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Abstract: Background/Objectives: Substance use during pregnancy is associated with
adverse outcomes for both mother and child. This study aimed to determine the prevalence
and determinants of alcohol, tobacco and illicit drug use before and during pregnancy in
Belgium. Methods: An observational study was conducted using data from the longitudi-
nal BELpREG registry. The study included women aged 18 years or older who completed
at least one questionnaire on substance use during pregnancy between 2022 and 2024.
Data were analyzed using descriptive statistics and logistic regressions. Results: In total,
1441 women were included. Preconception prevalences of alcohol, tobacco and illicit drug
use were 82.2%, 10.0% and 4.2%. These self-reported prevalences dropped in the first
trimester to 12.9%, 4.1% and 0.6%, respectively. Considering the rates of substance use in
pregnancy but before pregnancy awareness, the overall prevalence of alcohol, tobacco and
illicit drug use in the first trimester was 41.0%, 6.6% and 1.2%, respectively. Women with a
higher education (aOR (adjusted odds ratio), 2.12; 95% CI (confidence interval): 1.14–3.96),
unplanned pregnancies (aOR, 2.88; 95% CI: 1.77–4.67), spontaneous pregnancies (aOR,
2.94; 95% CI: 1.51–5.75), cohabitants drinking alcohol daily (aOR, 2.01; 95% CI: 1.09–3.70),
and those using tobacco in the first trimester (aOR, 5.37; 95% CI: 2.70–10.66) were more
likely to report alcohol use. In addition, women with a lower education (aOR, 7.67; 95%
CI: 3.76–15.67), unplanned pregnancies (aOR, 3.31; 95% CI: 1.53–7.15), cohabitants using
tobacco (aOR, 9.11; 95% CI: 4.48–18.52), and those who used alcohol (aOR, 6.67; 95% CI:
3.07–14.64) or illicit drugs (aOR, 39.03; 95% CI: 3.72–409.83) in the first trimester were more
likely to report tobacco use. Conclusions: Despite a significant reduction in substance
use in pregnancy compared to before pregnancy, a relevant portion of women continue
to use substances, particularly in the early stages before pregnancy awareness. Targeted
public health interventions and (more) awareness among caregivers are needed to further
promote substance use cessation before conception.

J. Clin. Med. 2025, 14, 613 https://doi.org/10.3390/jcm14020613
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1. Introduction

Substance use during pregnancy, including alcohol, tobacco and illicit drug use, is a
significant public health concern due to its association with adverse maternal (miscarriage,
preterm birth, or placental abruption) [1–6] and neonatal outcomes (small for gestational
age (SGA), prematurity, or fetal alcohol syndrome (FAS)) [1–8]. Likewise, maternal compli-
cations such as maternal anemia and postpartum depression have been associated with
perinatal substance use [4,6,9–11]. Substance use in pregnancy, even in small amounts,
has also been linked to teratogenic effects, including craniofacial abnormalities, organ
malformations and neurodevelopmental impairment such as lower IQ or behavioral prob-
lems [2,3,7,8,12]. Additionally, substance use prior to conception, which may be linked
to poorer maternal preconception health, has been associated with adverse pregnancy
and neonatal outcomes [13–15]. These findings emphasize the importance of avoiding
substance use before and in pregnancy to ensure optimal maternal and infant health.

Although adverse effects following substance use during pregnancy have been exten-
sively described, pregnant women may be somewhat unaware of the potential impact of the
associated risks or will not value the risk as important. In 2016, only 48% of the pregnant
women (in their 20th week of pregnancy) who received care in a public university hospital
in Spain knew that the teratogenic effects of prenatal alcohol exposure are lifelong and
27.1% could not specify any risks when asked [16]. Furthermore, a low perception of risks
was correlated with more frequent alcohol use [16]. As a safe lower limit for alcohol has not
been defined, health authorities worldwide, including the World Health Organization [17],
recommend complete abstinence from alcohol use during pregnancy. Similarly, abstinence
from tobacco and illicit drug use is also strongly advised.

Despite the recommendations of avoiding any substance use during pregnancy, the
most recent data from Belgium collected in 2016 showed that substance use in a highly
educated cohort of pregnant women visiting a tertiary obstetrics clinic was prevalent,
with about 6% reporting alcohol or tobacco use during the previous week (almost equally
divided over the gestational trimesters) [18]. Given the outdated nature of these findings
and the well-known adverse effects of substance use in pregnancy, updated and more
comprehensive data were urgently needed to reflect current prevalences and identify
determinants of such use in Belgium. In fact, insights into substance use in pregnancy are
vital to assess the need for public health interventions, while identifying specific subgroups
which should be primarily targeted.

Therefore, this study aimed to determine the current prevalence of alcohol, tobacco
and illicit drug use before and during pregnancy in Belgium, as well as the characteristics
associated with alcohol and tobacco use during pregnancy.

2. Materials and Methods

2.1. Study Design and Population

An observational study was performed using data collected in the BELpREG preg-
nancy registry (see www.belpreg.be/en, accessed on 3 December 2024). The BELpREG
registry is the only ongoing, prospective, longitudinal, perinatal cohort in Belgium using
digital self-reported questionnaires to collect real-world data on periconceptional exposures
and mother–infant outcomes. BELpREG aims to gain more knowledge on the utilization
and safety of exposure to medications, vaccines, health products and other substances
around pregnancy [19]. BELpREG was established in November 2022. All pregnant persons
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18 years or older and receiving healthcare in Belgium are considered eligible to participate
in the BELpREG cohort. Upon enrolment, participants complete the first (“enrolment”)
questionnaire, followed by subsequent (“follow-up”) questionnaires every four weeks
during pregnancy until eight weeks postpartum. Additionally, participants receive two
questionnaires on child health and development at 6 and 12 months after birth. The BEL-
pREG questionnaires were developed using the core data elements compiled within the
IMI ConcePTION project [20] and supplemented with variables defined by the European
Medicines Agency and existing, similar registration systems [21]. Individuals can enroll
in BELpREG at any time during pregnancy, although enrolment as early on as possible
in pregnancy is preferred. BELpREG recruits pregnant women through various channels,
including social media (advertising), healthcare professional referrals and via printed and
digital posters and flyers. BELpREG questionnaires are available in Dutch, French and
English (with the French and English translations added in January 2024). More details
on the development and design of the BELpREG pregnancy registry have previously been
described elsewhere [19,22].

Data extraction for this study took place on 13 August 2024. All BELpREG participants
who had completed at least one questionnaire on substance use during pregnancy by
the time of data extraction were included in this study. The number of questionnaires
completed by each participant varied between one and eleven, as enrolment could occur
at any time during pregnancy. Further, participants were not required to already have
delivered. Participants who had not completed the substance use questions at enrolment,
or missed a follow-up questionnaire in pregnancy, could still complete questions related to
substance use in a later follow-up questionnaire and hence, were included in this study.

Ethics approval was obtained from EC Research UZ/KU Leuven (S66464); all partic-
ipants provided an electronic informed consent prior to study enrolment. The study is
reported using the STROBE checklist (see Supplementary Material S1) [23].

2.2. Study Outcomes

Participants were asked about their exposure to alcohol, tobacco (i.e., defined as
cigarettes or vaping, the latter defined as e-cigarettes containing nicotine) and illicit drug
use in the preconception period (i.e., defined as the year before conception), during the 1st
trimester (i.e., gestational week 1–12), 2nd trimester (i.e., week 13–26) and 3rd trimester
(i.e., week 27 until the last follow-up questionnaire before delivery).

Preconception use of alcohol, tobacco and illicit drug use was assessed at the enrolment
questionnaire by asking questions on any exposures in the year before pregnancy (yes/no).

Alcohol, tobacco and illicit drug use during pregnancy were queried in the enrolment
and four-weekly follow-up questionnaires in pregnancy (yes/no). Participants who re-
ported not using any substances during pregnancy at the enrolment questionnaire were
asked about the timing of alcohol, tobacco and illicit drug use cessation (i.e., in the year
before pregnancy, since trying to get pregnant, since I knew I was pregnant). Addi-
tional questions focused on the amount of alcohol and tobacco use during pregnancy.
More specifically, with respect to alcohol, the amount of alcohol use was asked based on
the following three questions: (1) the frequency of drinking alcohol during pregnancy
(i.e., monthly or less, 2–4 times a month, 2–3 times a week, 4 or more times a week),
(2) the number of standard glasses of alcohol (i.e., defined as the amount of a drink that
is usually served in a pub or at a restaurant, e.g., 25cl beer or 10cl wine) used per oc-
casion (i.e., <1, 1 or 2, 3 or 4, 5 or 6, 7 or 9, 10 or more) and (3) binge drinking during
pregnancy, which was defined as the consumption of six or more standard glasses of
alcohol on one occasion (i.e., never, less than monthly, monthly, weekly, daily or almost
daily). With respect to tobacco use, the amount of tobacco used was assessed based
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on the mean daily number of cigarettes between two consecutive BELpREG question-
naires. The categories 1–10 cigarettes/day, 11–20 cigarettes/day, 21–30 cigarettes/day,
>30 cigarettes/day were used until July 2024, after which the following modified cat-
egories were used to obtain more detailed data: <1 cigarette/day, 1–5 cigarettes/day,
6–10 cigarettes/day, 11–20 cigarettes/day and >20 cigarettes/day. Lastly, the type of illicit
drugs used in pregnancy was questioned (i.e., cannabis, XTC, amphetamines, hallucinogens,
cocaine, ketamine, heroine, GHB, or other).

The questionnaires on substance use were based on established European standards
(e.g., with respect to binge drinking), and were further refined with the input from expert
centers in our country (i.e., Flemish Expertise Centre for Alcohol and Other Drugs and the
Flemish Institute for Healthy Living) [19]. A detailed overview of the substance use-related
questions is provided in Supplementary Material S2.

2.3. Covariates

The following covariates, for which an association with either alcohol or tobacco use
during pregnancy has previously been reported, were available in and extracted from the en-
rolment questionnaire: maternal age [24–34], maternal ethnical background [26,28,31,32,34–36],
marital status [29,30,37,38], maternal education [25,26,29,30,34,36–41], paternal educa-
tion [31], maternal employment in the past year [30,31,40,41], household annual gross
income [25,37], preconception body mass index (BMI) [26,28,36], chronic condition prior
to pregnancy [26], (un)planned pregnancy [27,29,31], method of conception [28], gra-
vidity [25,26,28,29,31,40], previous planned termination of pregnancy [32], intention to
breastfeed [31] and substance use among cohabitants [31,41]. A detailed overview of the
questions related to these covariates is provided in Supplementary Material S2.

2.4. Data Handling and Analysis

Descriptive statistics were used to determine the characteristics of the total study
population and the participants who had reported any substance use in the first trimester.

Descriptive statistics were also used to report the prevalence of alcohol, tobacco and
illicit drug use in the preconception period, in each trimester and during pregnancy. To
calculate the timing of substance use during pregnancy, gestational age was defined based
on the expected delivery date, which was determined by ultrasound (as the preferred
option), the start date of the last menstrual period, or the moment of conception in case of
assisted reproductive technology (ART), along with the date of survey completion. The
prevalence for each trimester was calculated based on the gestational age at the moment
of survey completion. The prevalence for each trimester was determined using data of
the enrolment and/or follow-up questionnaires of participants who had fully completed
that trimester and who had provided data on substance use during that specific trimester.
For the calculation of the prevalence of the entire pregnancy, only participants who had
given birth by the time of data extraction were considered by combining all registrations of
substance use obtained during pregnancy. With respect to binge drinking, this variable was
dichotomized (yes/no) and also used for the calculations per trimester or total pregnancy.

The amount of alcohol and tobacco use during pregnancy was analyzed as follows.
First, the total number of standard glasses of alcohol was calculated considering the
frequency of alcohol use and the number of glasses of alcohol used per occasion. The latter
two questions were combined to the number of standard glasses of alcohol per day. Taking
into account the number of days between two consecutive questionnaires, the total number
of standard glasses over this period was calculated. Second, the mean number of cigarettes
per day was calculated based on the mean daily number of cigarettes reported across the
various questionnaires/periods. Therefore, the mean number of cigarettes per day was
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recoded from never used tobacco, <1, 1–5, 1–10, 6–10, 11–20, 21–30, >20 and >30 cigarettes
per day into 0, 0.5, 2.5, 5, 7.5, 15, 25, 25 and 35 cigarettes per day choosing the midpoint,
to be able to pool data from the initial and modified response categories [42,43]. The time
period for alcohol and tobacco use was determined in the same way as for the calculation
of the prevalence of alcohol, tobacco and illicit drug use.

In addition to descriptive statistics, backward multivariable logistic regressions were
applied to determine characteristics associated with alcohol and tobacco use in the first
pregnancy trimester. Only participants who reported any alcohol or tobacco use during
pregnancy and who were beyond the first trimester by the time of data extraction were
considered for the regression analysis (i.e., dependent variable). Regressions were only
performed if numbers allowed, which was the case for alcohol and tobacco but not for
illicit drug use. The following independent variables were used in the models: maternal
age, maternal ethnical background, marital status, maternal education, preconception
BMI, chronic condition before pregnancy, (un)planned pregnancy, method of conception,
gravidity, previous planned termination of pregnancy, daily alcohol drinking cohabitant,
a tobacco-using cohabitant, an illicit drug-using cohabitant, preconception alcohol use,
preconception tobacco use, alcohol use during the 1st trimester, tobacco use during the
1st trimester and illicit drug use in the 1st trimester. Non-significant covariates (p > 0.05)
were removed from the model one-by-one until only significant covariates remained.
Collinearity among the covariates was checked using Pearson correlation coefficients, with
a cut-off value of 0.90. The results are shown as adjusted odds ratios (aORs) with 95%
confidence intervals (95% CI). A sensitivity analysis was conducted to identify determinants
of alcohol and tobacco use in the first trimester, utilizing univariable and multivariable
logistic regressions with a stepwise approach. Covariates with a p-value < 0.10 in the
univariable analyses were included in the multivariable models. Statistical analyses were
conducted using IBM SPSS Statistics version 29.

3. Results

3.1. Characteristics of the Study Population

In total, 1651 pregnant women had been enrolled in the BELpREG cohort by 13
August 2024. Out of these, 1441 women had completed at least one questionnaire on
substance use and were included for this study. Figure 1 provides an overview of the study
sample, highlighting the number of participants used for the calculation of the prevalence
of substance use prior to and during pregnancy (first, second, and third trimesters and
entire pregnancy).

Table 1 presents the characteristics of the study population in general and according
to alcohol and tobacco use in the first trimester. About half of the participants were aged
between 30 and 34 years (50.9%). Most participants identified as Caucasian (96.9%) and
had a partner (95.4%). Further, 85.2% had a high education level. Among participants with
a partner, 68.3% of their partners were also highly educated. The employment rate in the
past year among participants was 95.2%.

With respect to maternal health, 57.2% had a preconception BMI between 18.5 and
25 kg/m2. A chronic condition prior to pregnancy was reported by 38.2% of the participants.
Among those participants suffering from chronic conditions, the most common conditions
were allergic rhinitis (due to pollen) (15.5%), asthma (11.3%), migraine (11.1%), allergic or
hypersensitivity conditions (8.0%) and hypothyroidism (7.1%).

Moreover, most of the pregnancies were planned (89.9%), 52.7% of the participants
were multigravidae and 17.8% cited undergoing assisted reproductive technology (ART)
prior to the index pregnancy. A previous planned termination of pregnancy was reported
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by 12.4% of multigravida participants. Lastly, the intention to breastfeed at the time of
enrolment in the BELpREG registry was high (83.2%).

Figure 1. Overview of the study sample, highlighting the five different groups used for the calculation
of the prevalence of substance use prior to and during pregnancy (i.e., 1st, 2nd and 3rd trimesters
and entire pregnancy).

Table 1. Characteristics of the study population in general and after stratification according to
self-reported alcohol and tobacco use in the first pregnancy trimester.

Characteristics

All Pregnant Women
(N = 1441)

Pregnant Women Who Used
Alcohol in the 1st Trimester 1

(N = 158)

Pregnant Women Who Used
Tobacco in the 1st Trimester 1

(N = 50)

N % N % N %

Sociodemographic variables

Maternal age (in years)

18–24 27 1.9 4 2.5 3 6.0

25–29 449 31.2 50 31.6 15 36.0

30–34 733 50.9 82 51.9 20 40.0

35–39 176 12.2 21 13.3 11 22.0

≥40 21 1.5 1 0.6 1 2.0

Missing 35 2.4 - - - -

Maternal ethnical background

Caucasian 1397 96.9 157 99.4 48 96.0

Non-Caucasian or I
do not know 19 1.4 1 0.6 2 4.0

Missing 25 1.7 - - - -
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Table 1. Cont.

Characteristics

All Pregnant Women
(N = 1441)

Pregnant Women Who Used
Alcohol in the 1st Trimester 1

(N = 158)

Pregnant Women Who Used
Tobacco in the 1st Trimester 1

(N = 50)

N % N % N %

Marital status

Partner 1375 95.4 157 99.4 47 94.0

No partner 41 2.8 1 0.6 3 6.0

Missing 25 1.7 - - - -

Maternal education 2

Low/medium 188 13.1 20 12.7 29 58.0

High 1228 85.2 138 87.3 21 42.0

Missing 25 1.7 - - - -

Paternal education 2

Low/medium 429 31.2 41 26.1 30 65.2

High 939 68.3 116 73.9 16 34.8

Missing 7 0.5 - - - -

Maternal employment status in
the past year

Employed 1372 95.2 156 98.7 50 100.0

Not employed 44 3.1 2 1.3 0 0.0

Missing 25 1.7 - - - -

Annual household gross
income

EUR < 45,000 171 11.9 19 12.0 11 22.0

EUR 45,000–65,000 342 23.7 30 19.0 17 34.0

EUR > 65,000 562 39.0 76 48.1 7 14.0

I do not know/I
would rather not tell 341 23.7 33 20.9 15 30.0

Missing 25 1.7 - - - -

Maternal preconception BMI
(kg/m2)

<18.5 48 3.3 4 2.5 1 2.0

18.5–25 824 57.2 101 63.9 27 54.0

25–30 342 23.7 37 23.4 14 28.0

>30 201 13.9 16 10.1 8 16.0

Missing 26 1.8 - - - -

Chronic medical condition
prior to pregnancy 3

Yes 550 38.2 51 32.3 20 40.0

No 866 60.1 107 67.7 30 60.0

Missing 25 1.7 - - - -

Pregnancy-related variables

Planned pregnancy

Yes 1295 89.9 125 79.1 33 66.0

No 121 8.4 25 20.9 17 34.0

Missing 25 1.7 - - - -
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Table 1. Cont.

Characteristics

All Pregnant Women
(N = 1441)

Pregnant Women Who Used
Alcohol in the 1st Trimester 1

(N = 158)

Pregnant Women Who Used
Tobacco in the 1st Trimester 1

(N = 50)

N % N % N %

Method of conception

Spontaneous 1159 80.4 148 93.7 47 94.0

ART 4 257 17.8 10 6.3 3 6.0

Missing 25 1.7 - - - -

Gravidity

Primigravida 657 45.6 76 48.1 18 36.0

Multigravida 759 52.7 82 51.9 32 64.0

Missing 25 1.7 - - - -

Previous planned termination
of pregnancy

Yes 94 12.4 13 15.9 9 28.1

No 663 87.4 69 84.1 23 71.9

Missing 2 0.2 - - - -

Intention to breastfeed

Yes 1199 83.2 128 81.0 41 82.0

No or I do not know
yet 217 15.1 30 19.0 9 18.0

Missing 25 1.7 - - - -

Environmental variables at the time of enrolment

Cohabitant who was drinking
alcohol daily

Yes 74 5.1 16 10.1 6 12.0

No 1265 87.8 142 89.9 44 88.0

Missing 102 7.1 - - - -

Cohabitant who was using
tobacco

Yes 173 12.0 22 13.9 30 60.0

No 1166 80.9 136 86.1 20 40.0

Missing 102 7.1 - - - -

Cohabitant who was using
illicit drugs

Yes 34 2.4 6 3.8 5 10.0

No 1305 90.6 152 96.2 45 90.0

Missing 102 7.1 - - - -
1 Considering pregnant women who reported alcohol and/or tobacco use during the first trimester. 2 High
education is defined as any formal degree obtained in higher education or university. 3 A chronic condition prior
to pregnancy was defined as any diagnosed chronic condition before the start of the index pregnancy. 4 ART is
defined as assisted reproductive technology.

Upon enrolment in the BELpREG registry, 5.1% indicated having a cohabitant who
was drinking alcohol daily (i.e., at the time the pregnant woman enrolled in the pregnancy
registry), 12.0% reported having a cohabitant using tobacco and 2.4% answered having a
cohabitant who was using illicit drugs. The median gestational age at enrolment in the
BELpREG registry, at the time of data extraction, was 16 weeks (IQR (interquartile range):
10–25 weeks).
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3.2. Prevalences of Alcohol, Tobacco and Illicit Drug Use

Table 2 shows the prevalence of alcohol, tobacco and illicit drug use before and during
pregnancy. Regarding exposure prior to conception, 82.2% reported alcohol use, 10.0%
tobacco use and 4.2% illicit drug use.

Table 2. Prevalences and the amount of self-reported alcohol, tobacco and illicit drug use before and
during pregnancy.

Preconception 1

N = 1339
Trimester 1 2

N = 1224
Trimester 2 2

N = 972
Trimester 3 3

N = 654
Total Pregnancy 4

N = 718

Alcohol use

Prevalence 1100 (82.2%) 158 (12.9%) 35 (3.6%) 31 (4.7%) 105 (14.6%)
Total number of
standard glasses

<1 40 (25.3%) 2 (5.7%) 5 (16.1%) 22 (21.0%)
1–5 76 (48.1%) 16 (45.7%) 11 (35.5%) 51 (48.6%)
5–10 18 (11.4%) 11 (31.4%) 12 (38.7%) 17 (16.2%)
10–20 10 (6.3%) 1 (2.9%) 1 (3.2%) 9 (8.6%)
20–40 10 (6.3%) 5 (14.3%) 2 (6.5%) 4 (3.8%)
>40 4 (2.5%) 0 (0.0%) 0 (0.0%) 2 (1.9%)

Binge drinking 5 50 (4.1%) 7 (0.7%) 5 (0.8%) 33 (4.6%)
Tobacco use

Prevalence 134 (10.0%) 50 (4.1%) 19 (2.0%) 14 (2.1%) 29 (4.0%)
Mean number of
cigarettes per day

<1 0 (0.0%) 1 (5.3%) 1 (7.1%) 13 (44.8%)
1–5 45 (90.0%) 17 (89.5%) 11 (78.6%) 15 (51.7%)
5–10 5 (10.0%) 1 (5.3%) 2 (14.3%) 1 (3.4%)

Illicit drug use

Prevalence 56 (4.2%) 7 (0.6%) 6 (0.6%) 1 (0.2%) 3 (0.4%)
1 Preconception was defined as the year prior to conception; for this variable, all women who completed the enroll
questionnaire on substance use were considered. 2 Per trimester: considering all women who were beyond the
first or second trimester at the time of data extraction and provided data on substance use during the respective
trimester. 3 Third trimester: considering all women who had already given birth at the time of data extraction
and provided data on substance use during the third trimester. 4 Total pregnancy: considering all women who
had already given birth at the time of data extraction. 5 Binge drinking was defined as the consumption of ≥6
standard glasses of alcohol on one occasion.

During the first trimester, the self-reported prevalence of alcohol, tobacco and illicit
drug use was 12.9%, 4.1% and 0.6%, respectively. During the second trimester, alcohol use
was reported by 3.6%, tobacco use by 2.0% and illicit drug use by 0.6%. Prevalences for the
third trimester were 4.7% for alcohol use, 2.1% for tobacco use and 0.2% for illicit drug use.
Considering the entire pregnancy (i.e., including only women who had already delivered
by the time of data extraction), 14.6% of the participants reported alcohol use, 4.0% tobacco
use and 0.4% illicit drug use during pregnancy. Notably, pregnant women who reported
substance use cessation only after becoming aware of their pregnancy were excluded from
these prevalence calculations.

Further, binge drinking was reported by 10.0% of the women prior to conception, 4.1%
in the first trimester, 2.0% in the second trimester, 2.1% in the third trimester and 4.6% over
the entire pregnancy.

Finally, the few women who reported the use of illicit drugs during pregnancy (n = 7)
had used cannabis (n = 5), cocaine (n = 3) and ketamine (n = 1). Among these women, two
used more than one illicit drug during pregnancy.
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3.3. Quantity of Alcohol and Tobacco Use During Pregnancy

Table 2 illustrates the amount of self-reported alcohol and tobacco used in pregnancy.
Nearly half of the participants who had delivered by the time of data extraction (48.6%)
reported having drunk 1–5 standard glasses of alcohol throughout the entire pregnancy, 21.0%
less than 1 glass and 16.2% 5–10 glasses. With regard to the first trimester, 25.3% consumed
less than 1 glass, 48.1% 1–5 glasses and about 1/4 more than 5 standard glasses.

For tobacco use, the mean number of cigarettes used per day in the first trimester for
most women using tobacco (90.0%) was 1–5 cigarettes. Similar results were found for the
second and third trimester. With regard to the entire pregnancy, about half of the women
using tobacco consumed on average less than 1 cigarette a day or 1–5 cigarettes a day.
However, when the maximum reported mean number of cigarettes per day was considered,
much higher amounts were observed. More specifically, some women reported having
used up to 10–20 cigarettes per day, corresponding to 14.0% in the first trimester, 16.7% in
the second trimester, 21.4% in the third trimester and 20.7% over the entire pregnancy.

3.4. Prevalences of Early Pregnancy Exposures Before Pregnancy Awareness

Participants who reported substance use prior to but not in pregnancy were asked
when they stopped using the substance(s). Overall, 32.3% (n = 344) of participants who
indicated that they had not consumed alcohol during pregnancy reported that they ceased
alcohol use only after being aware of their pregnancy. Adding this early-pregnancy ex-
posure to the reported exposures during pregnancy (as detailed in Table 2), the total
prevalence of any alcohol use in the first trimester was 41.0% (n = 344). Similarly, for
tobacco and illicit drug use, 2.6% (n = 31) and 0.7% (n = 8) of participants, respectively,
who reported no use in pregnancy admitted to quitting only after becoming aware of their
pregnancy. This led to a first-trimester prevalence of any tobacco or illicit drug use of 6.6%
(n = 81) and 1.2% (n = 15), respectively. In this cohort, the median gestational age at the
time of pregnancy awareness was 4 weeks (IQR: 4–5 weeks).

3.5. Determinants of Alcohol Use in the First Pregnancy Trimester

Table 3 presents the associations between maternal characteristics and alcohol use in
the first trimester. Tobacco use in the first trimester, (un)planned pregnancy, daily alcohol
use by cohabitant(s), maternal education and the method of conception were found to be
associated with alcohol use in the first trimester.

Table 3. Associations between maternal characteristics and alcohol use during the first trimester.

Alcohol Use in the 1st Trimester

aOR 1 95% CI

Tobacco use in 1st trimester
Yes 5.37 2.70–10.66

Method of conception
Spontaneous 2.94 1.51–5.75

Planned pregnancy
No 2.88 1.77–4.67

Maternal education
High 2.12 1.14–3.96

Cohabitant who was drinking alcohol daily
Yes 2.01 1.09–3.70

1 aOR = adjusted odds ratios, adjusted for maternal education, planned pregnancy, method of conception,
cohabitant who was drinking alcohol daily, or tobacco use during the 1st trimester. The results were derived by
conducting a backward multivariable logistic regression where non-significant covariates (p > 0.05) were removed
from the model one-by-one.
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An increased likelihood of alcohol use in the first trimester was found for the fol-
lowing covariates: tobacco use in the first trimester, spontaneous pregnancy, unplanned
pregnancy, high education level and alcohol use by cohabitant(s). First, tobacco use in the
first trimester strongly increased the odds of alcohol use in the first trimester (aOR, 5.37;
95% CI: 2.70–10.66). Second, women who conceived spontaneously were more likely to
drink alcohol in the first trimester (aOR, 2.94; 95% CI: 1.51–5.75). Further, an unplanned
pregnancy was associated with a nearly threefold increase in the likelihood of alcohol use
(aOR, 2.88; 95% CI: 1.77–4.67), while pregnant participants with a high level of education
were also more likely to drink alcohol in the first trimester (aOR, 2.12; 95% CI: 1.14–3.96).
Finally, having a cohabitant who was drinking alcohol daily doubled the odds of alcohol
use by the pregnant woman herself (aOR, 2.01; 95% CI: 1.09–3.70).

All participants who had reported alcohol use in the first trimester also cited alcohol
use in the year prior to conception. Hence, preconception alcohol use is an important deter-
minant but could not be included in the regression analysis due to statistical limitations.

3.6. Determinants of Tobacco Use in the First Pregnancy Trimester

Table 4 presents the associations between maternal characteristics and tobacco use in
the first trimester. Tobacco use by a cohabitant, alcohol use in the first trimester, maternal
education, (un)planned pregnancy and illicit drug use in the first trimester were found to
be associated with tobacco use in the first trimester.

Table 4. Associations between maternal characteristics and tobacco use during the first trimester.

Tobacco Use During the 1st Trimester

aOR 1 95% CI

Cohabitant who was a tobacco user
Yes 9.11 4.48–18.52

Maternal education
Low/medium 7.67 3.76–15.67

Alcohol use in 1st trimester
Yes 6.67 3.07–14.64

Planned pregnancy
No 3.31 1.53–7.15

Illicit drug use in 1st trimester
Yes 39.03 3.72–409.83

1 aOR = adjusted odds ratios, adjusted for maternal education, (un)planned pregnancy, cohabitant who was a
tobacco user, alcohol use in the 1st trimester, or illicit drug use in the 1st trimester. The results were derived by
conducting a backward multivariable logistic regression where non-significant covariates (p > 0.05) were removed
from the model one-by-one.

First, a tobacco-using cohabitant strongly increased the odds of tobacco use in the first
trimester (aOR, 9.11; 95% CI: 4.48–18.52). Second, alcohol use in the first trimester was
strongly associated with tobacco use in the same period (aOR, 6.67; 95% CI: 3.07–14.64).
Third, pregnant participants with a low or medium level of education were more likely to
use tobacco in the first trimester (aOR, 7.67; 95% CI: 3.76–15.67). Moreover, an unplanned
pregnancy was associated with a threefold increase in the likelihood of tobacco use in the
first trimester (aOR, 3.31; 95% CI: 1.53–7.15). Finally, although the number of illicit drug
users in the first trimester was very limited in our cohort, significantly increased odds of
tobacco use in the first trimester were observed among such drug users, despite a very
wide confidence interval (aOR, 39.03; 95% CI: 3.72–409.83).

Similar to alcohol use in the first trimester, all participants who reported tobacco use
in the first trimester also indicated tobacco use in the year prior to conception. As a result,
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preconception tobacco use is an important determinant but could not be included in the
regressions due to statistical limitations.

A sensitivity analysis was conducted to identify determinants of alcohol and tobacco
use in the first trimester using multivariable logistic regressions with a stepwise approach.
This stepwise method identified the same determinants as presented for both alcohol use
(Table S3 in the Supplementary Material S3) and tobacco use during the first trimester
(Table S4 in the Supplementary Material S3), except for maternal education level, which
was no longer observed as a determinant for alcohol use during the first trimester.

4. Discussion

4.1. Main Findings

This study aimed to provide evidence on the prevalence of alcohol, tobacco and
illicit drug use before and during pregnancy in Belgium and determinants of alcohol and
tobacco use during pregnancy. The data used in this study had recently been collected
by the BELpREG pregnancy registry in Belgium and therefore provide an up-to-date and
comprehensive view on this relevant topic in a Western European country.

First, the study found that 82.2% of the pregnant women reported alcohol use, 10.0%
tobacco use and 4.2% illicit drug use in the year prior to conception. In our study, alcohol
use in the year before pregnancy (82.2%) was somewhat higher compared to the general
population of women in Belgium (70.1%) [44], illustrating that alcohol use seems to be the
norm in Belgium and is socially accepted. Tobacco use rates (10.0%), in the year prior to
conception, were slightly lower compared to the general population (14.6%) [45].

In the first trimester, the self-reported prevalence of alcohol, tobacco and illicit drug
use dropped to 12.9%, 4.1% and 0.6%, respectively. Overall, the prevalence of alcohol use
was in line with previous studies [18,40,46,47]. Similar prevalences on binge drinking,
as observed in our study, have also previously been reported [46]. Moreover, tobacco
use in pregnancy was found to be on the lower side of the range of previously found
prevalence estimates [28,29,31–34,38,41,48]. In contrast, illicit drug use in pregnancy was
found to be ten times lower in our study cohort compared to previous studies from
other countries [47,49]. The trend of a lower exposure to illicit drugs was, in our cohort,
also reflected by the numbers prior to conception and might be explained by the highly
educated sample and different drug regulations across countries affecting the (reporting of)
use [47,49,50].

Nevertheless, it is clear that a significant proportion of pregnant women continue to
use substances until pregnancy identification. Specifically, 32.3% of women ceased alcohol
use only after learning about their pregnancy in the first trimester. The prevalences for
tobacco use (2.6%) and use of illicit drugs (0.7%) until pregnancy awareness were much
lower. This resulted in a composite, total prevalence of alcohol use in the first trimester
of 41.0%, for tobacco use of 6.6% and for illicit drug use of 1.2%. Although previous
studies reported even higher prevalences of alcohol use in pregnancy before pregnancy
awareness [27,51], our observed numbers are alarming as they show that early pregnancy
exposures to substances in the first and most vulnerable weeks of pregnancy still very
often occur in our pregnant population. This underscores the need for more emphasis
and dissemination to the public on the importance of preconception care, including the
recommendations of total abstinence from alcohol, tobacco and illicit drug use [27,51].

When looking at the quantities of alcohol and tobacco use in pregnancy, however,
the used amount was generally rather limited. About 21.0% cited drinking less than one
standard glass of alcohol in the entire pregnancy and about half of the participants reported
drinking one to five standard glasses in total. Some pregnant women described alcohol
use as “having a sip of an alcoholic beverage” or “accidently receiving an alcoholic drink
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instead of a non-alcoholic version.” Similarly, 44.8% of participants who reported tobacco
use indicated an average consumption of less than one cigarette per day throughout their
pregnancy. In contrast, 51.7% of smokers indicated an average use of one to five cigarettes
per day over the course of their pregnancy.

