings is that the uneven and mismatched transfer of blood volume and vasoactive
peptides is enough to cause cardiac adaptation without TTTS typically being found; this
may develop afterwards, as in the three cases described in the present study.

The onset of RVOTAs, especially PS, several weeks after FLS without signs of recur-
rence was already described in a prospective TTTS series by Eschbach et al., where it was
correlated with mild postnatal PS. In our series, in two cases of PS that developed two and
five weeks after FLS, severe postnatal PS was observed, requiring BV. Those cases may
demonstrate that, even in the second trimester, the processes of valve maturation are still
taking place and valvular damage can appear weeks after the adverse event.

Regarding the types of RVOTAs, we found a strong correlation between prenatal
PS and the risk of major CHDs, with 70% of prenatal PS cases requiring BV for severe
postnatal PS. This finding could be explained by prenatal PS being the expression of an
organic valve pathology rather than a functional alteration. Therefore, it is not cured
by the improvement of the right ventricular systolic and diastolic function that is visible
after the FLS. Furthermore, our finding of a strong risk reduction for major CHDs with
the prenatal normalization of blood flow across the pulmonary valve (PV) could be the
expression of a prenatal RVOTA as a transient functional abnormality rather than an organic
disease. We also found that all patients with a postnatal dysplastic AV valve exhibited
a normalization of blood across the PV before birth and never developed PS. We could
not find an explanation for this finding. In addition, we found an association between
the gestational age at the time of TTTS and a risk of major CHDs, with a risk reduction of
31% for each additional gestational week. This finding is in agreement with those of other
studies [14,17] and confirms how alterations in cardiac hemodynamics in the early stages
of embryogenesis lead to irreversible organic changes. However, treatment with FLS can
ensure the regression of functional RVOTAs before they become organic. This is thoroughly
demonstrated by the finding in our recent publication that RVOTA incidence at birth in RTs
was halved in the FLS group compared with a TTTS group that was treated before 2004
with amnioreduction (4.5% vs. 9.4%, respectively) [18].

Biventricular non-compaction cardiomyopathy is a rare cardiac abnormality that is
characterized by a two-layered myocardium, numerous prominent trabeculations, and
deep intertrabecular recesses communicating with the ventricular cavity [19]. To the best of
our knowledge, this is the first ventricular non-compaction cardiomyopathy (VNC) to be
reported in an MC pregnancy.

VNC is a genetic cardiomyopathy with a multifactorial origin involving mutations of
the genes that encode the sarcomeric, cytoskeletal, and nuclear membrane proteins [20].
In our case series, this abnormality was present as a discordant abnormality in an MC
recipient twin who exhibited severe biventricular dysfunction as a fetus. This finding
points to an underlying epigenetic origin that could act by modifying one of the multiple
pathways involved in normal myocardial compaction [21].

Strengths and limitations: This study has many strengths. One major strength is
the homogeneity of the population of MC/DA twin pregnancies complicated by TTTS
and treated with FLS. Another strength is that all prenatal evaluations were conducted
in a third-level center with extensive experience with MC twins. Moreover, a complete
postnatal follow-up was conducted in all cases.

The main limitations of this study are its retrospective nature and the lack of central-
ization or a shared protocol in the postnatal follow-up examinations, as many of these
patients were not born in our hospital.

A multicenter prospective study on prenatal RVOTAs in MC/DA twin pregnancies
complicated by TTTS and treated with FLS is needed to better understand their incidence,
prenatal evolution, and long-term postnatal cardiological outcomes.
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5. Conclusions

Our study demonstrates that following fetoscopic laser surgery, the majority of babies
born of monochorionic pregnancies complicated by TTTS with a prenatal right ventricular
outflow tract anomaly develop a congenital heart disease according to long-term follow-up
observations. TTTS cases complicated by right ventricular outflow tract anomalies should
be referred to a tertiary care hospital where specialized prenatal and postnatal cardiac
evaluations, treatments, and long-term follow-ups are available.
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Abstract: Gestational diabetes mellitus (GDM) is diagnosed by an oral glucose tolerance test (oGTT),
preferably performed at 24 + 0–28 + 6 gestational weeks, and is considered a risk factor for type
2 diabetes (T2DM). In this study, we aimed to evaluate the risk of T2DM associated with abnormal
oGTT performed after 28 weeks. We conducted a retrospective cohort study that included parturients
with available glucose levels during pregnancy and up to 5 years of follow-up after pregnancy. Data
were extracted from the computerized laboratory system of Meuhedet HMO and cross-tabulated
with the Israeli National Registry of Diabetes (INRD). The women were stratified into two groups:
late oGTT (performed after 28 + 6 weeks) and on-time oGTT (performed at 24 + 0–28 + 6 weeks).
The incidence of T2DM was evaluated and compared using univariate analysis followed by survival
analysis adjusted to confounders. Overall, 78,326 parturients entered the analysis. Of them, 6195
(7.9%) performed on-time oGTT and 5288 (6.8%) performed late oGTT. The rest—66,846 (85.3%)—had
normal glucose tolerance. Women who performed late oGTT had lower rates of GDM and T2DM.
However, once GDM was diagnosed, regardless of oGTT timing, the risk of T2DM was increased
(2.93 (1.69–5.1) vs. 3.64 (2.44–5.44), aHR (95% CI), late vs. on-time oGTT, p < 0.001 for both). Unlike
in oGTT performed on time, one single abnormal value in late oGTT was not associated with an
increased risk for T2DM.

Keywords: diabetes mellitus; gestational diabetes; prediction; pregnancy; oral glucose tolerance test

1. Introduction

Gestational diabetes (GDM) is one of the most common complications during preg-
nancy, with short- and long-term implications for the mother, fetus, and offspring [1].
However, despite large-scale studies, major controversies remain about its diagnosis, treat-
ment, and future implications.

The American College of Obstetrics and Gynecology (ACOG) recommends screening
all pregnant women for GDM, preferably at 24 + 0 to 28 + 6 gestational weeks [1,2]. In the
United States, the preferred method for screening is the two-steps approach, which uses the
glucose challenging test (GCT) followed by a diagnostic 3 h 100 g oral glucose tolerance test
(oGTT) for the screen-positive women [1]. The timing of oGTT between 24 and 28 weeks of
pregnancy was chosen to align with the physiological changes of pregnancy, maximizing
the number of chances to detect GDM and allow for timely intervention and management.

Notably, over the last years, several publications investigated the importance of late
GDM, diagnosed in the third trimester after 28 gestational weeks. In a Dutch cohort study,
the authors reported GDM diagnoses in 23.5% of parturients who initially tested negative
at 24–28 gestational weeks [3]. Similarly, other studies demonstrated around 25% late GDM
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diagnoses in women who underwent late oGTT because of suspected large-for-gestational-
age fetuses or polyhydramnios [4–6], with even higher rates of GDM for women with
obesity [5,6].

Several studies evaluated the clinical implications of late GDM [5,7–10], emphasizing
short-term maternal and neonatal outcomes with conflicting results, especially regard-
ing the delivery of large-for-gestational-age babies and mode of delivery. To note, there
was great variance among studies regarding the population, the methodology, the defini-
tion of late GDM, the GDM screening approach, and the evaluated outcomes; therefore,
conclusions were hard to draw.

Regardless of that, GDM is a well-established risk factor for type 2 diabetes mellitus
(T2DM). It is estimated that up to 70% of women with GDM will develop T2DM 22–28 years
after pregnancy [1]. To the best of our knowledge, none of the studies that investigated late
oGTT evaluated the risk of future T2DM based on the timing of GDM diagnosis during
pregnancy. Thus, in this study, we aimed to investigate the risk of T2DM in women who
performed abnormal late oGTT during pregnancy in a large cohort of women with 5 years
of follow-up after pregnancy.

2. Materials and Methods

A retrospective cohort study aimed to evaluate the prediction performance of late
100 g oGTT during pregnancy for T2DM in a 5-year follow-up. The study included all
women with documented singleton pregnancies (by pregnancy registry) without diabetes
diagnosis, with last menstrual period (LMP) between 1 January 2017 and 31 December
2020. Pregnancies complicated by early GDM, defined as fasting plasma glucose at early
pregnancy at or above 92 mg/dL, or women who performed oGTT at less than 24 gestational
weeks were excluded. For women with more than one pregnancy during the study period,
only the first pregnancy was included to ensure the longest available follow-up time. On-
time oGTT was defined as oGTT performed between 24 + 0 and 28 + 6 weeks. Late oGTT
was defined as oGTT performed after 28 gestational weeks. Risk for T2DM was compared
between women with abnormal oGTT results—either single abnormal value (SAV) or
GDM and, according to oGTT timing, on-time oGTT vs. late oGTT. Follow-up time was
defined as the date of diabetes diagnosis, the date of data extraction (13 November 2022),
or death—whichever came first. The study was approved by the local Institutional Review
Board committee (10-18-08-21). Due to the retrospective nature of the study, informed
consent was waived.

For this study, data were extracted from a dataset encompassing more than 5 years
of laboratory data collected by Meuhedet HMO (health maintenance organization), cross-
tabulated with a pregnancy registry, and integrated with the Israeli National Diabetes
Registry (INDR). Meuhedet is one of the four Israel health insurance and medical services
organizations to which Israeli residents must belong under Israel’s universal healthcare
framework. Maternal data included maternal age, body mass index (BMI), and diagnosis
of hypertension. Delivery data included gestational age at delivery and neonatal gender.
All clinical data were retrieved from the parturient electronic medical records at the time
of pregnancy. Laboratory data included first-trimester fasting glucose levels, 50 g glucose
challenge test (GCT), and 100 g oGTT values. T2DM diagnosis was retrieved from the
INDR. As previously described [11], since 2012, all health medical organizations in Israel
are required by law to report cases of diabetes to the INDR. Data in this registry were
linked to the pregnancy registry and the laboratory data of Meuhedet. Diabetes diagnosis
is updated daily to the registry and defined as meeting one or more of the following criteria:
(1) glycated hemoglobin greater than or equal to 6.5% (47.5 mmol/mol), (2) serum glucose
concentrations greater than or equal to 200 mg/dL (11.1 mmol/L) in 2 tests performed at an
interval of at least 1 month, and (3) 3 or more purchases of glucose-lowering medications.
The registry has a sensitivity of 95% and the positive predictive value is 93%.
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By convention, and according to Israeli guidelines, all parturients are recommended
to undergo fasting plasma glucose level in the first trimester to exclude overt diabetes
(>125 mg/dL). Screening for GDM is recommended for all women at 24–28 gestational
weeks by the two-steps approach. Late oGTT, after 28 weeks, is usually performed for
latecomers or as part of large-for-gestational-age or polyhydramnios evaluation. Threshold
values for GDM are consistent throughout pregnancy and defined according to the Carpen-
ter and Coustan values [2], which require a GDM diagnosis to include at least two out of
four abnormal values.

Statistical Analysis

At first, we utilized univariate analysis to evaluate differences between women who
performed on-time oGTT, late oGTT, or had normal glucose tolerance. Also, we evaluated
differences according to oGTT results: between women with SAV or GDM at on-time
oGTT and women with SAV or GDM at late oGTT. We determined all women in the cohort
without SAV or GDM diagnosis (including women with normal GCT or women with
four normal values on oGTT) as women with normal glucose tolerance (control group).
Maternal age and BMI were evaluated both as continuous variables and as categorical
variables (with a cutoff of 35 and 40 years for age and 30 kg/m2 for BMI). Glucose levels,
gestational age at delivery, and time to follow-up were treated as continuous variables,
while hypertension, GDM, neonatal gender, and T2DM were treated as categorical variables.
Categorical variables were compared using χ2 tests, and the Kruskal–Wallis test was used
to test differences for continuous variables. All the tests were 2-tailed and p < 0.05 was
considered statistically significant. Next, to account for different follow-up times, we
computed Kaplan–Meier hazard curves, applied Cox regression analysis, and determined
the Hazard ratio (HR) with a 95% confidence interval (CI) for the cumulative incidence of
T2DM, with maternal age, BMI, and maternal hypertension as covariates, using the control
group as the reference group.

Lastly, due to the large impact of obesity on future T2DM, the risk for T2DM according
to oGTT results was stratified according to maternal pre-pregnancy BMI and divided into
women with obesity (BMI ≥ 30 kg/m2) and without obesity (BMI < 30 kg/m2).