With respect to potential determinants, women with a high education level, an un-
planned pregnancy, a spontaneous pregnancy, a daily alcohol drinking cohabitant and
tobacco use in the first trimester were more likely to drink alcohol in the first trimester.
Similar findings were previously reported for education level [37,39,40], pregnancy plan-
ning [27] and tobacco use in pregnancy [24,26,35]. Similar trends have also previously been
observed in the general population in Belgium and elsewhere, where individuals with
higher education levels tend to have higher alcohol consumption rates [44,52]. This has
been argued to be a result of greater gender equality in highly developed countries [52].
Further, women with a low/medium education level, an unplanned pregnancy, a tobacco-
using cohabitant and using alcohol or illicit drugs in the first trimester were more likely to
use tobacco in the first trimester. Many similarities can be drawn with previous studies
showing that women with low/medium levels of education [29–32,34,38,41], those who
had an unplanned pregnancy [29,31], those with a tobacco-using cohabitant [41] and those
using alcohol or illicit drugs in the first trimester [29,31] were more likely to use tobacco in
the first trimester. Finally, all participants with self-reported alcohol or tobacco use in the
first trimester already used these substances in the year prior to conception.

4.2. Methodological Considerations

This study has some strengths. First, we used a large, longitudinal cohort, enhancing
the trustworthiness of the findings. Second, the use of anonymous data reported to the
BELpREG registry likely reduced information or social desirability bias, leading to more
accurate and reliable data. Moreover, BELpREG questionnaires are sent out every four
weeks in pregnancy, minimizing the risk of recall bias. Participants are also required to
complete the substance use-related questions in the BELpREG questionnaires, limiting
the possibility of missing values. Next, when designing the BELpREG questionnaires
related to alcohol, tobacco and illicit drug use, input was sought from the respective centers
of expertise in our country on these matters (i.e., Flemish Expertise Centre for Alcohol
and Other Drugs and the Flemish Institute for Healthy Living), with the aim of collecting
comprehensive and reliable self-reported data on substance use [19]. Further, our study
not only provides up-to-date evidence on the extent of the use of various substances
during the entire pregnancy but also about substance use before pregnancy awareness,
which may not be perceived by women as substance use in pregnancy or after conception.
Lastly, a sensitivity analysis was conducted using a different statistical approach for the
multivariable logistic regressions, enhancing the robustness and reliability of the findings.

Some limitations should be addressed. First, self-reported data may entail the risk of
reporting bias. Currently, no objective measurements or comparisons are in place to verify
the self-reported data on substance use in BELpREG. Second, selection bias occurred given
the higher education level and employment rates in our sample, limiting the generalizability
of the findings. When interpreting the findings from the BELpREG cohort, demographics
of participants should be considered related to population statistics. The BELpREG cohort
has a higher proportion of mothers aged 30–34 years, while mothers aged 18–24 years are
less represented [53]. The BELpREG cohort also contains more highly educated individuals
with higher household income levels, has higher employment rates and more women
with a Caucasian ethnicity [54–56]. Finally, in BELpREG, 17.8% of the pregnancies did not
occur spontaneously, which is nearly double the population statistic of 9.6% [53]. It cannot
be excluded that these differences affected the prevalence of substance use in pregnancy.
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For example, while the overrepresentation of highly educated women may have led to
an overestimation of the prevalence of alcohol consumption, the underrepresentation of
both spontaneous and unplanned pregnancies and of women with lower education levels
may have led to an underestimation of the actual numbers of alcohol consumption and
smoking in the perinatal population, respectively. In addition, the BELpREG registry only
became accessible to French-speaking individuals from January 2024 onwards, resulting
in an underrepresentation of French-speaking individuals (10.6%) and challenging the
generalizability of the results for the entire country. For instance, regarding the general
population in Belgium, alcohol use is higher in Flanders, while smoking rates are higher in
Wallonia [44,45]. Due to the low number of illicit drug users, an exploration of determinants
was not possible. Additionally, individual substance use trajectories in pregnancy were
not studied. Given the overall low numbers of substance-exposed women in pregnancy,
especially after pregnancy awareness and throughout pregnancy, the interpretation of
individual trajectories in this cohort might be, for the time being, challenging. A backward
regression approach also comes with some limitations, such as the risk of overfitting,
the loss of important variables and ignoring interaction terms and the likelihood that
variables with a strong univariate link are predominantly retained. Moreover, no questions
were included on the amount of vaping and illicit drug use. Data on any substance use
between the last questionnaire in pregnancy and delivery were also lacking. Consequently,
prevalence estimates of substance use in the third trimester and over the entire pregnancy
might be an underestimation. Yet, this is considered rather unlikely, as de novo substance
use initiated in the weeks between the last questionnaire in pregnancy and the delivery
is improbable. Lastly, no data were available on the amount of alcohol or tobacco use in
pregnancy among women who reported substance use cessation since pregnancy awareness,
so no conclusions can be drawn about the extent of alcohol and tobacco use by these women
in early pregnancy, requiring further investigation.

Interestingly, Table S5 (see Supplementary Material S4) provides a comparison of
the characteristics between participants who had delivered and those who had not yet
delivered or were lost to follow-up by the time of data extraction. Overall, no significant
differences were observed between the two groups. Given the lack of differences and
the larger sample size of first-trimester pregnant women, the latter group was chosen to
find determinants associated with substance use, thereby improving statistical power and
precision. Moreover, most exposures to substances occurred in the first trimester and data
completeness was higher for this period compared to the entire pregnancy.

Finally, the relationship between substance use before or in pregnancy and the occur-
rence of adverse pregnancy or neonatal outcomes was beyond the scope of this study.

4.3. Future Perspectives

The findings underscore the need for targeted interventions to improve public health.
All pregnant women who reported alcohol or tobacco use in the first trimester also indi-
cated alcohol or tobacco use in the year prior to conception. Additionally, most exposures
to substances occurred prior to conception or in early pregnancy before pregnancy aware-
ness. These findings underscore the need for robust preconception interventions aimed at
promoting healthy lifestyle (changes) before conception [57,58]. Interestingly, unplanned
pregnancy was identified as a determinant of both alcohol and tobacco use in pregnancy,
prompting the need to optimize the use of effective (hormonal) contraception in the popu-
lation and to consider interventions to prevent unplanned pregnancies. Future research
should explore which tailored interventions can be designed to address pregnancy planning
and preconception health and to minimize unplanned pregnancies [57,58].
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As polysubstance use in the first trimester occurred, interventions should specifically
target pregnant women using various substances simultaneously. Early identification
and support for these women can help mitigate the risks. Tailored programs addressing
the specific needs and challenges faced by these individuals could be more effective in
promoting positive lifestyle changes [59]. Interventions should also focus on the social
environment of pregnant women, as alcohol or tobacco use by cohabitants relates to
maternal tobacco and alcohol use in pregnancy. Therefore, multicomponent family-based
interventions are needed. Recently, the Born in Belgium Professionals tool was designed
to help healthcare professionals in Belgium detect antenatal psychosocial vulnerabilities
during pregnancy [60,61]. This tool also includes a comprehensive screening for substance
use and has the potential to direct pregnant women to personalized professional care.

In future studies, when our BELpREG cohort has grown further, we aim to include
a broad range of mental health disorders and related covariates for regression analyses,
as these conditions might influence substance use. Likewise, individual substance use
trajectories could also be further studied.

5. Conclusions

This study highlighted the prevalence and determinants of alcohol, tobacco and illicit
drug use before and during pregnancy in Belgium. Despite a significant reduction in
substance use in pregnancy, a notable portion of women continue to use substances until
they become aware of their pregnancy. Determinants associated with substance use in the
first gestational trimester include substance use by cohabitants, maternal education level,
(un)planned pregnancies and method of conception. The results underscore the need for
policy makers to enable targeted public health interventions to further enhance substance
use cessation before conception. Healthcare providers should be aware of these findings
and proactively address substance use during counseling sessions, both before and in the
early stages of pregnancy.
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Abstract: Background/Objectives: In regions of Africa with a high prevalence of malaria, pregnant
women in their first or second trimester should be administered intermittent preventive treatment
in pregnancy (IPTp). However, infants may contract malaria despite the IPTp therapy that their
mothers have received. The objective of the present investigation was to assess the symptoms and
various treatments for neonatal malaria. Methods: Entropy weight and TOPSIS were used to achieve
the study goal. The TOPSIS multi-attribute decision-making system was used to assess newborn
malaria symptoms and select the optimal treatment, even for mothers receiving IPTp medication
during pregnancy. The entropy weight approach calculated TOPSIS attribute weights. The present
research used UNICEF data for 14 African nations in 2023. Results: The results indicated that
neonates whose mothers received IPTp therapy ultimately contracted malaria, with diarrhea being
the primary symptom. It is important to note that health providers administer a combination of zinc
and oral rehydration solution (ORS) to infants as the most effective treatment for malaria symptoms,
thereby abandoning the first-line treatment for malaria, artemisinin-based combination therapy
(ACT). Conclusions: The most effective treatment for neonatal malaria is a combination of zinc and
ORS, although less than half of children in Africa have access to ORS. Therefore, the findings of this
study may encourage African countries to prioritize co-pack therapy in their procurement and supply,
healthcare provider training, and expenditures. This therapy will also help alleviate the symptoms of
malaria in neonates.

Keywords: Intermittent preventive treatment; pregnancy; neonatal outcome; Africa; zinc; ORS

1. Introduction

Malaria during pregnancy is a significant global health issue that has major impacts on
the well-being of both mothers and babies. In 2021, the African region under the jurisdiction
of the World Health Organization (WHO) saw a substantial impact of malaria infection,
which affected about 13.3 million pregnancies. Therefore, the region experienced a 11%
mortality rate among newborns and a 20% mortality rate among fetuses. The World Health
Organization (WHO) recommends that women who live in areas with moderate to high
malaria transmission rates receive at least three doses of sulfadoxine-pyrimethamine as
an intermittent preventive treatment for malaria in pregnancy (IPTp) [1,2]. It is necessary
to provide this drug after every routine appointment at a prenatal care clinic, starting in
the second trimester of pregnancy. Research has shown that the administration of IPTp
decreases the prevalence of low birthweight infants by 29%, acute maternal anemia by 38%,
and neonatal mortality by 31%. IPTp is among the few healthcare interventions that have
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shown an effective reduction in perinatal mortality. Although it is very cost-effective, the
extent of coverage it offers remains inadequate [3].

Only a minority of pregnant women living in areas with regular malaria transmission
contract symptomatic malaria infections [4,5]. However, these infections are linked to
maternal morbidity, which encompasses illnesses like anemia, as well as harmful effects on
the child, such as spontaneous abortion, low birth weight, and infant mortality. In areas
with low malaria transmission rates, where women of reproductive age lack immunity to
the disease, malaria infection in pregnant women can result in anemia, increase the risk of
severe malaria, and potentially result in spontaneous abortion, infant mortality, and low
birth weight. In areas with high malaria transmission rates, the prevalence of malaria is
higher in locations with a significant population of primigravidae [4,6,7]. As the number
of pregnancies rises, the incidence of malaria and the parasite load in the blood decrease.
Parasite infection is diagnosed using microscopic examination, polymerase chain reaction
(PCR) to identify specific nucleic acids, and rapid diagnostic testing utilizing specialist kits
to detect plasmodium antigens. Moreover, the WHO strongly supports the use of IPTp
with sulfadoxine-pyrimethamine (SP) as a treatment for uncomplicated malaria in pregnant
women and children under the age of 5 in the current malaria-endemic areas of Africa,
while it recommends the administration of at least three doses of IPTp for malaria to all
pregnant women, irrespective of their plasmodial infection status. This is because IPTp
has shown efficacy in avoiding maternal anemia and mitigating the likelihood of low birth
weight in neonates [8].

Newborns may be more susceptible to malaria because of IPTp, as indicated by ob-
servational studies. By fortifying the neonatal immune system to resist the blood-stage
of P. falciparum, exposure to P. falciparum during pregnancy increases the likelihood of
P. falciparum infection in early life [9,10]. Nevertheless, the possibility of this phenomenon
having clinical significance has not been adequately defined. There is a lack of capacity
in observational studies on infant malaria and prenatal malaria exposure to incorporate
common risk factors that are shared by the mother and neonate, such as postnatal envi-
ronmental variables or a shared genetic predisposition to higher sensitivity. Therefore, the
results of this investigation are restricted. Therefore, it is conceivable that the link between
malaria during pregnancy and the risk to infants is due to postnatal exposure to malaria,
rather than direct exposure to malaria parasites during gestation. IPTp in pregnancy
clinical research offers a distinctive opportunity to investigate whether maternal malaria
exposure influences the susceptibility of neonates to malarias. By employing a randomized
regimen, this is feasible, as it guarantees that the exposure levels are comparable among all
participants [11–13].

Thus, the current study aims to evaluate the symptoms and treatment of malaria in
infants in fourteen African countries, which are among those with the highest proportion
of pregnant women who have received the IPTp therapy, although their infants have
contracted malaria and received specific treatment based on the symptoms they have. To
approach the research objective of the current study, the two methods of entropy weight
and TOPSIS have been used. For the purposes of the study, six criteria have been used
that are related to the different symptoms of infants regarding malaria and the treatment
they receive from health providers based on these symptoms. The analysis indicates that
infants whose mothers received three doses of IPTp therapy during pregnancy contracted
malaria, and the symptom that they mostly experienced was diarrhea, which is treated
with ORS and zinc therapy. Additionally, one more novel aspect of the current research is
that it indicates that febrile infants receiving artemisinin-based combination therapy (ACT)
is not a usual case in the countries under investigation. Despite ACT now being generally
accepted as the best treatment for uncomplicated falciparum malaria and one of the most
effective treatments for infants with malaria, the current study highlights that this is not
a panacea.

The structure of the paper is as follows: Section 2 presents the key points of the related
literature review in the field under investigation, Section 3 describes the materials and
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methods used for the analysis, Section 4 presents the results of both entropy weight and
TOPSIS analysis, Section 5 discusses the results, implications and limitations of the study,
and Section 6 concludes the paper.

2. Literature Review

Malaria infection during pregnancy is a significant public health concern. Pregnancy
impairs a woman’s immune system, increasing the likelihood of illness, anemia, severe
disease, and mortality, and rendering expecting women more susceptible to malaria. The
developing child is at increased risk of spontaneous abortion, stillbirth, premature delivery,
and low birth weight because of maternal malaria. Infant mortality is substantially affected
by low birth weight [14–16].

To prevent and manage malaria in expecting women, the World Health Organization
(WHO) suggests the implementation of a comprehensive array of interventions. In areas
where P. falciparum transmission is moderate to high, individuals are encouraged to
utilize insecticide-treated nets, cases are promptly and effectively treated, and intermittent
preventive treatment with sulfadoxine-pyrimethamine (IPTp-SP) is implemented. IPTp-SP
is linked to a decrease in maternal parasitemia, a decrease in the incidence of low-birth-
weight neonates, and an increase in the mean birth weight, according to data from countries
with high malaria prevalence [17].

Nevertheless, IPTp therapy administered to expecting women does not ensure that
their infants will be completely protected from contracting malaria. Infants born to mothers
who underwent IPTp treatment are susceptible to malaria and may display a variety of
symptoms. To be more specific, the primary symptoms of this condition may be diverse
and frequently resemble other common neonate illnesses, such as pneumonia, meningi-
tis/encephalitis, or gastroenteritis [4,18,19]. The sole symptoms that may be present are
fever and headache, or there may be a predominance of gastrointestinal symptoms, such as
diarrhea. The primary symptom is fever, but the distinct regular tertian and quartan pat-
terns are observed in less than 25% of children. Nevertheless, children are more susceptible
to experiencing elevated fevers, which can lead to febrile convulsions if they exceed 40 ◦C.

Furthermore, oral anti-malaria medications may be rendered ineffective by the fre-
quent occurrence of nausea and vomiting. The most prevalent comorbidities associated
with malaria are acute diarrhea and pneumonia, which are significant predictors of mor-
tality. A concomitant bacterial or viral respiratory disease, such as pneumonia, may be
diagnosed in a neonate with malaria. Additionally, a child who is experiencing respiratory
distress due to malaria may be diagnosed with pneumonia. In the same vein, the presence
of severe diarrhea may suggest clinical malaria or be the result of a concurrent infection
with a diarrheal pathogen [20,21].

Artemisinin-based combination therapy (ACT) is employed to treat malaria in infants.
Infants experience elevated rates of malaria morbidity and mortality in regions with an
endemic malaria problem [22,23]. Consequently, the WHO advises the use of ACT for the
treatment of uncomplicated malaria. To facilitate the treatment of minors, pediatric formu-
lations of ACT have been created. The primary objective of pediatric malaria treatment
is to administer the first-line formula of ACT, which is comprised of artemether + lume-
fantrine, artesunate + amodiaquine, artesunate + mefloquine, artesunate + sulfadoxine-
pyrimethamine, and dihydroartemisinin + piperaquine. However, the treatment described
in the formula is not the sole effective method. Another formula is the combination of oral
rehydration solution (ORS). The global standard for diarrhea treatment is ORS. In its most
basic form, ORS is a combination of sodium, sugar, and water that can expedite the body’s
fluid replacement process [24]. ORS is administered to neonates who are experiencing
diarrhea, which is one of the most prevalent symptoms of malaria in infants. Lastly, there
are a limited number of studies that have assessed the influence of treatments on malaria
in infants. Consequently, the current study is unique in that it evaluates the influence of the
most prevalent symptoms and their respective remedies on malaria in neonates born to
mothers who received three or more dosages of IPTp therapy [7,25].
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3. Materials and Methods

3.1. Data

To evaluate the symptoms of malaria in infants, despite their mothers having received
three doses of IPT therapy, as well as the treatment that the healthcare provider gave them,
we have considered six criteria (Table 1).

Table 1. Dependent variables and criteria with their computation units.

Indicator ID Indicator Description Data Source

IPTP
Pregnant women (15–49) who received three or more doses of
intermittent preventive therapy during their previous prenatal

care visits

Household surveys including MICS,
DHS and other national surveys

C1 DIARCARE Care-seeking for diarrhea for infants with malaria symptoms Household surveys including MICS,
DHS and other national surveys

C2 ORS Treatment of gastroenteritis in neonates who were administered
oral rehydration salts (ORS sachets or pre-packaged ORS fluids)

Household surveys including MICS,
DHS and other national surveys

C3 ORTCF
Treatment for diarrhea in infants who have received oral

rehydration therapy (oral rehydration salts, recommended
homemade fluids, or increased fluids) and have continued to feed

Household surveys including MICS,
DHS and other national surveys

C4 ORSZINC Treatment of diarrhea in neonates who were administered ORS
and zinc

Household surveys including MICS,
DHS and other national surveys

C5 ZINC Zinc treatment for diarrhea in neonates who have received
zinc supplements

Household surveys including MICS,
DHS and other national surveys

C6 MLRACT First-line treatment for febrile infants who have previously
received ACT (first-line antimalarial drug) for malaria

Household surveys including MICS,
DHS and other national surveys

Also, the selected variables and data were retrieved from the database of UNICEF. The
data referred to fourteen African countries (Figure 1) for the year 2023. Among those, Mali,
Mozambique, and Benin are the countries with the highest rate of pregnant women who
have received IPTp therapy and whose infants contracted malaria.

 

Figure 1. IPTp for pregnant women (aged 14–49) who received three or more doses for the year 2023.
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3.2. Entropy Weight Method

The TOPSIS method is currently being implemented in the current research as a
multicriteria decision-making approach. This approach entails the evaluation of multiple
elements within a well-defined framework in relation to the data analysis method. Entropy
weighing is the process of assigning weights to a diverse array of variables or factors
according to the degree of uncertainty or unpredictability, as determined by entropy.
Moreover, the TOPSIS model, a composite methodology that integrates entropy and TOPSIS
approaches, was introduced by Kaur et al. (2023) [26]. The entropy weight approach is
the primary objective of this system, which is to assess the significance of each assessment
indicator. It then utilizes the method of selecting the most optimal solution to rank as-
assessment items.

According to Dwivedi et al. (2023), the basic concept of the entropy weight the TOPSIS
technique aims to identify the ideal solution by comparing the attribute values of several
alternatives and selecting the one that has either the greatest or lowest value for each
characteristic [27]. An evaluation object’s optimality is evaluated by analyzing its relative
closeness to the best and worst options. Assessment items are deemed ideal when they are
positioned near the most efficient solution and furthest away from the least desirable choice.
On the other hand, it is deemed less than ideal if it does not match these characteristics.
Entropy plays a crucial part in the TOPSIS approach by incorporating information from the
original data without placing any limitations on the sample size. It offers a wide range of
functions and has minimum loss of information.

The initial presumption that there are available approaches is made prior to the presentation
of n alternatives A = { A1, A2, A3, . . . , An} and m criteria M = { M1, M2, M3, . . . , Mm} ,
where i ∈ A, j ∈ M, i = {1, 2, 3, . . . , n}, j = {1, 2, 3, . . . , m}. The matrix X′ = (x′′

ij) in
Equation (1) is a decision matrix of n × m. The relative importance of the criterion A weight
vector can be used to represent M as follows: W = {w1, w2, w3, . . . , wm}, which satisfies
∑m

j=1 wj = 1.

X′ =

⎡
⎣

x′11 x′12 x′1m
x′21 . . . x′2m
x′n1 x′n2 x′nm

⎤
⎦ (1)

The weight is determined by assessing the degree of data dispersion in the Shannon
entropy weighting approach. Initially, we employ the min–max method to standardize the
n original options. The subsequent step involves adjusting the standardized equation to
the right by 0.001 units to facilitate future logarithmic calculations.

xij =
x′ ij − min

(
x′ j

)

max
(
x′ j

)− min
(
x′ j

) + 0.001, where i = 1, 2, 3, . . . , n, and j = 1, 2, 3, . . . , m. (2)

Equation (4) was used to calculate the entropy value, represented as ej. Entropy is
a measure of the extent to which data are distributed. The entropy value drops as the
data exhibit more fluctuation, indicating a higher level of information in the data. As the
data become more concentrated, the entropy value rises, which suggests a reduction in the
amount of information present in the data.

rij =
xij

∑n
i=1 xij

, i = 1, 2, 3, . . . , n, and j = 1, 2, 3, . . . , m. (3)

ej = − 1
ln n

n

∑
i=1

rij, i = 1, 2, 3, . . . , n and j = 1, 2, 3, . . . , m. (4)

The weight wj is determined by Equation (5).

wj =
1 − ej

∑m
j=1

(
1 − ej

) (5)
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3.3. TOPSIS Method

In 1981, Hwang and Yoon devised the TOPSIS methodology, which quantifies the
alternatives’ proximity to the optimal solutions. To ascertain the degree of proximity, we
compute the Euclidean distance between each potential option and both the optimal and
suboptimal alternatives. The most advantageous value for each evaluation criterion is
chosen to determine the optimal solution, while the least beneficial value for each assess-
ment criterion is used to characterize the suboptimal solution. Finally, we select the most
advantageous alternative, which closely resembles the ideal resolution and significantly
deviates from the unfavorable option, as the preferred decision. At the outset, we imple-
mented individual standardization of the positive and negative attributes of the choice
matrix in Equation (1) to reduce any disparities in dimensions among the various criteria.
In numerous domains, we underscored the necessity of attaining uniformity through appli-
cation of the min–max methodology. When determining the entropy weight, this method
facilitates the process of assessing the advantages and disadvantages. A technique for order
preference by similarity to the ideal solution is denoted by the acronym TOPSIS.

positive : x+ij =
x′ ij − min

(
x′ j

)

max
(
x′ j

)− min
(
x′ j

)

negative : x−ij =
max

(
x′ j

)− x′ ij
max

(
x′ j

)− minin
(
x′ j

) (6)

min
(
x′ j

)
= {min

i
x′ ij|1 < i < n, 1 < j < m}

max
(
x′ j

)
= {max

i
x′ ij|1 < i < n, 1 < j < m}

As illustrated in Equation (7), the dimensionless normalized decision matrix xij is
generated by normalizing the positive and negative criteria to generate the initial choice
matrix in Equation (6).

X′ =

⎡
⎢⎢⎢⎣

x11 x12 · · · x1m
x21 · · · · · · x2m

... · · · · · · ...
xn1 xn2 · · · xnm

⎤
⎥⎥⎥⎦, where i = 1, 2, 3, . . . , n and j = 1, 2, 3, . . . , m. (7)

Moreover, the decision matrix in Equation (8) is obtained by multiplying each individ-
ual element vij = wj × xij, where wj = (w1, w2, w3, . . . , wm) is obtained from Equation (5)
and meets the condition ∑m

j=1 wj = 1 and xij, as generated using Equation (7).

V =

⎡
⎢⎢⎢⎣

v11 v12 · · · v1m
v21 · · · · · · v2m

... · · · · · · ...
vn1 vn2 · · · vnm

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣

w1x11 w2x12 · · · wmx1m
w1x21 w2x22 · · · wmx2m

... · · · · · · ...
w1xn1 w2xn2 · · · wmxnm

⎤
⎥⎥⎥⎦ (8)

The positive ideal solution (PIS) is the highest value, and the negative ideal solution
(NIS) is the lowest value for each criterion, as defined by Equation (9). The distance of each
option from the PIS and NIS is determined using Equations (10) and (11).

PIS : P+ =
{
v+

1 ,v+
2 ,v+

3 , . . . , v+
m
}
= {(max

i
vij|j ∈ M)}

NIS : P− =
{
v−

1 ,v−
2 ,v−

3 , . . . , v−
m
}
= {(min

i
vij|j ∈ M)} (9)
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d+i =

√√√√ m

∑
j=1

(vij − v+
j )

2, i = 1, 2, 3, . . . , n, and j = 1, 2, 3, . . . , m. (10)

d−i =

√√√√ m

∑
j=1

(vij − v−
j )

2, i = 1, 2, 3, . . . , n, and j = 1, 2, 3, . . . , m. (11)

Below is the computation for the coefficient of relative proximity (RC).

RCi =
d−i

d−i + d+i
, i = 1, 2, 3, . . . , n (12)

4. Results

The research analysis was performed using the predefined choice matrix, which was
divided into three major areas. The ensuing sections provide an overview of the stages
of various times. The data in the decision matrix were first normalized using the N1
method. The aim of this strategy was to homogenize the data to simplify comparisons.
After completing Step 1, we created a normalized matrix for each Ni. The normalized
matrices may be found in Table A1 in Appendix A. In addition, the next step of the analysis
included assigning weights to each criterion and creating a weighted normalized matrix
using the methods described in Section 3.1 of the present research. This experiment used
the entropy-weighted TOPSIS approach. Table 2 provides a comprehensive examination of
the weights applied to each chosen criterion.

Table 2. Entropy-weight TOPSIS approach to determining criteria weight.

Criterion C1 C2 C3 C4 C5 C6

ej 0.991 0.971 0.987 0.404 0.562 1.122
D = 1 − ej 0.009 0.029 0.013 0.596 0.438 −0.122

Wj 0.009 0.030 0.014 0.619 0.455 −0.127
C4 > C5 > C2 > C3 > C1 > C6. Determination of the weights of the selected criteria used.

Subsequently, the Euclidean distance between the positive ideal solution (PIS) and
the negative ideal solution (NIS) was computed. Equations (10) and (11) yielded the
normalized Euclidean distance for both positive and negative solutions for each option.
Table 3 presents the results.

Table 3. Calculation of the Euclidean distance between PIS and NIS.

Si+ Si− Si+ Si− Si−/(Si+ Si−)

0.082385 0.095601 0.177985 0.537126
0.145773 0.0307 0.176473 0.173966
0.134343 0.040964 0.175308 0.233672

0.0309 0.168381 0.199282 0.844941
0.135921 0.053811 0.189732 0.283618
0.129315 0.047055 0.176369 0.266796
0.151772 0.028847 0.180619 0.159712
0.168552 0.023639 0.192191 0.122997
0.156242 0.025005 0.181247 0.137963
0.066952 0.108894 0.175846 0.619257
0.095928 0.077601 0.173529 0.447192
0.119909 0.055778 0.175686 0.317484
0.161518 0.023051 0.184568 0.12489
0.131546 0.048147 0.179692 0.26794

The Euclidean distances of each alternative from the PIS and NIS.
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By employing the entropy-weight TOPSIS method, it was demonstrated that crite-
rion four (C4: infants with diarrhea and treatment with ORS and zinc) and criterion five
(C5: infants with diarrhea and treatment with zinc supplements) are of the most significant
importance to mothers who have received IPTp therapy to prevent malaria. The results
above indicate that, even though mothers in the selected African countries had received
IPTp therapy, their neonates appear to be suffering from malaria. Health providers have
decided to administer a treatment that consists of a combination of ORS and zinc. Zinc
supplementation has been demonstrated to decrease morbidity from infectious diseases in
these populations, particularly through morbidity reductions from respiratory infections
and diarrhea. In addition, the combination of zinc and ORS can be beneficial in fortifying
the immune system of neonates with malaria. This therapy may prevent diarrhea episodes
for a period of up to three months and expedite the recovery process. However, ORS
is accessible to fewer than half of children in Africa. Consequently, the World Health
Organization must incorporate co-packaged ORS and zinc into its Essential Medicines List.
This will encourage African countries to prioritize the co-pack in their procurement and
supply, healthcare provider training, and expenditures. Additionally, this therapy will
alleviate the symptoms of malaria in neonates. Additionally, our analysis showed that
one of the most common therapies for malaria in infants (C6: malaria first-line treatment
for febrile infants receiving ACT) was not widespread in the selected African countries
assessed in the current study.

5. Discussion

Neonatal malaria refers to the diagnosis of malaria in infants within the first 28 days of
life. In a recent meta-analysis by Danwang et al., it was shown that the overall prevalence
of clinical newborn malaria among the 28,083 neonates included was 12.0% between the
7th and 28th days of life, despite the presence of substantial heterogeneity [28]. Congen-
ital malaria is caused by passage of malaria parasites through the placenta before birth.
Neonatal parasitemia is often characterized by the presence of asexual parasites in the cord
blood or peripheral blood of newborns during the first week of life. Light microscopy has
proven the occurrence of clinical congenital malaria; however, the reported incidence varies
significantly depending on factors such as the characteristics of the research population,
the seasonal patterns of malaria prevalence, and the study technique [25,29]. The frequency
of congenital malaria transmission in African nations with significant is 46.7%.

Furthermore, infants are relatively protected from malaria during their first months
of life; however, infection can occur at any age and can progress to febrile illness and
anemia. Infants over the age of six months are at an increased risk since they have not yet
developed partial immunity, as well as the fact that their maternal antibodies and embryonic
hemoglobin are diminishing [30]. Consequently, it is essential that infants receive sufficient
antimalarial treatment. Additionally, IPTp therapy offers an additional layer of protection
by administering antimalarial medication to expecting women at predetermined intervals,
regardless of their malaria infection status. The goal is to reduce the negative consequences
of a malaria infection on the mother and her embryo during pregnancy, and on the neonate.
The disparities in ANC access are the subject of a new recommendation in the updated
WHO guidance on IPTp. Access to IPTp can be influenced by sociodemographic factors,
including age, marital status, religion, and urban/rural domicile. The adoption of IPTp
is significantly influenced by socioeconomic factors, such as education, employment, and
wealth index, as well as health system barriers [31,32].

The objective of the present investigation was to evaluate the most prevalent symp-
toms of neonatal malaria in fourteen African countries where mothers receive IPTp therapy
during pregnancy. The most effective therapies for infants with malaria are also identified
in this research, in addition to concentrating on symptoms. Fever is the most prevalent
clinical symptom of malaria in neonates, as indicated by the existing literature (88–100%).
Respiratory distress (20–57%), pallor and anemia (38% each), hepatomegaly (31–80%),
refusal to feed (40–70%), jaundice, and diarrhea (25% each) are additional manifestations.
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Nevertheless, the present investigation indicates that diarrhea is the most prevalent symp-
tom in neonates whose mothers have received IPTp treatment, rendering them susceptible
to malaria [33]. Additionally, the combination of zinc and ORS therapy reduces the duration
and severity of neonatal diarrhea, as well as its frequency over the subsequent 2–3 months.
Although it is possible to describe access to treatment for neonatal diarrheal disease caused
by malaria among infants as unequal, the reason for this unequal access is linked to age
group, area of residence, and wealth index quintiles, particularly in countries such as those
included in the current analysis. Additionally, the study’s results have the potential to
disrupt the cycle of unsuccessful first-line malaria treatment. Throughout the recent past,
malaria medicines have been repeatedly compromised by antimicrobial resistance (AMR).
In the past two decades, we have made substantial strides in the prevention and treatment
of malaria by enhancing the implementation of a variety of control measures, such as
diagnostics, insecticide-treated bed nets, and artemisinin-based medications [34,35]. How-
ever, antimalarial remedies become less effective as malaria parasites develop the ability to
elude their effects over time. Antimalarial drugs may require additional time to eliminate
parasites when this occurs, a phenomenon referred to as partial antimalarial resistance.

Although zinc is crucial for cellular growth, differentiation, and metabolism, zinc
deficiency is associated with a reduction in infection resistance and a decline in juvenile
growth. Mild to moderate zinc deficiency may be prevalent worldwide, despite the rarity
of severe zinc deficiency in humans. Zinc supplementation has been shown to reduce
the duration and severity of diarrhea and prevent subsequent episodes, even though the
mechanisms by which it exerts its anti-diarrheal effect are still unclear. Nevertheless, the
management of malaria-induced pediatric diarrhea should be improved by incorporating
zinc supplements, rehydration therapy with ORS, and counseling for ongoing nutrition and
prevention. Lastly, policymakers should prioritize the enhancement of first-line treatment
for neonatal malaria. For decades, artemisinin-based combination therapy (ACT) has been
the primary treatment for malaria. Healthcare providers are no longer prioritizing it as
their primary treatment option, according to the research. It is possible that this is due to
the existence of potential resistance. A search for potential alternatives to ACT has been
initiated in response to the emerging prospect of resistance. Therefore, future research
should focus on improvement of primary treatments for neonatal malaria and integration
of this therapy with zinc and ORS combination therapy.

6. Conclusions

Health systems in sub-Saharan Africa (SSA) have consistently acknowledged malaria
as a critical public health issue, and it continues to be a primary contributor to maternal
and neonatal morbidity and mortality in the region. In most sub-Saharan African countries,
the utilization of insecticide-treated nets (ITNs) and antimalarial intermittent preventive
therapy in pregnancy (IPTp) has experienced a substantial increase. Strategic initiatives
and robust political commitments by national and international organizations have led to
this result. Consequently, the incidence of malaria has decreased. Malaria in pregnancy
(MiP) remains a significant preventable factor in maternal and neonatal morbidity and
mortality, with an estimated 75,000 to 200,000 neonates dying in endemic regions. An
expanding body of evidence supports this assertion.