3. Results

3.1. Study Population

Our dataset included 88,611 women with LMP during the study period and T2DM
data. After excluding all multiple pregnancies (n = 1289), women with first-trimester
fasting plasma glucose levels ≥ 92 mg/dL (n = 8220), and women with oGTT performed
prior to 24 weeks gestation (n = 776), we were left with 78,326 women who were eligible for
analysis. Of them, 6195 (7.9%) women performed oGTT at 24 + 0–28 + 6 gestational weeks
(on-time oGTT) and 5288 (6.8%) performed oGTT after 28 gestational weeks (late oGTT).
Demographics, baseline characteristics, glucose values, and rates of T2DM according to
the timing of oGTT are presented in Table 1 and Figure 1. Overall, women who performed
late oGTT had lower rates of abnormal oGTT results and lower rates of T2DM during the
study period. Maternal variables and risk for T2DM are further presented, stratified by
oGTT results when performed on time and late in gestation (Table 2). Regardless of oGTT
timing, women with GDM were older and had higher obesity levels compared to women
with normal glucose tolerance. Moreover, their glucose values throughout pregnancy were
higher compared to women with SAV oGTT or women with normal glucose tolerance
(Table 2).
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Table 1. Baseline demographic and future type 2 diabetes stratified by timing of oGTT.

No oGTT
N = 66,843

on-Time oGTT
N = 6195

Late oGTT
N = 5288

p Value

Maternal age, years 28.2 (24.0–33.2) 31.9 (27.4–36.1) 30.4 (25.9–35.4) <0.001

Age ≥ 35 years 12,328 (18.4) 1943 (31.4) 1453 (27.5) <0.001

Age ≥ 40 years 3372 (5.0) 568 (9.2) 405 (7.7) <0.001

BMI kg/m2 24.2 (21.5–27.8) 26.3 (23.1–30.6) 26.3 (23.1–30.6) <0.001

BMI ≥ 30 9181 (16.8) 1667 (29.8) 1407 (29.7) <0.001

Hypertension 478 (0.7) 101 (1.6) 54 (1) <0.001

First-trimester fasting glucose, mg/dL 8 (76–85) 82 (78–86) 81 (76–85) <0.001

GCT, mg/dL 97 (82–117) 151 (143–162) 133 (102–150) <0.001

Fasting oGTT, mg/dL -- 77 (72–83) 76 (71–82) <0.001

1 h oGTT, mg/dL -- 144 (119–170) 144 (122–166) 0.553

2 h oGTT, mg/dL -- 115 (96–138) 116 (98–137) 0.605

3 h oGTT, mg/dL -- 85 (65–104) 87 (67–105) 0.007

oGTT week -- 26.6 (25.6–27.7) 32.7 (30.4–35.6) <0.001

oGTT results

SAV oGTT -- 848 (13.7) 645 (12.2)

GDM -- 654 (10.6) 446 (8.4) <0.001

Gestational age at delivery, weeks 39.7 (38.3–40.7) 39.6 (38.6–40.6) 39.9 (38.9–40.7) <0.001

Baby sex, male @ 26,545 (50.7) 3147 (53.7) 2736 (54.5) <0.001

Follow-up time 4.4 (3.4–5.2) 4.3 (3.3–5.0) 4.4 (3.4–5.1) <0.001

Type 2 DM, cumulative

1-Year T2DM 10 (0) 1 (0) 3 (0.1) 0.091

2-Year T2DM 77 (0.1) 12 (0.2) 9 (0.2) 0.156

3-Year T2DM 186 (0.3) 42 (0.7) 23 (0.4) <0.001

4-Year T2DM 304 (0.5) 75(1.2) 36 (0.7) <0.001

5-Year T2DM 456 (0.7) 110(1.8) 53 (1) <0.001

Data are presented as median (IQR) for continuous variables and n (%) for categorical values. Significant
differences are presented in bold (p < 0.05). SAV—defined as one abnormal value on oGTT (Carpenter and
Coustan threshold values)2; GDM—defined as two abnormal values on oGTT (Carpenter and Coustan thresholds
values)2; @ gender results available for 63,261 deliveries. BMI—body mass index; oGTT—100 g oral glucose
tolerance test; SAV—single abnormal value; GDM—gestational diabetes; T2DM—type 2 diabetes mellitus;
GCT—glucose challenge test.

3.2. Incidence of Type 2 Diabetes

In the univariate analysis, for women who performed late oGTT, GDM diagnosis
was associated with higher rates of T2DM compared to SAV oGTT or normal glucose
tolerance. Nevertheless, unlike women with on-time oGTT, SAV results on late oGTT
were not associated with an increased risk for T2DM compared to women with normal
glucose tolerance.

Using the Cox-regression survival analysis, and adjusted to maternal age, BMI, and
hypertension, abnormal oGTT results, either SAV or GDM, that were diagnosed from
on-time oGTT (24–28 gestational weeks) indicated a higher risk for T2DM compared to
SAV or GDM that was diagnosed after 28 gestational weeks (Table 3, Figure 2).
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Figure 1. Study cohort. LMP—last menstrual period; oGTT—oral glucose tolerance test;
GDM—gestational diabetes; SAV—single abnormal value.

Table 2. Baseline demographic and future type 2 diabetes stratified by oGTT results.

Normal Glucose
Tolerance
N = 75,733

SAV Late oGTT
N = 645

SAV On-Time
oGTT

N = 848

GDM Late oGTT
N = 446

GDM On-Time
oGTT

N = 654
p Value

Maternal age, years 28.6 a,b,c,d

(24.1–33.5)
31.8 e,g

(27.1–36.1)
32.6

(28.4–37.1)
31.7

(27–37.3)
33.2

(28.7–37.1) <0.001

Age ≥ 35 years 14,772 a,b,c,d

(19.5)
211 g

(32.7)
311

(36.7)
169

(37.9)
261

(39.9) <0.001

Age ≥ 40 years 4061
(5.4) a,b,c,d

57
(8.8) f

96
(11.3)

60
(13.5)

71
(10.9) <0.001

BMI kg/m2 24.4 a,b,c,d

(21.7–28.1)
27.4

(23.4–32.2)
27.4

(23.8–32)
27.1

(23.8–31.4)
27.7

(32–24) <0.001

BMI ≥ 30 11,363 a,b,c,d

(18.1)
21

8(38)
292

(37.5)
143

(35.3)
239

(38.8) <0.001

Hypertension 588 (0.8) b,d 3(0.5) e,g 17(2) 7(1.6) 18(2.8) <0.001

First-trimester fasting
glucose, mg/dL

80
(46–80) a,b,c,d

82
(78–86) g

83
(79–87) i

82
(78–86) j

84
(80–88) <0.001

GCT, mg/dL 99 a,b,c,d

(83–117)
145 e,f,g

(129–157)
155 h,i

(146–166)
151 j

(136–169)
162

(150–175) <0.001

Fasting oGTT, mg/dL 76 a,b,c,d

(71–81)
80 e,f,g

(74–86.5)
81 h,i

(75–87)
83

(76–92)
83

(76–93) <0.001

1 h oGTT, mg/dL 135 a,b,c,d

(114–154)
181 f,g

(161–190)
180 h,i

(165–191)
195

(185–210)
195

(185–211) <0.001
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Table 2. Cont.

Normal Glucose
Tolerance
N = 75,733

SAV Late oGTT
N = 645

SAV On-Time
oGTT

N = 848

GDM Late oGTT
N = 446

GDM On-Time
oGTT

N = 654
p Value

2 h oGTT, mg/dL 108 a,b,c,d

(93–125)
144 f,g

(125–159)
143 h,i

(122.3–157)
171

(159.8–188)
171

(160–186) <0.001

3 h oGTT, mg/dL 82 a,b,c,d

(64–99)
98 e,f,g

(72–118.5)
98 h,i

(72–116)
113

(88.8–140)
117

(86.8–143) <0.001

oGTT week 28.6 a,b,c,d

(26.4–32.6)
32.1 e,g

(30.3–34.7)
26.7 h

(25.7–27.7)
32.1 j

(30.1–34.5)
26.7

(25.6–27.7) <0.001

Gestational age at
delivery, weeks

39.7 a,b,c,d

(38.4–40.7)
39.7

(38.7–40.4)
39.3

(38.4–40.3)
39.3

(38.3–40.1)
39

(38.1–39.9) <0.001

Baby sex, male @ 31,147(51.2) 336(55.1) 420(52.4) 225(53.1) 300(49) 0.212

Follow-up time 4.4
(3.4–5.2) b,c,d

4.3
(3.2–5.1) f,g

4.2
(3.2–5)

4.1
(2.9–5)

4
(3–4.9) <0.001

Type 2 DM, cumulative

1- Year T2DM 11 (0) c 0 (0) f 1 (0.1) h 2 (0.4) j 0 (0) <0.001

2- Year T2DM 84 (0.1) c,d 2 (0.3) f 3 (0.4) h 5 (1.1) 4 (0.6) <0.001

3- Year T2DM 218 (0.3) b,c,d 3 (0.5) f,g 9 (1.1) h 10 (2.2) 11 (1.7) <0.001

4- Year T2DM 361 (0.5) b,c,d 5(0.8) f,g 14 (1.7) h,i 14 (3.1) 21 (3.2) <0.001

5- Year T2DM 542 (0.7) b,c,d 10(1.6) f,g 22 (2.6) i 16 (3.6) 29 (4.4) <0.001

Data are presented as median (IQR) for continuous variables and n (%) for categorical values. Significant
differences are presented for comparison between all groups; column “p-value”, significant in bold (p < 0.05) and
for comparison between every 2 groups: a—between normal glucose tolerance and SAV on late oGTT; b—between
normal glucose tolerance and SAV on on-time oGTT; c—between normal glucose tolerance and GDM on late
oGTT; d—between normal glucose tolerance and GDM on on-time oGTT; e—between SAV on late oGTT and SAV
on on-time oGTT; f—between SAV on late oGTT and GDM on late oGTT; g—between SAV on late oGTT and GDM
on on-time oGTT; h—between SAV on on-time oGTT and GDM on late oGTT; i—between SAV on on-time oGTT
and GDM on on-time oGTT; j—between GDM on late oGTT and GDM on on-time oGTT. The “normal glucose
tolerance” group includes women with normal GCT or oGTT. SAV—defined as one abnormal value on oGTT
(Carpenter and Coustan threshold values)2; GDM—defined as two abnormal values on oGTT (Carpenter and
Coustan thresholds values)2; @ gender results available for 63,261 deliveries. BMI—body mass index; oGTT—100 g
oral glucose tolerance test; SAV—single abnormal value; GDM—gestational diabetes; T2DM—type 2 diabetes
mellitus; GCT—glucose challenge test.

Table 3. Cox-regression analysis for the development of type 2 diabetes mellitus according to the
study groups.

aHR 95% CI p Value

Maternal age, years 1.046 1.031–1.061 <0.001

BMI ≥ 30 8.871 7.270–10.827 <0.001

Maternal hypertension 1.843 1.099–3.091 0.021

Normal glucose tolerance ***

SAV late oGTT 1.323 0.682–2.563 0.408

SAV on-time oGTT 2.139 1.362–3.360 <0.001

GDM late oGTT 2.933 1.685–5.105 <0.001

GDM on-time oGTT 3.642 2.441–5.436 <0.001
*** oGTT at 24 + 0–28 + 6 gestational weeks—reference group; BMI—body mass index; oGTT—100 g oral glucose
tolerance test; SAV—single abnormal value; GDM—gestational diabetes.
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Figure 2. Abnormal oGTT and cumulative incidence of diabetes. Legend: Censored Kaplan—Meier
Hazard curves for type 2 diabetes mellitus plotted for normal glucose status, single abnormal value
oGTT, and GDM diagnosed at on-time oGTT (performed at 24 + 0–28 + 6 weeks) and late oGTT
(performed after 28 weeks). oGTT—100 g oral glucose tolerance test; GDM—gestational diabetes;
DM—diabetes mellitus; SAV—single abnormal value.

3.3. Stratification by Obesity Status

Due to the significant association between BMI and T2DM, which was also evident
in our cohort, we repeated the analysis separately for women with and without obesity
(Tables 4 and 5, Figure 3). The absolute incidence of T2DM was higher for women with
obesity. That being said, their aHR that was solely related to abnormal oGTT results was
lower compared to women without obesity.

Table 4. Cox-regression analysis for the development of type 2 diabetes mellitus according to study
groups for women without obesity.

aHR 95% CI p Value

Maternal age, years 1.062 1.035–1.090 <0.001
Maternal

hypertension 1.946 0.481–7.881 0.351

Normal glucose
tolerance ***

SAV late oGTT 3.300 1.048–10.398 0.041
SAV on-time oGTT 3.096 1.139–8.415 0.027

GDM late oGTT 7.708 3.140–18.920 <0.001
GDM on-time oGTT 8.939 4.503–17.743 <0.001

Results are presented as Hazard ratios (95% confidence interval), adjusted for maternal age and BMI. BMI—body
mass index; oGTT—100 g oral glucose tolerance test; SAV—single abnormal value; GDM—gestational diabetes.
*** The normal glucose tolerance is the reference value. The other parameters were compared to it.
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Table 5. Cox-regression analysis for the development of type 2 diabetes mellitus according to study
groups for women with obesity.

aHR 95% CI p Value

Maternal age, years 1.038 1.021–1.056 <0.001
Maternal

hypertension 1.863 1.068–3.250 0.028

Normal glucose
tolerance ***

SAV late oGTT 0.999 0.445–2.244 0.999
SAV on-time oGTT 1.957 1.181–3.242 0.009

GDM late oGTT 2.091 1.035–4.226 0.040
GDM on-time oGTT 2.727 1.668–4.460 <0.001

Results are presented as Hazard ratios (95% confidence interval), adjusted to maternal age and BMI. BMI—body
mass index; oGTT—100 g oral glucose tolerance test; SAV—single abnormal value; GDM—gestational diabetes.
*** The normal glucose tolerance is the reference value. The other parameters were compared to it.

 
Figure 3. Abnormal oGTT and cumulative incidence of diabetes for women with and without obesity.
Legend: Censored Kaplan–Meier Hazard curves for type 2 diabetes mellitus plotted for normal glucose
status, SAV oGTT, and GDM diagnosed at on-time oGTT (performed at 24 + 0–28 + 6 weeks) and late
oGTT (performed after 28 weeks). Curves are constructed and presented separately for women with
and without obesity. (A) BMI < 30 kg/m2; (B) BMI ≥ 30 kg/m2; oGTT—100 g oral glucose tolerance
test; GDM—gestational diabetes; DM—diabetes mellitus; SAV—single abnormal value.

4. Discussion

In this study, we aimed to investigate the risk of T2DM, over 5 years of follow-up,
among women with abnormal oGTT results performed after 28 weeks of gestation (late
oGTT) as compared to women who had abnormal oGTT results at 24–28 weeks of gestation
(on time oGTT) and to women with normal glucose tolerance.

Our study results demonstrate the following findings: a. Women who perform late
oGTT have lower rates of GDM and T2DM; b. Once GDM is diagnosed, regardless of oGTT
timing, the risk of T2DM is increased even in a 5-year follow-up; c. The risk of T2DM following
GDM diagnosis at late oGTT is increased for women with and without obesity; d. A SAV oGTT
is associated with T2DM only if oGTT was performed prior to 28 gestational weeks.

4.1. Results in the Context of What Is Known

GDM is considered a well-established risk factor for the development of T2DM [1,2].
However, since the majority of GDM cases are diagnosed between 24 + 0 and 28 + 6 weeks,
none of the studies evaluated the risk of T2DM specifically when GDM was diagnosed
later in gestation.

Prior studies that evaluated the clinical implication of late oGTT investigated the
maternal and neonatal short-term outcomes with conflicting results [5,7,10]. Thus, there
is no consensus on yield and indications for performing oGTT in late pregnancy. Our
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results demonstrated that women who performed late oGTT had a lower prevalence
of abnormal oGTT results, both SAV and GDM. This result is probably related to the
different maternal characteristics and the indications for performing oGTT. Women who
performed late oGTT were younger, with lower rates of hypertension and lower glucose
levels in the first trimester and at GCT compared to women who performed on-time oGTT.
Moreover, although indications for late oGTT were unavailable for this dataset, we assume
that indications included latecomers or women with large-for-gestational-age fetuses or
polyhydramnios with a previous normal GCT screening. Accordingly, this group represents
women with lower pre-pregnancy metabolic risk and, therefore, lower abnormal oGTT risk
and lower risk for T2DM.

According to our results, once GDM was diagnosed, regardless of the timing of the
oGTT, the risk for T2DM was about three folds higher compared to women with normal
glucose tolerance during gestation. Nevertheless, women with only a SAV oGTT had a
statistically significant increased risk for T2DM only if oGTT was performed between 24 + 0
and 28 + 6 gestational weeks. Several possibilities can explain this difference. First, insulin
resistance during pregnancy is mainly increased from 16 to 26 weeks of gestation, with a
mild increase thereafter [12]. It is possible that late GDM, diagnosed to a large extent after
normal GCT screening, represents milder insulin insensitivity when compared to on-time
oGTT; therefore, when using the same thresholds for diagnosis, abnormal oGTT results
will be associated with lower rates of T2DM compared to on-time oGTT. This is supported
by the fact that SAV in late oGTT, unlike in on-time oGTT, was not statistically associated
with an increased risk of T2DM in our cohort. These women may be prone to T2DM
later in life, and our limited 5-year follow-up was too short to detect the risk. A second
possible explanation considers the need for different thresholds for GDM diagnosis at a
more advanced stage of pregnancy. O’Sullivan, who set the first thresholds for GDM, tested
women in their second and third trimesters [13]. Further studies have tried to determine
the correct thresholds during the third trimester regarding fetal outcomes [14]. The authors
compared the glucose levels by home glucose monitoring between 2 groups of women who
conducted oGTT after 33 weeks due to risk factors. One group was diagnosed with GDM
and the other was negative. They found that the distribution of glucose values between
the groups was significantly different nevertheless, with overlapping. Women who were
diagnosed and treated reached lower glucose values in the third trimester and had lower
rates of macrosomia and cesarean deliveries. These results were explained by the continuity
effect of hyperglycemia. The authors concluded that high-risk women who do not fulfill the
criteria for GDM diagnosis should be treated with the same attention as GDM parturients
due to their risk factors and that no different thresholds should be set. Lastly, it is possible
that the reproducibility of the oGTT decreases with advanced gestational age; therefore,
there are more false positive and negative results for late oGTT [15].

4.2. Obesity and Type 2 Diabetes Incident

The underlying mechanism for T2DM is thought to be different among women with
and without obesity [16]. A common underlying mechanism for GDM development is
relative pancreatic insufficiency or β-cell dysfunction, which is possibly the predominant
mechanism in women with normal BMI. Advanced gestation insulin resistance increases
in order to preserve fetal demands, leading to accelerating ongoing pancreatic β-cell
exhaustion and an increased risk of postpartum T2DM. Alternatively, in women with
obesity, excessive adiposity may promote a proinflammatory state and insulin resistance,
which contribute to both GDM development and later T2DM [17].

Prior studies that evaluated combinations of risk factors and postpartum
dysglycemia [16] demonstrated that GDM alone had a comparable risk for T2DM, such as
having two risk factors—obesity or post-delivery weight retention, for example. Having
GDM on top of these risk factors exacerbates the effect of GDM on T2DM development.
Concordant with that observation, our results showed that women with obesity had a
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significantly higher risk of developing T2DM compared to women without obesity. That
being said, GDM diagnosis increased the risk of T2DM in women with and without obesity.

4.3. Research Implications

Our results emphasize the need to set universal standards for late oGTT, regarding
indications, thresholds of diagnosis, and treatment advantage. Further studies should focus
on both short-term and long-term outcomes for the mother and offspring and the extent of
improvement in outcomes.

Since hyperglycemia is a continuum throughout pregnancy, and several studies have
demonstrated increased fetal and maternal risk with increasing glucose levels even within
the normal range [18,19], we need models with a longer follow-up time to determine the
actual risk of late GDM and SAV diagnosis. Understanding the long-term implications
of the late GDM diagnosis might clarify the underlying mechanism and contribute to the
follow-up and therapeutic approach to these patients.

4.4. Clinical Implications

Our results imply that GDM diagnosed in late gestation represents a true metabolic
disturbance and is not just a matter of threshold. This may imply its significance when
managing GDM diagnosed in late gestation. Moreover, our results suggest that women
with late GDM diagnoses should be further evaluated for risk factors and be tested for
diabetes postpartum according to the ADA guidelines [2] in a similar way to women
diagnosed with GDM at 24 + 0 and 28 + 6 gestational weeks. Regarding SAV, our findings
do not support the need for GDM follow-up postpartum for women with late SAV solely
based on this diagnosis. However, as long as we continue to diagnose late GDM with the
same thresholds, we should treat these women with caution and recruit them to follow up
according to their risk factors, regardless of their GDM status.

4.5. Strength and Limitations

The strengths of this study include the large cohort and the linkage of two detailed
databases with systematic data collection measured rather than reported. Our results were
based directly on the laboratory glucose values and INDR solid criteria and not on reported
GDM or T2DM diagnosis. To avoid prediabetes patients, we only included women with
fasting glucose less than 92 mg/dL and women with oGTT performed after 20 weeks.
Nevertheless, our study was not free of limitations, mainly due to its retrospective nature.
First, the Meuhedet HMO pregnancy registry has been limited to the last five years. Second,
we lacked data on other covariates, such as a family history of T2DM or possible after-
pregnancy interventions such as weight reduction or lifestyle modifications that might
have interfered with the risk for T2DM. Third, we did not have the indication for late oGTT
performance or if an oGTT was performed for the second time during pregnancy. Lastly,
the INRD does not include prediabetic state and T2DM diagnosis by 75GR oGTT; however,
only a few participants went through this test, and we assume all of them were captured
by the INRD diagnostic criteria postpartum.

5. Conclusions

When diagnosed after 28 weeks, GDM, but not SAV, is associated with an increased
risk of T2DM over 5 years of follow-up. Further studies are needed to standardize late
oGTT regarding indications, thresholds for diagnosis, short- and long-term implications,
and yield for treatment.
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Abstract: Background: To report on prophylactic therapy for hyperfibrinolysis with tranexamic acid
(TXA) during expectant management (EM) in the placenta accreta spectrum (PAS). Methods: This is a
monocentric retrospective study of women with PAS presenting at our hospital between 2005 and
2021. All data were retrospectively collected through the departmental database. Results: 35 patients
with PAS were included. EM was planned in 25 patients prior to delivery. Complete absorption
of the retained placenta was seen in two patients (8%). Curettage was performed in 14 patients
(56%). A hysterectomy (HE) was needed in seven (28%) patients; 18 patients (72%) underwent
uterus-preserving treatment without severe complications. The mean duration of EM was 107 days.
The mean day of onset of hyperfibrinolysis and beginning of TXA treatment was day 45. The mean
nadir of fibrinogen level before TXA was 242.4 mg/dL, with a mean drop of 29.7% in fibrinogen
level. Conclusions: Our data support EM as a safe treatment option in PAS. Hyperfibrinolysis can
be a cause of hemorrhage during EM and can be treated with TXA. To our knowledge, this is the
first cohort of patients with EM of PAS in whom coagulation monitoring and use of TXA have been
shown to successfully treat hyperfibrinolysis.

Keywords: placenta accreta spectrum; expectant management; hyperfibrinolysis; disseminated
intravascular coagulopathy; tranexamic acid; fibrinogen; D-dimer

1. Introduction

Placenta accreta spectrum (PAS) is associated with high maternal morbidity [1–4].
The rising incidence is mainly attributed to increasing cesarean section (CS) rates [5–10].
Retained placenta after vaginal delivery and placenta previa are other risk factors [11–14].
Forcibly removing an invasive placenta may lead to massive obstetric hemorrhage and a
life-threatening coagulopathy. Therefore, cesarean hysterectomy (CS-HE) is considered
the gold standard of treatment [15–19]. However, surgical complications should not be
disregarded, especially in placenta percreta, when adjacent organs like the bladder are
infiltrated and bladder or ureter injuries with associated long-term complications like
vesicouterine fistula can be caused [2]. Furthermore, hypervascularization via additional
blood supply, mainly from the external iliac arteries, increases the risks of major blood loss
even in experienced hands [16–18]. Partial excision of invasive placental areas, another
treatment option, is also associated with high blood loss. Additional procedures like
embolization, vessel ligation, or temporal internal iliac balloon occlusion can reduce blood
loss, but there are no randomized controlled trials comparing these procedures [2,19].