Even though women receive IPTp treatment during pregnancy, the objective of this
investigation was to evaluate the most prevalent symptoms of malaria in infants in fourteen
African countries. The study’s results indicate that diarrhea is the most prevalent symptom
in infants whose mothers have undergone IPTp therapy, rendering them susceptible to
malaria. The combination of zinc and ORS treatment reduces the duration, intensity, and
frequency of neonatal gastroenteritis during the subsequent 2–3 months. Infants suffering
from malaria-induced diarrhea face unequal access to treatment, primarily due to factors
related to age group, geographic location, and wealth index quintiles, especially in the
countries under review.
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Moreover, the findings of this research may call into question the effectiveness of
first-line malaria treatment. Antimicrobial resistance (AMR) has increasingly undermined
malaria therapies in recent decades. Over the last two decades, the improved use of
several control measures such as diagnostics, insecticide-treated bed nets, and artemisinin-
based medicines has achieved significant progress in the prevention and treatment of
malaria. The effectiveness of antimalarial therapies diminishes when malaria parasites
acquire the capacity to circumvent their effects over time. Partial antimalarial resistance
may necessitate a longer duration of antimalarial drugs to eradicate the parasites. Future
research proposals must target the improvement of first-line therapy for newborn malaria
and advance clinical treatment. Considering the possibility of resistance, we have started
research to investigate possible alternatives to ACT. Consequently, future research should
concentrate on enhancing primary therapy for malaria in newborns and integrating it with
a combination of zinc and oral rehydration solution (ORS).
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Appendix A

Table A1. Normalized matrix.

C1 C2 C3 C4 C5 C6

0.0869 0.0673 0.0732 0.0318 0.0552 0.0937
0.0922 0.0581 0.0792 0.0112 0.0225 0.0899
0.0615 0.0374 0.0423 0.0158 0.0257 0.0801
0.0542 0.1404 0.0930 0.0649 0.0761 0.1109
0.0744 0.0302 0.0575 0.0116 0.0311 0.0413
0.0408 0.0406 0.0465 0.0160 0.0329 0.1032
0.0837 0.0939 0.0880 0.0124 0.0133 0.0724
0.0669 0.0949 0.0899 0.0059 0.0072 0.0717
0.0786 0.0758 0.0822 0.0080 0.0164 0.0797
0.0522 0.0715 0.0622 0.0410 0.0560 0.1035
0.0974 0.0806 0.1071 0.0327 0.0392 0.1099
0.0754 0.0925 0.0549 0.0216 0.0349 0.1228
0.0695 0.0740 0.0527 0.0078 0.0112 0.0747
0.0663 0.0428 0.0714 0.0137 0.0329 0.0797

Explaining the procedure of considering the determinants of the matrix and dividing each element by the
determinants of the matrix. This approach outlines the development of the normalized matrix.
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Abstract: (1) Background: Prenatal depression, maternal anxiety, puerperal psychosis, and suicidal
thoughts affect child welfare and development and maternal health and mortality. Women in low-
income countries suffer maternal mental health issues in 25% of cases during pregnancy and 20%
of cases thereafter. However, MMH screening, diagnosis, and reporting are lacking. The primary
goals of the present study are twofold, as follows: firstly, to evaluate the importance of screening
maternal mental health to alleviate perinatal depression and maternal anxiety, and, secondly, to
analyze research patterns and propose novel approaches and procedures to bridge the current
research gap and aid practitioners in enhancing the quality of care offered to women exhibiting
symptoms of perinatal depression. (2) Methods: We conducted a bibliometric analysis to analyze the
research topic, using the bibliometric tools Biblioshiny and VOSviewer, as well as the R statistical
programming language. To accomplish our goal, we obtained a total of 243 documents from the
Scopus and PubMed databases and conducted an analysis utilizing network, co-occurrence, and
multiple correlation approaches. (3) Results: Most of the publications in the field were published
between the years 2021 and 2024. The results of this study highlight the significance of shifting from
conventional screening methods to digital ones for healthcare professionals to effectively manage the
symptoms of maternal mental health associated with postpartum depression. Furthermore, the results
of the present study suggest that digital screening can prevent maternal physical morbidity, contribute
to psychosocial functioning, and enhance infant physical and cognitive health. (4) Conclusions: The
research indicates that it is crucial to adopt and include a computerized screening practice to efficiently
and immediately detect and clarify the signs of prenatal to neonatal depression. The introduction of
digital screening has led to a decrease in scoring errors, an improvement in screening effectiveness,
a decrease in administration times, the creation of clinical and patient reports, and the initiation of
referrals for anxiety and depression therapy.

Keywords: screening; maternal mental health; digital training; diagnosis; perinatal depression;
bibliometric analysis

1. Introduction

Perinatal depression, which is also referred to as perinatal depression, is a condition
that affects approximately one in seven individuals during the perinatal period. Most
of these patients, over 75%, do not receive any treatment for prenatal depression [1–3].
Perinatal depression may manifest during or prior to pregnancy and the postpartum period.
Untreated perinatal depression is linked to an elevated risk of suicide and has adverse
effects on the perinatal individual, the embryo (including premature birth and low birth
weight), and the child (including poor attachment that can disrupt neurodevelopment).
Additionally, it may have adverse effects on relationships with family members and social
companions [4,5]. To diagnose perinatal depression, it is necessary to observe the presence
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of a minimum of five symptoms, including a despondent mood and a lack of interest or
delight. These symptoms must be distinct from the individual’s typical functioning and
must endure for a minimum of two weeks [6]. Furthermore, clinicians should assess the
frequency, severity, and duration of perinatal depression symptoms, as well as probe for
suicidal ideation and prior suicide attempts; inquire about substance use, including alcohol
and opioids; evaluate the impact of current medications that may contribute to, imitate,
or exacerbate perinatal depression; and screen for indications of bipolar disorder [7,8].
Additionally, they should gather information about the individual’s personal and family
psychiatric histories; consider conducting tests for specific medical conditions, such as
anemia and thyroid dysfunction; and inquire about substance use [9,10].

However, the absence of comprehensive data on the progression of symptoms as-
sociated with perinatal depression or any form of depression during pregnancy or the
postpartum period has significantly restricted research on prenatal depression. Conse-
quently, the development of new screening methods is essential and can contribute to the
improvement and facilitation of therapies. Nevertheless, the digitalization of screening has
occurred in recent years because of the integration of emergent technologies [11–14]. For
instance, the quantity of and technological advancements in mobile phones have experi-
enced unprecedented global surges. Mobile phones are significantly less likely to disrupt
natural social behaviors than laboratory monitoring equipment because of their pervasive
use, which renders them less noticeable [15,16]. Mobile phone applications are an effective
aid in the continuous and frequent surveillance of mood states in women who are at a high
risk of postpartum depression due to their broad appeal and immediate accessibility [17].
When patients are queried in a textual or in-app format, they are more likely to provide
sensitive information in a comfortable environment, such as their own residence [18,19]. A
study that was recently conducted examined the utilization of mobile applications to assess
prenatal mental health [14].

Nevertheless, the global academic community is still in the process of identifying
the field of digital screening and its significance in the prevention of perinatal depression
symptoms. Consequently, the objective of the present study is to emphasize the transition
from the conventional to the digital screening process and its impact on the enhancement of
therapies that address perinatal depression symptoms. The research topic was addressed
through the application of a bibliometric analysis using R Studio (4.4.0) and the biblio-
metric tools VOSviewer (1.6.20) and Biblioshiny (4.1). For this investigation, we obtained
197 documents from the Scopus and PubMed databases and employed Bibliometrix to
analyze them. The results demonstrate a robust correlation between digital mental health
and the screening of perinatal depression symptoms. Additionally, the findings underscore
the significance of digital screening in the prevention of perinatal depression symptoms in
refugee women, who are already at risk because of the circumstances and situations that
force them to flee.

2. Perinatal Mental Health and Screening in the Digital Age

Perinatal mental health and psychosocial screening include gathering a number of
responses from women related to queries about their present and past emotional and social
well-being [20]. The objective is to ascertain the risk factors, symptoms, and indicators that
are linked to the emergence of or advancement in a mental health disorder [9,10]. This may
be accomplished as part of the standard prenatal and postoperative care that midwives,
obstetricians, and other healthcare professionals provide. A critical component of perinatal
mental health screening is the identification of women who are susceptible and may require
additional support, as well as a comprehensive evaluation of their mental health. The
failure to identify perinatal mental health problems during routine prenatal examinations
is frequently the result of insufficient monitoring [21].

Screening may be performed using a structured questionnaire that offers predefined
response options, or it can include a discussion with a healthcare practitioner in which open-
ended questions are posed and answered. Screening is often performed using conventional
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techniques such as pen and paper, as well as contemporary digital technologies like the
iCOPE digital prenatal mental health screening platform. Healthcare experts believe
validated mental health and psychosocial screening devices to be credible. They provide a
systematic method for addressing sensitive topics with mothers and improve the capacity
to identify and provide timely treatment. The Australian clinical practice guidelines for
mental healthcare during the perinatal period advocate for the use of many screening
tools that have been designed and validated. These gadgets are often provided to women
throughout pregnancy and after giving delivery. Their objective is to discern several facets
of mental health and susceptibility to psychosocial challenges, including the likelihood of
experiencing depression, anxiety, and other variables that provide protection [9,22].

According to national standards, it is advised that all women have regular screenings
for depression and psychosocial risk factors at least two times during pregnancy and two
times within the first year after giving birth. Within various prenatal and postnatal mental
health settings, women may either neglect to receive regular tests or undergo screenings
on many occasions. A range of approaches are used to provide healthcare during and
after pregnancy, taking into account the woman’s personal choices, medical needs, unique
circumstances, and region of residency [2,23]. Local primary healthcare services, prenatal
clinics, public hospitals, private hospitals, mother and child health services, and auxiliary
home visits compose the settings. The way women are tested for perinatal mental health
and psychosocial risk factors varies across various healthcare settings, regions, and states,
despite the existence of national standards, in terms of approach, scheduling, and scope.
Research suggests that certain demographics have historically been underrepresented in
perinatal mental health screening. These women comprise First Nations women, women
born outside of the country, solitary or separated women, private patients, and elderly
mothers. These populations remain underrepresented, despite an increase in perinatal
mental health screening over time.

Additionally, the utilization of screening technologies is contingent upon the precise
metrics that are implemented. Most perinatal mental health screenings are conducted
through clinical evaluations in clinics and home visits, or by evaluating validated measures
using paper-based and pen-based assessments [24]. There are several structural obstacles
that impede the screening process for prenatal mental health. These include insufficient
resources, poor mental health education and training for midwives and obstetricians, time
constraints, issues with patient-provider relations, and shortages of resources. However,
introducing computerized mental health screening during pregnancy and after childbirth
may successfully reduce errors in scoring, increase the number of referrals for treatment
for mental health issues, and improve time management. The integration of digital health
into global healthcare is becoming more prevalent. This integration facilitates the efficient
transfer of health information between patients and healthcare professionals while also im-
proving decision making via the use of integrated algorithms and local care pathways [25].
This systematic review provides a clear definition of digital screening as the use of depend-
able and precise screening instruments, such as mobile phones, tablets, laptops, or desktop
computers, by women throughout pregnancy and the postpartum period via the usage of
mobile applications or a web-based connection.

It is essential to acknowledge the challenges and limitations related to this issue be-
fore advancing, despite the significant benefits of digital screening in mitigating perinatal
depression symptoms, which considerably affect neonatal health. The limits and problems
include the lack of evidence-based standards, privacy issues, data governance challenges,
and ethical dilemmas [26]. The sensitivity of health data is a major worry, since its digitiza-
tion might lead to privacy issues. approval presents an extra ethical dilemma, since many
users may not fully understand the conditions of the use agreement when they provide
their approval. Moreover, there is a paucity of research about the effects of digital screening
technologies on health outcomes, cost-effectiveness, and system efficiency. The effectiveness
of telehealth platforms may also be affected by users’ socioeconomic levels and incomes.
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Mothers who move to low-income or rural areas may have difficulties in understanding
and using digital health solutions due to their reduced health literacy [26–29].

At present, there are no exhaustive evaluations that investigate the utilization of
digital screening for mental health during pregnancy and postpartum. Therefore, the
objective of this study is to ascertain whether digital screenings for mental health during
pregnancy and postpartum are more effective, acceptable, and feasible than conventional
treatments. A reliable referral for further evaluation is provided by efficient screening,
which identifies women who have a higher likelihood of concurrently having a mental
health disorder or detects indicators of mental health conditions during pregnancy and
postpartum. According to professional standards, anxiety and depression are the most
prevalent mental health disorders during the perinatal period. This process typically
entails the assessment of these criteria in real-world scenarios [5,30,31]. The following
factors determine the level of feasibility: initiation of referrals for depression and anxiety
treatments, production of personalized clinical and patient reports, utilization of accessible
and user-friendly technology, improvement in screening capabilities, and minimization of
scoring errors. Furthermore, the aim of this systematic review is to determine the factors
that either facilitate or impede the implementation of digital screening for mental health
during pregnancy and postpartum. Furthermore, it endeavors to provide recommendations
for the most effective digital diagnostic methods for perinatal mental health [32].

3. Materials and Methods

The objective of this research was to identify areas of growth, deficiencies, and recur-
ring themes by employing a bibliometric methodology to evaluate articles in a systematic
manner. Bibliometric analysis can be employed to ascertain the status of research and to
identify prominent academic journals, publishing houses, or authors in a specific field.
By employing the bibliometric method to investigate digital screening toward the symp-
toms of perinatal depression, it is possible to enhance one’s comprehension and acquire a
comprehensive understanding of the academic subject. The inquiry evaluates aggregated
literature data by employing the Scopus and PubMed, databases. In recent years, quantita-
tive and bibliometric methodologies have become increasingly prevalent for the assessment
of research output quality. An exhaustive examination is necessary to ascertain the efficacy,
accuracy, and consistency of an assessment method.

The data for the present analysis were obtained from both Scopus and PubMed in June
2024. Furthermore, only articles published in English have been considered for the study
of the specified document type. To provide more accurate bibliometric analysis findings,
data from a whole year were assessed, resulting in the selection of publications published
between 2011 and 2024. A prestigious bibliographic database, Scopus was established in
2004. Abstracts and citations from esteemed scientific journals compose the compilation.
The database is composed of 36,377 titles that were acquired from 11,678 publishers. This
investigation concentrates on the following four critical concepts: anguish, digital training,
nurses, and postpartum depression. Also, the database of PubMed facilitated the explo-
ration and recovery of biomedical and life sciences literature in order to enhance health
outcomes on global and individual levels. The PubMed database has about 37 million
citations and abstracts of the biological literature. Table 1 provides a comprehensive and
detailed explanation of the keyword search procedure.
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Table 1. Keyword search formula.

Step Keyword Search

1 ((“screening” AND “perinatal depression”))

2 ((“screening” OR “digital screening”) AND (“perinatal depression” OR “maternal
perinatal depression”))

3 ((“screening” OR “digital screening”) AND (“perinatal depression” OR “maternal
perinatal depression”) AND (“maternal mental health”))

4
((“screening” OR “digital screening”) AND (“perinatal depression” OR “maternal
perinatal depression”) AND (“maternal mental health” OR “maternal mental health
disorders” OR “antenatal mental health”))

5
((“screening” OR “digital screening”) AND (“perinatal depression” OR “maternal
perinatal depression”) AND (“maternal mental health” OR “maternal mental health
disorders” OR “antenatal mental health”) AND “neonates”)

6
((“screening” OR “digital screening”) AND (“perinatal depression” OR “maternal
perinatal depression”) AND (“maternal mental health” OR “maternal mental health
disorders” OR “antenatal mental health”) AND (“neonates” OR “infants”))

7

((“screening” OR “digital screening”) AND (“perinatal depression” OR “maternal
perinatal depression”) AND (“maternal mental health” OR “maternal mental health
disorders” OR “antenatal mental health” OR “anxiety”) AND (“neonates” OR
“infants”))

8

((“screening” OR “digital screening” OR “neonatal screening”) AND (“perinatal
depression” OR “maternal perinatal depression”) AND (“maternal mental health”
OR “maternal mental health disorders” OR “antenatal mental health” OR “anxiety”)
AND (“neonates” OR “infants”))

9

((“screening” OR “digital screening” OR “neonatal screening”) AND (“perinatal
depression” OR “maternal perinatal depression”) AND (“maternal mental health”
OR “maternal mental health disorders” OR “antenatal mental health” OR “anxiety”
OR “psychological risk”) AND (“neonates” OR “infants”))

10

((“screening” OR “digital screening” OR “neonatal screening”) AND (“perinatal
depression” OR “maternal perinatal depression”) AND (“maternal mental health”
OR “maternal mental health disorders” OR “antenatal mental health” OR “anxiety”
OR “psychological risk”) AND (“neonates” OR “infants”)) AND (LIMIT-TO
(DOCTYPE, “ar”)) AND (LIMIT-TO (PUBSTAGE, “final”) OR LIMIT-TO
(PUBSTAGE, “aip”)) AND (LIMIT-TO (SRCTYPE, “j”))

Furthermore, the PRISMA flow diagram visually illustrates the essential stages in-
volved in choosing a dependable collection of publications for bibliometric analysis
(Figure 1). The search query produced a grand total of 431 sources in the collection.
Nevertheless, we limited the overall quantity of materials to 348 by only choosing peri-
odicals. Following that, we carried out a comprehensive examination of a grand total of
223 papers, disregarding those that were too general or seemed unrelated to our current
inquiry. The main objective of this inquiry is to highlight the significance of screening in
reducing maternal and perinatal mental health symptoms, as well as the shift in screening
methods to the digital age. Upon conducting a comprehensive analysis of the publica-
tions, we found that the title and keywords of numerous chosen sources did not explicitly
mention the dimensions and qualities of the examined region. To exclude any extraneous
references, we adjusted the search parameters to exclude articles that were not directly
pertinent to the present study’s inquiry. A total of 197 scholarly articles were chosen and
included in the bibliometric study after using this screening process.
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before screening

Figure 1. PRISMA flow diagram.

4. Results

4.1. Content Analysis

In recent years, the academic community has begun an investigation into the use of
digital screening to prevent and mitigate the symptoms of maternal depression and its
impact on the mental health of women and their infants. Figure 2 presents the scientific
production in the field associated with the research topic spanning the years 2021 to 2024,
as indicated by a query in the database of Scopus. The figure illustrates the exponential
increase in the number of publications of this form of article over the past four years,
culminating in a peak in the annual growth rate in 2022. The graph indicates a substantial
increase in scientific production between 2021 and 2024, indicating an upward trend.

Table 2 and Figure 3 both display the sources (journals) that received the most research
submissions on the study topic between 2019 and 2023. Women and Birth is the source with
the greatest number of relevant publications (45 documents) on the subject of detecting
and mitigating symptoms of perinatal depression. Furthermore, the Archives of Women’s
Mental Health ranked second among the sources for the greatest number of articles on the
topic (34 documents). Additionally, the Australian and New Zealand Journal of Psychiatry is
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ranked third. This journal highlights the need of using digital screening to detect symptoms
throughout the perinatal period, with a specific focus on refugee or migrant mothers.

 

Figure 2. Annual production of scientific research in the field. Source: Scopus/Biblioshiny.

Table 2. Most relevant sources. Source: Scopus/PubMed/Biblioshiny.

Sources Articles Subject Area

Women and Birth 45 Maternity and Midwifery
Archives of Women’s Mental Health 34 Obstetrics and Gynecology
Obstetrics & Gynecology 31
Birth 24 Obstetrics and Gynecology
Bmc Pregnancy and Childbirth 19 Obstetrics and Gynecology
JAMA Pediatrics 17

Health Expectations 10 Public Health, Environmental,
and Occupational Health

Healthcare (Switzerland) 6 Health Policy
Journal of Midwifery & Women’s Health 6
Nursing for Women’s Health 5

Furthermore, Table 3 and Figure 4 provide a comprehensive analysis of the most signif-
icant articles on the subject, in addition to the bibliometric analysis. Research conducted by
Willey et al. (2020), entitled “If you don’t ask, you don’t tell”: Refugee women’s attitudes
on prenatal mental health screening”, aims to assess the feasibility and acceptability of a
digital perinatal mental health screening program for women with a refugee background.
The research’s findings highlighted the following three main topics: (i) women’s encounters
with perinatal mental health screenings while pregnant; (ii) obstacles to and facilitators
for obtaining continuous mental healthcare; and (iii) enhancements to the implemented
screening programs, such as the creation of audio versions, which women found to be more
practical and agreeable. In addition, the second study, entitled “Implementing innovative
evidence-based perinatal mental health screening for women of refugee background”,
agrees with the first paper. This is because the same authors who published the first study
(Willey et al., 2019) authored this one as well, which may be seen as a preliminary version
of the work entitled “If you don’t ask, you don’t tell: Refugee women’s perspectives on
perinatal mental health screening”. A study entitled “Implementing innovative evidence-
based perinatal mental health screening for women of refugee background” highlights the
need of establishing national standards for regular screenings for depression and anxiety
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in all women throughout the perinatal period. The research contends that the effectiveness
of regular pregnancy screenings is hindered by many obstacles at the service, community,
and individual levels. Therefore, there is a pressing need to shift toward the utilization of
digital screening methods [5,33].

Figure 3. Most impactful sources in the field. Source: Scopus/VOSviewer.

Table 3. Most relevant documents in the field. Source: Scopus/Biblioshiny.

Paper Total Citations TC per Year

“If you don’t ask . . . you don’t tell”: Refugee women’s perspectives on perinatal mental
health screening [33] 22 4.40

Implementing innovative evidence-based perinatal mental health screening for women of
refugee background [5] 13 2.60

Perinatal mental health and psychosocial risk screening in a community maternal and child
health setting: evaluation of a digital platform [23] 9 1.50

Introducing and integrating perinatal mental health screening: Development of an
equity-informed evidence-based approach [9] 7 2.33

Improving Mental Health in Pregnancy for Refugee Women: Protocol for the Implementation
and Evaluation of a Screening Program in Melbourne, Australia [34] 7 1.17

Validation of a Dari translation of the Edinburgh Postnatal Depression Scale among women
of refugee background at a public antenatal clinic [35] 7 2.33

Digital screening for postnatal depression: mixed methods proof-of-concept study [14] 4 1.33

To screen or not to screen: Are we asking the right question? In response to considering
de-implementation of universal perinatal depression screening [30] 1 0.50

Digital Training for Nurses and Midwives to Improve Treatment for Women with Postpartum
Depression and Protect Neonates: A Dynamic Bibliometric Review Analysis [32] 0 0.00

Digital screening for mental health in pregnancy and postpartum: A systematic review [13] 0 0.00
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Figure 4. Most impactful documents in the field. Source: Scopus/VOSviewer.

Moreover, Figure 5 presents a map with the most impactful affiliations in the field. At
the top of the list is the Department of Obstetrics & Gynecology at Monash University, which
has an expertise on the screening technologies and outline the current evidence and best
practice for managing the symptoms of perinatal depression. The Department of Obstetrics
and Gynecology’s clinical research endeavors are integrated within the Ritchie Centre, a
renowned university research facility and a leading perinatal and women’s health research
cluster in Australia. The Ritchie Centre laboratories are located within Monash Health’s
Translational Research Facility and are primary research collaborators with Monash Chil-
dren’s Hospital and Monash Women’s Services. The Ritchie Centre’s objective is to promote
the health of women and children by conducting innovative research that informs the
development of more effective healthcare practices, such as digital screening.

4.2. Bibliometric Analysis

Figure 6 presents the three-field plot, or Sankey diagram, which visualizes multiple
attributes at the same time. Based on the findings from the plots, perinatal mental health
may be improved by the use of digital technologies to connect screening and therapy. An
analysis of the English-language research found that, on average, a mere 22% of women
who test positive for perinatal depression actually receive treatment, despite the importance
of screening for this disease. The discrepancy between screening and treatment may be
worsened by the need for an extra 4 million behavioral health practitioners, as stated in a
2020 workforce study by the Substance Abuse and Mental Health Services Administration
(SAMHSA). Increasing the availability of treatment to a larger number of women is crucial,
since the shortage of providers and limited access to care pose substantial challenges [7,8].
Therefore, innovation is necessary to overcome these constraints. When used correctly,
mental health apps may provide evidence-based therapies to women who are waiting for
a healthcare professional, enhance traditional care to reduce the need for visits, or even
substitute traditional care with peer support or psychoeducation.
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Figure 5. Most impactful affiliations in the field. Source: Scopus/VOSviewer.

Figure 6. Three-field plot. Source: Scopus/PubMed/Biblioshiny.

Digital mental health solutions may also enhance accessibility for new moms. Amidst
the pandemic, telemedicine has received favorable acknowledgment of its capacity to
enhance accessibility for women in the postpartum period. These mothers may find that
online medical treatment helps overcome challenges such as the need to arrange daycare
or the hesitancy to bring young children to a medical facility. Considering that 85% of
women own smartphones, the flexibility of apps to enhance care might make therapy
more accessible compared to telemedicine alone. The ability to use an application at 4 AM
while breastfeeding, instead of trying to rearrange a fragile sleep pattern to accommodate
a doctor’s visit, may be a boon for busy new parents [36]. Additionally, around 50%
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of women have traumatic births [18], and the idea of revisiting a doctor’s office where
the trauma occurred might be stressful. Remote treatment might allow individuals to
assimilate the event at their own pace, rather than experiencing emotional distress or
avoiding critical medical attention. Furthermore, alternative methods that are currently
being developed have the potential to empower postpartum women to take control of their
mental well-being, which is an essential aspect of trauma-informed therapy [37,38].

An analysis of evidence-based therapies for postpartum mental health may demon-
strate how several modalities can facilitate the establishment of a customized care system
for new mothers and their teams, according to their specific needs and availability. By
incorporating traditional appointments, like synchronous and asynchronous support inter-
ventions, it may be possible to create a personalized treatment plan for each new mother
instead of expecting patients to follow a predetermined care model.

Furthermore, Figure 7 highlights the research trends in the domain from 2011 to 2024.
The figure illustrates the present and future directions of digital screening, highlighting its
significance in preventing and alleviating maternal depression symptoms and its effects
on the mental health of mothers and their children via co-occurrence network mappings.
The keywords suggest that the pandemic epidemic activated several elements that affected
women’s mental health. The myriad physical, emotional, and hormonal alterations linked
to pregnancy and childbirth, alongside the forthcoming life transition and reconfiguration
of the family unit, are significant factors contributing to the heightened vulnerability of
women to depression and anxiety during and post-pregnancy. Nonetheless, the COVID-19
pandemic has had a significant influence. The quarantine, interruption of routine, and
absence of social support have adversely affected new moms and their offspring. The
confinement regulations significantly reduced the physical presence of the parental and
social support network, which acts as a protective factor for mental health and, crucially,
for suicide risk. The mental health of women, especially the most vulnerable, was signif-
icantly affected by the anxiety and worry stemming from the interplay of these causes
and the widespread fear associated with the COVID-19 epidemic. Nevertheless, the data
indicate that the screening approach for perinatal depression is clinically relevant, since
any kind of sadness may profoundly affect a woman’s interactions with her spouse and
baby after delivery.

Figure 7. Research trends in the field. Source: Scopus/Biblioshiny.
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4.3. Thematic Analysis

Furthermore, Figure 8 illustrates the research themes derived from the conceptual
framework of the texts analyzed in the bibliometric study. The graph’s clusters represent the
primary disciplines of study, and each cluster’s magnitude indicates the number of terms it
encompasses. Each quadrant of the graph represents a distinctive concept. The image’s
upper-right quadrant prominently displays motor theme-related motifs, showcasing the
high concentration and compactness levels. The upper-left quadrant of the thematic map
illustrates the addressed niche subjects. The group stands out because of its high density
and low centrality. Additionally, the thematic map highlights the development of concepts
in the lower-left quadrant, characterized by their limited prominence and concentration,
while also highlighting significant topics in the lower-right quadrant. Their dominance in
this field underscores the importance of telehealth and telemedicine in alleviating tension
for both parents and infants during perinatal disorders.

Figure 8. Thematic map. Source: Scopus/PubMed/Biblioshiny.

The study’s thematic map reveals a significant association between the risk of post-
traumatic stress disorder (PTSD), postpartum depression, and screening, all of which
are distinct issues. Prenatal irritability significantly predicted heightened postpartum
depressive symptoms, even when controlling for the following two robust predictors of
postpartum depression: previous depression history and total trauma exposure. The re-
search definitively indicates that a history of depression predicts postpartum depression;
however, the relationship between trauma exposure and postpartum depressive symptoms
is more intricate. The symptoms of PTSD, such as irritability, may function as critical
indicators for assessment rather than only indicating the presence or absence of trauma.
We should improve current screening methods for perinatal women by incorporating eval-
uations for both trauma and irritability to identify those at increased risk. We may modify
depression screening instruments to include questions about irritability in addition to
evaluating trauma history. A routine prenatal evaluation for trauma history and irritability
may aid in identifying women at increased risk for postpartum depression before the likely
onset of depressive symptoms.

The thematic mapping indicates that digital screening might be a very effective tool
for aiding women in Africa in recognizing mental health issues associated with domestic
abuse and pregnancy. During the perinatal period, symptoms of various mental illnesses,
such as anxiety and depression, are notably widespread and associated with experiences
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of domestic abuse in Africa. Although research indicates that managing these symptoms
throughout pregnancy improves health and economic outcomes for mothers and their chil-
dren, pregnant women facing these challenges have limited access to regular screening and
treatment. This is crucial for enhancing the welfare of perinatal moms and their children.
The present theme analysis indicates that technology-based services are facilitating the alle-
viation of the mental health backlog for women suffering from pregnancy depression. Prior
to the COVID-19 pandemic, pregnant women in need of mental health consultations were
required to attend the hospital and arrange an appointment if necessary. Nonetheless, the
revival of awareness has been necessitated by COVID-19. Although in-person consultations
continue, the focus has shifted to enhancing access via digital screening techniques, since
booking a virtual session has become quicker and more expedient than traditional methods.

Furthermore, Figure 9 illustrates that the VOSviewer application utilized a phrase
co-occurrence analysis. Bibliometrix uses this form of analysis to highlight the importance
of word co-occurrence clustering in digital screening, which helps to reduce symptoms of
prenatal depression. In Figure 9, the font size and node area are determined by the weight
value of the phrase. The frequency of the keyword’s occurrence is directly proportional to
the weight value. The relevant node and font size grow in direct proportion to the weight
value. If there is a line connecting two nodes, it indicates that the two terms are often
used. The level of co-occurrence between the two words is shown by the thickness of the
connecting line. The thickness of the connecting line is directly correlated with the degree
of co-occurrence, meaning that a thicker connecting line represents a higher frequency of
co-occurrence between the two phrases. In Figure 9, the analysis reveals the presence of six
separate groupings.

However, the cluster that has the highest number of items, shown in red, is associated
with the subject of digital mental health [13]. This emphasizes the significance of using
digital tools, such cellphones, for the screening process. Furthermore, the relationship
between the previously indicated cluster and the yellow cluster, which represents prenatal
mental health and screening, is of similar significance. Furthermore, the co-occurrence
study serves as a reminder of the need for the use of digital screening to detect indications
of prenatal depression in refugees and migrants. Migrant and refugee women have similar
risk factors for mental health problems as the local population during the perinatal period,
such as isolation, financial difficulties, and physical health concerns [39,40]. However,
migrant and refugee women face a range of distinct and interconnected risk factors, in-
cluding uncertain immigration status, limited social support, and gender-based violence.
In addition, female refugees or migrants face significant barriers when trying to access
prenatal mental healthcare. Barriers to accessing healthcare include the intricate nature of
the healthcare system, the high costs of treatments, and the lack of culturally and linguisti-
cally appropriate services, especially for women on temporary visas who are not eligible
for Medicare. Government policies and services have not been adequately designed to
address the perinatal support requirements of migrant and refugee women, nor have they
focused on their preferred support interventions. This is despite the evidence indicating
that migrant and refugee women face higher rates of perinatal mental health issues. At the
policy level, there is a tendency to treat migrant and refugee groups as a homogeneous
group, disregarding the distinct needs of people and communities, as well as the impact of
gender on mental well-being.

The obstacles that hinder migrant and refugee women from getting help include the
financial burden of services and the lack of gender-specific, culturally acceptable, or suitable
perinatal mental health treatments at the organizational and sector levels. Therefore, it
is crucial to provide prenatal mental healthcare that is specifically tailored to the gender,
cultural background, and fair treatment of migrant and refugee women [23]. In order
to meet the needs of migrant and refugee women throughout the perinatal periods, it is
crucial to perform a comprehensive analysis that takes into account many elements and
is based on evidence. This analysis should include the intersecting factors that contribute
to the mental health risks faced by these women. The findings from this analysis will
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inform the development of policy changes. Hence, it is crucial to examine the capacity
of digital screening to mitigate prenatal depression symptoms in this specific cohort of
women, considering the circumstances and the susceptibility of refugee women [41].

Figure 9. Keyword co-occurrence analysis. Source: Scopus/PubMed/VOSviewer.

5. Discussion

Symptoms of perinatal depression typically manifest within one to three weeks of
the baby’s birth. Nevertheless, they may commence at any point during the initial year
following the birth of the child. The symptoms are more severe than the infant blues and
may encompass a profound pessimism and a complete lack of interest in the neonate.
The health and development of the infant may be impacted by postpartum depression.
Although it is not a common consequence of delivery, postpartum depression is a frequent
occurrence. This may be the result of a variety of factors. Hormone levels may undergo
abrupt fluctuations after pregnancy. Sleep deprivation, stress resulting from new regimens,
and other changes may also induce postpartum depression. The prompt identification
and treatment of postpartum depression are made possible by a postpartum depression
screening. Additionally, the prevention of chronic depression may be facilitated by the early
commencement of therapy. Medicine and therapy may be effective treatments for most
individuals. In severe cases, treatment may involve brain stimulation techniques, including
electroconvulsive therapy (ECT), which is occasionally referred to as “shock therapy”.

Nevertheless, the current research suggests that it is imperative to implement and
integrate a computerized screening procedure to effectively and promptly identify and
elucidate the symptoms of prenatal depression. The implementation of digital screening
resulted in the reduction in scoring inaccuracies, an enhancement of screening efficiency, a
reduction in the time required for administration, the generation of clinical and patient re-
ports, and the commencement of referrals for anxiety and depression therapy. The selection
of a user interface may influence the installation and adoption of digital screening. Never-
theless, these investigations were conducted on women who underwent screening at home
at varying intervals, and it is uncertain whether these findings can be applied to clinical
screening. The simplicity of instituting digital screening is facilitated by the information pro-
vided, capacity of the women to monitor their own actions and emotions, recommendation
for social assistance, absence of scoring mistakes, and efficient self-completion. In general,
women exhibited a high level of proficiency in the completion of digital screening, with
minimal technical challenges. The screening was highly advantageous for them when it was
conducted in their native language, as it was more efficient; they were able to comprehend
the inquiries more readily, and they were more forthcoming with their responses. Digital
screening has been demonstrated to effectively reduce humiliation, improve confidentiality,
and promote equity among women and across various societies. Furthermore, women
have demonstrated the ability to independently perform the operation in a sequestered
clinic chamber by inputting their responses themselves using interactive voice response
(IVR) technology.

The current research further demonstrates the need for digital screening in preventing
prenatal depression symptoms in immigrant mothers [8,11,14,36]. Perinatal mental health
concerns in migrant and refugee women are associated with social isolation, as well as a
lack of adequate social support. Having a limited ability to speak English is a constant
element that increases the likelihood of experiencing social isolation, especially for women
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who have moved as refugees or come from low-income and conflict-affected countries.
The healthcare system may often be complex and difficult to navigate. Lack of culturally
sensitive services and limited use of trained interpreters can create communication obsta-
cles between healthcare providers and migrant and refugee women. These barriers can
hinder the achievement of positive perinatal mental health outcomes and a safe pregnancy.
Multiple studies have shown that the mental well-being of migrant and refugee women
may be negatively impacted by health practitioners’ insufficient understanding of cultural
beliefs and practices related to pregnancy and the period after giving birth [6,42,43]. Mi-
grant and refugee women may feel excluded from healthcare choices made by healthcare
professionals throughout their prenatal period since culturally appropriate health services
are not readily available [9,10]. As a result, migrant women may have a reduced inclina-
tion to use perinatal mental health services and seek help for their emotional difficulties
throughout pregnancy and postpartum. Therefore, digital screening will positively affect
refugee women.

During pregnancy and after giving birth, digital screening provides a new, feasible,
well-received, and efficient method for screening women for mental health problems, such
as anxiety and depression [44,45]. Both women and healthcare professionals have demon-
strated the feasibility and positive reception of this approach in clinical treatment. Key
factors contributing to the success of this initiative include the availability of technological
aid and support to help women understand the purpose and advantages of screening.
Additionally, it is crucial to provide education and training to HCPs on screening, digital
technology, and risk management for women. Digital screening empowers women to
actively participate in their mental healthcare, referral, and treatment by enabling them
to independently monitor and control their behavior [8,36]. Ensuring the availability of
appropriate organizational resources and staff is crucial for promoting widespread usage,
fairness, and availability of mental health assistance for women globally throughout the
prenatal and postpartum period.

Limitations

Certain limitations of the present study pertain to the use of bibliometric analysis.
While bibliometric indicators may serve as a beneficial adjunct to the peer-review process,
they are often misapplied and used without a comprehensive understanding of the un-
derlying bibliometric research. Consequently, they are often used to assess metrics for
which they were not designed or to draw comparisons that they are inherently incapable
of facilitating.

6. Conclusions

The significance of digital screening in the prevention of prenatal depression symptoms
is still being elucidated by the worldwide academic community. The objective of this
inquiry is to highlight the importance of transitioning from conventional to digital screening
processes and their impact on enhancing therapy for prenatal depression symptoms. The
study topic was examined using bibliometric analysis with R Studio, together with the
bibliometric applications VOSviewer and Biblioshiny. We used bibliometrix software to
evaluate 197 papers acquired from the Scopus and PubMed databases for this study. The
results demonstrate a significant association between the evaluation of prenatal depressive
symptoms and digital mental health. Furthermore, the findings underscore the significance
of digital screening in mitigating prenatal depression symptoms in refugee women, who
are inherently vulnerable because of their precarious circumstances.

This research advocates for digital screening to mitigate prenatal depression among
immigrant mothers. Social isolation and insufficient assistance are associated with prenatal
mental health challenges in migrant and refugee women. Inadequate English proficiency
increases the likelihood of social isolation, especially among women who are refugees
or originate from low-income, conflict-affected nations. The healthcare system may be
perplexing. In the absence of culturally relevant treatments and proficient interpreters,
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healthcare providers may have difficulties in communicating with migrant and refugee
women. These impediments may hinder secure pregnancies and optimal perinatal health.
Numerous studies have shown that health practitioners’ insufficient understanding of
cultural attitudes and practices around pregnancy and postpartum may adversely affect
the mental health of migrant and refugee women. Migrant and refugee women may feel
marginalized in prenatal healthcare choices because of the scarcity of culturally appropriate
health treatments. Migrant women may exhibit reduced likelihoods of using perinatal
mental health treatments for emotional support throughout pregnancy and the postpartum
period. Consequently, digital screening will assist refugee women.

This bibliometric review has identified key screening tools and practices in order to
help healthcare providers mitigate symptoms of perinatal depression, which can affect
mothers’ mental health and their neonates too, aid them in the implementation of digi-
tal screenings, and also provide recommendations for clinical practice. Future research
and clinical practice should add to the literature by adapting current practices and im-
plementing digital screenings for depression during pregnancy and postpartum in their
specific healthcare settings worldwide, utilizing the theory-informed, best-practice recom-
mendations presented in this systematic review, as well as various language translations
and formats.
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Abstract: Objective: This meta-analysis aims to quantitatively summarize current data on various
potential risk factors of velamentous cord insertion (VCI). A better understanding of these risk factors
could enhance prenatal identification both in settings with routine screening and in those where
universal screening for cord insertion anomalies is not yet recommended. Methods: A system-
atic search was conducted in MEDLINE, Cochrane Library, and Scopus from their inception until
7 February 2024. Eligible studies included observational studies of singleton pregnancies with VCI,
identified either prenatally or postnatally, compared with pregnancies with central or eccentric cord
insertion. Analyses were performed using DerSimonian and Laird random-effects models, with
outcomes reported as risk ratios (RR) or mean differences with 95% confidence intervals (CI). Results:

In total, 14 cohort and 4 case-control studies were included, reporting on 952,163 singleton preg-
nancies. Based on the cohort studies, the overall prevalence of VCI among singleton pregnancies
was calculated to be 1.54%. The risk of VCI was significantly higher among pregnancies conceived
using assisted reproductive technology (RR, 2.32; 95% CI: 1.77–3.05), nulliparous women (RR, 1.21;
95% CI: 1.15–1.28), women who smoked (RR, 1.14; 95% CI: 1.08–1.19), and pregnancies diagnosed
with placenta previa (RR, 3.60; 95% CI: 3.04–4.28). Conclusions: This meta-analysis identified assisted
reproductive technology, nulliparity, smoking, and placenta previa as significant risk factors of VCI
among singleton pregnancies. These findings could inform screening policies in settings where
universal screening for cord insertion is not routinely performed, suggesting a targeted approach for
women with these specific risk factors.

Keywords: assisted reproductive technology; nulliparity; placenta previa; smoking; chronic hypertension;
abnormal cord insertion

1. Introduction

In a velamentous cord insertion (VCI), the umbilical cord inserts into the fetal mem-
branes (between the amnion and the chorion) away from the placental margin, and the
vessels traverse between these membranes before reaching the placenta, as depicted in
Figure 1 [1]. In cases of VCI, there may be an absence of the protective effect of Wharton’s
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jelly, normally present around the vessels [2]. Placentas with non-central insertions may be
less effective in supporting fetal growth despite their normal or even increased size. This
decreased placental efficiency may be explained by a relative reduction in the chorionic
vascular density of the placenta, as the cord is displaced from the center [3]. The reported
occurrence of VCI among singleton pregnancies is 1.4%, and it was associated with several
adverse perinatal outcomes including stillbirth, pre-eclampsia, placental abruption, small-
for-gestational-age neonates, preterm delivery, emergency cesarean section (CS), reduced
Apgar score and higher admission rate to the neonatal intensive care unit [4].

 

Figure 1. Ultrasound image depicting a velamentous cord insertion.

These findings, along with the feasibility of antenatal recognition of VCI, underscore
the importance of a more systematic diagnostic approach; studies have shown that second-
trimester sonographic identification of VCI is accurate, with an exceptionally high specificity
of close to 100% but a lower sensitivity of about 70% [5]. Current recommendations
vary regarding the need to identify a VCI antenatally. Thus, the American Institute of
Ultrasound in Medicine recommends documenting abnormal cord insertions [6], whereas
the International Society of Ultrasound in Obstetrics and Gynecology advises that an
umbilical cord insertion assessment during mid-trimester scan is optional; however, an
incidental finding of VCI should be documented [7].

A comprehensive understanding of risk factors for VCI may improve prenatal identifi-
cation in settings with routine screening but also in settings where universal screening for
cord insertion anomalies is not yet recommended and a targeted approach for women with
specific risk factors should at least be considered. Published data have identified a variety
of potential risk factors for VCI in singleton pregnancies, i.e., advanced maternal age,
previous history of CS, Caucasian ethnicity, use of assisted reproductive technology (ART),
smoking, placenta previa, nulliparity and chronic hypertension [8–10]. This meta-analysis
aimed to conduct a rigorous evaluation and statistical analysis of the current evidence on
possible risk factors for VCI.

2. Methods

This meta-analysis adhered to the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) [11] and Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) guidelines [12] and was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) with the protocol number: CRD42024512296.
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Given its nature of synthesizing data from previously published literature, the study was
exempt from the need for ethical approval and patient consent.

2.1. Search Strategy

The research question guiding this systematic search was, “Which population charac-
teristics could serve as indicators of increased risk for VCI in singleton pregnancies”. We
crafted a search strategy employing keywords such as “umbilical cord insertion”, “cord
insertion”, “insertion of the cord”, “placental cord insertion”, “velamentous”, “abnormal”
and “aberrant”. The details of the search strategy can be found in the Supplementary Mate-
rials. We searched MEDLINE, Scopus and Cochrane databases from their inception until
7 February 2024. The identified records were managed using Rayyan (Rayyan Systems Inc.,
Cambridge, MA, USA), a web-based reference management tool. Further, we examined ref-
erences from relevant articles and conducted manual searches online to identify additional
studies. After removing duplicates, we screened titles and abstracts to exclude studies not
pertinent to our question and then thoroughly reviewed the full texts of the remaining
articles to determine their inclusion. This process was independently carried out by two
reviewers (A.S. and A.G, both doctors) blind to each other’s selections, with disagreements
resolved through discussion or, if necessary, by a third reviewer (I.T., biostatistician).

2.2. Selection Criteria

Observational studies written in English, examining possible risk factors and pop-
ulation characteristics in singleton pregnancies identified with VCI either prenatally or
following delivery, were considered eligible. The comparison group included pregnancies
with central/eccentric cord insertion (CCI). In studies where the control groups included
pregnancies with all types of non-velamentous umbilical cord insertions, adjustments were
made, when possible, to ensure comparisons were exclusively with pregnancies having CCI.
If such adjustments were not feasible, the studies were excluded. When the same database
was utilized across two or more studies covering overlapping periods, we exclusively
utilized data from the study encompassing the largest population. Raw data on perinatal
outcomes were required. Abstracts and unpublished studies were not included.

2.3. Data Extraction

A standardized data collection template was prepared ahead of the study selection.
This template captured study characteristics such as author, publication year, journal, study
location, methodology, criteria for inclusion and exclusion, timing and definition of VCI
diagnosis, study demographics and investigated risk factors. A second part of the template
was dedicated to collecting data on predetermined outcomes, including raw data and,
where available, adjusted odds ratios or adjusted risk ratios. Our protocol specified that
outcomes reported in at least three studies would be considered for analysis, even if not
initially outlined. We reached out to authors for missing data or clarifications and selected
the most comprehensive report for studies with multiple publications on the same cohort.

2.4. Outcomes of Interest

Outcomes of interest included every risk factor reported by three or more studies,
including ART, maternal age, prior CS, smoking, placenta previa, nulliparity, chronic hyper-
tension and any other possible risk factor with adequate data as stipulated by our protocol.

2.5. Quality and Bias Assessment

The quality of the included studies was independently assessed by two researchers
(A.S. and A.G) using the Newcastle−Ottawa scale [13], which evaluates the selection of
the study groups, comparability of the groups, and ascertainment of the outcome/risk
factor, employing a star system that assigns up to 9 points for high quality. Additionally,
the Quality In Prognosis Studies (QUIPS) tool [14] was used to evaluate the risk of bias
across six domains: study participation, attrition, prognostic factor measurement, outcome
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measurement, study confounding and statistical analysis/reporting, with studies rated on
a three-point scale (low, moderate, high). Discrepancies in the assessment of quality or bias
were reviewed and resolved by a third reviewer (I.T.).

2.6. Statistical Analysis

In our primary analysis, the cumulative raw data were analyzed to calculate the vari-
ous risk factors’ effect on the VCI prevalence. This data synthesis involved computing effect
sizes and their 95% confidence intervals (CI) via Review Manager software, version 5.4.1.
We determined risk ratios (RR) for binary outcomes using the Mantel–Haenszel technique
and mean differences (MD) for continuous variables through the inverse variance method.
Due to the significant variability in observational studies, we followed the Cochrane Hand-
book’s recommendation to employ the DerSimonian and Laird random-effects model as
the default analytical method. To evaluate the heterogeneity of the included studies, we
utilized two approaches. The I2 statistic was employed to quantify the proportion of the
total variance in the observed effect sizes that was due to differences between studies rather
than chance. I2 values of up to 40% might be unimportant, 30–60% moderate, 50–90%
substantial and 75–100% considerable [15]. Additionally, we applied the Cochran Q test
to examine the homogeneity of the effect sizes across studies, with a p-value threshold of
0.10 for statistical significance. In R version 2.15.1 (R Foundation for Statistical Computing,
Vienna, Austria) [16], the package meta [17] was employed to generate the funnel plot and
the package dmetar [18] to perform the Egger’s test. These methods were used to assess
publication bias only for the outcome with the higher number of published studies.

2.7. Sensitivity Analysis

As per our established methodology, we carried out a sensitivity analysis that only
included cases identified prenatally. This was based upon the premise that our end goal is
a better and more focused prenatal diagnosis of VCI. Furthermore, we conducted another
sensitivity review that considered only those studies deemed as having a low or moderate
risk of bias, as per the QUIPS tool criteria. The objective here was to filter the data less
likely to be affected by bias and verify if these refined results would align with our initial
findings. Notably, a sensitivity analysis was only deemed feasible if data from three or
more studies were available for evaluation.

3. Results

Initially, 1559 records were identified from the Medline, Scopus, and Cochrane databases,
while other methods like Web search and citation searching contributed nine additional
records. After removing 69 duplicates, we screened 1490 records and excluded 1311 for
various reasons. Upon assessing for eligibility, we evaluated 175 full texts, and 18 studies
met the eligibility criteria for the review. The other search methods resulted in nine
relevant reports, none of which was eligible (Figure 2). The two reviewers achieved an
excellent coefficient of agreement on article selection (Cohen’s kappa, 0.932), resulting
in the retention of 14 cohort [8–10,19–29] and 4 case-control studies [30–33] for the final
analysis. The characteristics of the included studies are presented in Table 1.
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Figure 2. Study selection flow diagram.

3.1. Quality and Risk of Bias Assessment of the Studies

The quality of the studies assessed using the Newcastle–Ottawa Scale varied, with
six achieving the top score of nine stars [8,9,19,20,24,26], indicating excellent methodology.
Five studies earned eight stars [23,25,27,29,32] and five received seven stars [10,21,22,28,33],
reflecting solid research approaches, while two studies scored six stars [30,31], suggesting
some methodological concerns. The commonest weakness of the studies was the compara-
bility category. No other significant deficits were noted (Table 2). A risk of bias visualization
according to QUIPS was constructed for each study next to every forest plot. The QUIPS
tool’s domains were each assigned a corresponding letter, ranging from A for study partici-
pation, B for study attrition, C for the measurement of prognostic factors, D for outcome
measurement, E for study confound, and F for statistical analysis and reporting. This
systematic approach facilitated a comprehensive evaluation of each study’s methodological
quality and potential biases.

Table 2. Quality assessment of the included studies according to the Newcastle.

First Author, Year Study Type S1 S2 S3 S4 C O1 O2 O3 Total

Aragie et al., 2022 [28] retrospective cohort b * a * b * a * - b * a * a * 7

Curtin et al., 2019 [30] retrospective case-control b a * a * a * - a * a * a * 6

Ebbing et al., 2013 [8] retrospective cohort a * a * a * a * a *, b
* b * a * a * 9

Ebbing et al., 2015 [19] retrospective cohort a * a * a * a * a *, b
* b * a * a * 9

Ebbing et al., 2016 [20] retrospective cohort a * a * a * a * a *, b
* b * a * a * 9

Fukuda et al., 2023 [29] retrospective cohort b * a * a * a * a * b * a * a * 8
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Table 2. Cont.

First Author, Year Study Type S1 S2 S3 S4 C O1 O2 O3 Total

Gavriil et al., 1993 [33] retrospective case control a * b a * a * a * b * a * a * 7

Hasegawa et al.,
2006 [22] retrospective cohort b * a * a * a * - b * a * a * 7

Hasegawa et al.,
2009 [21] retrospective cohort b * a * a * a * - b * a * a * 7

Heinonen et al.,
1996 [23] retrospective cohort b * a * a * a * a * b * a * a * 8

Jauniaux et al.,
1990 [32] retrospective case control b * a * a * a * a * a * a * a * 8

Larcher et al., 2023 [27] prospective cohort b * a * a * a * a * b * a * a * 8

O’Quinn et al.,
2020 [25] retrospective cohort a * a * a * a * b * b * a * a * 8

Raisanen et al.,
2012 [24] retrospective cohort b * a * a * a * a *, b

* b * a * a * 9

Sinkin et al., 2017 [31] retrospective case-control b a * a * a * - a * a * a * 6

Tsakiridis et al., 2021 [9] retrospective cohort b * a * a * a * a *, b
* b * a * a * 9

Visentin et al., 2021 [10] retrospective cohort c a * a * a * a * b * a * a * 7

Yang et al., 2020 [26] retrospective cohort a * a * a * a * a *, b
* b * a * a * 9

Abbreviations: a, first answer according to NOS; b, second answer according to NOS; c, third answer according to
NOS; S, selection; C, comparability; O, outcome; *, attribution of a star according to NOS.

3.2. Raw Data Analysis

We included 14 relevant cohort studies and, based on their data (951,343 singleton
pregnancies), the prevalence of VCI was calculated to be 1.54% (95% CI 1.52% to 1.57%).

3.3. Risk Factors’ Analyses

In a composite analysis of eight cohort [9,10,20,24–27,29] and three case-control [30,32,33]
studies, 692 cases of VCI were reported among the ART group, accounting for approxi-
mately 3.48% of the pregnancies, while the control group had 13,800 VCI cases, representing
approximately 1.52% of the pregnancies. The occurrence of VCI in pregnancies with ART
was significantly higher than those in the control group, with an RR of 2.32 (95% CI 1.77
to 3.05). Substantial heterogeneity was observed across the studies (p = 0.007; I2 = 59%)
(Figure 3).

In a composite analysis of six cohort [9,10,21,22,25,26] and two case-control [30,31]
studies, the mean maternal age was assessed. The mean difference in maternal age between
the VCI and CCI groups was +0.40 (95% CI −0.09 to 0.90)—not significantly different.
There was low-to-moderate heterogeneity observed across the studies (p = 0.18; I2 = 31%)
(Figure 4).

In a composite analysis of six cohort [9,10,20,24–26] and two case-control [30,31]
studies, 6682 cases of VCI were reported among the pregnancies of nulliparous women,
accounting for approximately 1.73% of the pregnancies, while the control group had
7818 cases, representing approximately 1.44% of the pregnancies. The occurrence of VCI
among nulliparous women was significantly higher compared to those in the multiparous
group, with an RR of 1.21 (95% CI 1.15 to 1.28). There was low heterogeneity observed
across the studies (p = 0.39; I2 = 6%) (Figure 5).
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Figure 3. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to the use
of ART. Abbreviations: ART, assisted reproductive technology; CI, confidence interval; M−H,
Mantel−Haenszel method; VCI, velamentous cord insertion.

Figure 4. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to mean
maternal age. Abbreviations: CCI, central/eccentric cord insertion; CI, confidence interval; IV,
weighted mean difference; SD, standard deviation; VCI, velamentous cord insertion.

 

Figure 5. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to parity. Abbre-
viations: CI, confidence interval; M−H, Mantel−Haenszel method; VCI, velamentous cord insertion.

In a composite analysis of six cohort [8,9,23–26] and one case-control [30] study,
1941 cases of VCI were reported among the group of smokers, accounting for approx-
imately 1.87% of the pregnancies, while the control group had 7878 cases, representing
approximately 1.57% of the pregnancies. The occurrence of VCI among women who
smoked was significantly different from those in the non-smoking group, with an RR of
1.14 (95% CI 1.08 to 1.19). No heterogeneity was observed across the studies (p = 0.50;
I2 = 0%) (Figure 6).
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Figure 6. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to smok-
ing. Abbreviations: CI, confidence interval; M−H, Mantel−Haenszel method; VCI, velamentous
cord insertion.

In a composite analysis of four cohort [19,23,24,26] and one case-control study [31],
2635 cases with VCI were reported among the group with prior CS, accounting for approxi-
mately 2.39% of the pregnancies, while the control group had 10,175 cases, representing
approximately 1.51% of the pregnancies. The occurrence of VCI in pregnancies with prior
CS was not significantly different from those in the control group, with an RR of 0.92
(95% CI 0.58 to 1.47). There was considerable heterogeneity observed across the studies
(p < 0.001; I2 = 92%) (Figure 7).

In a composite analysis of five cohort studies [8,10,23,24,26], 125 cases of VCI were
reported among the pregnancies complicated by placenta previa, accounting for approxi-
mately 5.59% of the pregnancies, while the control group had 10,753 cases of VCI, repre-
senting approximately 1.60% of the pregnancies. The occurrence of VCI in pregnancies
with placenta previa was significantly different from those in the control group, with an RR
of 3.60 (95% CI 3.04 to 4.28). No heterogeneity was observed across the studies (p = 0.54;
I2 = 0%) (Figure 8).

 

Figure 7. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to having a
prior cesarean section. Abbreviations: CI, confidence interval; M−H, Mantel−Haenszel method; VCI,
velamentous cord insertion.

Figure 8. Forest plot of risk for VCI in singleton pregnancies relative to placenta previa. Abbreviations:
CI, confidence interval; M−H, Mantel−Haenszel method; VCI, velamentous cord insertion.
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In a composite analysis of three cohort [8,25,28] and one case-control study [31],
78 cases of VCI were reported among the women diagnosed with chronic hypertension,
accounting for approximately 2.23% of the pregnancies, while the control group had
9594 cases, representing approximately 1.59% of the pregnancies. The occurrence of VCI
in pregnancies with chronic hypertension was not significantly different from those in the
control group, with an RR of 1.488 (95% CI 0.998 to 2.219). There was low heterogeneity
observed across the studies (p = 0.29; I2 = 20%) (Figure 9).

Figure 9. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to chronic hyper-
tension. Abbreviations: CI, confidence interval; M−H, Mante−Haenszel method; VCI, velamentous
cord insertion.

In a composite analysis of three cohort studies [8,24,25], 91 cases of VCI were reported
among pregnancies with pre-existing diabetes mellitus, accounting for approximately 2.03%
of the pregnancies, while the control group had 10,137 cases, representing approximately
1.61% of the pregnancies. The occurrence of VCI in pregnancies of women with a diagnosis
of diabetes was not significantly different from those in the control group, with an RR
of 1.23 (95% CI 0.84 to 1.79). There was low heterogeneity observed across the studies
(p = 0.31; I2 = 14%) (Figure 10).

Figure 10. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to pre-existing
diabetes. Abbreviations: CI, confidence interval; M−H, Mante−Haenszel method; VCI, velamentous
cord insertion.

The cumulative results of our primary analysis are compiled and displayed in Table 3.

Table 3. Results of the meta-analysis regarding risk factors of velamentous cord insertion in single-
ton pregnancies.

Risk Factor
Number

of
Studies

VCI Cases/Total
Cases

(Exposed to
Risk Factor)

VCI Cases/Total Cases
(Not Exposed to

Risk Factor)
RR 95% CI I2; p-Value

Assisted
reproductive
technology

11 692/19,876 (3.48%) 13,800/910,490 (1.52%) 2.32 1.77–3.05 59%; 0.007

Maternal age 8 920 (VCI cases) 99,482 (CCI cases) 0.40 (MD) −0.09 to 0.90 31%; 0.18
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Table 3. Cont.

Risk Factor
Number

of
Studies

VCI Cases/Total
Cases

(Exposed to
Risk Factor)

VCI Cases/Total Cases
(Not Exposed to

Risk Factor)
RR 95% CI I2; p-Value

Nulliparity 8 6682/386,370 (1.73%) 7818/543,731 (1.44%) 1.21 1.15–1.28 6%; 0.39

Smoking 7 1941/103,550 (1.87%) 7878/502,427 (1.57%) 1.14 1.08–1.19 0%; 0.50

Prior cesarean
section 5 2635/110,301 (2.39%) 10,175/675,832 (1.51%) 0.92 0.58–1.47 92%; <0.001

Placenta previa 5 125/2234 (5.59%) 10,753/672,194 (1.60%) 3.60 3.04–4.28 0%; 0.54

Chronic
hypertension 4 78/3502 (2.23%) 9594/603,085 (1.59%) 1.488 0.998–2.219 20%; 0.29

Pre-existing
diabetes 3 91/4468 (2.03%) 10,137/627,835 (1.61%) 1.23 0.84–1.79 14%; 0.31

Abbreviations: CI, confidence interval; I2 (Heterogeneity in meta-analysis); MD, mean difference; p-value, Cochran
Q test’s p-value; RR, relative risk; VCI, velamentous cord insertion.

3.4. Sensitivity Analyses Regarding Prenatal Diagnosis and Risk of Bias

Limiting our analysis to studies that provided data on prenatal diagnosis of umbilical
cord insertion, we examined 18 studies, with 4 involving prenatal identification of VCI,
and we could sufficiently assess three risk factors: ART, mean maternal age and nulliparity.
The updated findings were consistent with the main results (Table 4 and Supplementary
Figures S1–S3).

Subsequently, the studies identified as a high risk of bias were removed. Within
the scope of ten analyses, seven were affected by the presence of high-risk bias studies.
Following their exclusion, six out of seven analyses maintained comparable results to the
initial findings. The updated findings were consistent with the main results (Table 4 and
Supplementary Figures S4–S10).

Table 4. Confidence intervals from all the analyses performed.

Risk Factor Overall Analysis Prenatally Diagnosed RoB Sensitivity Analysis

RR 95% CI RR 95% CI RR 95% CI

Assisted reproductive technology 2.32 1.77–3.05 3.18 1.10–9.21 2.14 1.49–3.08

Maternal age 0.40 −0.09 to 0.90 0.40 −0.35 to 1.15 0.40 −0.35 to 1.15

Nulliparity 1.21 1.15–1.28 1.33 1.14–1.55 1.21 1.17–1.25

Smoking 1.14 1.08–1.19 1.15 1.05–1.26

Prior cesarean section 0.92 0.58–1.47 0.91 0.53–1.55

Placenta previa 3.60 3.04–4.28 3.56 2.94–4.30

Chronic hypertension 1.488 0.998–2.219 1.73 0.81–3.70

Abbreviations: CI, confidence interval; RR, relative risk; RoB, risk of bias.

3.5. Publication Bias

The risk factor with the most included studies was ART, which was tested for publi-
cation bias. Neither the funnel plot nor the Egger’s test demonstrated any indication of
publication bias (Figure 11).

62



J. Clin. Med. 2024, 13, 5551

Figure 11. Funnel plot and Egger’s test regarding our most investigated outcome—assisted repro-
ductive technology.

4. Discussion

4.1. Principal Findings

Our analysis found that first, the reported prevalence of VCI in singleton pregnancies
is 1.54%, and second, the factors associated with an increased risk of VCI include ART,
nulliparity, smoking and placenta previa.

4.2. Interpretation of the Findings

The largest investigated population was in the ART-VCI analysis, which incorporated
11 studies. The analysis demonstrated that ART is associated with a two-fold higher risk for
VCI among singleton pregnancies and this association persisted in cases prenatally diag-
nosed with VCI and after excluding studies at high risk of bias. Our findings are consistent
with those of a recent meta-analysis, which reported an OR of 2.14; however, this study
included twin gestations in the analysis and the control group was broadly defined [34].
Our results support earlier epidemiological findings that pregnancies conceived via ART
are associated with a higher incidence of umbilico-placental abnormalities [35–37]. The
mechanism that ART could disrupt placentation has not been established; nevertheless,
interventions such as controlled ovarian hyperstimulation, intrauterine insemination, ga-
mete or embryo freezing, in-vitro fertilization, embryo culture, cell biopsy and blastocyst or
embryo transfer may exercise oxidative, thermal, and mechanical stresses, and changes in
DNA methylation that could alter the natural biological processes of reproduction [38,39].
Finally, related surgical procedures, such as septum excision, myomectomy, and other
surgical treatments of uterine anomalies, may also contribute to the elevated risk of VCI,
underscoring the need for further investigation in this area.

The analysis of maternal age in relation to the risk of VCI encompassed eight studies
and revealed no significant increase in risk; only one study that categorized maternal
age found that women aged over 35 years exhibited a higher risk of developing VCI (RR,
1.61) [23]. Moreover, two additional studies that were excluded from our meta-analysis
due to the inclusion of cases with marginal cord insertion in the control group similarly
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identified maternal age above 35 years as a risk factor for VCI [40,41]. These findings
suggest that the relationship between maternal age and VCI may be more nuanced, with
significant risks manifesting particularly after the age of 35. This association could be
partially attributed to the increased utilization of ART among this age group.

Nulliparity was identified as a significant risk factor for VCI, even when focusing
on prenatally diagnosed pregnancies and studies with low risk of bias. While most
small studies did not report a statistically significant association between nulliparity and
VCI [9,10,25,30,31], the three larger studies [20,24,26], which made up over 90% of the
pooled data, showed a strong association. No relevant studies explaining the patho-
physiological cause were found, but we hypothesize that the lack of physiological adap-
tations that occur in the uterus and placenta during subsequent pregnancies may be a
plausible explanation.

Regarding smoking, although most individual studies did not establish a significant
relationship with VCI, the aggregated analysis indicated a 14% increased risk of VCI among
smokers. Maternal smoking has been documented to adversely impact both the local
immune response and microcirculation within decidual tissues [42]. It is conceivable that
these alterations in the decidual environment during the implantation and the embryoge-
nesis phase may play a role in the formation of VCI. A study of 83,708 women utilizing
multiple regression models observed that exposure to fine particulate matter was positively
associated with VCI and described two possible mechanisms: ischemia of the endometrium
and intrauterine inflammation [43].

Prior CS was not associated with VCI in our meta-analysis. It seems that contrary
to the low placental implantation, which is strongly associated with prior CS, abnormal
cord insertion is not associated with them. However, placenta previa was identified as a
significant risk factor for VCI, increasing its incidence fourfold [44].

Finally, no association was detected with chronic hypertension or pre-existing diabetes
and VCI. However, it is noteworthy that chronic hypertension had a high RR of 1.49,
indicating a potential 50% increase in the risk of VCI. The marginal lack of statistical
significance is likely due to the sample size and the use of random effect models. Therefore,
additional data are required to make a definitive conclusion about this matter.

4.3. Clinical and Research Implications

Currently, there is no consensus on the usefulness of universal screening for cord
insertion anomalies. Therefore, our findings on the risk factors for VCI may inform the
development of a more targeted screening approach for women exhibiting these risk factors.
Given that isolated VCI is a primary risk factor for various adverse perinatal outcomes, in-
cluding stillbirth [4], while also being the main risk factor for vasa previa [45]—a condition
associated with significant perinatal mortality if prenatally undiagnosed [46] but pre-
ventable if diagnosed [47]—the importance of identifying VCI cannot be overstated [1,48].
Furthermore, recent studies have linked VCI with a twofold increased risk of cerebral palsy,
suggesting that early detection of VCI could be crucial in identifying fetuses at a higher
risk for this condition [49].

4.4. Strengths and Limitations

Our study’s main strength lies in its comprehensive design, which allowed us to
include numerous studies and explore a wide array of possible risk factors. We main-
tained strict selection criteria, which led to more reliable estimates of effects and potentially
reduced variability among the included studies. Our focus was to provide additional infor-
mation on the prenatal diagnosis of VCI. To this end, our sensitivity analysis specifically
targeting pregnancies with prenatal diagnosis of VCI may enhance the broader applicability
of our findings.

The primary limitation of our meta-analysis stems from the nature of the included
studies, all of which were observational, including case-control designs. Additionally, most
of these studies focused primarily on the perinatal outcomes of VCI rather than investi-
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gating risk factors, making them susceptible to selection and recall biases. Furthermore,
we were unable to examine the association between prenatally diagnosed VCI and all
its risk factors, as not every study provided the necessary data. A further limitation is
that in the studies with prenatally diagnosed cases, there was no systematic postnatal
confirmation. Finally, none of the studies reported adjusted effect measures, preventing us
from accounting for significant confounding variables.

5. Conclusions

This meta-analysis identified ART, nulliparity, smoking and placenta previa as sig-
nificant risk factors for VCI. These findings may assist the screening policy in settings
where cord insertion is not universally offered. Additionally, this may enhance the ante-
natal detection of vasa previa, a condition that poses significant risks to pregnancies, as
VCI is the primary risk factor for its development. Furthermore, the findings may also
induce further high-quality research that addresses potential confounding variables to
substantiate these associations. The exploration into the pathophysiological mechanisms
underlying these relationships is imperative to enhance our understanding and further
guide obstetric policies.
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Abstract: Background/Objectives: Women with subclinical hypothyroidism (SCH) were reported to
be at an increased perinatal risk. We aimed to investigate the relationship between SCH and perinatal
outcomes in singleton pregnancies resulting from assisted reproduction technology (ART). Methods:
We retrospectively examined the perinatal outcomes of ART singleton pregnancies in women who
underwent thyroid function screening before conception and delivered at our hospital from January
2020 to July 2023. We defined SCH as thyroid-stimulating hormone (TSH) levels > 2.5 mU/L and
normal free T4 levels. The patients were categorized into three groups: normal thyroid function
(group A), SCH without levothyroxine therapy (group B), and SCH with levothyroxine therapy (group
C). The risks of preterm birth, preeclampsia, fetal growth restriction, manual placental removal, and
blood loss at delivery were compared among the three groups. Results: Out of the 650 ART singleton
deliveries, 581 were assigned to group A, 34 to group B, and 35 to group C. The preterm birth rate at
<34 weeks was significantly higher in group B and significantly lower in group C than in group A.
The rate of preterm delivery at <34 weeks increased in correlation with TSH levels. Levothyroxine
therapy was the significant preventive factor for preterm birth at <34 weeks. Conclusions: The
preterm birth rate before 34 weeks was significantly higher in the SCH group. Levothyroxine therapy
is a significant protective factor against preterm birth before 34 weeks. Universal screening for thyroid
function and appropriate hormone therapy in pregnant women may help reduce perinatal risks,
including preterm birth.