Expectant management (EM), leaving the placenta in situ after the delivery of the fetus
without any manipulation of the placenta, is associated with a more than 50% reduction in
blood loss and need for transfusions [2,20]. A favorable outcome has been reported in up
to 85% of cases, avoiding hysterectomy in 19 to 60% of cases [21–30]. Delayed secondary
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hysterectomy may be required in 58% within 9 months after delivery [2,25]. Indications
include infections and hemorrhage, which may trigger disseminated intravascular coag-
ulopathy (DIC) [23,31,32]. In contrast, hyperfibrinolysis is induced by a massive release
of plasminogen activators resulting in increased plasmin concentration and proteolysis
of fibrinogen/fibrin. Tranexamic acid (TXA), a synthetic antifibrinolytic agent, inhibits
the conversion of plasminogen into plasmin, thus inhibiting hyperfibrinolysis, and is ap-
proved for the treatment of hyperfibrinolytic bleeding complications [33]. The uterus and
placenta are both rich in plasminogen activators promoting hyperfibrinolysis [31]. There-
fore, hemorrhage in PAS may be the result of primary hyperfibrinolysis and may occur
without inflammation.

We aimed to report on the prevention and management of hyperfibrinolysis with TXA
during EM of PAS.

2. Materials and Methods

All patients with PAS presenting at our center between 2005 and 2021 were included.
The outcome of 19 patients has already been published, focusing on physical, mental,
and reproductive sequelae after the treatment of PAS [31,34]. Antenatal diagnosis of
PAS was made using 2D ultrasound, color Doppler, and transvaginal ultrasound [35,36].
Ultrasound criteria included loss of the clear zone or decidua, partial or complete absence
of the myometrium layer, sub-placental lacunae, a sudden break-off in the outline of the
calcifications characteristic for third-trimester placental basal plates, increased vascular
perfusion between the uteroplacental interface reaching the uterine serosa, bladder wall
interruption, placental bulge, and exophytic mass hypervascularity (Figure 1) [8,35–38].

 

Figure 1. (A–C) PAS in 34 + 0 weeks of gestation with loss of decidua, bladder wall interruption,
placental bulge, and exophytic mass hypervascularity. (D,E) Placenta in situ on day 13 after CS with
persistent bladder wall interruption. (F) Placenta in situ on day 63 after CS with a diameter of about
3.5 cm, well separated from the uterine wall, without perfusion. (G) Day 122 after CS; fluid-filled
uterine cavity surrounded by a hyperechogenic rim.

Treatment options (leaving the placenta in situ, partial excision of invasive placental
areas, and CS-HE) were discussed in detail with the patients before making an informed de-
cision about further management. Surgery was performed by a team of senior obstetricians
and anesthetists with neonatologic stand-by, mainly under general anesthesia. The placenta
was avoided by a uterine fundal transverse or longitudinal incision after abdominal access
by supraumbilical or lower midline incision (Figure 2) [39]. An intraoperative ultrasound
was performed at the surgeon’s discretion to locate the placenta. Uterotonic agents were
not administered [40].
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Figure 2. (A): A large area of PAS is seen on the front wall of the uterus after abdominal access by
a supraumbilical midline incision. (B) Uterine fundal longitudinal incision on the back wall of the
uterus avoiding the placenta. (C) Closed uterotomy after leaving the placenta in situ.

Once we observed a decrease in the fibrinogen level and a corresponding increase
in the D-dimer level, we started with TXA therapy with an initial dose of 1 g t.i.d. The
changes in the concentrations of fibrinogen and the D-dimer were calculated in percent.
Completion of EM was defined by the absence of any remaining placental tissue, either
by complete absorption, curettage, or HE. Additionally, successful EM was defined as
uterus preservation. On the other hand, a failed EM was defined as loss of the uterus. The
outcome of hyperfibrinolysis management with TXA therapy was defined as normalization
of coagulation screening and prevention or cessation of vaginal bleeding.

Maternal and fetal outcomes, laboratory and ultrasound reports, and follow-ups were
retrospectively collected. The Institutional Review Board of the University of Bonn Medical
Faculty does not require formal approval for retrospective observational studies. Only
basic statistical tests were performed. This included the calculation of the mean value and
plotting the values in a figure using Microsoft Office Professional Plus 2016 (Microsoft
Corp., Redmond, WA, USA).

3. Results

During the study period, thirty-five patients with PAS were included. The diagnosis
was established antenatally in 32 (91.4%) patients. A large area of PAS was detected during
delivery in three patients. There was no maternal death. Details of the study population
are listed in Table 1 and Figure 3. The mean week of gestation at first diagnosis was
28 + 4 weeks, and at delivery, it was 35 + 0 weeks. Thirty (85.7%) patients had at least one
previous CS, and eleven (31.4%) patients had at least one curettage. Seven (20%) patients
had a history of both CS and curettage. Placenta previa totalis was diagnosed in 24 (68.6%)
patients. Two (5.7%) patients reported a history of PAS. Five (14.3%) patients had no
prior CS, and one of these suffered PAS in her first pregnancy with smoking as a sole risk
factor. Uterine malformations such as uterus bicornis were seen in three (8.6%) patients.
Placenta membranacea was present in four (11.4%) patients, of whom two had large parts
of scattered ingrown placenta on the front and back walls of the uterus. Scheduled elective
CS-HE was performed in seven (20%) patients, with the latest in 2017. Two (5.7%) patients
were delivered by emergency CS in the 28th week of gestation due to vaginal hemorrhage.
An elective CS-HE due to completed family planning was chosen by five (14.3%) patients.

Table 1. Patient characteristics.

Total number of patients 35
Maternal age, mean (range) 32.8 (21–41)

Gravidity, mean (range) 3.6 (1–13)
Parity, mean (range) 2.2 (0–11)

Timing of diagnosis, n (%)
antepartum 32/35 (91.4%)
Intrapartum 3/35 (8.6%)
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Table 1. Cont.

Type of PAS
increta 17/35 (48.6%)

percreta 14/35 (40%)
increta/percreta and membranacea 4/35 (11.4%)

Placenta previa in current pregnancy 26/35 (74.3%)
total 24/35 (68.6%)

Partial 2/35 (5.7%)
GA at diagnosis (weeks), mean (range) 28 + 4 (9 + 2–36 + 3)
GA at delivery (weeks), mean (range) 35 + 0 (27 + 2–37 + 1)

Risk factors, n (%) (multiple risk factors possible)
Previous CS 30/35 (85.7%)

1 CS 18/30 (60%)
2 CS 5/30 (16.7%)
3 CS 3/30 (10%)

>3 CS 4/30 (13.3%)
Number of patients without previous CS 5/35 (14.3%)

Curettages 2/5 (40%)
Placenta previa in current pregnancy 1/5 (20%)

History of placenta increta 1/5 (20%)
Smoking 1/5 (20%)

Curettages (number of curettages) 11(1–5)/35 (31.4%)
Uterus bicornis/arcuatus 3/35 (8.6%)

History of endomyometritis 1/35 (2.9%)
Asherman syndrome 1/35 (2.9%)

History of intrauterine device 1/35 (2.9%)
History of placenta increta 2/35 (5.7%)

Assisted reproduction by IVF/ICSI 2/35 (5.7%)
Smoking 4/35 (11.4%)

EM 28/35 (80%)
Planned EM 25/28 (89%)

Intrapartum diagnosis (unplanned), managed with EM 3/28 (11%)
Successful uterus-preserving management 21/35 (60%)

Successful uterus-preserving management in planned EM 18/25 (72%)
Antenataelly intended CS-HE 7/35 (20%)

Unplanned CS-HE/HE 7/25 (28%)

PAS—placenta accreta spectrum; GA—gestational age; CS—cesarean section; IVF—in vitro fertilization; ICSI—
intracytoplasmic sperm injection; HE—hysterectomy; EM—expectant management.

 
Figure 3. Placenta accreta spectrum: management and outcome. EM—expectant management;
CS—cesarean section; HE—hysterectomy.
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3.1. Planned EM, Failed

EM was the intended approach for the treatment of PAS in 25 (89.3%) patients after
2007 (Tables 1 and 2). In two (8%) patients, partial placental detachment occurred during
CS. Complete removal of the placenta was achieved in both cases. In the first patient,
hemostatic treatment consisted of the insertion of a chitosan-coated gauze (Celox®, Crewe,
UK) and a Bakri balloon. The estimated blood loss (EBL) was 4.000 mL. The patient received
an intravenous bolus injection of 1 g TXA, five units of packed red cells (PRC), and four
units of fresh frozen plasma (FFP). The second patient, who presented with placenta increta
and membranacea required compression sutures of the placental bed, insertion of tabotamp,
and chitosan-coated gauze (Celox®) for control of hemorrhage. EBL was 3.000 mL, with a
transfusion of three units of PRC and four units of FFP.

Table 2. Outcome of cases with EM (n = 28).

EM n (%) 28

Mean duration of EM (days) 107 (8–589)
Planned EM 25/28 (89.3%)

Complete placental absorption 2/25 (8%)
Planned curettage 14/25 (56%)

Emergency curettage due to bleeding 1/25 (4%)
Intraoperative placental detachment, complete removal during CS 2/25 (8%)

HE 7/25 (28%)
HE during CS 1/25 (4%)
Unplanned HE 4/25 (16%)

Planned HE 2/25 (8%)
Unplanned EM

(one vaginal delivery, one operative vagianal delivery, one CS) 3/28 (10.7%)

Complete placental absorption 3/3 (100%)
Complications following planned EM, n (%)

(multiple possible)
25

Abnormal coagulation screening 11/25 (44%)
Infection 11/25 (44%)

Abdominal pain 6/25 (24%)
Nausea 1/25 (4%)

Gingival bleeding 1/25 (4%)
Dysuria 1/25 (4%)

Blood transfusions (2–26 units) 11/25 (44%)
During HE (8–26 units) 5/7 (71.4%)

During curettage (2–11 units) 4/14 (28.6%)
During CS (4 units) 2/2 (100%)

CS—cesarean section; HE—hysterectomy; EM—expectant management.

3.2. Planned EM, Successful

In total, two (8%) of the twenty-five patients with intended EM showed complete
absorption of the retained placenta (Figures 1 and 4). Fourteen patients (56%) underwent
secondary curettage with complete removal of the placenta. Four (28.5%) patients received
units of PRC during curettage (two, four, and eleven units). One patient presented with
fever and vaginal bleeding and needed an early discontinuation of therapy due to bleeding
on day 18 after CS (Table 2). An emergency curettage was performed with the insertion of a
chitosan-coated gauze (Celox®). The following day, a second curettage was performed due
to bleeding. This time, a Bakri balloon was inserted into the uterus. The patient received
nine units of PRC and six FFP in total. Secondary HE was needed in seven patients (28%):
one during CS due to severe bleeding, one due to massive intravesical bleeding because
of suspected invasion of the bladder wall on day 8 after CS, one after failed placental
removal during curettage on day 52 after CS, and two due to infection and perforation
during curettage on days 56 and 86 after CS, respectively. Planned secondary HEs were
performed in two (8%) patients, one due to a residual large area of placenta previa et increta
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near the cervix on day 121 after CS, and the other due to completed family planning on
day 59 after CS (Tables 2 and 3). Thus, 18 patients (72%) were successfully treated with
uterus-preserving methods; in 15 (93.7%) patients, this was without severe complications
(Table 1).

 

Figure 4. (A) Placenta in situ on day 9 after CS. (B) Placenta in situ on day 15 after CS. (C) Regressively
altered placenta in situ on day 64 after CS. (D) Placenta in situ well separated from the uterine wall
without perfusion on day 106 after CS. (E) Day 194 after CS with a hyperechogenic rim around a
fluid-filled uterine cavity.

Table 3. Characteristics of patients with treatment of hyperfibrinolysis with tranexamic acid.

Pat. Start of TXA (Day)
Fibrinogen (mg/dL) at Start of
TXA (Previous Value), Normal

Range 180–355 mg/dL

D-Dimer (mg/L)
at Start of TXA (Previous Value),

Normal Range: 0–0.5 mg/L
Therapy Outcome

Duration of EM
(Days)

1 71 64 (ND) ND Curettage 119

2 56 159 (437) 21.75 (3.9) Curettage 109

3 52 216 (360) ND

HE due to infection
and perforation with

injury of bladder
during curettage

(24 PRC transfusion)

86

4 34 431 (503) 11.02 (3.6) Complete absorption
(Figure 1) 152

5 58 229 (326) ND Curettage 82

6 38 243 (339) ND

Curettage,
laparotomy due to

perforation and
injury of bladder

without HE

71

7 28 325 (362) 5.66 (3.86) Curettage (two
PRC transfusion) 102

8 45 315 (401) 10.83 (5.77) Curettage 91

9 28 198 (240) 17.41 (13.89) Curettage, but
residual placenta 116

10 35 218 (318) ND

Elective HE due to
large area of placenta

previa et percreta
near the cervix

121

11 45 268 (454) 14.45 (4.46)
Elective HE due to
completed family

planning
59

Mean 45 (28–71) 242.4 (64–431)
mean % drop: 29.7%

13.5 (5.7–21.7)
mean % rise: 273.7% 101 (59–152)

TXA—tranexamic acid; Pat.—patient; ND—not determined; PRC—packed red cells; HE—hysterectomy.

3.3. Uplanned EM, Successful

In three (10.7%) patients, the diagnosis was established during delivery, and parts of
abnormally invasive tissue were left in utero (Table 2). Of these, two patients delivered
vaginally and one via CS. All three were successfully treated with complete absorption
of the residual placenta. The first patient had a curettage for incomplete placenta after
operative vaginal term delivery. An abnormally invasive placental area of approximately
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7 × 6 cm on the uterine fundus was detected, and it was left in situ due to stable bleeding
and proper uterus contraction. EM was followed, with spontaneous tissue loss on day
70 after delivery. The second patient had a curettage for retention of the placenta after
full-term vaginal delivery. An abnormally invasive placental area in the uterine fundus
was found. This patient was additionally treated with methotrexate. The increased part of
the placenta was completely absorbed after 153 days, and she became pregnant again one
year later. The outcome of the following pregnancy was a secondary CS in the 30 + 2 weeks
of gestation due to contractions after a preterm premature rupture of membranes in the
22 + 6 weeks of gestation. The placenta was adherent but could be removed completely.
The EBL was 700 mL. The third patient had an elective CS at term for breech presentation.
During surgery, the abnormally invasive placental area was left in situ. Fifteen u-shape
and three B-Lynch sutures were placed for hemostatic control. EBL was 1.800 mL, and
she did not require units of PRC. The follow-up of the patient was conducted at 589 days.
The patient had a very thin myometrium on the back wall of the uterus. Curettage was
assessed to be high risk and was, therefore, not performed. The placenta was eventually
completely absorbed.

3.4. Follow-Up during EM (n = 25)

The mean duration of EM was 107 days (range 8–589 days, Table 2). All patients
were monitored weekly for six to eight weeks after delivery. Thereafter, monitoring was
extended to monthly check-ups. Each visit included a clinical examination, ultrasound, and
laboratory investigations (ß-hCG, PAPP-A, CRP, full blood count, fibrinogen, D-dimer, pro-
thrombin time, activated partial thromboplastin time, and antithrombin). ß-hCG decreased
steadily and became negative before cessation of blood flow in the retained placenta [2].
Prothrombin time, activated partial thromboplastin time, and antithrombin concentration
remained within normal ranges. In case of abnormal findings, surveillance was intensified.
Eleven patients (44%) required readmission for febrile complications, including one case of
coxitis, which occurred two weeks after unplanned HE 86 days after CS (Table 2). Coxitis
was assumed to be a complication of bacteremia and was treated by arthrotomy and lavage;
for details see Table 2.

3.5. Hyperfibrinolysis Management

Hyperfibrinolysis, which is defined as a combination of decreased fibrinogen and
elevated D-dimer levels, was detected in 11 out of 25 (44%) patients. The platelet count
was normal in all these patients. The outcome of these patients is summarized in Table 3.

The mean day of onset of hyperfibrinolysis and initiation of treatment with TXA was
post-operative day 45 (range 28–71). The mean duration of EM in this subgroup was
101 days (range 59–152) under continued TXA medication. The mean fibrinogen nadir
before TXA was 242.4 mg/dL (range 64–431 mg/dL, normal range 180–355 mg/dL), with
a mean drop of 29.7% in fibrinogen levels (Figure 5). D-dimer levels were available for
six patients, as shown in Figure 6. The mean D-dimer concentration before initiation of
TXA treatment was 13.5 mg/L (range 5.7–21.7 mg/L; normal range: 0–0.5 mg/L), with a
mean increase of 273.7%. Our starting dose of TXA was 1 g t.i.d. during TXA therapy, close
monitoring was continued to adjust the dose, if necessary. The maximum dose of TXA
was 1.5 g t.i.d. Curettage was performed in seven (63.6%) patients (Table 3). One patient
required a laparotomy due to a bladder injury. Another patient presented with complete
absorption of the placenta. A planned HE was performed on two patients. Emergency HE
for intractable bleeding after uterine perforation with a bladder injury during curettage
was required in one patient at day 86 post-partum. The patient received 26 units of PRC
and 20 units of FFP. Therefore, in this subgroup, eight patients (72.7%) could be treated
by uterus-preserving methods. Eight weeks after CS, one patient presented with massive
bleeding and not detectable fibrinogen levels. The patient had received TXA therapy but,
due to normalized fibrinogen levels, TXA had been stopped one week prior to the bleeding.
Curettage could be performed on this patient. The patient needed a transfusion of eleven
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units of PRC, six units of FFP, two units of platelet concentrates, and a Bakri catheter.
However, this patient could not be included in Table 3 and Figure 5 due to a lack of regular
measurements of her coagulation profile before curettage. There were no thromboembolic
complications (deep venous thrombosis or pulmonary embolism) in any of the patients.

Figure 5. Fibrinogen during EM and treatment with TXA in 11 patients. The days when TXA therapy
was started are highlighted in bold. The mean day of initiating TXA therapy after CS was day 45 (arrow).

Figure 6. D-dimer during EM and treatment with TXA in six patients. The days when TXA therapy was
started are highlighted in bold. The mean day of initiating TXA acid therapy after CS was day 45 (arrow).

A further follow-up showed that three of our patients conceived again after PAS; one
patient among them conceived three times. One patient developed Asherman syndrome,
and one suffered from short-term depression. The mean duration of inpatient stay was eight
days (range 2–34). One infant died two months after delivery at 27 + 2 weeks of gestation
because of vaginal hemorrhage, corresponding to a 2.8% infant mortality rate, and most of
the newborns were discharged with their mothers within the first week after delivery.

4. Discussion

PAS is a challenging problem worldwide, with a high maternal morbidity [1,2,7].
Although conservative management for PAS is associated with lower surgical morbidity at
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CS, CS-HE is still the gold standard of treatment [41]. Antenatal diagnosis and centralized
management are associated with lower maternal and fetal morbidity [20,42]. Exact placenta
localization is mandatory for the determination of the uterine incision.

Advantages of EM include fertility preservation and reduction of surgical compli-
cations such as severe hemorrhage [2,20]. Differentiating DIC from hyperfibrinolysis is
essential for the correct management [30,31]. Infection is the most likely cause of DIC, and
removing the focus of infection surgically is essential to reduce further complications [30].
If secondary hyperfibrinolysis occurs in the context of DIC, TXA treatment will fail to
control bleeding. TXA treatment should be considered only in isolated hyperfibrinolysis.
Thus, regular evaluation of coagulation and inflammation parameters is recommended in
patients with EM. The coagulation screening in our center included weekly measurements
of fibrinogen and D-dimer levels. Any changes should be considered an indication for
initiation of 1 g TXA t.i.d. In our study, we detected a mean decrease in fibrinogen levels of
29.7% and a concomitant D-dimer increase of 273.7% before the start of TXA. We initiated
TXA in patients with a relevant mean drop of 128.7 mg/dL (range 37–278 mg/dL) in fib-
rinogen even if it was still above the normal range (355 mg/dL) for non-pregnant patients.
Close monitoring should be continued under TXA treatment to adjust the dose. In case
of insufficient increase of the fibrinogen level, continuous decrease in the level, or vaginal
bleeding under TXA therapy, the dose of TXA was increased up to 1.5 g t.i.d. Prothrombin
time, activated partial thromboplastin time, and antithrombin were not relevant parameters
for monitoring in our cohort [31]. Coagulation screening should include platelet count to
exclude DIC. All our patients treated with TXA had normal platelet counts.

Close monitoring during EM is recommended, with weekly follow-ups in the first
eight weeks after delivery, with special attention to coagulation parameters in the second
month after delivery (Table 4) [43]. If the patient is stable, monitoring intervals can be
extended to monthly from the third month. Every check-up should include a clinical
examination for bleeding, abdominal pain, and temperature, as well as an ultrasound
with measurement of the size and perfusion of the residual placenta and assessment of
fluid retention as a sign of partial detachment of the retained placenta. Furthermore,
laboratory tests should include infection parameters, blood count, and ß-hCG in addition
to coagulation screening [2].

Table 4. Our monitoring protocol of expectant management of placenta accreta spectrum.

Suggested Follow Up

Weekly follow-up in the first two month, thereafter every two-four weeks
Clinical examination

Ultrasound
Laboratory tests

(for detailed algorithm for coagulation screening we refer to Schröder et al., 2015 [31])

Hyperfibrinolysis did not occur in the first four weeks after CS in our study. The mean
beginning of TXA therapy was on day 45 after CS. Fibrinogen levels can normalize under
TXA therapy, but treatment should be continued in our opinion. Severe bleeding in one of
our patients eight weeks after CS might have been prevented if TXA had been continued.

Patient management may be difficult due to the long duration and frequent check-ups
required with EM (up to six months) [2]. This information needs to be included in the initial
counseling. The patient should be briefed about symptoms like abdominal pain, bad smell
of vaginal discharge, risk of infection, bleeding, and dysuria. Any decision about further
treatment should be made jointly. In one of our previous publications, we discovered that
50% of women after HE reported difficulties in accepting the loss of fertility. All women
with prenatally diagnosed high-grade invasive disease were satisfied with their choice of
treatment [34].
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5. Conclusions

In conclusion, although CS-HE is still the gold standard for treatment of PAS, EM of
PAS is a safe treatment option with the intention of reduced blood loss at the time of delivery
and reduced perioperative complications if delayed hysterectomy is performed [2,20,25].
Close clinical and laboratory follow-up is mandatory, with special attention to early signs
of hyperfibrinolysis, which usually appear four to six weeks after CS. TXA can safely be
used to treat hyperfibrinolysis and prevent severe bleeding complications and should be
continued even after normalized coagulation screening.

In our retrospective cohort, we hypothesize that the use of TXA contributed to suc-
cessful EM of PAS and reduced complications during follow-up. Two-thirds of our patients
with planned EM successfully underwent uterus-preserving treatment; in the subgroup of
patients treated with TXA, the rate increased to nearly three-quarters. Hyperfibrinolysis
occurred in 11 (44%) patients during EM. To our knowledge, this is the first case series of
patients with prospective management of PAS in whom coagulation monitoring combined
with TXA treatment successfully reverted hyperfibrinolysis. Further details remain to
be investigated in prospective studies. This refers, e.g., to fibrinogen cut-off values for
evaluating initiation and discontinuation of TXA therapy and dose-finding.
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Abstract: Objective: The aim of this study was to investigate the potential differences in the outcomes
of neonates in whom FGR was diagnosed late in pregnancy as compared to those in whom growth
restriction was diagnosed after birth. Methods: A retrospective study was conducted in a tertiary
medical center between 2017 and 2019. The study included women carrying a single infant with an
estimated fetal weight below the tenth percentile in whom FGR was diagnosed during late pregnancy,
after 32 gestational weeks (known late-onset FGR; study group) or only after birth (unknown FGR;
control group). Data were collected by review of the electronic health records. The primary outcome
measure was the rate of composite adverse neonatal outcome. Results: A total of 328 women
were included, 77 (23.47%) in the known-FGR group and 251 (75.53%) in the unknown-FGR group.
In the known-FGR group, an etiology for the FGR was identified in 28.57% cases, most commonly
placental insufficiency (21.74%). Compared to the unknown-FGR group, the known-FGR group
was characterized by significantly higher rates of elective cesarean delivery (15.58% vs. 9.96%,
p < 0.001), preterm birth (18.18% vs. 3.98%, p < 0.01), and labor induction (67.53% vs. 21.51%, p < 0.01).
A significantly higher proportion of neonates in the known-FGR group had a positive composite
adverse outcome (38.96% vs. 15.53%, p < 0.01). For multivariate regression analysis adjusted for
maternal age, gestational age at delivery, and mode of delivery, there was no difference between
groups in the primary outcome (aOR 1.73, CI 0.89–3.35, p = 0.1). Every additional gestational week
at delivery was a protective factor (aOR = 0.7, 95% CI 0.56–0.86, p < 0.01). Conclusions: A prenatal
diagnosis of late-onset FGR is associated with higher intervention and preterm birth rates as compared
to a diagnosis made after birth. Fetuses diagnosed with late-onset FGR during pregnancy should
undergo specific and personalized assessment to determine the cause and severity of the growth delay
and the best management strategy. This study highlights the importance of careful decision-making
regarding the induction of labor in late-onset FGR.