Keywords: ART; preterm birth; subclinical hypothyroidism; thyroid stimulating hormone; levothyroxine
therapy

1. Introduction

Thyroid function studies using the Japanese adult general health examination sys-
tem documented thyroid dysfunction in approximately 10% of cases, with subclinical
hypothyroidism (SCH) accounting for half of the cases [1]. This finding suggests that many
pregnant women may have undiagnosed SCH. SCH is defined as normal free T4 levels and
elevated serum thyroid-stimulating hormone (TSH) levels. It is observed in 2.0–2.5% of
screened pregnant women, according to reports from iodine-sufficient areas of the United
States [2,3].

Some [4–7], but not all [8,9], studies have demonstrated that women with SCH have
a higher perinatal risk of severe preeclampsia, preterm delivery, placental abruption,
neonatal respiratory distress syndrome, and/or pregnancy loss than do euthyroid women.
One meta-analysis from 19 cohort studies reported an odds ratio (OR) of 1.29 (95% confi-
dence interval [CI], 1.01–1.64) for preterm birth [10], and another meta-analysis reported
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an OR of 1.53 (95% CI, 1.09–2.15) for preeclampsia [6]. Interestingly, preterm delivery rates
increase with TSH levels as follows: 5.4% of pregnancies with TSH levels between 4 and
6 mU/L, 7.8% between 6 and 10 mU/L, and 11.4% with >10 mU/L [11]. Furthermore,
limited data suggest that perinatal outcomes are worse in women undergoing in vitro fertil-
ization (IVF) if their preconception TSH levels are >2.5 mU/L. In one study of pregnancies
after IVF, 150 deliveries with a preconception TSH level < 2.5 mU/L resulted in higher
gestational age and birth weight than 45 deliveries with a TSH level > 2.5 mU/L [12].

Because overt or SCH is thought to be associated with pregnancy complications and
thyroid testing is common and easy to perform, attention has been focused on the utility
of screening for thyroid dysfunction in all pregnant women. To our knowledge, no high-
quality studies have used a universal screening for thyroid function in pregnant women.
The advantages and disadvantages of screening thyroid function in all pregnant women in
early pregnancy remain inconclusive. This is because there are insufficient data to show
not only the effects of thyroid disease on pregnancy but also the benefits of hormone
therapy [13,14]. In Japan, universal screening for thyroid dysfunction in asymptomatic
pregnant women is rare; however, universal screening for thyroid dysfunction is common in
women initiating fertility treatment. This study aimed to examine the association between
the presence of SCH and perinatal outcomes in assisted reproduction technology (ART)
pregnancies using preconception thyroid function screening and the effects of thyroid
hormone replacement (levothyroxine sodium hydrate) during pregnancy.

2. Materials and Methods

2.1. Participants

In this retrospective cohort study, we analyzed the perinatal outcomes of pregnancies
delivered at the Japanese Red Cross Nagoya Daiichi Hospital, Nagoya, Japan, between
January 2020 and July 2023. This study included ART singleton pregnancies in which
thyroid function screening was performed before conception (n = 687). Among them, we
excluded 22 cases of overt thyroid disease (n = 22) and 15 cases of placenta previa (n = 15)
(Figure 1).

 
Figure 1. Study flowchart of patient enrollment.

This study was approved by the Ethics Committee of our hospital (approval number:
2023-070).
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2.2. Data Collection and Definition

In this study, we defined SCH as preconception TSH levels > 2.5 mU/L and normal
free T4 levels. Patients with preconception TSH levels < 2.5 mU/L were assigned to group
A (normal group). Patients with SCH were categorized into two groups: women who
took levothyroxine sodium hydrate before and throughout pregnancy (group C) and those
who did not (group B). In group C, after diagnosing SCH, patients were treated by an
endocrinologist with levothyroxine sodium hydrate (approximately 0.5 μg/kg/day) and
followed up regularly (every 2–4 weeks) for TSH and free T4 levels. Doses were increased
(12–25 μg/day) until the TSH level fell below 2.5 mU/L. Once the target level was achieved,
the maintenance dose was continued until the end of pregnancy (TSH and free T4 levels
were monitored every 4–6 weeks). Moreover, all patients in group C had normalized TSH
levels at the time of pregnancy. The following maternal and perinatal data were obtained
from medical records: age, parity, body mass index before pregnancy, history of abortion,
history of previous cesarean deliveries, gestational weeks at delivery, preterm birth (at
<37 weeks, <34 weeks, <32 weeks, and <28 weeks), preeclampsia, fetal growth restriction
(FGR), blood loss at delivery, transfusion, manual placental removal, and the value of
TSH before pregnancy. We also obtained the birth weight of the newborns. Preeclampsia
was defined as the appearance of gestational hypertension, proteinuria, and/or signs of
end-organ impairment during pregnancy [15]. FGR was defined as neonatal body weight
at birth <−1.5 than the standard deviation for gestational age in Japan [16].

2.3. Statistical Analyses

All statistical analyses were performed using EZR (v. 1.37, Saitama, Japan). The
Shapiro–Wilk test was used to analyze the normality of the data. Continuous variables
among the three groups were compared using the Kruskal–Wallis test. The Mann–Whitney
U test was used for nonparametric comparisons during the post hoc analysis. Nominal
data were analyzed using Fisher’s exact test. In multivariate analysis, maternal age, body
mass index, parity, preeclampsia, FGR, history of abortion, levothyroxine therapy, and TSH
levels were selected as variables associated with preterm birth. p < 0.05 was considered
statistically significant.

3. Results

Among the 650 ART singleton deliveries in this study, 581 were assigned to group A,
34 to group B, and 35 to group C (Figure 1). The three groups did not significantly differ
in terms of age, body mass index, history of previous cesarean deliveries, blood loss at
delivery, manual placental removal, transfusion, preeclampsia, FGR, history of abortion,
and neonatal body weight (Table 1).

Expectedly, the TSH levels were significantly lower in group A than in groups B and
C (p < 0.001). After the initiation of levothyroxine therapy in group C, the TSH levels were
1.11 (±0.60) mU/L. The rate of preterm birth at <34 weeks was significantly higher in group
B (14.7%) and significantly lower in group C (0%) than in group A (p = 0.046). Group C
had no cases of preterm delivery under 34 weeks. The preterm birth rate at <37 weeks was
lower in group C (5.7%) than in groups A and B; however, the difference was not significant
(p = 0.059) (Table 1).

When 69 patients diagnosed with SCH (groups B and C) were examined for the rate
of preterm delivery at <34 weeks per TSH level, the rates were 1/30 (3.3%) at TSH levels of
2.5–3 mU/L, 2/22 (9.1%) at 3–4 mU/L, and 2/17 (11.8%) at >4 mU/L. The rate of preterm
delivery at <34 weeks increased according to the TSH levels, but the difference was not
statistically significant.
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Table 1. Maternal characteristics and perinatal outcomes of this study.

Group A
(n = 581)

Group B
(n = 34)

Group C
(n = 35)

p-Value

Maternal age (years) * 36.5 (±4.3) 36.6 (±4.7) 36.5 (±3.8) 0.988
Pre-pregnant BMI (kg/m2) * 21.5 (±3.4) 22.0 (±2.6) 21.8 (±2.8) 0.634

History of abortion 218/581 (37.5%) 11/34 (32.4%) 8/35 (22.9%) 0.194
Preterm birth at <37 weeks 106/581 (18.2%) 9/34 (26.5%) 2/35 (5.7%) 0.059
Preterm birth at <34 weeks 36/581 (6.2%) 5/34 (14.7%) 0/35 (0%) 0.046
Preterm birth at <32 weeks 32/581 (5.5%) 1/34 (2.9%) 0/35 (0%) 0.411
Preterm birth at <28 weeks 16/581 (2.8%) 0/34 (0%) 0/35 (0%) 1

Preeclampsia 56/581 (9.6%) 3/34 (8.8%) 4/35 (11.4%) 0.945
Fetal growth restriction 23/581 (4.0%) 1/34 (2.9%) 0/35 (0%) 0.768

Cesarean delivery 272/581 (46.8%) 15/34 (44.1%) 19/34 (54.3%) 0.641
Blood loss at delivery (mL) * 812 (±676) 970 (±716) 788 (±406) 0.393

Manual placental removal 53/581 (9.1%) 3/34 (8.8%) 5/35 (14.3%) 0.591
Transfusion 33/581 (5.7%) 1/34 (2.9%) 0/35 (0%) 0.374

Neonatal birth weight (g) * 2901 (±1339) 2819 (±640) 3064 (±475) 0.705
TSH value (mU/L) * 1.36 (±0.57) 4.02 (±2.47) 3.55 (±1.07) <0.001

BMI, body mass index; TSH, thyroid-stimulating hormone. * Median (range).

The results of multivariate analysis of the risk of preterm birth at <37 weeks are shown
in Table 2.

Table 2. Multivariate logistic regression analysis for preterm birth at <37 weeks.

Adjusted OR 95% CI p-Value

Maternal age 1.00 0.956–1.05 0.880
Pre-pregnant BMI 1.00 0.939–1.07 0.991

Nulliparous 0.95 0.602–1.50 0.822
History of abortion 0.97 0.621–1.52 0.899

Preeclampsia 4.98 2.81–8.81 <0.001
Fetal growth restriction 3.31 1.31–8.34 0.011
Levothyroxine therapy 1.36 0.378–1.36 0.230

TSH value 1.05 0.485–2.29 0.895
BMI, body mass index; TSH, thyroid-stimulating hormone; OR, odds ratio; CI, confidence interval.

When performing the multivariate analysis, we included maternal age, body mass
index, parity, preeclampsia, FGR, history of abortion, levothyroxine therapy, and TSH
levels as variables to calculate the OR. Preeclampsia (OR = 4.98) and FGR (OR = 3.31) were
significant risk factors for preterm birth at <37 weeks; however, levothyroxine therapy and
TSH levels did not affect the risk of preterm birth at <37 weeks.

The results of the multivariate analysis of the risk of preterm birth at <34 weeks are
shown in Table 3.

Table 3. Multivariate logistic regression analysis for preterm birth at <34 weeks.

Adjusted OR 95% CI p-Value

Maternal age 1.00 0.926–1.07 0.915
Pre-pregnant BMI 1.03 0.942–1.13 0.506

Nulliparous 1.20 0.567–2.53 0.638
History of abortion 1.20 0.606–2.40 0.595

Preeclampsia 3.65 1.65–8.09 0.001
Fetal growth restriction 2.92 0.877–9.74 0.081
Levothyroxine therapy 0.117 0.015–0.948 0.044

TSH value 2.18 0.750–6.36 0.152
BMI, body mass index; TSH, thyroid-stimulating hormone; OR, odds ratio; CI, confidence interval.
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In the multivariate analysis, we included maternal age, body mass index, parity,
preeclampsia, FGR, history of abortion, levothyroxine therapy, and TSH level as variables to
calculate the OR. The significant risk factor for preterm birth at <34 weeks was preeclampsia
(OR = 3.65; 95% CI, 1.65–8.09), and the significant preventive factor was levothyroxine
therapy (OR = 0.117; 95% CI, 0.015–0.948).

Of the 69 patients with TSH levels > 2.5 mU/L in this study, thyroid peroxidase (TPO)
antibodies were measured in 44 patients (63.8%). TPO antibodies were positive in 4 out of
19 patients (21.1%) in group B and 6 out of 25 patients (24%) in group C, with no significant
difference between the two groups (p = 0.817).

The results of multivariate analysis assessing the impact of TSH on perinatal outcomes
are shown in Table S1. TSH levels were not identified as an independent risk factor for
various perinatal complications, including preterm birth, preeclampsia, FGR, cesarean
delivery, and the need for transfusion.

4. Discussion

We investigated the effects of SCH and its preconception treatment on the perinatal
outcomes of ART singleton pregnancies, all of which were screened for thyroid function
prior to conception. The preterm birth rate at <34 weeks was significantly higher in patients
with SCH; however, it was significantly lower in patients with SCH treated with levothy-
roxine therapy before pregnancy. The rate of preterm delivery at <34 weeks increased
according to TSH levels. The multivariate analysis revealed that levothyroxine therapy was
a significant protective factor against preterm birth at <34 weeks.

Women with SCH have a higher risk of preeclampsia and preterm delivery than
euthyroid women [5,6,10]. However, in the present study, we found that the rate of preterm
birth at <34 weeks was significantly higher in patients with SCH and was not significantly
different for preterm birth (<37, <32, and <28 weeks) and preeclampsia. The results may
be because our study was limited to cases of singleton ART pregnancies. In general,
women undergoing infertility treatment appear to have a small but statistically significant
increase in risk for preterm birth, low birth weight, and severe maternal morbidity (such
as preeclampsia, antepartum hemorrhage, need for transfusion, thrombotic embolism,
and disseminated intravascular coagulation) [17–19]. Therefore, the background factors
of ART pregnancy may have influenced these results. Limited data also suggest that in
women undergoing IVF, cases with preconception TSH levels > 2.5 mU/L may result in a
lower gestational age at delivery and a lower birth weight [12]. However, other pregnancy
outcomes, such as the rate of preterm birth, the rate of FGR, preeclampsia, blood loss during
delivery, and the need for transfusion, may not have been examined. To our knowledge,
there are no other studies on the association between SCH and adverse outcomes in ART
pregnancies, and we believe that the present study provides new insights. In addition, the
rate of preterm delivery at <34 weeks increased according to the TSH level but was not
significant in the present study. The results are significantly interesting, but the limited
number of cases did not allow for significant differences. Previous studies have reported
that TSH levels correlate with preterm birth rates [11], but there are no high-quality data
stratified by cutoff of the TSH level, presence of antithyroid antibodies, or treatment for
SCH. Thus, future studies are required.

Screening for hypothyroidism in asymptomatic pregnant women during early preg-
nancy remains controversial. In prospective trials, even with universal screening for thyroid
function, there was no improvement in pregnancy outcomes compared with a targeted
or no screening group [20]. In a randomized trial, >4500 women in their first trimester of
pregnancy participated. They were randomly assigned to either a universal screening group
or a case-finding group [21]. Overall, the total number of adverse outcomes was similar
between the case-finding and universal screening groups. However, secondary analysis
revealed that low-risk women diagnosed with SCH and treated with thyroid hormone
therapy in the universal screening group had 57% fewer adverse outcomes (preterm birth,
preeclampsia, gestational diabetes, and miscarriage) than low-risk women diagnosed with
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SCH but not treated in the case-finding group [21]. In addition, it has been suggested
that universal screening may show higher cost-effectiveness [22,23]. As mentioned above,
universal screening of thyroid function in pregnant women has its advantages and disad-
vantages, but the results of our study suggest that, although limited to ART pregnancies,
preconception screening and treatment for SCH may contribute to improved perinatal out-
comes. In the future, universal screening for thyroid function and proper hormone therapy
in pregnant women may contribute to reducing perinatal risks, including preterm birth.

There are no established criteria for the indications for SCH treatment in pregnant
women. In a multicenter trial, 677 pregnant women with SCH (median TSH, 4.4 mU/L;
free T4, normal) were randomized to levothyroxine therapy or placebo group [24]. Levothy-
roxine treatment had no significant effect on maternal or fetal outcomes, such as preterm
delivery, preeclampsia, gestational hypertension, and miscarriage, and there was no in-
teraction effect with TPO antibody positivity. In a meta-analysis of nine randomized
controlled trials and 13 cohort studies, there was no benefit of SCH treatment on pregnancy
outcomes [9]. However, evaluation of antithyroid antibodies is also important in women
diagnosed with SCH [4]. In a systematic review by the American Thyroid Association
(ATA) regarding pregnancy-specific complications, although there is clearly a higher risk
in TPO-positive women with TSH > 2.5 mU/L, the risk was not constant in TPO-negative
women, even at significantly higher TSH levels (>5–10 mU/L) [25]. In a trial of 131 TPO
antibody-positive women diagnosed with SCH, levothyroxine replacement significantly
reduced the rate of preterm delivery, especially in women with TSH ≥ 4 mU/L [26]. At
present, it is uncertain whether thyroid hormone replacement therapy reduces perinatal risk
in women with SCH. A recent meta-analysis suggested that high levels of TPO antibodies,
even in euthyroid pregnant women, could adversely influence pregnancy outcomes after
ART [27]. In contrast, no significant differences were observed in pregnancy outcomes
following fresh or frozen embryo transfer in euthyroid patients with TPO and/or antithy-
roglobulin antibodies [28]. Therefore, the perinatal risk of antithyroid antibodies alone
in euthyroid patients remains inconclusive. In the present study, we demonstrated that
levothyroxine therapy could reduce the risk of preterm birth at <34 weeks among SCH
patients with TSH ≥ 2.5 mU/L. However, complete data on anti-TPO antibodies were not
available; therefore, further studies are required in the future.

Furthermore, in the present study, the diagnostic criterion for SCH was defined as
TSH level > 2.5 mU/L for the following reasons. First, the study included ART preg-
nancies. Pregnancy outcomes for women undergoing IVF may be worse among those
with preconception TSH levels > 2.5 mU/L [12]. Second, the treatment goal for SCH
should be to achieve a TSH level of ≤2.5 mU/L. Finally, according to the ATA guidelines,
levothyroxine therapy should be considered for TPO antibody-positive women with TSH
levels > 2.5 mU/L. Moreover, we decided to use the cutoff of 2.5 mU/L because complete
data on TPO antibodies were not available. Therefore, the interpretation of our findings
is that levothyroxine therapy with TSH levels > 2.5 mU/L, regardless of the presence of
autoantibodies, can reduce the risk of preterm birth at <34 weeks.

This study included cases of ART singleton pregnancies in which thyroid function
screening was performed before fertility treatment. The SCH rate was higher in the infertile
women than in the control women (healthy women with confirmed fertility) (13.9% vs.
3.9%) [29]. A recent study demonstrated that pregnant women with singleton ART with
a history of abortion or spontaneous abortion were more likely to have thyroid-related
diseases [30]. In Japan, universal screening of thyroid function is commonly performed
before fertility treatment. In addition, all patients in group C were already receiving
appropriate levothyroxine therapy by an endocrinologist at the time of conception and
were appropriately managed for SCH throughout their pregnancy. The strength of this
study is that the patients’ backgrounds were well-established. Second, because it is a
single-center study, there is consistency in pregnancy management and treatment policies,
and a certain quality of care is maintained. Our institution follows the Guidelines for
Obstetrical Practice in Japan and provides standardized care. The limitations of this study
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include the following: inclusion of only singleton data from ART pregnancies; the absence
of data on placental abruption, neonatal respiratory distress syndrome, and/or pregnancy
loss among adverse pregnancy outcomes; the absence of data on the prognosis of the child,
such as respiratory disorders and cognitive function; and the absence of data on anti-TPO
antibodies. Another limitation is that the criteria for levothyroxine therapy (groups B and
C) in patients with SCH are unknown. Finally, the number of cases examined in this study
was limited, especially in the SCH groups (34 and 35 cases in groups B and C, respectively);
therefore, it is possible that statistical differences could not be detected. This study has
the following inherent limitations: limitations inherent to the study design, the potential
for selection bias, and the inability to generalize the findings to different populations.
Therefore, large-scale studies are required in the future.

In conclusion, the rate of preterm birth at <34 weeks is significantly higher in patients
with SCH; however, it is significantly lower in patients with SCH treated with levothyroxine
therapy before and during pregnancy. Moreover, levothyroxine therapy is a significant pro-
tective factor against preterm birth at <34 weeks. These data provide valuable information
for future clinical practice. Universal screening of thyroid function and proper hormone
therapy in all pregnant women may reduce perinatal risks, including preterm birth. Further
large-scale studies are warranted to estimate the perinatal risk of SCH, including data on
antithyroid antibodies and the effects of levothyroxine therapy on perinatal risk, and to set
cutoff values for appropriate therapeutic interventions.
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Abstract: Objective: This study explored whether assessing flexibility levels in clinical settings might
predict the odds of oxytocin administration and caesarean section to stimulate labour. Methods:

Pregnant women from the GESTAFIT Project (n = 157), participated in this longitudinal study.
Maternal upper-body flexibility was assessed at 16 gestational weeks (g.w.) through the Back-scratch
test. Clinical data, including oxytocin administration and type of birth, were registered from obstetric
medical records. Results: Pregnant women who required oxytocin administration or had caesarean
sections showed lower flexibility scores (p < 0.05 and p < 0.01, respectively). The receiver operating
characteristic curve analysis showed that the Back-scratch test was able to detect the need for oxytocin
administration ((area under the curve [AUC] = 0.672 (95% confidence interval [CI]: 0.682 (95% CI:
0.59–0.78, p = 0.001)). The AUC to establish the ability of flexibility to discriminate between vaginal
and caesarean section births was 0.672 (95% CI: 0.60–0.77, p = 0.002). A Back-scratch test worse than
4 centimetres was associated with a ~5 times greater increased odds ratio of requiring exogenous
oxytocin administration (95% CI: 2.0–11.6, p = 0.001) and a ~4 times greater increased odds ratio of
having a caesarean section (95% CI: 1.7–10.2, p = 0.002). Conclusions: These findings suggest that
lower flexibility levels at the 16th g.w. discriminates between pregnant women who will require
oxytocin and those who will not, and those with a greater risk of a caesarean section than those with
a vaginal birth. Pregnant women below the proposed Back-scratch test cut-offs at 16th g.w. might
specifically benefit from physical therapies that include flexibility training.

Keywords: pregnant woman; physical fitness; flexibility; oxytocin; labour; obstetric risk

1. Introduction

Events related to the labour process have important implications for both the mother
and the new-born [1–4]. Therefore, it is clinically relevant to explore and identify factors
that might be associated with a lower risk of common interventions that should be avoided
during labour [2,5], such as the exogenous administration of oxytocin [2,4–6] and caesarean
sections [7].
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In this context, we previously observed that greater physical fitness was associated
with better labour-related outcomes, such as less need for oxytocin administration to induce
or stimulate labour [8] and lower caesarean incidence [9]. Previous studies have shown
that muscle stretching exercises during pregnancy are associated with better maternal
and neonatal birth outcomes (such as less pelvic pain, greater mobility, better maternal
mental state, and lower rate of obstetric complications) [10,11]. In this regard, a randomised
clinical trial showed that women who undertook a yoga programme during pregnancy
had lower rates of labour induction and caesarean sections [12]. The dimension of physical
fitness that tends to increase with this type of intervention is flexibility. However, the
role of this variable in relation to induction and/or stimulation of labour and type of
birth has not been explored so far. Notwithstanding, most of the tests employed for
measuring physical fitness require large spaces, special equipment such as a treadmill, or
excessive time for assessment in clinical settings. Consequently, the election of time-efficient
measuring tools adapted to health professionals, who usually have less than five minutes
of consultation time [13], is mandatory. In this sense, the Back-scratch test, a quick and
easy tool for measuring the range of motion that only requires a standard ruler, could
be an excellent option. Furthermore, this tool has demonstrated a powerful capacity to
predict key health outcomes such as cardiometabolic risk in several populations [14,15],
an association with better mental health in healthy women and women with fibromyalgia,
and even a role in predicting the risk of fibromyalgia and its severity [16]. Furthermore,
within the GESTAtion and FITness (GESTAFIT) project, we have observed that this test is
associated with improved maternal and neonatal birth-related outcomes [9].

Consequently, the aims of the present study were (i) to identify whether flexibility
levels during the early second trimester of pregnancy may predict the need for oxytocin
administration to induce or stimulate labour and the type of birth (i.e., vaginal or caesarean
section) and (ii) to establish Back-scratch test cut-off points able to improve the accuracy of
the need for oxytocin administration and the prognosis of caesarean section as a clinician
tool for identifying pregnant women who could benefit from physical therapy programs
that include flexibility training.

2. Materials and Methods

2.1. Study Sample and Design

The detailed procedures and inclusion and exclusion criteria (see Supplementary Table
S1) of the GESTAFIT project were previously published [17]. Briefly, pregnant women
between 18 and 45 years old with a normal pregnancy course who were able to walk
without assistance, write and read properly, and signed an informed consent were eligible
for selection. In addition, twin pregnancies, women with acute or terminal illnesses and
gestations with foetal pathologies were excluded. This study is a secondary analysis that
is part of a larger project in which a concurrent physical exercise program (aerobic plus
strength training) was carried out in the intervention group from the 17th gestational week
(g.w.) until birth. A total of 384 pregnant women were informed about this study during
their 12th g.w. visits to the gynaecologist at the University Hospital. A final number
of 159 women were interested in participating and signed an informed consent. Finally,
137 women had complete and valid data in relation to the specific aims of this study. The
GESTAFIT project was approved by the Ethics Committee on Clinical Research (CEIC) of
Granada, Regional Government of Andalusia, Spain (code: GESFIT-0448-N-15).

2.2. Procedures

The first evaluation of this study was carried out during the 16th g.w. The research
team was present at all times to provide any explanations or instructions as needed. The
pregnant women completed a self-reported questionnaire, anthropometric assessment, and
the Back-scratch test. Height and weight were also assessed. Obstetric and gynaecological
histories and birth outcomes were collected through the Pregnancy Health Document and
digital medical records.
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2.3. Maternal Sociodemographic and Clinical Data

Sociodemographic (age, number of children and marital, educational, and working
status), reproductive history, and clinical (suffering or having suffered specific diseases and
drug consumption) data were assessed with a self-reported questionnaire.

2.4. Anthropometric Assessment

Height and weight were measured using a stadiometer (Seca 22, Hamburg, Germany)
and a scale (InBody R20; Biospace, Seoul, Republic of Korea), respectively. The body mass
index was calculated as weight (kg)/height (m2).

2.5. Pregnancy Health Document: Obstetric during Pregnancy and Pregnancy History

The “Pregnancy Health Document” is given to all pregnant women by the Andalusian
regional government, and it contains obstetric and medical data recorded during the
whole pregnancy. In this way, information about previous pregnancies and births and
gynaecological antecedents were obtained. Gestational age was calculated by the date of
last menstruation corrected for cycles of 28 days.

2.6. Labour Outcomes

All data related to the type of birth (vaginal or caesarean), gestational week at birth,
use of epidural analgesia, offspring sex, neonatal weight, and the Apgar test were obtained
from perinatal obstetric records (partogram) from the hospital after birth.

Oxytocin Administration before or during Labour

Information about the use of oxytocin was collected from the partogram. In this
document, midwives usually record whether oxytocin is administered or not, but the dose
and administration time are not frequently collected, so these data were not assessed in the
present study. Moreover, we considered that oxytocin was administered both by induction
of labour and uterine stimulation, but we did not consider the administration of this drug
during placenta birth.

2.7. The Back-Scratch Test

The Back-scratch test [18] was used to assess upper-body flexibility (Figure 1). The
test consists of measuring the overall shoulder range of motion by measuring the distance
between (or overlap of) the middle fingers as they come together behind the back. This test
was performed twice with both hands, alternatively; the final score in centimetres (cm) was
calculated as the mean value of the best attempts for both arms.

 

Figure 1. “Back-scratch” test assessment.
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2.8. Statistical Analyses

Descriptive statistics were summarized as mean (standard deviation) for quantitative
variables and frequency (%) for categorical variables.

The comparisons of the Back-scratch test between pregnant women with and without
oxytocin administration and with and without caesarean section were performed by the
T-student test and one-way analysis of covariance (ANCOVA) after adjustment for maternal
age and weight, parity, the exercise intervention, epidural analgesia, and birth place.
Planned caesarean sections were excluded from the analyses (n = 5, Figure 2). Furthermore,
standardized effect size statistics were estimated for these comparisons through Cohen’s
d and its exact confidence interval (CI). The effect size was interpreted as small (~0.2),
medium (~0.5) or large (~0.8 or greater).

Figure 2. Flow diagram of the study participants.
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The Back-scratch test thresholds that best prognosticated the subjects as having vs.
not having oxytocin administration and as having vs. not having a caesarean section were
determined by using receiver operating characteristic (ROC) curve analysis [19].

The ROC curve is a plot of all the sensitivity/specificity pairs resulting from varying
the decision threshold [19]. To identify the best threshold, the distance between the perfect
test and each sensitivity and 1-specificity pair was calculated, and then, the pair closest to
1 was chosen. We also calculated the area under the curve (AUC) and the 95% CI. The AUC
represents the ability of the Back-scratch test to correctly classify subjects as having vs. not
having oxytocin administration and having vs. not having a caesarean section as having vs.
not having oxytocin administration. The values of AUC range between 1 (perfect test) and
0.5 (worthless test).

Binary logistic regression was used to further study the relationship among the Back-
scratch test-derived cut-offs, oxytocin administration, and the presence/absence of cae-
sarean section. Maternal age and weight, parity, maternal, exercise intervention, epidural
analgesia, and birth place were also additionally included as covariates to test their poten-
tial confounder effects on upper-body flexibility and the risk of oxytocin administration
and caesarean section.

All the analyses were performed using the Statistical Package for Social Sciences (IBM
SPSS Statistics for Windows, version 26.0; Armonk, NY, USA), and the level of significance
was set at p < 0.05.

3. Results

Of the 159 women who met the eligibility criteria and completed the first assessment,
157 women had complete and valid sociodemographic data. However, data on birth type
and oxytocin administration were missing for 15 participants, and five pregnant women
were excluded from the analyses because they had elective caesarean sections (see Figure 2).

The sociodemographic and clinical characteristics of the study participants are shown
in Table 1. The final sample size was composed of 137 Caucasian pregnant women (aged
32.9 ± 4.6 years old, 66.7 ± 11.9 kg of mean weight at the 16th g.w.). Most of the participants
lived with their partners (97%), had University degrees (57%), and worked full time.
Approximately 61% of the sample were nulliparous, and 23% had a caesarean section.
More than half of the caesarean sections (55%) were due to failure of labour progression
(prolonged labour). Births took place around 39.6 ± 1.3 g.w., with a mean neonate body
weight of 3.3 ± 0.5 kg. The mean value of the Back-scratch test was 4.1 ± 6 cm.

Table 1. Sociodemographic and clinical characteristics of the study participants (n = 137).

Maternal Outcome Mean (SD)

Age, years 32.9 (4.6)
Body mass index at 16th gestational week,
kg/m2 24.9 (4.1)

Weight at 16th gestational week, kg 66.7 (11.9)
n (%)

Living with a partner, yes 133 (97.1)

Educational status
Primary or highschool 33 (24.1)
Specialized training 26 (18.9)
University degree 78 (56.9)

Working status
Homework/unemployed 41 (29.9)
Partial-time employed/student 37 (27)
Full-time employed 59 (43.1)
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Table 1. Cont.

Maternal Outcome Mean (SD)

Oxytocin administration to induce or stimulate
labour 44 (32.1)

Epidural analgesia, yes 94 (72.9)

Type of birth
Vaginal 106 (77.4)
Non-planned caesarean section 31 (22.6)

Reason of caesarean section n (%)

Risk of loss of foetal well-being 9 (29)
Failed induction 2 (6.5)
Failure to progress 17 (54.8)
Suspected Cephalopelvic Disproportion 3 (9.7)

Birth place
Public hospital 131 (95.6)
Private hospital 5 (3.6)
Home 1 (0.7)

Parity
Nulliparous 84 (61.3)
Multiparous 53 (38.7)

Back-scratch test Mean (SD)
4.1 (6.2)

16th gestational week Median
4.7

Neonatal outcome

Sex (female, n (%)) 68 (50.7)
Gestational age at birth, weeks 39.6 (1.3)
Birth weight, grams 3314 (482.8)
Apgar Test 1 min 8.6 (1.0)
Apgar Test 5 min 9.6 (0.7)

Differences in the Back-scratch test of the pregnant women at the 16th g.w. by oxytocin
administration and type of birth are shown in Table 2. The mean scores in the Back-scratch
test were +1.8 cm in women who needed oxytocin administration compared with +5.4 cm
in women who did not require its administration (p = 0.001 for the unadjusted model and
p = 0.004 for the adjusted model, Cohen’s d = 0.59, 95% CI: 0.2–0.95). The mean cm values
in the Back-scratch test were +1.6 cm in women who had caesarean sections compared with
+5.0 cm in women who had vaginal births (p = 0.004 for the unadjusted model and p = 0.017
for the adjusted model, Cohen’s d = 0.55, 95% CI: 0.2–0.9).

Table 2. Differences in the Back-scratch test of the pregnant women at the 16th gestational week by
oxytocin administration and type of birth.

Oxytocin Was Not Administered
(n = 93)

Oxytocin Was Administered
(n = 44)

p p * Effect Size d-Cohen
(95% CI)

5.40 (0.68) 1.76 (0.89) 0.001 0.004 0.59 (0.23, 0.95)
Vaginal Birth

(n = 106)
Caesarean Section

(n = 31) p p * Effect Size d-Cohen
(95% CI)

5.04 (0.63) 1.61 (0.89) 0.004 0.017 0.55 (0.21, 0.89)

Values are shown as mean (standard error of the mean). CI, confidence interval. * Model adjusted for maternal
age, parity, maternal weight, exercise intervention, epidural analgesia, and birth place.

Figure 3 shows the capacity of the Back-scratch test to discriminate between the need
for oxytocin administration before or during labour (Figure 3A) and presence/absence of
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caesarean section (Figure 3B). The AUC to establish the ability of the Back-scratch test to
detect the need for oxytocin administration was 0.682 (95% CI: 0.59, 0.78, p = 0.001). The
AUC to establish the ability of the Back-scratch test to detect the odds of caesarean section
was 0.672 (95% CI: 0.60, 0.77, p = 0.002).

Figure 3. (A) Capacity of the Back-scratch test to discriminate the need (or not) for oxytocin adminis-
tration before or during labour. (B) Capacity of the Back-scratch test to discriminate between vaginal
birth and caesarean section.

The thresholds derived from the ROC analysis for the need for oxytocin administration
and the presence/absence of caesarean section are shown in Table 3. The optimal cut-
off to discriminate the need for oxytocin administration was +3.6 cm (OR = 4.2; 95%
CI: 1.9–9.3 for the unadjusted model, and OR: 4.8; 95% CI: 2.0–11.6.7 for the adjusted
model). The cut-off points, ORs, and 95% CIs of the Back-scratch test to identify caesarean
presence were tested in an unadjusted model after adjusting for maternal age and weight,
parity, exercise intervention, epidural analgesia, and birth place. The optimal cut-off point
to discriminate between the presence and absence of a caesarean section was +4.1 cm
(OR: 4.1; 95% CI: 1.8–9.5 for the unadjusted model, and OR: 4.2; 95% CI: 1.7–10.2 for the
model adjusted for the abovementioned potential confounders).

Table 3. Binary logistic regression statistics testing the predictive capacity of the Back-scratch test
thresholds derived from the receiver operating characteristics curve analysis for the need for oxytocin
administration before or during labour and the presence/absence of caesarean section.