Keywords: fetal growth restriction; adverse neonatal outcomes

1. Background

Fetal growth restriction (FGR) is a condition in which the fetus has not reached its
full growth potential. It is defined as an estimated fetal weight (EFW) below the 10th
percentile for gestational age [1,2]. FGR is divided into early and late onset based on the
time of diagnosis: before (20–30%) and after (70–80%) 32 gestational weeks (GW). There are
differences in pathogenesis, severity, course, and outcomes between the two types [3–5].

In cases of FGR, delivery is timed to achieve maximum fetal growth and maturity
while minimizing short- and long-term morbidity and mortality [6]. There is currently no
consensus on the optimal timing of delivery [2,7].

Numerous studies have investigated the timing and effectiveness of prenatal diagno-
sis, monitoring, and treatment of FGR to improve maternal and neonatal outcomes [7–13],
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but the findings are unclear [2,7]. Some showed that diagnosing FGR during pregnancy im-
proved immediate neonatal outcomes and reduced intrauterine mortality [8–10], whereas
others suggested that diagnosing FGR prenatally increases maternal and neonatal compli-
cations [11–13], while no significant positive impact on overall mortality is apparent [14].
The aim of this study was to investigate differences in neonatal outcomes between late-FGR
neonates who were diagnosed during pregnancy or only after delivery.

2. Methods

2.1. Design and Setting

A retrospective study was conducted between January 2017 and September 2019 at
a single tertiary medical center.

2.2. Study Population

The study included women with singleton gestations and a normal pregnancy course
(including nuchal translucency, routine fetal anomaly scans at 18–22 weeks gestation,
and a glucose challenge test) who gave birth to infants with a birthweight below the
10th percentile for gestational age according to the national growth charts [15]. Participants
were classified into two groups: late-onset FGR diagnosed during pregnancy based on
sonographic EFW after 32 gestational weeks (known FGR; study group), and FGR first
diagnosed at birth according to the actual birthweight (Unknown FGR; comparison group).

In this study, we included only women who had completed recommended fetal
investigations before 32 GW with normal results in all antenatal follow up tests. The tests
included nuchal translucency, first- and second-trimester biochemical markers, routine
anatomical scans, and EFW prior to 32 gestational weeks.

In the known-FGR group, we included only women who have been followed at our
high-risk clinic and ultrasound unit.

Exclusion criteria were any anatomical or genetic fetal malformations known be-
fore 32 GW, chronic maternal disease (pre-pregnancy diabetes, chronic hypertension,
hypo/hyperthyroidism, asthma, epilepsy, lupus, APLA syndrome), known early-onset
FGR (before 32 GWs), multiple gestation, missing information on pregnancy follow-up
or outcome.

The known-FGR group was further subdivided by etiology of FGR (identified av not
identified) during pregnancy.

2.3. Definitions and Practice Guidelines

Late-onset FGR was defined as a sonographic EFW below the 10th percentile for gesta-
tional age (SMFM, 2020) according to the nationally accepted growth curves representing
the norm in the Israeli population, that was diagnosed for the first time after 32 gestational
weeks [1,2,7,15].

Uteroplacental insufficiency was defined as a pulsatility index (PI) above the 95th
percentile for gestational age in the umbilical artery (UA) or a PI below the fifth percentile
for gestational age in the middle cerebral artery (MCA) [2].

Gestational age was calculated according to the date of the last menstrual period and
was confirmed by a first-trimester measurement of the crown-rump length. Gestational age
was changed if the gap was more than 4 days before 10 gestational weeks [1].

In our health system, an EFW scan is routinely done at 32 GWs. The scan is fully
covered by public health insurance. When the EFW is at or below the 10th percentile,
Doppler indices are sought as part of the immediate evaluation. This is followed by a com-
prehensive maternal-fetal evaluation of the medical and maternal history and a thorough
physical examination, including weight, height, and weight gain during pregnancy as
well as blood pressure measurement to rule out pregnancy-related hypertensive morbidity.
According to the Israeli guidelines, when fetal causes are suspected (an EFW less than the
third percentile, polyhydramnios, an abnormal anatomical scan, personal family history of
genetic disease), a more detailed investigation is offered which is also fully covered by pub-
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lic health insurance [1]. It consists of genetic counseling, late amniocentesis for evaluation
of chromosome microarray analysis (CMA), with optional further genetic investigation
by whole-exome sequencing (WES), late repeated anatomical scan, fetal echocardiogram,
and laboratory tests for viral infections (CMV, toxoplasma). These tests are usually offered
and are fully covered even in the absence of additional risk factors for fetal abnormalities
except for the EFW.

When late FGR is diagnosed, women are followed at designated maternal–fetal
medicine clinics. The EFW is assessed every 2 weeks, and a non-stress test (NST) and
biophysical profile (BPP) along with a UA and MCA Doppler assessment are performed
weekly. The timing and mode of delivery are based on these findings as well as on gesta-
tional age and pattern of fetal growth. Cesarean delivery (CD) is performed for standard
obstetric indications. In cases of absent or reverse UA diastolic flow, delivery is recom-
mended at 34 or 32 gestational weeks, respectively. At 37 gestational weeks, if the EFW is
lower than the third percentile or Doppler indices are abnormal, oligohydramnios or lack
of growth is detected, or there are other physician/maternal concerns, induction of labor is
recommended. At the time of this study, the common practice at our center was to deliver
any fetus with an EFW or AC below the 10th percentile at 37 GWs, even if there were no
other risk factors.

2.4. Data Collection

Data were collected by review of the computerized medical records. The hospital’s
healthcare databases are valid and highly reliable, including diagnoses based on codes and
fixed texts as well as fields for categorical and continuous variables. In cases of uncertainty
and/or missing data, a manual reading/scan of the patient’s file was performed.

Maternal, fetal, obstetric, and neonatal parameters were collected. Maternal param-
eters included age, height, and weight (pre-pregnancy and at delivery) and medical and
obstetric history. Fetal parameters included gestational week (GW), EFW, and fetal biometry
at the time of the FGR diagnosis. pregnancy follow-up data of up to 32 gestational weeks,
including nuchal translucency, first- and second-trimester biochemical markers, anatomical
scans, glucose challenge test, and the EFW before 32 gestational weeks. Also recorded were
results of the definitive tests performed from week 32 onwards: advanced anatomical ultra-
sound scan, Doppler flow in various vessels (from diagnosis until delivery), amniotic fluid
index, fetal echocardiography, genetic analyses (CMA, WES), infections and serology status
(CMV, Toxoplasma), and coagulopathies (APLA, any other). Obstetric variables included
the induction of labor, mode of delivery, GW at delivery, and birth weight/percentile.
Neonatal parameters included gender, Apgar scores at 1 and 5 min, fetal arterial pH, admis-
sion to the neonatal intensive care unit (NICU) and neonatal morbidity, namely jaundice,
transient tachypnea of the newborn (TTN), respiratory distress syndrome (RDS), sepsis,
seizures, asphyxia, mechanical ventilation, necrotizing enterocolitis (NEC), intraventricular
hemorrhage (IVH), hypoxic-ischemic encephalopathy (HIE), acidosis, meconium aspiration
syndrome (MSA), and neonatal death.

2.5. Outcome Measures

The primary outcome was defined as a composite of neonatal outcomes. This was
defined as at least one of the following: an Apgar score of less than 7 at 1 or 5 min,
a fetal arterial pH of less than 7.1, admission to the NICU, jaundice, TTN, RDS, sepsis,
seizures, asphyxia, mechanical ventilation, NEC, IVH, HIE, and death. Severe composite
neonatal outcomes include asphyxia, HIE, IVH, meconium aspiration syndrome, seizures,
intrauterine fetal death, and neonatal death.

2.6. Statistical Analysis

Statistical analysis was performed using SAS software, version 34.0 (SAS Corp. Cary,
NC, USA). Descriptive statistics are presented by number and percentage for categorical
variables and mean and standard deviation for continuous variables. Variables were com-
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pared between groups using chi-square test or one-way analysis of variance, as appropriate.
Multivariate analysis was performed for the primary outcome, adjusting for maternal age,
gestational week at delivery, and mode of delivery. The data are presented as an adjusted
odds ratio (aOR) with 95% confidence interval (CI). A p-value below 0.05 was considered
statistically significant.

2.7. Ethical Approval

The study was approved by the Institutional Review Board of Rabin Medical Center
(approval no. 0727-17-RMC). Informed consent was waived by the Institutional Review
Board due to the study’s retrospective design.

3. Results

Of the 791 women who gave birth to a newborn weighing below the 10th percentile
(by gender and gestational age) during the study period, 79 were excluded because of
maternal chronic diseases, 30 due to multifetal pregnancies, and 354 cases had missing
data or were not followed in our clinic. This left 328 pregnancies for analysis. Of them,
77 (23.47%) with known late-onset FGR were diagnosed prenatally (known FGR, study
group) and 251 (75.53%) were first diagnosed after birth (unknown FGR; control group).
Their background and obstetric characteristics are shown in Tables 1 and 2, respectively. The
mean maternal age in the study group was 30.6 ± 5.2 years (range 19–46 years). There were
no differences between the groups in rates of gestational diabetes (6.49% vs. 4.78%, p = 0.56)
and hypertensive disorders of pregnancy (5.19% vs. 2.79%, p = 0.29). The unknown-FGR
group had a significantly higher rate of previous CD (14.74% vs. 5.19%, p = 0.02) and
Caucasians (100% vs. 92%, p = 0.04). The known-FGR group had higher rates of current
CD (no trial of labor, 15.58% vs. 9.96%, p < 0.01) and labor induction (67.53% vs. 21.51%,
p < 0.01). The other differences between the groups were not statistically significant.

Table 1. Clinical characteristics of women with FGR pregnancies diagnosed prenatally (known FGR)
or postnatally (unknown FGR).

Characteristics
Control Group Unknown FGR

(n = 251)
Study Group Known FGR

(n = 77)
p-Value

Age, years 30.55 ± 5.56 30.69 ± 5.26 0.74

Pre-pregnancy weight, Kg 56.96 ± 11.11 57.17 ± 12.07 0.92

Weight at birth, Kg 67.92 ± 10.98 67.57 ± 12.67 0.87

Gestational weight gain, Kg 10.79 ± 4.31 9.52 ± 3.68 0.13

Height, cm 160.01 ± 5.84 161.34 ± 6.99 0.25

Body mass index, Kg/m2 19.56 ± 8.06 21.04 ± 7.10 0.32

Gravidity 2 (1–3) 2 (1–3) 0.43

Parity 1 (0–2) 1 (0–2) 0.4

Previous cesarean delivery 37 (14.74) 4 (5.19) 0.02

Ethnicity

0.04Caucasian 231 (92.03) 77 (100)

Non-Caucasian 13 (5.18) 0 (0)

Smoking during pregnancy 0 (0) 0 (0) -

Alcohol consumption during pregnancy 0 (0) 0 (0) -

Illicit drug use during pregnancy 0 (0) 0 (0) -

Spontaneous conception 193 (76.89) 67 (87.01) 0.30

Data are presented as mean ± standard deviation for continuous variables or n (%) or median (range) for
categorical variables.
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Table 2. Obstetric characteristics of FGR pregnancies diagnosed prenatally (known FGR) or postna-
tally (unknown FGR).

Characteristics
Control Group Unknown FGR

(n = 251)
Study Group Known FGR

(n = 77)
p-Value

Cholestasis of pregnancy 0 (0) 0 (0)

Gestational diabetes 12 (4.78) 5 (6.49) 0.56

Hypertensive disorders during pregnancy 7 (2.79) 4 (5.19) 0.29

Onset of labor

Planned Cesarean delivery, no trial of labor 25 (9.96) 12 (15.58)

<0.01Induction of labor 54 (21.51) 52 (67.53)

Spontaneous 172 (68.53) 13 (16.88)

Mode of delivery

Vaginal 192 (76.49) 56 (72.73)

0.11Vacuum-assisted 28 (11.16) 5 (6.49)

Cesarean 31 (12.35) 16 (20.78)

Type of cesarean

Elective 21 (8.37) 11 (14.29)
1.0

Intrapartum 10 (3.98) 5 (6.49)

Data are presented as n (%) for categorical variables.