Low Back-Scratch Test (Based on the Cut-Off)

Cut-Off Point (cm)
Unadjusted Model Adjusted Model *

OR 95% CI p OR 95% CI p

Oxytocin administration <3.6 4.23 1.92–9.31 <0.001 4.79 1.97–11.6 0.001
Caesarean section <4.1 4.13 1.80–9.50 0.001 4.15 1.70–10.2 0.002

High Back-scratch test was used as reference; OR, odds ratio; CI, confidence interval; * Model adjusted for
maternal age, parity, maternal weight, exercise intervention, epidural analgesia, and birth place.

4. Discussion

The main findings of the present study indicate that lower flexibility levels during the
early second trimester of pregnancy may be indicators of the need for oxytocin administra-
tion before or during labour and caesarean section.

At the 16th g.w., a Back-scratch test score < 3.6 cm was associated with a ~5 times
greater increased odds ratio for requiring exogenous oxytocin administration to induce
or stimulate labour. A Back-scratch test score < 4.1 cm was associated with a ~4 times
greater increased odds ratio for having a caesarean section. The proposed cut-offs provide
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useful information for clinical settings that can be used to recommend a potential tailored
prescription of flexibility training programs during pregnancy.

Within the GESTAFIT project, our group previously showed that maternal physical
fitness is a key factor related to maternofoetal health and birth outcomes [8,9]. The present
results support our previous findings and highlight the importance of implementing
physical fitness testing as a complementary tool for the screening of healthy pregnancies.
Therefore, considering that the Back-scratch test is efficient in terms of time and equipment,
we propose its use as a powerful test to be implemented in routine clinical practice.

Since women who required oxytocin administration showed lower flexibility during
the early second trimester of pregnancy, this physical fitness component might be key in
preventing the need for this intervention. According to the Spanish Ministry of Health,
Social Services, and Equality, the prevalence of the use of exogenous oxytocin during
spontaneous labour in Spanish public hospitals is 53%, which is much higher than the
recommended standards of 5–10% [20]. In the present study, 34% of women were provided
with this hormone during labour, which represents almost four times the recommendations.
Synthetic oxytocin is extensively employed as a method to induce labour [21,22] and a
treatment for dystocia of uterine dynamics [22]. However, its use has been related to
increased risk of uterine hyperactivity, alterations in the foetal heart rate, and postpartum
haemorrhage [7]. In addition, other studies have associated the use of oxytocin with sucking
problems and early cessation of breastfeeding [4], among other neonatal complications [6].

It was previously shown that maternal flexibility was associated with a lower incidence
of caesarean sections [8], and modalities of exercise widely recommended during pregnancy
that prioritize flexibility training, such as yoga, have been related to higher rates of vaginal
births [12]. To note, caesarean sections are clearly associated with greater postpartum
complications for the mother and new-born [1–3]. In our study sample, 25% of the births
were caesarean sections, a much higher rate than the one recommended by the World
Health Organization, which establishes that rates above 15% do not reduce maternal and
neonatal morbidity and mortality [23]. It should also be taken into account that in Spanish
private hospitals, the caesarean ratio is higher than in public hospitals, which we considered
by including the place of birth as a potential confounder.

Several mechanisms might partially explain the role of flexibility in the type of delivery
and the need for oxytocin administration. First, overall bodily flexibility levels may be
related to the status of the connective tissue (i.e., ligaments) during pregnancy, which
may present greater ligament laxity, which is necessary for the correct maintenance of
pregnancy and labour progression. Second, pregnant women with greater flexibility might
also present greater serum relaxin concentrations [23], which are also naturally increased
during pregnancy [24]. Relaxin is a key hormone during pregnancy that also powerfully in-
creases ligament laxity [25] and, consequently, body flexibility. Third, relaxin also provides
vasodilator effects [26], which promote enhanced blood flow to the foetus and reduce po-
tential alterations in foetal well-being. Moreover, since relaxin has endothelium-dependent
vasodilation effects in the uterine artery [26], it seems feasible that the uteroplacental flow
was more efficient during labour in women with greater relaxin concentrations—and prob-
ably also higher body flexibility. In this line, in a previous study [9], we found that greater
maternal flexibility at the 16th gestational week was associated with a more alkaline pH,
higher PO2, higher arterial oxygen saturation, and lower PCO2 in the arterial umbilical
cord blood. Fourth, it seems that high levels of relaxin might also have a determinant
role in the appearance of uterine contractions [27,28]. Finally, although more studies are
needed to confirm this hypothesis, it is possible that women with better cardiometabolic
status—which has been highly associated with the Back-scratch test scores in several popu-
lations [14,15]—showed greater cardiorespiratory fitness [29] and, therefore, experienced
less fatigue during labour. Less fatigue promotes better uterine dynamic [30], and fatigue
is also one of the main clinical reasons for providing this hormone during labour [23].

This study has several clinical implications to highlight. The high capacity of the Back-
scratch test to establish the odds of the need for oxytocin administration and caesarean
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section, and the fact that it is a very accessible tool, reinforces that it should be included
as a new complementary pregnancy screening tool. Particularly, the Back-scratch test has
great potential in a clinical setting for the following reasons: (i) a measuring tape or a ruler
is all the equipment needed to perform this test, so it is extremely cheap; (ii) the procedures
for this test are simple and do not require any particular training; (iii) typically, physical
fitness tests require larger spaces, while the Back-scratch test can be performed in any
room without any special requirement; and (iv) this test is time-efficient, requiring just one
minute, which is a fundamental issue for clinicians who are usually under time constraints.

As our intention is the prompt detection of these common obstetric risks, we encourage
clinicians to assess this test around the 16th g.w. in order to initiate prevention strategies
focused on flexibility early. From the GESTAFIT project team, we highly recommend those
preventive interventions focused on physical exercise [8,9,31], as it exerts strong positive
effects on birth-related outcomes such as the prevalence of caesarean sections, gestational
age, length of labour stages, birth weight, Apgar test scores, and umbilical cord blood gases,
among others [8,9,31]. We also recommend incorporating flexibility training in pregnant
women below the cut-offs. Future studies are warranted to check the influence of specific
flexibility programs (e.g., yoga, stretching) on women below the proposed cut-offs in order
to explore their potential positive influences on birth outcomes through flexibility gains.

Some limitations must be highlighted. The study sample was relatively small, and we
have missing data for different reasons, so studies with larger sample sizes are needed to
establish more robust cut-off points. Moreover, because of the relatively small sample size,
we could not further establish age-specific cut-off points (e.g., for women aged more or less
than 30 years old).

This study also has several strengths to note. As far as we know, this is the first
study establishing simple physical flexibility test cut-off points for the monitoring of
pregnancies in clinical settings. Further, this test might also provide a powerful preventive
tool for clinicians. Moreover, we confirmed the potential of the Back-scratch test after the
adjustment for relevant potential confounders that could affect flexibility or the risk of
caesarean section and complicated births, such as maternal age and weight, parity, birth
place or the use of epidural analgesia.

5. Conclusions

Overall, women who needed oxytocin administration or suffered a caesarean section
showed lower flexibility levels. The early identification of pregnant women who fail to meet
the suggested standards in the Back-scratch test can assist in better pregnancy monitoring
and might help to identify relevant birth-related complications easily, quickly, and cheaply
and then initiate preventive strategies (for instance, focused on improving flexibility levels
within their exercise program).

The Back-scratch test should be proposed as a discriminative tool for predicting the
need for oxytocin administration during labour and the odds of caesarean section. A Back-
scratch test score <3.6 cm was associated with a ~5 times greater increased odds ratio of
requiring exogenous oxytocin administration to induce or stimulate labour. A Back-scratch
test score <4.1 cm was associated with a ~4 times greater increased odds ratio of having
a caesarean section. Therefore, optimal flexibility levels during pregnancy might prevent
these labour-related complications.
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Abstract: Not discounting the important foetal or placental contribution, the endometrium is a
key determinant of pregnancy outcomes. Given the inherently linked processes of menstruation,
pregnancy and parturition with the endometrium, further understanding of menstruation will help to
elucidate the maternal contribution to pregnancy. Endometrial health can be assessed via menstrual
history and menstrual fluid, a cyclically shed, easily and non-invasively accessible biological sample
that represents the distinct, heterogeneous composition of the endometrial environment. Menstrual
fluid has been applied to the study of endometriosis, unexplained infertility and early pregnancy
loss; however, it is yet to be examined regarding adverse pregnancy outcomes. These adverse
outcomes, including preeclampsia, foetal growth restriction (FGR), spontaneous preterm birth and
perinatal death (stillbirth and neonatal death), lay on a spectrum of severity and are often attributed
to placental dysfunction. The source of this placental dysfunction is largely unknown and may be due
to underlying endometrial abnormalities or endometrial interactions during placentation. We present
existing evidence for the endometrial contribution to adverse pregnancy outcomes and propose
that a more comprehensive understanding of menstruation can provide insight into the endometrial
environment, offering great potential value as a diagnostic tool to assess pregnancy risk. As yet, this
concept has hardly been explored.

Keywords: menstruation; endometrium; pregnancy; menstrual fluid; adverse pregnancy outcomes;
stillbirth; placenta

1. Introduction

The death of a baby before its life even begins is a devasting outcome of pregnancy.
Globally, more than 4 million babies die in the perinatal period (as a stillbirth or neonatal
death (NND)) every year [1,2]. In high-income countries, current approaches to reduce
perinatal death focus predominantly on care at the end of pregnancy. While gains are
being made in reducing late gestation stillbirth [3,4], 85% of perinatal deaths occur in
the preterm period (<37 weeks’ completed gestation), with the most common classified
causes (excluding congenital anomalies) being spontaneous preterm birth (e.g., preterm
premature rupture of membranes (pPROM); 11.5% stillbirths and 38% NND), foetal growth
restriction (FGR; 9% stillbirths, where the baby fails to reach its growth potential), or
unexplained antepartum deaths, with no cause found (14% stillbirths) [5]. Preeclampsia,
a hypertensive disorder of pregnancy, is also a leading cause of maternal morbidity and
mortality worldwide [6]. The underlying biological pathways that lead to this continuum
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of adverse pregnancy outcomes, including preeclampsia and FGR, spontaneous preterm
birth and perinatal death, are not fully understood. Even though these outcomes manifest
in different ways, ‘placental insufficiency’ is commonly attributed as the driver of adverse
outcomes. The causes of poor placental function, however, remain largely unknown.

The evidence demonstrates that the endometrial environment into which the embryo
implants is crucial in the establishment and progression of pregnancy, including placental
development [7–10]. Defective decidualisation of the endometrium has been linked with
recurrent pregnancy loss, spontaneous preterm birth and preeclampsia [11–14]. Abnormal
menstruation, such as irregular periods or early onset of menarche, has also been associated
with the development of preeclampsia and FGR [15] and preterm birth [16]. Despite these
correlations, the role of the endometrium and menstruation in contributing to adverse
pregnancy outcomes has been entirely understudied. The lack of research in this space
to date may be attributed to the difficulty in performing non-invasive assessments of the
endometrial environment. With the advent of menstrual fluid research, however, it is now
possible to non-invasively collect and measure the components of menstrual fluid that
reflect the endometrium around the time of embryo implantation [17–19], thus providing a
window into this dynamic environment.

In this review, we reiterate that the endometrial environment into which the embryo
implants is an integral component in establishing the trajectory of pregnancy. Abnormal
placentation likely stems from impaired decidualisation and inflammation, leading to
reduced endometrial receptivity and, therefore, aberrant implantation [20,21]. Just as
these are thought to be factors leading to infertility and recurrent pregnancy loss, we
emphasise that they can lead to a spectrum of adverse outcomes throughout pregnancy
(Figure 1). We highlight several studies of placental insufficiency biomarkers detected
in peripheral blood or placental tissues, which are not necessarily representative of the
endometrial environment, making it difficult to draw inferences from these associations.
We also provide detailed evidence from endometrial biopsy and in vitro studies, including
differences in cellular and protein pathways and gene expression, demonstrating the
contribution of the endometrium to adverse pregnancy outcomes.

Figure 1. The potential contribution of factors that contribute to the resultant spectrum of ad-
verse pregnancy outcomes. AUB: abnormal uterine bleeding; RIF: recurrent implantation failure;
RPL: recurrent pregnancy loss; FGR: foetal growth restriction.

Studying menstruation and menstrual fluid has unrealised potential to better under-
stand the origins of poor placental function. Specifically, there is the prospect for menstrual
fluid biomarker screening to be used during preconception care or after adverse events
have occurred to guide future pregnancy care. There is also an opportunity to inform
the development or repurposing of therapeutics to target specific cellular pathways that
underpin poor pregnancy outcomes. Whilst it might seem contradictory to use menstrua-
tion, a biological process that signals the very absence of pregnancy, to research obstetric
complications and adverse pregnancy outcomes, it provides the perfect window into the
endometrial environment of the uterus prior to implantation.
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2. The Endometrial Environment

2.1. Endometrial Composition Changes over the Menstrual Cycle

The endometrium is a heterogeneous tissue comprising epithelial, stromal,
stem/progenitor and immune cells. Throughout the menstrual cycle and during preg-
nancy, the composition of the endometrium changes dynamically in response to circulating
ovarian hormones. During menstruation, the functional layer of endometrial tissue sheds,
and the endometrial ‘wound’ begins to repair concurrently [22,23]. Following repair and
under the influence of rising oestrogen levels during the proliferative phase, endometrial
regeneration is likely mediated by stem/progenitor cells to regenerate the glands and
vascularised stroma of the functional layer of the endometrium. Regeneration involves the
endometrium more than doubling in thickness, growing up to 1 cm of mucosal tissue [23].
After ovulation, the secretory phase involves the differentiation of glandular epithelium
into secretory cells that produce mucin-rich secretions for nourishing a future embryo; and
stromal cells, which undergo distinct differentiation to become highly secretory epithe-
lioid cells in preparation for embryo implantation. Endometrial glandular epithelium and
stroma differentially express proteins throughout the varying phases of the menstrual cycle,
and endometrial receptivity is influenced by a suite of molecules [24,25].

The proportion of immune cells in the endometrium also fluctuates dramatically
throughout the phases of the menstrual cycle. Previous research shows that the propor-
tion of CD45+ endometrial leukocytes doubles between the late proliferative and late
secretory phases and represents up to 90% of all endometrial cells towards the end of
the menstrual cycle [17,26]. Of note is the influx of uterine natural killer (uNK) cells,
neutrophils and monocytes, which differentiate into macrophages, particularly in the de-
cidualising endometrial stroma [27]. Throughout the menstrual cycle, uNK cells become
the dominant immune cell population (>70%) to promote trophoblast invasion and spiral
arteriole remodelling [28,29].

2.2. Endometrial Composition Changes during Pregnancy Establishment

The endometrial environment is fundamental for the establishment of pregnancy.
After fertilisation and the journey down the oviduct to the uterine cavity, the blastocyst
adheres to the endometrial luminal epithelium. This epithelium is crucial in mediating
crosstalk between the implanting blastocyst and the endometrium [30,31]. Following
implantation, the human embryo is completely enveloped within the endometrial lining by
post-conception day 10 [32]. Extravillous trophoblastic cells (EVTs) rapidly proliferate and
migrate into the decidua basalis. EVTs invade the underlying endometrial glands to anchor
the conceptus to the uterine wall [31] and the spiral arterioles within the endometrium
to remodel them into a low resistance, high flow system to allow for gas and nutrient
exchange. The invasion and subsequent lining of the spiral arterioles by EVTs is crucial
to the establishment of a well-functioning placenta. Paracrine signalling and histotroph
secretions from the endometrial glands promote this process and provide nutrition to the
conceptus until placentation is well established [33]. Whilst the placenta is critical to the
maintenance of pregnancy, it is becoming clearer that the endometrial environment and
maternal contribution have a huge influence on implantation and subsequent placentation
to establish pregnancy.

3. The Origins of Adverse Pregnancy Outcomes

3.1. Parturition and Pregnancy Outcomes: Is Decidualisation the Determining Factor?

During the mid-secretory phase of each menstrual cycle, endometrial stromal cells com-
mence a terminal morphological and functional differentiation termed decidualisation [34].
Elongated fibroblast-like cells transform into enlarged, round-shaped, highly secretory
decidual cells, characterised by the release of insulin-like growth factor binding protein-1
(IGFBP-1) and prolactin (PRL) in preparation for pregnancy [35]. In response to elevated
progesterone levels [36], decidualised stromal cells promote angiogenesis, activate matrix
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metalloproteinases (MMPs) and generate prostaglandins to facilitate trophoblast invasion
and prevent immune rejection by recruiting uNK cells to the decidua [34].

Most non-menstruating eutherian mammals undergo decidualisation induced by
the arrival of an implanting blastocyst; however, in humans, decidualisation occurs
spontaneously [36,37]. The evolution of spontaneous decidualisation and menstruation
is thought to coincide with invasive placentation, as decidual cells promote endometrial
homeostasis during placentation [38,39]. Thus, in non-conception cycles, it is the termi-
nally differentiated decidualised endometrium of the functionalis layer that is shed during
menstruation in humans. The proliferative and differentiation capacity of decidual cells,
which are a key determinant of menstrual health and pregnancy outcomes [14,40,41], can
be assessed via endometrial and menstrual fluid samples in vitro [42].

There is abundant evidence that impaired decidualisation affects endometrial recep-
tivity regarding early pregnancy loss and infertility [43], and this has also been proposed
as a contributing factor to later adverse pregnancy outcomes [44]. Aberrations in the en-
dometrial environment due to impaired decidualisation have been termed ‘decidualisation
resistance’ [9] or maternal immune intolerance. Decidualisation resistance impacts tro-
phoblast invasion, histotroph secretions and spiral artery remodelling, which can cause re-
current implantation failure, underlying infertility, or miscarriage [9,45,46]. Likely, decidual
resistance is also involved in the pathogenesis of later pregnancy complications through sev-
eral mechanisms [11,13,14,47,48], though the specific contribution of the endometrial envi-
ronment to these adverse pregnancy outcomes remains largely unknown. Well-established
hypotheses include decidual resistance impeding spiral arteriole remodelling, contribut-
ing to placental insufficiency in preeclampsia and FGR, and downstream effects on pro-
gesterone receptor expression leading to spontaneous preterm birth [11,14,48,49]. Most
knowledge of endometrial associations with adverse pregnancy outcomes comes from circu-
lating biomarkers present in peripheral blood [50–53] or retrospective analysis of placental
tissue [54], and there is limited research using endometrial biospecimens themselves.

Many of the mediators involved in menstruation are also activated during labour,
such as prostaglandins, pro-inflammatory cytokines and MMPs, which breakdown the
endometrium for menstruation or degrade the extracellular matrix to weaken foetal mem-
branes for rupture during labour [55–59]. While the exact mechanisms for initiating labour,
both at term and preterm, are yet to be fully elucidated, it has been hypothesised that
a ‘decidual clock’ is responsible for parturition, and as such, the decidua is vital in de-
termining the onset of labour [60]. When decidual support is withdrawn, separation of
the chorioamniotic membranes is initiated. Paracrine signalling by interleukins (IL) and
prostaglandins between the endometrium and myometrium causes the switch between
anti-inflammatory and pro-inflammatory states, which indicates the transition from a qui-
escent to a contractile phase. Cervical ripening in preparation for dilation is also mediated
by changes in MMPs and inflammatory cytokines [61]. In the instance of spontaneous
preterm birth, activation of inflammatory pathways likely signals a premature stimulation
of the cascade of hormones responsible for parturition, though it remains unknown why
this occurs (in cases that do not involve infection).

3.2. Evidence for the Endometrial Contribution to Adverse Pregnancy Outcomes

Later gestation pregnancy complications, including preeclampsia, FGR, spontaneous
preterm birth and perinatal death, represent a continuum of adverse outcomes. These are
often attributed to ‘placental insufficiency’ and share common pathways. Below, we provide
detailed evidence of endometrial factors hypothesised to be involved in the development
of adverse pregnancy outcomes. These factors are indicative of an altered endometrial
environment and could be further explored by investigating menstrual health.

3.2.1. Preeclampsia

Preeclampsia is a progressive hypertensive disorder that worsens as pregnancy
continues [62] and is estimated to affect approximately 5% of all pregnancies [63]. Preeclamp-
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sia is largely considered to be a placental disorder, and as such, most preeclampsia research
has been conducted on the placenta itself [63]. It is believed to stem from shallow tro-
phoblast invasion and inadequate spiral arteriole remodelling, which subsequently leads
to narrow maternal vessels and vascular resistance, eventually resulting in placental insuf-
ficiency. The contribution of the endometrium to this process, however, has not been fully
explored, but there is evidence to suggest that decidualisation plays a crucial role.

Decidualisation assays on cultured human endometrial stromal cells derived from
endometrial biopsies have shown reduced decidualisation marker expression (PRL and
IGFBP1) and a failure to decidualise in vitro in women with a history of preeclampsia [11].
These findings were replicated in sections of decidua basalis and parietalis collected at
the time of delivery from women with preeclampsia and showed a functional reduction
in cytotrophoblast invasion [11]. Further transcriptional analyses of both endometrial
stromal cells and the decidua basalis in cases of preeclampsia have demonstrated over
a hundred differentially expressed genes, demonstrating impaired decidualisation and
revealing the maternal contribution to preeclampsia [48,64]. Another study analysing
the gene expression of chorionic villous samples showed that the genes dysregulated in
preeclamptic cases were of decidual origin [48] and showed concordance with nine genes
identified in the previous study [11]. Both studies also demonstrated differential gene
expression of maternal immune cells, NK and T-cell receptors [11,48].

Several inflammatory cytokines, secreted by endometrial macrophages, have also been
implicated in the pathogenesis of preeclampsia. The overexpression of circulating IL-6,
IL-8, IL-1β and tumour necrosis factor-alpha (TNF-α) in cases of preeclampsia maintain a
chronic pro-inflammatory state [51]. There is evidence that the source of excess circulating
interleukins is the decidua, not the placenta, in preeclamptic cases compared to gestational
age-matched controls [65]. Overexpression of these factors may act through varying
mechanisms; for example, TNF-α impacts the ability of uNK cells to regulate the level of
trophoblast migration and invasion [66]. Overexpressed TNF-α can also promote increased
oestrogen biosynthesis in endometrial glandular epithelial cells. This is associated with the
development of endometrial disorders such as endometriosis [67], which has an increased
risk of preeclampsia [68].

This highlights the crucial importance of considering the endometrium in cases of
preeclampsia. Even though the placenta retains some endometrial epithelial cells [69], very
little research has been conducted on the pre-placental origins of preeclampsia. Further
research into endometrial biomarkers for preeclampsia may provide novel insights into the
pathogenesis of preeclampsia.

3.2.2. Foetal Growth Restriction

FGR is defined as the inability of a foetus to reach its intrauterine growth and de-
velopment potential due to placental compromise [70] and remains a leading cause of
perinatal mortality worldwide. More than half of FGR cases remain idiopathic [71], as
current clinical detection and diagnosis of FGR remains poor, with as many as four out of
five growth-restricted babies remaining undetected in utero [72]. FGR is generally defined
as a foetus weighing below the 10th percentile; however, not all foetuses that are small for
gestational age have FGR. Incorrectly identified FGR can result in unnecessary harmful
interventions, including iatrogenic preterm birth [73]. This can carry significant neonatal
comorbidities such as cognitive deficits and cardiovascular disease later in life [74,75].

In the absence of genetic or structural defects in the foetus, placental insufficiency
accounts for the majority of FGR cases [76]. A spectrum of placental pathologies contributes
to uteroplacental insufficiency, ranging from impaired villous development to deficient
vascular remodelling, resulting in inadequate nutrient transfer and foetal hypoxia [77].
There is emerging evidence that FGR and preeclampsia share common pathways, with
a pro-inflammatory bias of increased levels of IL-6, IL-8 and TNF-α; however, FGR has
been associated with decreased levels of the anti-inflammatory cytokine IL-10 in periph-
eral blood [53,78]. IL-10 suppresses natural killer-like cells at the uteroplacental interface,
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and cases of FGR demonstrate a reduced proportion of uNK cells in the decidua basalis
compared to controls [79]. Interestingly, this association was significant with FGR, re-
gardless of preeclampsia status; however, the reduction was not significant in isolated
cases of preeclampsia without FGR [79]. The balanced composition of decidual leukocytes
is crucial for the maintenance of pregnancy, and dysregulation of the decidua may be a
prominent early event of pregnancy that affects the regulation of inflammation and spiral
artery remodelling. It is unknown what causes this initial dysregulation and subsequent
inflammatory responses in the endometrial environment and why this manifests differently
in some cases of preeclampsia and FGR.

3.2.3. Spontaneous Preterm Birth

Spontaneous preterm birth remains one of the leading causes of perinatal mortality
in high-income countries [5,80]. Some of the top risk factors for spontaneous preterm
birth include prior preterm birth [81] and preeclampsia [82]. As many as two-thirds of
preterm births may occur in the absence of any evident risk factors [83], and the underlying
mechanisms leading to spontaneous preterm birth are largely unknown.

It has been previously proposed that the four following interrelated pathogenic mech-
anisms cause spontaneous preterm birth [84]:

1. Activation of the maternal or foetal hypothalamic-pituitary-adrenal (HPA) axis;
2. Decidual-chorioamniotic or systemic inflammation;
3. Decidual haemorrhage (abruption);
4. Pathological distention of the uterus [84].

Similar to the spectrum of adverse pregnancy outcomes, it is likely that the origins and
severity of spontaneous preterm births also lay on a continuum dependent on the initial
endometrial environment and may stem from underlying endometrial abnormalities. This
hypothesis is supported in a review by Ng et al. [9], which postulates that these processes
are interrelated, as evidenced by overlapping biomarkers and risk factors for other adverse
pregnancy outcomes with preterm birth (Figure 1).

Many of the molecular mechanisms implicated in the pathogenesis of preeclampsia
and FGR discussed above are also dysregulated in cases of spontaneous preterm birth,
and identifying biomarkers for spontaneous preterm birth remains challenging. A cross-
sectional study of urine and plasma collected from women who experienced spontaneous
preterm birth demonstrated that TNF-α, IL-6, IL-10 and IL-1β were all positively associated
with an increased risk for spontaneous preterm birth; however, only IL-10 was found to
be statistically significant [50]. IL-10 is specifically elevated among cases of preterm birth
with aberrant placentation [85,86]. Whilst of interest, it is unlikely that plasma and urine
samples are exclusively representative of the endometrial environment, and as highlighted
above, the source of these circulating factors and whether differential expression of these
mediators is implicated in endometrial cells requires further investigation.

This could be achieved with a focus on studying menstrual fluid composition in
women with pregnancies previously impacted by spontaneous preterm labour. For instance,
the expression of MMP-1 and MMP-9 is higher in the placental tissue of preterm [54]
compared with term births. The very nature of placental investigations, however, is
retrospective, and it can be difficult to separate the foetal and maternal contributions.
These factors can be detected in endometrial tissue derived from menstrual fluid, and
MMP-1 has been shown to be significantly upregulated in the menstrual fluid of infertility
cases [87]. Further research comparing placental tissue with endometrial tissues would
determine whether these factors can be used as biomarkers in preconception care to predict
an increased risk for spontaneous preterm birth.

3.2.4. Perinatal Death

Perinatal death can occur as a result of the aforementioned pregnancy complications.
Regardless of the gestation or cause, perinatal death is a traumatic experience that has a
profound impact on all of those affected. Due to the logistical considerations of obtaining

94



J. Clin. Med. 2024, 13, 4430

endometrial samples from women impacted by pregnancy and infant loss, there has
been very little research into the exact endometrial contribution. However, both uterine
maturity [88–91] and decidualisation capacity [92] have been implicated in pregnancy loss,
highlighting the importance of exploring this concept further.

As progesterone is essential to maintaining the menstrual cycle, there is a theory that
cyclic menstruation ‘preconditions’ the uterus for pregnancy by protecting the uterus from
inflammatory and oxidative stress associated with placentation [88]. This may explain why
adolescent pregnancies (<20 years old) have a higher risk of perinatal death and adverse
pregnancy outcomes [89,90]. This has often been attributed to socioeconomic disadvantage
and insufficient reproductive education associated with teenage pregnancy [91]. Uterine
immaturity due to progesterone resistance, however, has also been indicated as a potential
underlying factor that impacts endocrine pathways and decidualisation capacity [92].
This is evident when we consider that neonates have inactive endometrium, and females
transition to a state of cyclic ovarian oestrogen and progesterone production, followed
by progesterone responsiveness during puberty. This then triggers the onset of regular
menstruation and decidual gene expression [92]. Inadequate vascular remodelling in
adolescent pregnancies may be a result of incomplete cyclic programming of uNK cells. The
higher rate of stillbirth among adolescent pregnancies may be an indication of insufficient
menstrual cycles to precondition the uterus for adaptation to pregnancy [88]. This highlights
the significance of the functional decidua for both a healthy menstrual cycle and pregnancy.

Conversely, advanced maternal age (>35 years old) is also a risk factor for perinatal
deaths [93]. This is often attributed to declining oocyte quality and increased rates of em-
bryonic chromosomal abnormalities. Emerging evidence from preclinical models, however,
indicates that most pregnancies with later adverse outcomes occur in the absence of a
chromosomal abnormality, indicating a role for the uterine environment [94]. Age-related
inflammation occurs in the endometrium [95], and it has been demonstrated in mice mod-
els that advanced maternal age interferes with the progesterone response of stromal cells,
resulting in a reduced capacity to decidualise [94]. This has downstream implications for
placental establishment and function, which has been shown to gradually decrease in a
maternal age-dependent manner via reduced concentration of pro-inflammatory cytokines
IL-1β and TNF-α [96]. Placentas from advanced-aged mothers also weigh significantly
more even though there is an increased incidence of FGR [96,97], which may be indicative
of a response to compensate for poor placental function. This evidence emphasises the com-
plexity of elucidating the molecular mechanisms underpinning pregnancy complications
but reiterates that a healthy endometrium is key to maintaining pregnancy.

4. Is Menstrual Assessment the New Frontier in Understanding the Endometrial
Contribution to Adverse Pregnancy Outcomes?

The complexities of menstruation, conception, decidualisation, implantation, placenta-
tion and parturition are inevitably difficult to replicate and study in vivo in humans. As
detailed in the previous sections, understanding of these processes and the errors that
occur in these pathways have largely come from animal models, placental examinations
and in vitro studies using tissue from endometrial biopsies. Given the copious molecular
mechanisms that are spatiotemporally regulated during implantation and placentation,
retrospective placental examination is inadequate to gain the critical insights required to
understand the aetiology of these adverse pregnancy outcomes. Many of these approaches
are also time-consuming and invasive, and sample sizes for studies are often small due to
difficulty recruiting relevant populations to prospective clinical studies. The potential to
uncover the endometrium’s contribution to adverse pregnancy outcomes via menstrual his-
tory taking, clinical assessments and biological evaluation of menstrual fluid can overcome
these challenges, paving the way to drive this important research field forward.
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4.1. The Potential for Investigating Menstrual Characteristics Associated with Adverse
Pregnancy Outcomes

Menstrual characteristics, including age at menarche, cycle length, period regularity,
length and heaviness, period pain and associated menstrual symptoms, are all indications
of menstrual health.

There is some evidence for the association between certain menstrual characteristics
and adverse pregnancy outcomes. Early studies in the 1980s indicated that there may be
a higher risk of miscarriage [98], spontaneous abortion [99] and ectopic pregnancy [100]
in women who experience early menarche, traditionally defined as the onset of menstru-
ation before 12 years old. Early menarche has since been associated with a higher risk
of preeclampsia [101–104], preterm birth [16] and the likelihood of a low birth weight
baby [102]. Interestingly, self-reported heavy or irregular periods prior to a second or
subsequent birth in multiparous women were also associated with an increased risk of
preterm birth in the subsequent pregnancy, demonstrating that new menstrual symptoms
may arise after pregnancy [105]. There is also evidence of an increased risk for preterm birth
when there is prolonged menstruation before conception [106], likely due to an extended
proliferative phase. This implies that pregnancy, where implantation occurs outside of
the critical fertile window, may still progress but have consequences that manifest later in
pregnancy. Despite this, most antenatal assessments only obtain clinical information about
the date of the last menstrual period to determine an estimated birth due date, with no
consideration of previous menstrual health. This could be a critically missed opportunity
to gather more information about the endometrial environment.

Abnormal menstruation and adverse pregnancy outcomes may have common causes
that effect the endometrium. For example, both increased and decreased body mass index
(BMI) is known to impact the menstrual cycle and is often attributed to hormonal factors.
Increased BMI is associated with heavy menstrual bleeding and increased risk of premen-
strual disorders [107], whereas decreased BMI is associated with irregular menstruation or
amenorrhea (the absence of menstruation), and both report painful periods more frequently
than those with an average BMI [108]. Maternal pre-pregnancy BMI also increases the risk
of preeclampsia [101,109]. This is thought to be caused by influencing the length of the
menstrual cycle, and thus, differential expression of endometrial receptors throughout the
menstrual cycle may result in inadequate trophoblast invasion and subsequent placental
insufficiency [101,109]. Rather than implicating a direct cause-and-effect model, we empha-
sise that the association between menstrual characteristics and pregnancy outcomes can be
used as a proxy measure of endometrial health to warrant further investigation.

4.2. The Potential for Analysing Menstrual Fluid Regarding Adverse Pregnancy Outcomes

Menstrual fluid can be collected non-invasively and used to assess the composition
of the endometrial environment (reviewed in [110]). Menstrual fluid demonstrates a
reproducible profile with minimal variation between menstrual cycles, indicating that it is
an appropriate biospecimen representative of an individual’s endometrial environment [17].
Whilst menstrual fluid has recently been adopted to study endometriosis [18,19,111–118]
and unexplained infertility [45,98,99,119], there is no evidence of its use in investigating
adverse pregnancy outcomes. We are currently conducting a case–control study, where
participants who have experienced adverse pregnancy outcomes in the second and third
trimesters donate menstrual fluid samples for molecular analyses [100]. In this study,
women who have experienced a preterm stillbirth or livebirth (20–36 + 6 weeks’ gestation),
FGR (birth weight <3rd centile by population charts [101]) or second-trimester miscarriage
in the past 3 years (cases) and those who have not (healthy term birth matched for maternal
age, BMI and gravidity) (controls) are being recruited [100]. Differences in cellular and
immune cell composition, secreted proteins and menstrual cycle characteristics are being
compared [100]. The potential for this research is just emerging, and modern techniques,
such as endometrial organoids derived from menstrual fluid, provide a particularly exciting
opportunity to understand the endometrial contribution to adverse pregnancy outcomes
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better than ever through in vitro experimentation [19,102]. Placental organoids can also be
co-cultured with paired endometrial samples to elucidate these mechanisms further.