The neonatal outcomes are shown in Table 3. The known-FGR group had a lower
mean GW at delivery (37.6 ± 1 vs. 39.3 ± 1, p < 0.01), a higher rate of preterm deliveries
prior to 37 gestational weeks (18.18% vs. 3.98%, p < 0.01), and a lower mean birthweight
(2232 ± 292 vs. 2500 ± 200 g, p < 0.01).

Table 3. Neonatal outcomes of FGR pregnancies diagnosed prenatally (known FGR) or postnatally
(unknown FGR).

Neonatal Outcomes
Control Group Unknown FGR

(n = 251)
Study Group Known FGR

(n = 77)
p-Value

Gestational age at birth, week 39.3 ± 1 37.6 ± 1 <0.01

Preterm birth (<37 + 0 weeks) 10 (3.98) 14 (18.18) 0.01

Birthweight, grams 2500.34 ± 200.87 2232.83 ± 292.05 <0.01

Head circumference, cm 34.63 ± 23.81 32.08 ± 1.07 0.19

Neonatal gender, male 121 (48.21) 41 (53.25) 0.51

Umbilical cord pH 7.32 ± 0.07 7.33 ± 0.05 0.39

Umbilical cord pH < 7.1 11 (4.38) 1 (1.30) 0.3

1 min Apgar score ≤ 7 8 (3.19) 0 (0) 0.2

5 min Apgar score ≤ 7 3 (1.20) 0 (0) 1.0

Asphyxia 3 (1.20) 0 (0) 1.0

Seizure 0 (0) 2 (2.60) 0.05

Hypoxic-ischemic encephalopathy 0 (0) 0 (0) -

Intraventricular hemorrhage 0 (0) 2 (2.60) 0.05

Jaundice 21 (8.37) 17 (22.08) 0.02
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Table 3. Cont.

Neonatal Outcomes
Control Group Unknown FGR

(n = 251)
Study Group Known FGR

(n = 77)
p-Value

Transient tachypnea of the newborn 1 (0.40) 2 (2.60) 0.13

Sepsis 8 (3.19) 8 (10.39) 0.02

Mechanical ventilation 2 (0.80) 0 (0) 1.0

NICU admission 5 (1.99) 6 (7.79) 0.02

Meconium aspiration syndrome 3 (1.20) 0 (0) 1.0

Respiratory distress syndrome 0 (0) 0 (0) -

Necrotizing enterocolitis 0 (0) 0 (0) -

Intrauterine fetal death 1 (0.40) 0 (0) 1.0

Neonatal death 0 (0) 0 (0) -

Composite neonatal outcome * 39 (15.53) 30 (38.96) 0.01

Severe composite neonatal outcome ** 7 (2.78) 5 (6.49) 0.04

Data are presented as mean ± standard deviation for continuous variable or n (%) for categorical variables.
* Composite neonatal outcome includes all the above. ** Severe composite neonatal outcome includes asphyxia,
hypoxic–ischemic encephalopathy, intraventricular hemorrhage, meconium aspiration syndrome, intrauterine
fetal death and neonatal death.

The composite neonatal outcome was positive in 69 of the 328 neonates (21.03%). The
rate was significantly higher in the known-FGR group than in the unknown-FGR group
(38.96% vs. 15.53%, respectively; p = 0.01). The rate of severe composite neonatal outcome
was also significantly higher in the known-FGR group (6.49% vs. 2.78%, respectively;
p = 0.04). Isolated neonatal complications were also more frequent in the known-FGR
group, but the differences did not reach statistical significance: sepsis (10.39% vs. 3.19%),
TTN (2.60% vs. 0.4%), IVH (2.60% vs. 0), and NICU admission (7.79% vs. 1.99%). In the
unknown-FGR group, there were cases of neonatal asphyxia (1.2%), need for mechanical
ventilation (0.8%), meconium aspiration (1.2%), and an Apgar score less than or equal to 7
at 5 min (1.2%); none of these complications were found in the known-FGR group.

There was a single case of intrauterine fetal death in the unknown-FGR group, at
38 gestational weeks, following an uneventful pregnancy course. Two weeks earlier, a nor-
mal BPP had been recorded. The EFW at 32 gestational weeks was normal (25th percentile),
with an actual birthweight below the third percentile. There were no cases of intrauterine
death in the known-FGR group.

Within the known-FGR group, there was an etiological explanation for the FGR in
only 22 cases (28.47%, Table 4). In the remainder (71.43%), the cause of the FGR was not
determined. The most common etiology was placental insufficiency, in 15 cases (21.74%).
Four women (5.19%) had, for the first time, an abnormal anatomical scan in late pregnancy,
showing a small kidney, cardiomegaly, a dilated third ventricle, and a dilated renal pelvis.
Three women (3.89%) tested positive for APLA, and one was diagnosed with fetal toxo-
plasmosis infection. The positive composite neonatal outcome rate was 45.45% in the FGR
subgroup with an identified etiology and 36.6% in the FGR subgroup in which no etiology
was identified (p = 0.6). The difference between each subgroup in the known-FGR group
versus the entire unknown-FGR group was statistically significant (p = 0.01 and p = 0.01,
respectively, Table 4).

Multivariate analysis, adjusted for maternal age, gestational age at delivery, and mode
of delivery, yielded no differences between the known- and unknown-FGR groups for
the composite neonatal outcome (aOR 1.73, CI 0.89–3.35, p = 0.1). Each additional week
of gestational age at delivery was found to be protective (aOR = 0.7, 95% CI 0.56–0.86,
p < 0.01).
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Table 4. Obstetric and neonatal outcomes in pregnancies with known and unknown FGR, stratified
by FGR etiology (identified, not identified).

Neonatal Outcomes

Control Group
Unknown FGR

(N = 251)

Known FGR

p-Value
Etiology Identified

(N = 55)
Etiology Not Identified

(N = 22)

Birthweight, grams 2500 ± 200 2249 ± 290 2192 ± 297 0.29 b

Umbilical cord pH < 7.1 11 (4.38) 1 (1.82) 0 (0)
0.7 a

0.6 b

1.0 c

1 min Apgar score ≤ 7 8 (3.19) 0 (0) 0 (0)
0.35 a

1.0 b

1.0 c

5 min Apgar score ≤ 7 3 (1.20%) 0 (0) 0 (0) 1.0 a,b

Asphyxia 3 (1.20) 0 (0) 0 (0) 1.0 a,b

Seizure 0 (0) 2 (3.64) 0 (0) 0.03 a

1.0 c

Hypoxic ischemic encephalopathy 0 (0) 0 (0) 0 (0) -

Intraventricular hemorrhage 0 (0) 1 (1.82) 1 (4.55)
0.18 a

0.08 b

0.49 c

Jaundice 21 (8.37) 11 (20) 6 (27.27)
0.02 a

0.01 b

0.54 c

Transient tachypnea of the newborn 1 (0.40) 1 (1.82) 1 (4.55)
0.32 a

0.15 b

0.49 c

Sepsis 8 (3.19) 7 (12.73) 1 (4.55)
0.08 a

0.53 b

0.42 c

Mechanical ventilation 2 (0.80) 0 (0) 0 (0) 1.0 a b

NICU admission 5 (1.99) 3 (5.45) 3 (13.64)
0.16 a

0.02 b

0.34 c

Meconium aspiration syndrome 3 (1.20) 0 (0) 0 (0) 1.0 a

Respiratory distress syndrome 0 (0) 0 (0) 0 (0) -

Necrotizing enterocolitis 0 (0) 0 (0) 0 (0) -

Intrauterine fetal death 1(0.4) 0 (0) 0 (0) -

Neonatal death 0 (0) 0 (0) 0 (0) -

Composite outcome * 39 (15.53) 20 (36.36) 10 (45.45)
0.01 a

0.01 b

0.6 c

Data are presented as mean ± standard deviation for continuous variables or n (%) for categorical variables.
a Comparison of unknown-FGR group with subgroup of known FGR of unidentified etiology; b comparison of
unknown-FGR group with subgroup of known FGR with an identified etiology; c comparison of unknown-FGR
group with the entire known-FGR group. * Composite neonatal outcome includes all the above.

4. Discussion

In this study, we sought to determine if the diagnosis of late-onset FGR and its
corresponding workup and management during pregnancy affects neonatal outcomes. Our
primary findings in a cohort of 328 neonates showed that the immediate outcomes were less
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favorable in those diagnosed with late-onset FGR during pregnancy as compared to those
first diagnosed at birth. These included a lower gestational age of approximately 1.5 weeks
at delivery, resulting in a 4.5-fold preterm birth rate. The intervention rate was significantly
higher in this group as well. Most of the FGRs diagnosed during pregnancy were probably
constitutional. When the cause was identified, it was most commonly uteroplacental
insufficiency. On a multivariate regression analysis adjusted for maternal age, gestational
age at delivery, and mode of delivery, there was no difference in the primary outcome
between the groups.

Our findings are supported by several studies linking higher rates of obstetric com-
plications in FGR pregnancies to the higher rate of interventions taken, such as induction
of labor and elective cesarean delivery, resulting in an earlier gestational age at delivery
and a higher likelihood of preterm birth and lower birthweight, both absolute and relative
to gestational age [11–13]. Ohel et al. [12] found that the mean gestational age at delivery
in patients diagnosed with FGR during pregnancy was 38.8 weeks versus 39.4 weeks in
patients diagnosed only at birth. Corresponding values in the study of Nohuz et al. [16]
were 37.7 and 39.4 weeks. Similarly, in our study, the gestational age at delivery of fetuses
diagnosed with late-onset FGR during pregnancy was 1.5 weeks lower than that of fetuses
diagnosed at birth, corresponding to a 4.5-fold preterm delivery rate. A more advanced
gestational age at birth was found on multivariate analysis to be an independent protective
factor for adverse neonatal outcomes. The neonatal composite outcome was statistically
higher in the known-FGR group, regardless of whether the etiology was identified or not
(Table 4). The main difference between the groups was the gestational week at delivery.
However, due to the small size of the groups, the multivariate analysis was conducted
between the two groups rather than three.

There is no consensus on the timing of delivery in late-onset FGR because of the lack
of randomized trials based on Doppler indices. Guidelines for the management of FGR
are highly variable [17], as the timing and route of delivery of FGR pregnancies are based
on a combination of factors, including findings on Doppler, BPP, and NST coupled with
the gestational age and EFW. The ISOUG [2] and ACOG [7] guidelines recommend that
in FGR pregnancies with a normal Doppler study and a reassuring NST, delivery after
38 + 0 gestational weeks may be considered, but should not be delayed beyond 39 + 0 weeks
to reduce the risk of severe growth restriction or stillbirth. In the only randomized control
trial (DIGITAT), which included 650 patients with FGR, the randomly assigned cutoff for
induction of labor or expectant monitoring was 36 gestational weeks [18]. The induction
group gave birth 10 days earlier and had a neonatal birthweight of 130 g less than the
expectantly managed group, but contrary to our results, the composite neonatal outcome
rates were similar (6.1 and 5.3%) as were the cesarean delivery rates (approximately 14%).
However, similar to our results, the study found that NICU admission was less likely when
FGR fetuses were delivered after 38 GWs [19], suggesting a benefit of deferring delivery as
long as the fetus is closely monitored and there are no other indications for early delivery.
The authors of the DIGITAT study concluded that in cases of late-onset FGR, patients
who are keen on non-intervention can safely choose expectant management and that it is
reasonable to opt for labor induction to prevent possible neonatal morbidity and stillbirth.

In our study, among all the fetuses diagnosed with late-onset FGR during pregnancy,
38.96% had a positive composite neonatal outcome compared to 15.53% of the fetuses
diagnosed with growth restriction at birth. Some previous studies support our findings
whereas others contradict them [9–11,19,20]. The variations among the studies, includ-
ing the DIGITAT trial [18,19], can be explained by different definitions and inconsistent
neonatal outcome measures, as well as the lack of distinction between late- and early-onset
FGR. According to some reports, neonates diagnosed with FGR during pregnancy had
a significantly better immediate outcome, which they attributed to better management
of pregnancy and delivery than cases of FGR diagnosed at birth [9–11]. However, not
only did these studies fail to differentiate between late- and early-onset FGR, but their
neonatal outcome measures were also different from those examined here. For instance,
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Verlijsdonk et al. [9] evaluated the primary outcomes of intrauterine death: a 5 min Apgar
score less than 7, an umbilical artery pH less than 7.05, and a secondary outcome of NICU
admission. Fratelli et al. [11] evaluated clinical and perinatal characteristics and found that
identifying fetuses with growth delay during pregnancy could improve perinatal outcomes.
Yet, they also found NICU admission to be more common in the group diagnosed with
FGR during pregnancy, which was likely due to more frequent monitoring and higher rates
of interventions in these cases, as well as more severe growth restriction. In our research,
as in the DIGITAT trial, NICU admission was considered part of the composite outcome,
and the rate was significantly higher in the known-FGR as compared to the unknown-FGR
group. We have also distinguished between severe composite neonatal outcome and total
adverse neonatal outcomes, with both being more prevalent in the study group.