4.3. Limitations and Opportunities for Assessing the Associations between Menstruation and
Pregnancy Outcomes

We acknowledge the limitations that are inherent in a narrative review; however, this
methodology was appropriate given the sparse current evidence connecting menstruation
and pregnancy outcomes. The aim of this review was to collate evidence for the endometrial
contribution to adverse pregnancy outcomes, understand the landscape of menstrual
associations with pregnancy outcomes, and provide a novel hypothesis as further rationale
to address this as a research question.

Menstruation is a unique biological process, observed in only 1.6% of all eutherian
species [103], making it difficult to study in preclinical settings. Even though approximately
half of the human population menstruate throughout their reproductive life, menstruation
remains a taboo topic in public discourse. Menstrual fluid has been referred to as ‘one of
nature’s most stigmatized fluids’ [104]. For example, it was not until 2023 that real blood
was used to measure the absorbability of menstrual sanitary products to assess heavy
menstrual bleeding [109]. Menstrual blood, or menstrual fluid, itself has still never been
utilised for this purpose.

There are many advantages to using menstrual fluid samples for research, including
ease and non-invasiveness of collection and the fact that it is readily obtainable from
reproductive-aged women. Up to 80% of women are willing to donate menstrual fluid for
medical research [105,106], indicating that it is a feasible collection method. When surveyed
about their perspectives on donating menstrual fluid, some women had hygiene concerns,
but most responded positively. Reasons to donate menstrual fluid included current use
of a menstrual cup, which is environmentally friendly, and it being an empowering, easy
and “excellent use of a waste product” [105]. If advertised correctly and sensitively, such
research may also give women a sense of purpose for their menses, with one woman stating,
“If I felt I could help in any way to improve the lives of others in such a simple way it can
only be a good thing” [105].

Sampling shed endometrium using menstrual fluid mitigates the risk of cycle bias,
which is often not accounted for with endometrial biopsies. Due to the cyclical nature
of menstruation, though, menstrual fluid may not accurately reflect the endometrium
during earlier phases of the menstrual cycle and should be considered in the context of the
late-secretory phase. For example, drawing inferences from immune cell proportions at
one time-point may not be indicative of an abnormality throughout the menstrual cycle or
pregnancy. Findings may still require comparison with endometrial tissue during other
menstrual cycle phases or gestational-age-matched placental tissue samples to investigate
if this phenotype persists.

Gathering a menstrual history over time and in the preconception phase provides
valuable insight into endometrial health and potential future pregnancies. While concerns
of recall bias have been expressed when taking menstrual histories, most women recall their
menstrual history accurately [120], and for those who do not, the ever-changing nature
of menstruation throughout reproductive life may be the reason. With the emergence of
modern period-tracking apps and enhanced reproductive education, menstrual tracking is
simple, valid and easier than ever.

Pregnancy loss and infertility also remain highly stigmatised topics [121,122]. Col-
lecting menstrual fluid samples from women who have experienced traumatic pregnancy
outcomes may make participating in such studies emotionally challenging and should
be treated sensitively [123]. There is an underwhelming amount of research connecting
these two areas, and the associated taboos have engrained social and systemic barriers to
conducting such research. For such research to prevail, successful participant recruitment
relies on addressing the taboos that underlie these barriers.
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As highlighted in Figure 1, numerous other factors contribute to establishing and
progressing pregnancy. Various confounders include nutrition, the environment, maternal
and paternal conditions and anomalies of the foetus itself. We also acknowledge that with
advancements in assisted reproductive technologies, menstruation is not necessitated to
achieve pregnancy. Women who are postmenopausal or do not menstruate following a
uterine transplant can now become pregnant. We emphasise here, though, that the endome-
trial contribution to pregnancy success has been underestimated and under-researched to
date and that a better understanding of menstruation can aid further progress.

4.4. Elucidating the Endometrial Environment via Menstrual Assessment: What’s Next?

For this research to progress, several things must be addressed. Firstly, standardised
definitions for what constitutes ‘abnormal’ menstruation should be updated and imple-
mented. A classification system for symptoms and causes of abnormal uterine bleeding was
established in 2011 and revised in 2018 [124]; however, it is still not routinely used in clinical
practice. It is essential that we can delineate between idiopathic abnormal menstruation and
endometrial pathologies. Abnormal menstruation may be more prevalent than previously
realised, and updated criteria will aid pathways for those that warrant further investiga-
tion regarding potential pregnancy outcomes. Large datasets from period-tracking apps
may challenge current definitions of abnormal menstruation and reveal which menstrual
characteristics are most helpful for assessing pregnancy risk.

If the menstrual fluid is to be pursued as a legitimate sample for biochemical analyses,
further characterisation of menstrual fluid composition and normal parameters should
also be determined. For this to occur, a standardised protocol for the optimal collection,
processing, storage and experimentation of menstrual fluid must be established. In our
recent review of menstrual fluid, we detail how this can be achieved [110].

Furthermore, during this review, we identified crucial knowledge gaps regarding
the endometrial contribution to adverse pregnancy outcomes. A recent systematic re-
view revealed that of 74 endometrial transcriptome studies, all were conducted regarding
menstrual cycle differences, endometrial and fertility-related pathologies and response to
hormone treatment [125]. None of these studies investigated adverse pregnancy outcomes.
We emphasise the need for further scientific discovery, particularly investigating genetic
and epigenetic differences in endometrial tissue related to adverse pregnancy outcomes, to
explicate upstream mechanisms of observations at the functional level.

5. Conclusions

Menstrual health and women’s health are finally being drawn into focus, and now is
the time for advanced investigations into the links between menstruation, the endometrium
and pregnancy [126]. As detailed here, there is increasing data regarding the endometrial
contribution to adverse pregnancy outcomes; however, most evidence is derived from inva-
sive endometrial biopsies, peripheral blood biomarkers, preclinical models, or retrospective
placental examinations. We and others hypothesise that understanding menstrual history
and menstrual fluid collection is a non-invasive and novel approach for better understand-
ing the endometrial environment regarding adverse pregnancy outcomes [9,38,103,127];
however, this call to action has not yet been answered. Exploring this avenue of research
will lead to identifying completely new and undiscovered drivers of poor placentation,
unravelling the potential for preconception biomarkers and therapies to mitigate some of
the greatest causes of death, disability and heartbreak that is seen in obstetrics, including
preeclampsia, FGR, preterm birth and perinatal death.
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Abstract: Background: Postpartum haemorrhage (PPH) is a frequent complication of childbirth that
is difficult to predict. Predelivery coagulation biomarkers may help to guide preventive strategies.
Our objective was to evaluate the association of predelivery haemostatic biomarkers with non-
severe PPH. Methods: A nested case-control study was conducted within the « Study of Biological
Determinants of Bleeding Postpartum » in order to compare different haemostatic biomarkers in
plasma from pregnant women with non-severe PPH (cases) and controls without PPH matched for
age, body mass index, term, and mode of delivery. Blood was collected at entry in the delivery
room. Global haemostatic assays (thrombin generation assay (TGA) and plasmin generation assay
(PGA)) were then performed on freshly thawed aliquots of platelet-poor plasma. Results: A total of
370 pregnant women (185 cases and 185 controls) were included. Median [interquartile range]
predelivery platelet count was lower in PPH cases than in controls (217 [181–259] versus 242 [196–280]
G/L). TGA and PGA parameters were similar between cases and controls. In a subset analysis
of vaginal deliveries (n = 144), median predelivery TGA thrombin peak was lower, and median
predelivery PGA lag phase was longer in cases compared to controls. In multivariable analysis,
only predelivery platelet count was independently associated with non-severe PPH. Conclusions:

Predelivery platelet count is associated with non-severe PPH. Differences in other haemostatic
parameters are tenuous, questioning their usefulness in predicting non-severe PPH.

Keywords: coagulation; plasmin generation; postpartum haemorrhage; predelivery; thrombin generation

1. Introduction

Postpartum haemorrhage (PPH) is a frequent complication of childbirth that can affect
pregnant women worldwide [1–3]. The prevalence of PPH is estimated to range from 7 to
25% of deliveries, depending on the definition of PPH, on the mode of evaluation of blood
loss, and on the country [4]. Despite the identification of a number of obstetric risk factors
for PPH, this complication is still difficult to predict in the general population of delivering
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women, and targeted preventive strategies are still not uniformly implemented in the mater-
nity wards [5,6]. Most PPH cases are attributed to uterine atony, and the coagulation state
of pregnant women prior to delivery has not been extensively investigated as a potential
co-factor for bleeding. Most studies have focused on haemostatic biomarkers measured at
PPH diagnosis after delivery to guide transfusion procedures or administration of factor
concentrates, e.g., fibrinogen [7,8]. In this context, viscoelastic haemostatic assays can be
useful to monitor and treat PPH-associated coagulopathy [9,10]. Moreover, the usefulness
in preventing PPH would avoid the need for blood product transfusion, emergency surgery,
and the negative psychological impact on women experiencing such a complication. That
is why we focused our research on the exploration of predelivery haemostatic biomarkers
in the context of PPH.

In a previous work within the “Study of Biological Determinants of Bleeding Postpar-
tum” (HPP-IPF), a French cohort study, we found that predelivery endogenous thrombin
potential (ETP) measured with the thrombin generation assay (TGA) was lower in women
with severe PPH compared to matched pregnant controls, despite similar results in conven-
tional coagulation tests [11].

While severe PPH is defined by a blood loss higher or equal to 1 L (L) at delivery
and has a prevalence of around 2% of deliveries, non-severe PPH has a milder clinical
phenotype but is much more frequent [4]. As such, the question arises whether predelivery
haemostatic biomarkers could therefore help with predicting and possibly preventing this
frequent complication of childbirth.

In this nested case-control study within the HPP-IPF cohort study, we aimed to
investigate the association of predelivery haemostatic biomarkers with non-severe PPH.
For this purpose, we performed global haemostatic assays (thrombin generation assay
(TGA) and plasmin generation assay (PGA)) using plasma samples collected at entry in the
delivery room in women who went on to have non-severe PPH and in matched pregnant
controls, and evaluated associations of haemostatic biomarkers with non-severe PPH. Since
the impact of the haemostatic system might be a more important determinant of bleeding
following vaginal delivery versus Caesarean section (C-section), we also evaluated women
with vaginal delivery separately in a subset analysis.

2. Materials and Methods

2.1. Recruitment of Participants, Blood and Data Collection

The HPP-IPF “Study of Biological Determinants of Bleeding Postpartum” is a French
prospective single-centre cohort study designed to evaluate the biomarkers associated with
PPH among various biological and clinical parameters collected before delivery [12]. All
pregnant women entering Brest University Hospital for a delivery between 1 April 2013
and 29 May 2015 were included in the study if they had given their oral consent for the
study (Clinicaltrials.gov identifier: NCT02884804). Around 1862 deliveries per year took
place at Brest University Hospital during the study period.

Biological data were measured from a blood sample routinely collected before delivery
at entry in the delivery room for blood group determination, complete blood count, and
conventional haemostatic tests. The following biomarkers were measured directly in fresh
blood samples: haemoglobin, haematocrit, platelet count, immature platelet fraction (IPF)
(XE 5000, Sysmex, Villepinte, France), prothrombin rate (STAGO Néoplastine CI + 10,
STA-R, Stago, Asnières sur Seine, France), activated partial thromboplastin time (aPTT)
ratio (Triniclot Automated APTT, STA-R, Stago, Asnières sur Seine, France), fibrinogen
(STAGO STA Fibrinogen 5, STA-R, Stago, Asnières sur Seine, France), D-dimer (STAGO
STA Liatest D-Di, STA-R, Stago, Asnières sur Seine, France), and fibrin monomers (STAGO
STA Liatest MOFB, STA-R, Stago, Asnières sur Seine, France).

Platelet-poor plasma was prepared after centrifugation (2500× g, 15 min), aliquoted,
and immediately stored at −80 ◦C.

Clinical data on women and their pregnancies were collected by midwives and obste-
tricians in the medical files during each antenatal care visit, from the end of first trimester
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of pregnancy until delivery, and then in the delivery room, and finally during the maternity
stay until discharge. These data were then recorded by trained research assistants in a
standardised electronic case report form. Abnormal placental insertion comprised low-
lying placentas, placenta previa, placenta percreta, placenta accreta, and placenta bipartita.
Antepartum haemorrhage comprised all episodes of uterine haemorrhage occurring at
any time during pregnancy, before delivery. The definition of pre-eclampsia was the one
provided by the American College of Obstetricians and Gynecologists and published in
2013 [13]. Macrosomia corresponded to a weight of the newborn ≥4000 g.

2.2. Definition of Non-Severe PPH

Blood loss at delivery was measured systematically with a graduated collector bag.
Non-severe PPH diagnosis was based on the World Health Organization’s (WHO)

definitions of PPH and severe PPH, i.e., a blood loss between 500 and 999 mL in the 24 h
following delivery [14].

For each PPH case, the aetiology of PPH was diagnosed by the midwife or the obste-
trician in charge of the delivery, according to the “4T” rule [15]. The main aetiology of PPH
was recorded if the PPH case was multifactorial. All cases were reviewed and adjudicated
by two obstetricians (CaA and CT) in order to confirm the main aetiology of PPH.

2.3. Selection of Cases and Controls

Cases were women included in the HPP-IPF cohort study and diagnosed with non-
severe PPH based on the volume of blood loss at delivery. Women for whom the volume
of blood loss had not been objectively measured were excluded from the study, as were
women delivering before 21 weeks of gestation (WG). Women who had no available frozen
plasma sample were also excluded from the study.

Finally, each case was matched with one pregnant woman from the HPP-IPF cohort
study as a control with no PPH (i.e., a volume of blood loss < 500 mL at delivery), a delivery
at a term ≥21WG, and a stored plasma sample. This matching was performed with the
support of an experienced data manager (SL) who created a list of potential controls for each
case, matched for age at delivery (<35 years versus ≥35 years), pre-pregnancy body mass
index (BMI) (<25.0 kg/m2 versus [25.0–29.9] kg/m2 and ≥30.0 kg/m2), term at delivery
(<37 WG versus ≥37 WG), and delivery mode (vaginal versus C-section). Then, for each
case, CDM selected the pregnant woman without PPH who matched best the PPH case for
the four clinical parameters described above. Thus, each non-severe PPH case was matched
with the pregnant control woman included in the study who had not presented PPH at
delivery and who had the closest clinical characteristics regarding the four matching criteria
(age at delivery, pre-pregnancy BMI, term at delivery, and delivery mode). If more than
one woman could match one case according to these four matching criteria, CDM chose
the control that was the most similar to the case regarding age, BMI, and term at delivery.

The matching of the PPH cases and controls for the main clinical parameters which
could represent confounding biases ensures a good reliability of the comparison between
non-severe PPH cases and controls, and compensates for the reduced number of controls.
This design was also chosen in order to reduce the overall cost of the study and in order to
make the measurements feasible by one unique researcher in a period of six months.

2.4. Thrombin Generation Assay (TGA)

TGA was performed in plasma using a commercially available kit (Technothrombin,
Technoclone, Vienna, Austria) and a low concentration of tissue factor (TF) (PPP Low
Reagent, <3 pM final, Stago, Asnières sur Seine, France), as previously described [16]. The
following parameters were analysed, using a specifically adapted software (Technothrom-
bin TGA® evaluation software, Biotek KC4, Technoclone, Vienna, Austria,
www.technoclone.com): lag phase (minutes), maximum thrombin concentration gener-
ated (thrombin peak, nmol/L), time to peak (minutes), velocity index (nmol/L/min), and
endogenous thrombin potential (ETP, nmol/L × min).
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2.5. Plasmin Generation Assay (PGA)

PGA was performed as described [17]. Briefly, two measurements were collected
for each plasma sample: one in which endogenous plasmin generation was triggered
with a 10 μL solution containing TF, phospholipids, and recombinant tissue plasminogen
activator (rtPA), and one in which 10 μL α2M-Pm (calibrator) was added. Plasma was
diluted (40 μL of 1:2 dilution in HBS) and added to each well, and the plate was incu-
bated for 10 min at 37 ◦C. CaCl2 and fluorogenic substrate were then dispensed into each
well. Final concentrations of reagents were the following: TF (0.5 pmol/L), phospholipids
(4 μmol/L), rtPA (0.31 μg/mL), CaCl2 (16.6 mmol/L), and fluorogenic substrate
(0.5 mmol/L). Measurements were performed with the Calibrated Automated Throm-
bogram (Stago, Vienna, Austria). Data were analysed as previously described [17].

All experiments were performed in a blinded fashion.

2.6. Statistical Analysis

To describe the study population, continuous variables are displayed as medians with
interquartile ranges (IQR) and categorical variables as counts with percentages. Parameters
were compared between non-severe PPH and matched controls without PPH using the
Wilcoxon rank sum test for quantitative parameters and Pearson’s chi-squared test for
qualitative parameters. They were also compared in a subgroup analysis restricting the
cohort to those with vaginal delivery and C-section, respectively. Correlations between
quantitative parameters were measured with Spearman’s rank correlation coefficient (ρ).

The association of haemostatic biomarkers with non-severe PPH was investigated in
a logistic regression model, adjusting for clinical parameters described in the literature
associated with PPH, and presenting odds ratios (OR) with their 95% confidence intervals
(95% CI) [1,2]. We ranked included biomarkers for importance by their “fraction of new
information”, that is, the proportion of total predictive information in the full model that
was added by the respective biomarker, as described by Harrell [18]. Due to the large
number of parameters of interest given the number of events, we conducted principal
component analyses of the PGA and TGA parameters, respectively, which were a priori
judged to be highly correlated, representing them in the model by their respective first
principal component. To further account for the limited number of events per included
covariate, we calculated 95% percentile bootstrap confidence intervals running a bootstrap,
clustered for matched pairs, for 10,000 iterations. The ability of the final model to discrimi-
nate between non-severe PPH and controls was quantified by c-index and Nagelkerke’s R2.
Additionally, we visualised the correlation between all biomarkers in a heatmap of their
pairwise absolute Spearman’s ρ and using hierarchical clustering of the absolute values of
their Spearman’s ρ with a complete agglomeration method.

Missing data were not imputed. All statistical analyses were conducted in R version
4.3.2 using the rms package version 6.7-1 [19,20].

2.7. Ethics Approval

Pregnant women were informed by midwives and/or obstetricians of Brest University
Hospital about the study, and gave their oral consent to participate in the study. The
protocol of the study was approved by our institutional review board on 23 August 2011
(Protocol RB 11.080; ID RCB: 2011-A00802-39).

3. Results

3.1. Characteristics of the Pregnant Women

In this nested case-control study within the HPP-IPF cohort study, 370 pregnant
women were investigated: 185 cases who went on to have non-severe PPH and 185 matched
pregnant controls (Figure 1). The median [IQR] volume of blood loss in non-severe PPH
cases and controls was 600 mL [500–750] and 200 mL [100–300], respectively.
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Figure 1. Flow chart of the case-control study. PPH = postpartum haemorrhage.

Table 1 illustrates the clinical characteristics of the pregnant women included in this
case-control study.

Table 1. Clinical characteristics of the 370 pregnant women.

Characteristics Non-Severe PPH (n = 185) Controls (n = 185) p

Women’s characteristics
Age *, years, median (IQR) 30 (26–34) 30 (26–33) 0.54
BMI *, kg/m2, median (IQR) 23 (21–27) 23 (21–28) 0.77

25–29.9 kg/m2, n (%) 44 (23.8%) 44 (23.8%)
≥30 kg/m2, n (%) 24 (13.0%) 24 (13.0%)

Smokers, n (%) 51 (27.6%) 58 (31.4%) 0.42
Blood group

O group, n (%) 82 (44.3%) 86 (46.5%) 0.68
Nulliparous, n (%) 97 (52.4%) 89 (48.1%) 0.41

Pregnancy characteristics
Conception by ART, n (%) 21 (11.4%) 15 (8.1%) 0.29
Gemellar pregnancy, n (%) 17 (9.2%) 9 (4.9%) 0.10
Gestational diabetes, n (%) 20 (10.8%) 19 (10.3%) 1.0
Gestational weight gain, kg, median (IQR) 13 (8–18) 13 (9–17) 0.85
Pre-eclampsia, n (%) 12 (6.5%) 9 (4.9%) 0.50
IUGR, n (%) 6 (3.2%) 3 (1.6%) 0.51
Placental abruption, n (%) 2 (1.1%) 1 (0.5%) 0.50
Abnormal placental insertion, n (%) 17 (9.2%) 4 (2.2%) 0.003
Antepartum haemorrhage, n (%) 25 (13.5%) 14 (7.6%) 0.01

Delivery characteristics
Term * at delivery, WG, median (IQR) 39 (37–40) 39 (37–40) 0.77
Induced labour, n (%) 69 (37.3%) 67 (36.2%) 0.83
Vaginal * delivery, n (%) 72 (38.9%) 72 (38.9%) 1.0
Instrumental delivery, n (%) 27 (14.6%) 17 (9.2%) 0.11
C-section *, n (%) 113 (61.1%) 113 (61.1%) 1.0
Emergency C-section, n (%) 77 (41.6%) 91 (49.2%) 0.14
Episiotomy, n (%) 42 (22.7%) 19 (10.3%) 0.001
Perineal tears, n (%) 48 (25.9%) 40 (21.6%) 0.33
Macrosomia, n (%) 17 (9.2%) 16 (8.6%) 0.86

* Matching criteria. ART = Assisted reproductive technology; BMI = body mass index; C-section = Caesarean
section; IQR = interquartile range; IUGR = intrauterine growth restriction; PPH = postpartum haemorrhage;
WG = weeks of gestation.
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The characteristics of the women and pregnancies between both groups were similar,
except for abnormal placental insertion, antepartum haemorrhage, and episiotomy, which
were more frequently observed in the non-severe PPH cases compared to controls.

No pregnant women received anticoagulants the day before delivery, but three preg-
nant women in the control group were on low-dose aspirin in the days preceding delivery.

Among the 185 non-severe PPH cases, the three main aetiologies of PPH were uterine
atony (n = 56, 30.3%), traumatic (n = 54, 29.2%), or placental causes (n = 38, 20.5%). In
39 pregnant women, two PPH aetiologies were combined; and in four, three PPH aetiologies
were noted. In 33 (17.8%) PPH cases, no aetiology of PPH could be identified.

3.2. Predelivery Haemostatic Biomarkers and Their Association with Non-Severe PPH

Table 2 displays the median values of biomarkers of interest with interquartile ranges,
stratified by group.

Table 2. Predelivery haemostatic biomarkers of the 370 pregnant women.

Haemostatic Biomarkers Non-Severe PPH (n = 185) Controls (n = 185) p

Blood count parameters
Haemoglobin, g/dL, median (IQR) 12.1 (11.4–12.8) 12.3 (11.4–12.9) 0.35
Platelets, G/L, median (IQR) 217 (181–259) 242 (196–280) 0.003
IPF, ratio, median (IQR) 5.1 (3.3–7.9) 4.9 (3.1–7.7) 0.63
Conventional haemostatic tests
Prothrombin rate, %, median (IQR) 100 (94–100) 99 (94–100) 0.73
aPTT, ratio, median (IQR) 1.01 (0.95–1.06) 0.99 (0.94–1.06) 0.12
Fibrinogen, g/L, median (IQR) 4.85 (4.35–5.63) 5.09 (4.46–5.56) 0.32
D-dimer, μg/mL, median (IQR) 1.64 (1.24–2.21) 1.54 (1.08–2.06) 0.06
Fibrin monomers, μg/mL, median (IQR) 5.64 (4.39–9.61) 5.32 (3.98–7.08) 0.10

Thrombin generation assay
Lag phase, min, median (IQR) 14.1 (12.6–15.1) 14.1 (12.1–15.6) 0.89
Thrombin peak, nmol/L, median (IQR) 294.5 (237.5–389.8) 314.9 (239.3–388.1) 0.57
Time to peak, min, median (IQR) 23.6 (20.6–25.6) 23.1 (20.6–25.6) 0.58
Velocity index, nmol/L/min, median (IQR) 32.6 (22.9–48.3) 35.1 (24.2–49.0) 0.50
ETP, nmol/L × min, median (IQR) 5 419 (4 978–5 919) 5 349 (5 038–5 876) 0.78

Plasmin generation assay
Lag phase, min, median (IQR) 2.7 (2.6–3.0) 2.7 (2.3–3.0) 0.10
Plasmin peak, nmol/L, median (IQR) 66.8 (52.9–78.0) 67.9 (56.3–78.0) 0.46
Time to peak, min, median (IQR) 7.3 (7.0–8.0) 7.3 (7.0–8.0) 0.67
Velocity index, nmol/L/min, median (IQR) 14.2 (11.9–17.1) 13.8 (11.4–17.0) 0.65
EPP, nmol/L × min, median (IQR) 840.8 (540.6–1 111.8) 844.4 (537.1–1 070.4) 0.87

aPTT = activated partial thromboplastin time; EPP = endogenous plasmin potential; ETP = endogenous thrombin
potential; IQR = interquartile range; IPF = immature platelet fraction; PPH = postpartum haemorrhage.

Pregnant women with non-severe PPH had a lower median [IQR] predelivery platelet
count (217 [181–259] versus 242 [196–280] G/L, p = 0.003) compared to their matched
pregnant controls. Two pregnant women (one case and one control) had a predeliv-
ery platelet count below 50 G/L. No significant difference was observed in conven-
tional haemostatic tests. In the subset of women delivering vaginally, we found only
weak evidence for lower median [IQR] predelivery platelet count (213 [170–256] versus
234 [192–279] G/L, p = 0.06) and median D-dimer levels (1.68 [1.31–2.13] versus
1.56 [1.15–1.86] μg/mL, p = 0.05) in non-severe PPH compared to matched controls
(Table S1).

3.3. Thrombin Generation Assay (TGA)

We found no evidence for a difference in predelivery TGA parameters between non-
severe PPH cases and pregnant controls in the full population (n = 370, Table 2). In women
delivering vaginally (n = 144, 72 in each group), a decrease in median [IQR] thrombin
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peak was observed in non-severe PPH cases compared to matched pregnant controls
(277.5 [228.6–355.0] versus 317.1 [258.9–410.8] nmol/L, p = 0.047) (Figure S1, Table S1).

Over the full population, a weak correlation between blood loss and predelivery TGA
time to peak was observed (ρ = 0.11; 95% CI 0.01, 0.21) (Table S2), as it was the case in the sub-
set of women delivering vaginally (ρ = 0.22; 95% CI 0.05, 0.37). In women delivering vagi-
nally, blood loss was also weakly inversely correlated with predelivery TGA thrombin peak
(ρ = −0.20; 95% CI −0.36, −0.04) and TGA velocity index (ρ = −0.21; 95% CI −0.36, −0.05).

3.4. Plasmin Generation Assay (PGA)

We found no evidence for a difference in predelivery PGA parameters between
non-severe PPH cases and matched pregnant controls in the full population. However,
in women delivering vaginally (n = 144), median [IQR)] predelivery PGA lag phase
was longer in non-severe PPH cases compared to matched controls (2.9 [2.7–3.2] versus
2.7 [2.3–3.0] min, p = 0.008) (Figure S2, Table S1).

3.5. Logistic Regression Analysis for Parameters Associated with Non-Severe PPH

The linear association of haemostatic biomarkers with non-severe PPH was inves-
tigated in a logistic regression model, adjusting for clinical parameters described in the
literature associated with PPH.

To reduce the number of biomarkers, we conducted principal component analyses
of the PGA and TGA parameters, respectively, representing them in the model with their
respective first principal component.

Figure 2 depicts a hierarchical cluster analysis of all biomarkers of interest and a
heatmap of their pairwise absolute Spearman’s correlation coefficients. Expectedly, TGA
parameters formed a separate cluster, showing high correlation between the curve pa-
rameters, albeit less so for ETP. With the exception of the PGA lag phase, which showed
barely any correlation with the other curve parameters, PGA presented as a separate cluster
with fibrinogen but only modest pairwise correlations, except for PGA plasmin peak and
velocity index.

 

Figure 2. (A) Hierarchical cluster analysis of biomarkers of interest using the absolute values of the
Spearman correlation coefficients to compute pairwise similarities. (B) Heatmap of the absolute
values of pairwise Spearman correlation coefficients between biomarkers of interest.

In the logistic regression model presented in Table 3, only two parameters were
significantly associated with non-severe PPH: abnormal placental insertion (OR = 3.37; 95%
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CI 1.06–25.06) and predelivery platelet count. For each decrease in 10 G/L and 50 G/L of
predelivery platelet count, the OR of predelivery platelet count for non-severe PPH was
1.06 (95% CI 1.02–1.12) and 1.35 (95% CI 1.10–1.80), respectively. Accordingly, the fraction
of new information added to the model was highest for platelets (0.252), which was higher
by a factor of 2.7 compared to the second-ranked biomarker, immature platelet fraction
(0.094). The concordance index for the model was 0.66 and the Nagelkerke R2 0.11.

Table 3. Logistic regression analysis for biological and clinical parameters associated with
non-severe PPH.

Biomarker
25th

Percentile
75th

Percentile
Difference OR 95% CI

Fraction of
New

Information

Platelets (G/L) 187.50 271.50 84.00 0.61 0.37–0.86 0.252
Immature platelet fraction (%) 3.25 7.95 4.70 0.76 0.51–1.05 0.094
aPTT ratio (%) 0.94 1.06 0.12 1.31 0.98–2.02 0.093
Prothrombin time (%) 94.00 100.00 6.00 1.15 0.90–1.51 0.066
D-dimer (μg/mL) 1.16 2.12 0.96 1.10 0.88–1.96 0.024
Haemoglobin (g/dL) 11.40 12.90 1.50 0.92 0.65–1.30 0.009
PC1 plasmin generation assay −0.92 0.96 1.88 0.93 0.63–1.25 0.007
Fibrinogen (g/L) 4.41 5.58 1.17 0.96 0.65–1.38 0.002
Fibrin monomers (μg/mL) 4.20 8.23 4.04 1.00 0.94–1.05 <0.001
PC1 thrombin generation
assay −0.75 1.12 1.87 0.99 0.72–1.30 <0.001

Adjusted for clinical covariates:
Age (years)—matched 26.00 33.00 7.00 0.99 0.78–1.24
BMI (kg/m2)—matched 20.70 27.50 6.80 1.08 0.88–1.34
Nulliparous (yes/no) No Yes 1.18 0.73–2.04
Gemellar pregnancy (yes/no) No Yes 2.01 0.62–7.56
Abnormal placental insertion
(yes/no) No Yes 3.37 1.06–25.06

Antepartum haemorrhage
(yes/no) No Yes 1.51 0.67–3.65

Pre-eclampsia (yes/no) No Yes 0.77 0.14–3.42
Macrosomia (yes/no) No Yes 1.39 0.58–3.58
Induced labour (yes/no) No Yes 1.09 0.67–1.84
Term at delivery
(WG)—matched 37.00 40.00 3.00 1.04 0.80–1.34

Type of delivery—matched
(elective/emergency
C-section)
(vaginal/emergency
C-section)

1.67
1.23

0.78–3.97
0.91–1.66

BMI = body mass index; CI = confidence interval; C-section = Caesarean section; OR = odds ratio; WG = weeks
of gestation.

4. Discussion

In this nested case-control study derived from the French HPP-IPF cohort study, we
aimed at evaluating the association of predelivery haemostatic biomarkers with non-severe
PPH. Among the parameters that were measured in the study population, only one was
significantly different between non-severe PPH cases and matched pregnant controls: the
predelivery platelet count. We found no evidence for a difference in predelivery TGA
and PGA parameters between non-severe PPH cases and matched controls. However, in
pregnant women delivering vaginally, median predelivery TGA thrombin peak was lower
and median predelivery PGA lag phase was longer in non-severe PPH cases compared to
matched controls. Finally, when incorporating all the haemostatic parameters of interest in
a logistic regression model adjusting for established clinical risk factors, predelivery platelet
count remained independently associated with non-severe PPH, suggesting a potential role
as a predictive biomarker for the assessment of PPH risk at entry in the delivery room.

The platelet count was the sole parameter that remained associated with non-severe
PPH among a battery of haemostatic tests in our study. The association of predelivery
platelet count with PPH is a consistent and important finding [11,12,21]. The platelet
count as part of the blood count analysis is easy to perform and globally widely available.
Recently, we published a systematic review and meta-analyses on predelivery haemostatic
biomarkers associated with PPH [21]. That review included a total of 81 articles, of which
17 articles were included in the final quantitative synthesis, and various haemostatic
parameters. We did not focus on non-severe PPH, but for severe PPH, predelivery platelet
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count was associated with the clinical outcome [21]. The results of this review are in line
with the findings of the present study.

We did not find any significant difference in predelivery TGA parameters between
non-severe PPH cases and controls in the study population. However, in the subgroup of
women delivering vaginally, those with non-severe PPH had a slightly but significantly
lower thrombin peak compared to matched controls. In a small case-control study focusing
on severe PPH, within the same HPP-IPF cohort study, we observed lower predelivery ETP
values measured with TGA in pregnant women who developed severe PPH, compared
with matched controls [11]. Thus, reduced thrombin generation potential might promote
PPH under certain circumstances. We hypothesise that changes in the coagulation profile
observed before delivery could be more pronounced in pregnant women who later develop
severe PPH than in women who develop non-severe PPH.

To the best of our knowledge, this is the first study exploring the association of
predelivery PGA parameters with non-severe PPH. While we noted no significant difference
in predelivery PGA parameters between non-severe PPH cases and matched controls, we
detected a difference in predelivery PGA lag phase between cases and controls in the
subgroup of pregnant women delivering vaginally. The longer predelivery PGA lag phase
observed in non-severe PPH cases delivering vaginally could be interpreted not as a
hypofibrinolytic tendency, but as a reflection of the lower predelivery thrombin generation
potential, as suggested by their concomitant lower predelivery TGA thrombin peak.

PPH is a frequent complication of childbirth with many short-term and long-term
consequences on women health [22]. Identifying pregnant women at risk for PPH is a key
element in preventing this complication, but it remains a challenge. Our study suggests a
potential role for predelivery platelet count in predicting PPH. Predelivery platelet count is
already used in the USA to assess the risk of PPH at entry in the delivery room [23]. Other
countries do not recommend performing a complete blood count prior to delivery. For
example, in France, a complete blood count is recommended only at the sixth month of
pregnancy, but it is not repeated before delivery in case of physiological pregnancy [24].