A comparison of the mode of delivery between the groups revealed that most deliver-
ies in the known-FGR group were initiated by induction and most in the unknown-FGR
group were spontaneous. Additionally, the rate of cesarean delivery was lower in the
unknown-FGR group, although the difference was not significant. Thus, when FGR is
unknown, there seems to be a lower likelihood of any intervention, especially cesarean
delivery. Despite the lack of statistical significance, these findings support previous studies
showing higher rates of induction of labor and cesarean delivery in pregnancies with
known FGR [9–11]. In the DIGITAT trial [19], the rate of cesarean delivery was similar in
the two groups.

The prenatally diagnosed group in our study was further divided by etiology (identi-
fied or not identified), and each subgroup was compared with the unknown-FGR group
for neonatal outcomes. The subgroup in which the etiology was identified had the highest
composite neonatal morbidity rate, followed, in order, by the subgroup with unknown
etiology and the control group. These findings are consistent with previous reports suggest-
ing that fetuses with growth restriction due to a pathological cause have a higher rate of
morbidity and mortality than constitutionally small fetuses [14,15,19,20], possibly because
of the high incidence of early delivery and its consequences. They highlight the impor-
tance of accurate diagnosis, identification of the etiology, and categorization of fetuses into
early- and late-onset groups as a primary measure to avoid unnecessary interventions and
early delivery.

When growth restriction is diagnosed during pregnancy, especially if it is placenta-
related, more frequent fetal monitoring is mandated. This is a double-edged sword. On one
hand, it might lead to early intervention to prevent stillbirth, and on the other hand, it may
be associated with a higher rate of preterm birth and adverse neonatal outcomes mainly
due to complications of early-term delivery.

The strengths of our study include the specific definition of FGR, the relatively large
number of women and infants, careful patient selection to avoid biases of background
diseases and/or other complications prior to the time of diagnosis, and uniform follow-up
and management policies under the same protocols of a single tertiary center.

The main limitation of our study is the retrospective design. Additionally, not all
women in the study group underwent all possible diagnostic options (Doppler examination
was performed on 86.61%, CMV serology test on 68.83%, toxoplasma serology test on
61.0%, fetal echo on 16.88%, and amniocentesis for genetic testing on 18.18%). This could
have confounded the results, as women in whom there was a higher chance of finding
a specific cause for FGR were referred for relevant diagnostic tests for that specific cause
while other diagnostic tests were not performed, even though a complete workup was
offered and is free. Moreover, due to the small size of the groups, the multivariate analysis
was conducted between the known- and unknown-FGR groups, rather than between all
three groups. In addition, long-term neonatal outcomes following hospital discharge were
beyond the scope of the study. In addition, pregnancies that were not followed up in our
clinics were excluded in order to use only valid in-house data.
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5. Conclusions

A prenatal diagnosis of late FGR is associated with higher intervention and preterm
birth rates compared to a diagnosis made after birth. This study emphasizes the importance
of identifying fetuses with late-onset FGR during pregnancy and performing a specific and
personalized assessment for each, to determine the cause and severity of the growth delay.
Utilizing a combination of third-trimester anatomical surveys, genetic investigations, and
Doppler criteria correlates with the likelihood of adverse perinatal outcomes in cases of
late-onset FGR. In addition, it highlights the importance of caution when deciding to induce
labor in cases of late-onset FGR in an attempt to avoid preterm delivery while maintaining
close fetal monitoring.

Author Contributions: All authors contributed to the study’s conception and design. O.H. wrote the
manuscript. A.P. and Y.G. prepared the material and collected the data. M.S.Y. analyzed the data.
A.W. prepared the tables. E.H. and R.B. interpreted the data. The first draft of the manuscript was
written by O.H., and all authors commented on previous versions of the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All methods were carried out in accordance with relevant
guidelines and regulations. This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Rabin Medical Center Institutional Review Board (approval
no. 0727-17-RMC). Informed consent was waived by The Rabin Medical Center Institutional Review
Board because of the retrospective study design. The data were anonymized before use.

Informed Consent Statement: Informed consent was waived by the Institutional Review Board due
to the study’s retrospective design.

Data Availability Statement: The datasets generated and analyzed during the current study are not
publicly available due to ethical committee regulations but are available from the corresponding
author on reasonable request.

Conflicts of Interest: The authors have no relevant financial or non-financial interests to disclose.
No competing financial interests exist. The authors declare no conflict of interest.

Abbreviations

BPP, biophysical profile; CMA, chromosome microarray analysis; CMV, cytomegalovirus; EFW,
estimated fetal weight; FGR, fetal growth restriction; HIE, hypoxic–ischemic encephalopathy; IVH,
intraventricular hemorrhage; MCA, middle cerebral artery; MSA, meconium aspiration syndrome;
NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit; NST, non-stress test; RDS, respira-
tory distress syndrome; TTN, transient tachypnea of the newborn; UA, uterine artery; WES, whole
exome sequencing.

References

1. Israel Association of Obstetrics and Gynecology. Position Paper Number 10. Pregnancy Management of a Suspected IUGR Fetus.
November 2019. (In Hebrew). Available online: https://cdn.mednet.co.il/2015/04/%D7%A4%D7%92-%D7%AA%D7%95%D7
%A7%D7%A3-13.pdf (accessed on 1 November 2020).

2. Lees, C.C.; Stampalija, T.; Baschat, A.; da Silva Costa, F.; Ferrazzi, E.; Figueras, F.; Hecher, K.; Kingdom, J.; Poon, L.C.; Salomon,
L.J.; et al. ISUOG Practice Guidelines: Diagnosis and management of small-for-gestational-age fetus and fetal growth restriction.
Ultrasound Obstet. Gynecol. 2020, 56, 298–312. [CrossRef] [PubMed]

3. Figueras, F.; Gratacos, E. An integrated approach to fetal growth restriction. Best. Pract. Res. Clin. Obstet. Gynaecol. 2017, 38, 48–58.
[CrossRef] [PubMed]

4. Savchev, S.; Figueras, F.; Sanz-Cortes, M.; Cruz-Lemini, M.; Triunfo, S.; Botet, F.; Gratacos, E. Evaluation of an optimal gestational
age cut-off for the definition of early- and late-onset fetal growth restriction. Fetal Diagn. Ther. 2014, 36, 99–105. [CrossRef]
[PubMed]

5. Nawathe, A.; Lees, C. Early onset fetal growth restriction. Best. Pract. Res. Clin. Obstet. Gynaecol. 2017, 38, 24–37. [CrossRef]
[PubMed]

248



J. Clin. Med. 2024, 13, 3753

6. Israel Association of Obstetrics and Gynecology. Position Paper Number 8. Guidelines for Ultrasound in Pregnancy. 1 December
2012. (In Hebrew). Available online: https://cdn.mednet.co.il/2017/01/%D7%A0%D7%99%D7%99%D7%A8-%D7%A2%D7%9
E%D7%93%D7%94-%D7%9E%D7%A2%D7%95%D7%93%D7%9B%D7%9F-8.pdf (accessed on 1 December 2012).

7. Fetal Growth Restriction: ACOG Practice Bulletin, Number 227. Obstet Gynecol. 2021, 137, e16–e28. [CrossRef] [PubMed]
8. Gardosi, J.; Francis, A.; Turner, S.; Williams, M. Customized growth charts: Rationale, validation and clinical benefits. Am. J.

Obstet. Gynecol. 2018, 218, S609–S618. [CrossRef] [PubMed]
9. Verlijsdonk, J.W.; Winkens, B.; Boers, K.; Scherjon, S.; Roumen, F. Suspected versus non-suspected small-for-gestational-age

fetuses at term: Perinatal outcomes. J. Matern. Fetal Neonatal Med. 2012, 25, 938–943. [CrossRef]
10. Lindqvist, P.G.; Molin, J. Does antenatal identification of small-for-gestational age fetuses significantly improve their outcome?

Ultrasound Obstet. Gynecol. 2005, 25, 258–264. [CrossRef]
11. Fratelli, N.; Valcamonico, A.; Prefumo, F.; Pagani, G.; Guarneri, T.; Frusca, T. Effects of antenatal recognition and follow-up on

perinatal outcomes in small-for-gestational age infants delivered after 36 weeks. Acta Obstet. Gynecol. Scand. 2013, 92, 223–229.
[CrossRef]

12. Ohel, G.; Ruach, M. Perinatal outcome of idiopathic small for gestational age pregnancies at term: The effect of antenatal diagnosis.
Int. J. Gynaecol. Obstet. 1996, 55, 29–32. [CrossRef] [PubMed]

13. Aviram, A.; Yogev, Y.; Bardin, R.; Meizner, I.; Wiznitzer, A.; Hadar, E. Small for gestational age newborns—Does pre-recognition
make a difference in pregnancy outcome? J. Matern. Fetal Neonatal Med. 2015, 28, 1520–1524. [CrossRef] [PubMed]

14. Walker, D.M.; Marlow, N.; Upstone, L.; Gross, H.; Hornbuckle, J.; Vail, A.; Wolke, D.; Thornton, J.G. The Growth Restriction
Intervention Trial: Long-term outcomes in a randomized trial of timing of delivery in fetal growth restriction. Am. J. Obstet.
Gynecol. 2011, 204, 34.e1–34.e9. [CrossRef] [PubMed]

15. Dollberg, S.; Haklai, Z.; Mimouni, F.B.; Gorfein, I.; Gordon, E.S. Birth weight standards in the live-born population in Israel. Isr.
Med. Assoc. J. 2005, 7, 311–314. [PubMed]

16. Nohuz, E.; Rivière, O.; Coste, K.; Vendittelli, F. Prenatal identification of small-for-gestational age and risk of neonatal morbidity
and stillbirth. Ultrasound Obstet. Gynecol. 2020, 55, 621–628. [CrossRef] [PubMed]

17. McCowan, L.M.; Figueras, F.; Anderson, N.H. Evidence-based national guidelines for the management of suspected fetal growth
restriction: Comparison, consensus, and controversy. Am. J. Obstet. Gynecol. 2018, 218, S855–S868. [CrossRef] [PubMed]

18. Boers, K.E.; Vijgen, S.M.; Bijlenga, D.; van der Post, J.A.; Bekedam, D.J.; Kwee, A.; van der Salm, P.C.M.; van Pampus, M.G.;
Spaanderman, M.E.A.; de Boer, K.; et al. DIGITAT study group. Induction versus expectant monitoring for intrauterine growth
restriction at term: Randomized equivalence trial (DIGITAT). BMJ 2010, 341, c7087. [CrossRef] [PubMed]

19. Boers, K.E.; van Wyk, L.; van der Post, J.A.; Kwee, A.; van Pampus, M.G.; Spaanderdam, M.E.; Duvekot, J.J.; Bremer, H.A.;
Delemarre, F.M.C.; Bloemenkamp, K.W.M.; et al. Neonatal morbidity after induction vs. expectant monitoring in intrauterine
growth restriction at term: A subanalysis of the DIGITAT RCT. Am. J. Obstet. Gynecol. 2012, 206, 344.e1–344.e7. [CrossRef]
[PubMed]

20. Ananth, C.V.; Vintzileos, A.M. Distinguishing pathological from constitutional small for gestational age births in population-based
studies. Early Hum. Dev. 2009, 85, 653–658. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

249





MDPI AG
Grosspeteranlage 5

4052 Basel
Switzerland

Tel.: +41 61 683 77 34

Journal of Clinical Medicine Editorial Office
E-mail: jcm@mdpi.com

www.mdpi.com/journal/jcm

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are

solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s).

MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from

any ideas, methods, instructions or products referred to in the content.





Academic Open 

Access Publishing

mdpi.com ISBN 978-3-7258-2458-8