However, the role of coagulation in the occurrence of non-severe PPH could also be
minor, compared with the role of other factors such as uterine atony. Indeed, uterine atony
is the main aetiology of PPH, accounting for approximately 70% of PPH cases [25]. Risk
factors for uterine atony are well known, such as obesity, excessive gestational weight gain,
multiple pregnancy, macrosomia, labour induction or a prolonged duration of labour [25].
Efforts have been made in the past decade to reduce the occurrence of uterine atony
worldwide by the systematic administration of uterotonics after delivery, as recommended
by the WHO and the FIGO, but without significant reduction in the incidence of PPH [26,27].
Future research should focus on tools to identify pregnant women at risk for uterine atony
and on efficient strategies to manage them appropriately during childbirth in order to avoid
the occurrence of PPH. An American case-control study recently published in AJOG by
Reitsma et al. performed mass spectrometry on predelivery plasma samples from pregnant
women diagnosed with PPH and pregnant controls without PPH matched for age and
delivery mode [28]. The authors identified differentially abundant plasma proteins, in
particular prostaglandin D2 synthase (PTGDS), which was higher in PPH cases compared
with controls [28]. As PTGDS is involved in smooth muscle relaxation and in the inhibition
of platelet aggregation, this could be a missing link explaining the association between
uterine atony, platelets, and PPH. The authors suggested that the biomarkers they identified
as differentially expressed could be incorporated into a score predictive for PPH, which
was also our objective in performing this exploratory study.

Our study has some limitations. The monocentric design of the study induced a
selection bias, making our results not easily generalizable to other populations of pregnant
women. The large number of biomarkers we looked at and the many univariable formal
tests and subset analysis we performed led to a highly inflated alpha error and multiple
testing issues. However, our study was exploratory and, thus, we refrained from any
multiple-testing adjustments; nevertheless, we presented all formal testing that we con-
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ducted. The large number of tests thus weakens the evidence for differences found between
study cohorts and needs to be acknowledged when interpreting the results. The logistic
regression model further includes a large number of biomarkers and clinical covariates. As
such, PGA and TGA were represented by their respective first principal component. More-
over, while we did model biomarkers continuously, we did not allow for non-linearity due
to sample size limitations, which would be another important research question to investi-
gate. Considering the study design and matching, we further only modelled associations
and could not evaluate the predictive performance of the model or biomarkers.

The main strength of our study is the time of blood collection, i.e., at entry in the deliv-
ery room, before the clinical bleeding. This prospective design allowed us to investigate the
predelivery coagulation profile of pregnant women who later developed non-severe PPH
and test for haemostatic biomarkers potentially predictive for non-severe PPH. Second, we
collected numerous clinical and biological data on each pregnant woman included in the
study, which enabled us to consider a large number of parameters in the risk assessment of
non-severe PPH. This study is one of the most comprehensive dealing with haemostatic
parameters and the basis for further clinical research in that most important field.

5. Conclusions

In this case-control study of pregnant women from a large prospective cohort, predelivery
platelet count was associated with non-severe PPH. Changes in other haemostatic parameters
were tenuous in pregnant women later diagnosed with non-severe PPH and may not help
for the prediction of PPH. Further prospective observational studies are needed to help
with improving the prediction of PPH, what could result in efficient and tailored preventive
strategies to avoid PPH events and their consequences on women’s health.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/jcm13144231/s1, Figure S1. Comparison of predelivery
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The superimposed box plot displays quartiles with whiskers extending to data points 1.5 times the in-
terquartile range; Figure S2. Comparison of predelivery PGA lag phase in non-severe PPH cases and
matched pregnant controls delivering vaginally. The superimposed box plot displays quartiles with
whiskers extending to data points 1.5 times the interquartile range; Table S1. Predelivery biological
characteristics of the 144 pregnant women with a vaginal delivery; Table S2. Correlation between
blood loss in mL at delivery and predelivery biomarkers.
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Abstract: Hydrotherapy, including the use of therapeutic showers and bathtubs, has been studied for
its potential benefits in labor pain management. Previous research has indicated that hydrotherapy
can alleviate pain, but comparative studies between therapeutic showers and bathtubs are scarce.
Objective: This study aims to compare the effects of therapeutic showers and bathtubs on pain
perception, labor duration, use of epidural analgesia, and maternal and neonatal outcomes during
labor. Methods: A total of 124 pregnant women were included in this study. Participants were
divided into two groups: those who used a therapeutic shower and those who used a bathtub
during labor. Pain levels were measured using a visual analog scale (VAS). Labor duration, use of
epidural analgesia, types of delivery, maternal outcomes (postpartum hemorrhage, perineal status,
maternal hypotension, fever, and breastfeeding), and neonatal outcomes (APGAR scores, fetal heart
rate, complications, and neonatal unit admissions) were recorded and analyzed. Results: Both the
therapeutic shower and the bathtub effectively reduced pain perception, with the bathtub showing a
greater reduction in VAS scores. The therapeutic shower group experienced a significantly shorter
labor duration compared to the bathtub group. The majority of participants in both groups did
not require epidural analgesia, with no significant differences between the groups. There were no
significant differences in the types of delivery. Maternal outcomes indicated a lower incidence of
perineal tears and episiotomies in the therapeutic shower group. Neonatal outcomes, including
APGAR scores and fetal heart rate, were similar between the groups, with no significant differences in
complications or neonatal unit admissions. Conclusions: Both therapeutic showers and bathtubs are
effective for pain relief during labor, with the bathtub showing a higher reduction in pain intensity.
The therapeutic shower is associated with a shorter labor duration and a lower incidence of perineal
tears and episiotomies. Both methods are safe for neonatal well-being, making hydrotherapy a viable
non-pharmacological option for pain management in labor. However, the therapeutic shower may
offer additional benefits in terms of labor duration and maternal outcomes.

Keywords: hydrotherapy; waterbirth; immersion; first labor stage; maternal health

1. Introduction

Hydrotherapy as a method for managing pain during childbirth has been used for
thousands of years, and its exact origin is unknown [1]. Currently, many women seek
non-pharmacological methods for pain relief during labor. The use of hydrotherapy can
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provide natural pain relief because warm water helps relax muscles and can reduce the
sensation of pain, allowing women to better manage contractions [1,2].

The use of warm water can help reduce anxiety and stress, promoting a state of
calm that facilitates the birthing process. The option to choose hydrotherapy for pain
management during labor can give women a sense of control and empowerment over
their birthing experience [3]. It allows them to actively participate in their care and make
informed decisions about pain management. It is important to consider that each woman
has her own preferences and needs during labor, and the decision to use hydrotherapy
should be individualized [4].

In 2022, the Health Technology Assessment Service of the Basque Country (OSTEBA),
supported by the Spanish Ministry of Health, published a comprehensive report on water
immersion during labor. This study focused on two main aspects: evaluating the efficacy,
effectiveness, and safety of water immersion during labor, and understanding the values
and preferences of women who had experienced this birthing method. Given existing
concerns, particularly regarding the safety of the newborn, the report aimed to analyze the
available evidence to determine the safety and efficacy of water immersion during labor
for both the mother and the neonate [5].

According to the literature review, various studies have been conducted to demonstrate
the efficacy of therapeutic showers during labor for pain relief, compared to women who
do not use water during the birthing process [6,7]. However, as of our review, we have
not found specific studies that directly compare therapeutic showers and bathtubs in this
context. Nevertheless, there are articles that compare therapeutic showers with other non-
pharmacological methods, such as the use of perineal exercises with a Swiss ball during the
dilation phase. These studies have yielded equally interesting results, demonstrating that
the combination of therapeutic showers with these exercises is associated with reduced
pain during labor and greater comfort for the mother [8].

In a pretest-posttest design study with a single group of 24 women who used the
therapeutic shower for 30 min, numerical pain rating scales were evaluated before and
after use. A significant decrease in both pain perception and levels of tension and anxiety
was observed after the intervention [9].

Currently, in Spain, maternity units are incorporating bathtubs in their delivery rooms,
but not all hospitals in the country can offer these services due to a lack of necessary
infrastructure, specifically bathtubs for water immersion use by pregnant women during
labor. Some delivery rooms have therapeutic showers available, but these do not provide
full water immersion. The purpose of the present study was to compare whether therapeutic
showers can be as effective as bathtubs regarding labor duration, use of analgesia, pain
relief, and maternal and fetal outcomes.

Objectives

To evaluate and compare the effects of using a bathtub and a therapeutic shower during
labor on pain perception, the use of epidural analgesia, labor duration, and maternal and
fetal outcomes.

2. Materials and Methods

2.1. Study Design

This is a retrospective cohort study of women who chose to use hydrotherapy during
their labor. The report of this research follows the STROBE guidelines for observational
studies. The study was conducted in accordance with the Declaration of Helsinki for
research involving humans and was approved by the Ethics Committee of Hospital Costa
del Sol (002_oct18_PI-hydrotherapy in labor) in November 2018.

2.2. Setting

These are secondary outcomes from a study that evaluated the use of hydrotherapy
during labor. The initial study included women who gave birth at Hospital Costa del Sol,
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Málaga (Spain), during the period between January 2010, when hydrotherapy began to
be offered during labor at the hospital, and December 2020. In this hospital, the use of
hydrotherapy is indicated in the first stage of labor, either through a therapeutic shower or
by immersion in a bathtub. Data were collected from each woman’s partogram as well as
from the medical records of both the mother and the newborn.

2.3. Participants

Our study included women with low-risk pregnancies and labors, which means
they had a healthy singleton pregnancy, a body mass index of 30 kg/m2 or less, cephalic
presentation, spontaneous onset of labor, a gestational age between 37 + 0 and 41 + 6
weeks, and a normal cardiotocographic record upon admission. Women with multiple
pregnancies and those who gave birth before 37 weeks or after 42 weeks were excluded.
According to the protocol of our Labor Unit, all admitted women were offered the option
to use hydrotherapy during the labor process. The participants in this study had no history
of opioid medication use.

2.4. Variables and Data Sources

The study meticulously planned data coding in advance, extracting data directly from
medical records into a structured database. It analyzes a variety of variables related to
labor and hydrotherapy. Regarding pain relief during labor, pain perception was assessed
using the visual analogue scale (VAS) in both the therapeutic shower group and the bathtub
group, as well as comparing the median pain scores before and after the use of each
method. Regarding labor duration, dilation times and overall labor time were examined
in both groups. The use of epidural analgesia during labor was also recorded. In terms
of delivery types, the proportion of spontaneous and operative deliveries in each group
was observed. Additionally, various maternal outcomes were explored, including the
incidence of postpartum hemorrhage, perineal status, presence of hypotension, maternal
fever, and breastfeeding. As for neonatal outcomes, APGAR scores, fetal heart rate, fetal
complications, and neonatal unit admission were analyzed.

2.5. Bias

To mitigate potential biases, the study established precise inclusion and exclusion
criteria for participants, ensured data anonymity, and conducted meticulous data coding.
Additionally, confounding variables were controlled through multivariable statistical anal-
ysis. These measures ensured the validity and reliability of the findings obtained in this
retrospective cohort study.

2.6. Study Size

The sample size for this study was determined using the same parameters and method-
ology as the previously published initial study [10]. For the primary objective of comparing
the duration of the first stage of labor between the hydrotherapy group and the non-
hydrotherapy group, a statistically significant difference of 16 min between the groups was
considered. Based on the study by Torkamani, Kangani, and Janani (2010) [11], a standard
deviation of 48 min was used for each group. With a type I error (alpha) of 0.05 and a
type II error (beta) of 0.20, it was determined that 111 patients per group were required.
Considering a 10% loss rate in the evaluation of medical records, the total sample size was
adjusted to 248 patients, evenly distributed as 124 patients per group.

To ensure the robustness of the results and to study additional data of interest, the
sample was expanded to a total of 377 women, with 253 individuals in the control group
and 124 in the hydrotherapy experimental group. This approach allowed us to further
explore various relevant clinical and demographic aspects while maintaining consistency
with the originally calculated sample size from the initial study.
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2.7. Statistical Methods

Descriptive analysis was performed using measures of central tendency, dispersion,
and position (median and interquartile range (P75–P25)) for quantitative variables and
frequency distribution for qualitative variables. To assess differences between study groups
(bath vs. shower), the chi-squared test (or Fisher’s exact test if expected frequencies were
less than 5) was used for qualitative variables, while Student’s t-test (or Mann–Whitney U
test if the distribution was non-normal) was used for quantitative variables. Using pain
as the outcome variable, a multivariate linear regression model was employed, including
unbalanced independent variables from previous bivariate analysis, selecting variables
with a criterion of p < 0.05, and describing the Beta coefficient (β) with respective 95%
confidence intervals (CI95%). This involved checking for normality, homoscedasticity, and
multicollinearity.

For all analyses, the level of statistical significance was set at p < 0.05. The analysis
was performed using SPSS vs. 28.0 program for Windows (IBM Corporation, Armonk, NY,
USA) statistical software.

2.8. Ethics Statement

This study was conducted in accordance with the Declaration of Helsinki for research
involving human subjects. The Ethics Committee of the Costa del Sol Hospital approved
the study in November 2018 under reference number 002_oct18_PI-hydrotherapy birth,
ensuring the ethical compliance of the research.

No personal or identifying information was collected. Anonymity was guaranteed
by the research service of Hospital Costa del Sol, which anonymized the personal or
identifying data of the women involved in the study. Additionally, the data were stored on
a password-protected personal computer.

3. Results

The results examined the effect of hydrotherapy, both in the form of a bathtub and
a therapeutic shower, in relation to pain relief during labor, its duration, the use of phar-
macological analgesia, and delivery types. Additionally, maternal and fetal outcomes
were analyzed based on whether water immersion in a bathtub or the use of water in a
therapeutic shower was performed.

For this study, a sample of 124 laboring women was recruited using a systematic
sampling approach. This included 44 women (35.5%) who utilized the therapeutic shower
and 80 women (64.5%) who immersed themselves in a bathtub with water immersion
(Figure 1).

Figure 1. Flow diagram.

To determine if there were significant differences between the groups, the obstetric
characteristics of the sample were evaluated, which are presented in Table 1:
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Table 1. Baseline characteristics of the sample.

Variables
Therapeutic
Shower

Bathtub Total p-Value

Age; Mean ± SD 30.70 ± 5.083 32.25 ± 5.784 0.140
Gestation grouped; n (%) 1 19 (43.2%) 43 (53.8%) 62 (50%) 0.549

2 17 (38.6%) 21 (26.3%) 38 (30.6%)
3 or more 8 (18.2%) 16 (20%) 24 (19.4%)

Abortions; n (%) Absence 36 (81.8%) 59 (73.8%) 95 (76.6%) 0.427
Presence 8 (18.2%) 21 (26.3%) 29 (23.4%)

Previous Children 0 23 (52.3%) 54 (67.5%) 77 (62.1%) 0.139
1 or more 21 (47.7%) 26 (32.5%) 47 (37.9%)

These results demonstrate the distribution of key obstetric characteristics between
women who used a therapeutic shower and those who used a bathtub during labor. No sta-
tistically significant differences were found between the groups in terms of age, grouped
gestation, history of abortions, or the number of previous children.

As shown in Table 2, the primary and secondary outcomes of our study indicate
significant differences in the total labor time and intact perineal state between the groups
using the therapeutic shower and the bathtub. However, no significant differences were
found in the use of epidural analgesia, types of delivery, or the incidence of maternal fever
and breastfeeding.

Table 2. Summary of Primary and Secondary Outcomes.

Outcomes Therapeutic Shower Group Bathtub Group p-Value

Primary Outcomes
Total labor time (minutes) 155 (96.25–242.5) 227.5 (141.25–403.75) 0.004
Use of epidural analgesia 7 (15.9%) 18 (22.5%) 0.521
Types of delivery (% spontaneous) 97.7% 97.5% >0.05
Pain perception before (VAS) 8 (7–9) 7 (7–8) -
Pain perception after (VAS) 7.5 (6.25–8.75) 5 (4–7) -
Secondary Outcomes
Postpartum hemorrhage 2 (4.5%) 4 (5.0%) >0.05
Intact perineal state 45.5% 23.8% 0.022
Maternal hypotension 9.1% 3.8% 0.244
Maternal fever 0% 1 (1.3%) >0.05
Breastfeeding 95.5% 96.3% 1.000
APGAR score at 1 min (median, IQR) Not specified Not specified Not specified
APGAR score at 5 min (median, IQR) Not specified Not specified Not specified
Fetal heart rate No specified complications No specified complications >0.05

3.1. Pain Relief

The initial findings of this study revealed statistically significant differences between
the use of hydrotherapy during labor compared to non-use, regardless of whether a thera-
peutic shower or bathtub was utilized during labor [10]. At this juncture, we scrutinized
the sensation of pain in the bathtub versus the therapeutic shower.

Our sample, comprised of 124 pregnant women, furnishes comparative data on per-
ceived pain during the use of therapeutic showers and bathtubs. In the therapeutic shower
group, eight cases were lost, while in the bathtub group, five cases were lost due to lack
of recording.

According to the results presented, both the use of therapeutic showers and bathtubs
show a reduction in pain perception compared to the sensation of pain prior to their use.
However, this decrease is more pronounced in the bathtub group, with the difference in
the pain perception scale before and after use being statistically significant (p = 0.003). In
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contrast, in the therapeutic shower group, although there is a noticeable reduction in pain
perception, this difference does not reach statistical significance (p = 0.083) (Figures 2 and 3).

Figure 2. Comparison of Pain Intensity in the Bathtub, Before and After Use.

Figure 3. Comparison of Pain Intensity in the Therapeutic Shower, Before and After Use.

3.2. Duration of Labor

Upon examining the results between the group using the therapeutic shower and
the group using the bathtub, it was found that dilation times and overall labor duration
showed significant differences between the two groups, favoring the group that used the
therapeutic shower (Table 3).
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Table 3. Results of Labor Duration by Stages in the Use of Bathtub and Therapeutic Shower.

Therapeutic Shower vs. Bathtub Dilation Time
Expulsive

Time
Placental

Expulsion Time
Total Labor

Time

Therapeutic shower

n Valid 44 44 44 44
Missing 0 0 0 0

Median 90 31 10 155

Percentile
25 56.25 16.25 10 96.25
75 133.75 53.75 16.75 242.5

Bathtub

n Valid 80 80 80 80
Missing 0 0 0 0

Median 150 44 10 227.5

Percentile
25 93.75 15 10 141.25
75 240 90 15 403.75

p valor 0.002 0.167 0.865 0.004

3.3. Use of Analgesia

A total of 99 pregnant women did not use epidural analgesia, representing 79.8% of
the 124 women in our study. The comparison between groups yielded a non-significant
result, indicating no association between epidural use and the bathing method, whether
therapeutic shower or bathtub.

3.4. Types of Delivery

The data comparing the therapeutic shower group and the bathtub group, as well
as the types of delivery, are very similar. According to the p-values obtained, none of the
statistical tests performed indicate a statistically significant association between the type of
delivery and the bathing method. All p-values are well above the 0.05 threshold. Therefore,
no significant differences were found between the use of the bathtub and the therapeutic
shower concerning the types of delivery. The analysis indicates that in the therapeutic
shower group, 2.3% of deliveries were operative vaginal and operative cesarean, while
97.7% were spontaneous vaginal. In the bathtub group, 2.5% of deliveries were operative
vaginal and operative cesarean, and 97.5% were spontaneous vaginal.

3.5. Maternal Outcomes

The effect of the therapeutic shower and bathtub on various maternal parameters has
been investigated:

3.5.1. Postpartum Hemorrhage

There were two cases of postpartum hemorrhage in the therapeutic shower group and
four cases in the bathtub group, representing 4.5% and 5.0% of the sample, respectively.
However, no statistically significant differences were found regarding this variable.

3.5.2. Postpartum Perineal Status

The study results indicate a statistically significant decrease in the frequency of 1st,
2nd, and 3rd-degree tears, as well as episiotomies, in favor of the group that used the
therapeutic shower. In the therapeutic shower group, 45.5% of women had an intact
perineum after delivery, compared to 23.8% in the bathtub group. The incidence of 1st, 2nd,
and 3rd-degree tears and episiotomies was 54.5% and 76.3%, respectively. The p-value of
0.022 suggests that the use of the therapeutic shower was associated with a lower incidence
of tears and episiotomies compared to the use of the bathtub.

3.5.3. Maternal Hypotension

It was observed that 9.1% of women in the therapeutic shower group experienced
hypotension, compared to 3.8% of women who used the bathtub. However, the p-value of
0.244 does not show statistically significant differences between the groups.
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3.5.4. Maternal Fever

In the therapeutic shower group, no cases of fever were recorded, while in the bathtub
group, there was one case with a fever above 38 ◦C. No significant differences were found
between the groups concerning this variable.

3.5.5. Breastfeeding

No statistically significant differences were recorded (p = 1.000); both percentages
were high, with 95.5% for women who used the therapeutic shower compared to 96.3% for
those who used the bathtub.

3.6. Neonatal Outcomes

Regarding fetal parameters, the analysis between the groups revealed no significant
differences in APGAR scores at 1 and 5 min, except for one case in the bathtub group with
an APGAR score at 1 min below 7. Fetal heart rate (FHR) was normal in 94.4% of cases
in both groups. Specifically, in the therapeutic shower group, 6.8% had a non-reassuring
fetal cardiotocographic record (FCTG), while in the bathtub group, this percentage was 5%.
No significant differences were found in the APGAR and FCTG variables.

Regarding fetal complications and neonatal unit admissions (NICU), 119 newborns
did not have complications, and 118 did not require NICU admission, representing 96% and
95.2% of the sample, respectively. Fetal complications occurred in 5% of the newborns in the
bathtub group and 2.3% of the newborns in the therapeutic shower group. NICU admission
occurred in 5% of the newborns in the bathtub group and 4.5% of the newborns in the
therapeutic shower group. No significant differences were found for these two variables,
thus no relationship could be established between the method of water use during labor
and the presence of fetal complications or NICU admissions.

4. Discussion

We focused on investigating the effect of hydrotherapy during labor, according to
the use of a bathtub or therapeutic shower, in relation to perceived pain, labor duration,
analgesia use, and maternal and neonatal outcomes. The objective is to contribute to the
scientific evidence by comparing these two groups, which is uncommon due to the scarcity
of literature addressing this comparison.

Pain management is a fundamental aspect of labor care, which is why it has been the
subject of numerous scientific investigations studying its relationship with
non-pharmacological methods such as hydrotherapy. Publications analyzing both the
therapeutic shower and the bathtub encompassed in hydrotherapy in general emphasize
how the sensation of pain can decrease through the use of hydrotherapy. Our study also
corroborates these findings: the comparison between the groups shows that the bathtub
reduces the sensation of pain by one point more on the visual analog scale (VAS) com-
pared to the therapeutic shower. Other studies, such as the one conducted by Davim
et al. [12], have observed that pain relief increases as dilation progresses during labor when
using the therapeutic shower. In a clinical trial conducted by Lee et al. [6], it was demon-
strated that the therapeutic shower is a cost-effective, comfortable, and easy-to-perform
non-pharmacological method for reducing pain, with positive results on a visual analog
pain scale. A systematic review by Vargens, Silva, and Progianti [3] compiled 21 articles on
the use of hydrotherapy and concluded that both the bathtub and the therapeutic shower
effectively reduce pain during labor.

Our study also shows that the therapeutic shower results in a shorter labor duration
compared to the use of the bathtub. Numerous studies discuss the use of the bathtub
as a pain relief method [13–17], while there are also studies addressing the use of the
therapeutic shower [6,7,12,13,18]. A decrease in dilation time and total labor duration has
been observed when using the therapeutic shower as a method. Gallo et al. [13] detailed
in their randomized trial how a warm shower at more than 7 cm dilation, combined with
exercises on a Swiss ball and lumbosacral massage before 7 cm, yielded significant benefits,

124



J. Clin. Med. 2024, 13, 3517

such as a reduction of 72 min compared to the group that did not use non-pharmacological
techniques during labor, as well as differences in faster expulsion times.

Regarding specific research on analgesia use, the systematic review by Cluett et al. [1]
revealed discrepancies in the use of epidural analgesia among women who opted for
water immersion during the first stage of labor and those who did not. It was observed
that in the group of women who experienced water labor, a smaller proportion opted for
epidural analgesia compared to the groups that did not use water as a pain relief method.
However, no significant differences were found in the use of epidural analgesia or the use
of pethidine/narcotics between the different groups. In our study, we found a significant
association between the use of epidural and the use of hydrotherapy, either in a bathtub
or therapeutic shower, considering that the majority of pregnant women who used the
therapeutic shower or bathtub did not use epidural analgesia. Authors like Gallo et al. [13]
and Stark [7] describe the therapeutic shower as one of the beneficial non-pharmacological
interventions, with few side effects or contraindications, allowing for a reduction in pain
perception and even reducing the use of epidural analgesia, although Stark’s study [7]
found similar use of epidural analgesia in both the therapeutic shower group and the
control group.

The randomized trial by Gallo et al. [13] not only studied variables such as pain
and labor duration in women who used the therapeutic shower but also examined other
parameters similar to those measured in our study. However, it is important to note
that Gallo et al.‘s study compared the use of the therapeutic shower with exercises on
a Swiss ball and lumbosacral massage. Among the results, neonatal effects stood out:
the experimental group had a lower risk of respiratory distress and significantly better
Apgar scores. However, no significant differences were observed regarding delivery types,
perineal status, or obstetric complications. In our study, we also evaluated these parameters
and found no significant differences, except in postpartum perineal status, where we
observed a decrease in the frequency of tears and episiotomies in the group that used the
therapeutic shower.

The main limitation was the lack of exhaustive records in medical histories, leading to
a sample of sixteen pregnant women, as previous information was not typically recorded in
these histories. Another limitation was the absence of data related to the water temperature
of the bathtub or therapeutic shower, information that would have been useful to assess its
possible impact on the health of pregnant women and fetal development. Water tempera-
ture could influence various physiological factors, such as blood circulation and muscle
relaxation, in addition to preventing risks associated with extreme temperatures, such as
overheating or thermal shock. Additionally, the retrospective nature of the study conducted
at a single institution is a significant limitation, predisposing the results to considerable
bias. This characteristic prevents the generalization of the findings to other populations
or contexts.

5. Conclusions

The study demonstrates that hydrotherapy, through the use of both bathtubs and
therapeutic showers, effectively reduces pain perception during labor. The bathtub, in
particular, provides a slightly higher pain relief compared to the therapeutic shower. More-
over, the therapeutic shower is associated with a shorter labor duration. Despite these
benefits, it is important to acknowledge the limitations, such as the retrospective nature
of the study conducted at a single institution, which may introduce significant bias and
limit the generalizability of the results. Further research with larger, multicenter studies is
needed to validate these findings.
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Abstract: Background: the benefits of water are significant during the birth process. Improved maternal
experience of labor, less use of epidurals, better pain management, shorter labor, and a greater sense
of control are observed during the birth process. Objective: This report aims to determine the benefits
of hydrotherapy in clinical childbirth approaches and its applicability in pain control. Methods: A
meta-analysis of randomized clinical trials selected from various databases with no publication date
limits was conducted, comparing groups that did not use hydrotherapy with groups that did during
labor. Results: Seven articles met the inclusion criteria, with five articles using hot water immersion
and two using hot water shower as hydrotherapy treatments. This study identified 840 participants,
with the intervention groups including 417 term pregnant women and the control groups including
423 pregnant women. The effect size of hydrotherapy on pain was calculated using the visual analog
scale in five articles and analgesic use in the other two articles. Hydrotherapy significantly reduced
pain during labor with a mean difference of −0.97 (95% CI: −1.91 to −0.03; I2 = 97.32%, p < 0.001). The
duration of the first stage of labor was not significantly affected, with a mean difference of −0.17 h (95%
CI: −0.55 to 0.21; I2 = 56.75%, p = 0.059). Additionally, hydrotherapy did not significantly impact the
newborns’ Apgar scores at 5 min, with a mean difference of 0.18 (95% CI: −0.48 to 0.85; I2 = 2.15%,
p = 0.939). Conclusions: Hydrotherapy is beneficial for pain control in the first stage of labor and does
not increase its duration or negatively affect the Apgar score of newborns.

Keywords: hydrotherapy; waterbirth; immersion; first labor stage; neonatal health; maternal health

1. Introduction

The use of water as a therapeutic medium has ancient origins, with evidence showing
its use in China, Egypt, Japan, Greece, and Rome for treating physical and psychological
ailments. In their literature review, Cluett, Burns, and Cuthbert report on the existence of
historical references documenting the use of water immersion during childbirth for the
purpose of achieving relaxation and pain relief [1]. Hydrotherapy during childbirth focuses
on the comfort and support of pregnant women, and many find this method beneficial [2].
Water can be used during the first stage of labor (dilation), the second stage (expulsion), or
both. In Spain, the Clinical Practice Guideline on Normal Childbirth recommends warm
water immersion as an effective pain relief method during the active first stage of labor [3].

This method has several key features that make it an attractive option. Hydrotherapy
is primarily used during the first stage of labor, when contractions are most intense and
cervical dilation is in progress. The water temperature is typically maintained around
37.4 ◦C, which is comfortable for the mother and safe for the newborn. The water helps
reduce pain and stress and can accelerate the dilation process. Warm water relaxes the
muscles, reduces the perception of pain, and decreases the need for epidural analgesia.
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Additionally, the buoyancy of the water allows women to move more freely and adopt
more comfortable positions during labor, which can relieve pressure in certain areas of the
body. Moreover, the reduced gravity and abdominal pressure facilitate fetal rotation and
descent, providing further advantages of hydrotherapy [4,5].

Defining the stages of labor is essential: the first stage (the latent phase from the begin-
ning to 4 cm of cervical dilation and the active phase from 4 cm to 10 cm of cervical dilation),
the second stage (expulsion), and the third stage (delivery of the placenta). Proper definition
helps differentiate the maternal and neonatal risks and benefits of hydrotherapy [3].

A woman should give birth in a place where she feels secure and receives appropriate
care (International Federation of Gynecology and Obstetrics, 1982). Hydrotherapy can
enhance the childbirth experience and maternal health, as indicated by a qualitative study
involving 23 women [6]. The benefits of water, such as buoyancy, hydrostatic pressure,
and temperature, positively affect the dilation process. Studies report reduced epidurals
use, better pain management, and shorter labor durations [7–9]. A systematic review and
meta-analysis by Burns et al. (2022) [10] indicated a trend favoring water immersion for
pain relief since 2009.

A Cochrane review of 15 trials involving 3663 women [1] compared water immersion
with non-immersion. Eight studies involved water immersion during the first stage, and
four involved it during both stages. The review found physical and emotional benefits [1],
including higher pain thresholds, shorter dilation stages, reduced medical intervention,
improved relaxation, and greater overall satisfaction with childbirth [11].

A cross-sectional study at São Bernardo Hospital in Portugal evaluated maternal
and neonatal outcomes during labor stages. Excellent Apgar scores and pain relief were
reported by 98.9% of the 90 women, with immersion time influencing labor duration
significantly [12].

Despite these findings, some associations, such as the American College of Obstetri-
cians and Gynecologists (ACOG) and the American Academy of Pediatrics (AAP) [13],
discuss neonatal outcomes and safety, emphasizing the need for more high-quality studies.

Contrary to these concerns, Burns et al.’s meta-analysis [10] reported clear benefits
for women and newborns from hydrotherapy, with no worse outcomes for water births.
Other studies compare births with and without hydrotherapy and do not suggest worse
outcomes for babies born through water birth [7,14]. The American College of Nurse-
Midwives (ACNM) recommends providing evidence-based information on water birth for
uncomplicated pregnancies [7].

A systematic review by Jacoby et al. [15] found varying perinatal outcomes for hydrother-
apy, highlighting the need for further research. Meta-analyses and reviews of observational
studies, including over 30,000 births, do not demonstrate increased risks for mothers or babies.

This meta-analysis aims to address pain management during the first stage of labor
using minimally invasive techniques, enhancing healthcare quality and supporting the use
of hydrotherapy for its beneficial impact on labor times and safety.

Objectives

The primary objective is to determine the benefits of hydrotherapy in clinical childbirth
approaches and its applicability in pain control. The secondary objectives include assessing
its impact on the duration of the first stage of labor and the newborns’ physical condition.

2. Materials and Methods

2.1. Review Protocol

This systematic review and meta-analysis followed the PRISMA protocol and was
registered with PROSPERO (CRD42023399625).

2.2. Search Strategy and Inclusion Criteria

Studies were selected based on the PICOS criteria (participants, interventions, com-
parisons, outcomes, and study design). Articles using the RCT methodology and involving
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pregnant women in the first stage of labor receiving hydrotherapy treatment were included.
Two of the investigators (J.C.S.-G. and E.M.-G.) searched the Scopus, PubMed, Cinahl, and
WOS databases. A manual search was also performed using the reference lists of studies to
find other relevant research.

The structured language used was obtained using MeSH terms and Health Sciences
(DeCS) descriptors. The descriptors used were “labor stage, first” and “immersion” along
with the corresponding natural language descriptors, using the Boolean operator AND.
Supplementary Table S1 shows the search strategy employed for each of the databases
consulted, along with the dates on which the searches were conducted. The searches were
performed without a year filter to obtain all relevant information related to the objective of
the search. The articles were collected between December 2022 and January 2023.

2.3. Data Extraction and Quality Assessment

After carrying out the search strategy, the articles found were transferred to the Mende-
ley web application using the Mendeley web importer tool. They were then organized
into folders according to the database from which they were obtained, and all duplicates
were removed. The included studies were RCTs that met the objective of the search. Two
reviewers (J.C.S.-G. and E.M.-G.) independently examined the title, abstract, and keywords
of each study identified in the search and applied the inclusion and exclusion criteria. The
same procedure was applied to potentially eligible full-text articles. Differences between
reviewers were resolved by discussion or by a third reviewer (R.R.-B.).

Data on the quality, patient characteristics, interventions, and relevant outcomes were
extracted independently by two reviewers (E.M.-G. and J.C.-M.).

Two reviewers (J.C.S.-G. and E.M.-G.) independently extracted the following data from
each article: author, country and methodology of the study; intervention characteristics;
sample size and sample distribution; weeks of gestation; sample selection criteria; and
mean age. Regarding the results of the RCTs, we extracted the type of intervention, start of
intervention, and duration of intervention, pain scale; furthermore, relative to the newborn,
we assessed their physical condition at 5 min after birth. These data are reported in Table 1.
The reviewers also assessed the strengths and weaknesses of each RCT.

Table 1. Characteristics of included trials.

Author Country Method

Interventions Characteristics Outcomes

Gestation Weeks
(Media)

Sample
Size

Distribution
of the Sample

Type of Population Average Age
Type of

Intervention
Intervention

Time
Pain Scale

Physical Condition
of the Newborn

Chaichian,
2009 [16] Iran RCT 37–42 weeks 106 EG 53; CG 53 No risks EG: 26.4 ± 5.9;

CG: 27.1 ± 5.9
Warm water

pools On demand Use of
analgesics Not reported

Cluett et al.,
2004 [17] England RCT EG: 284 ± 7 days;

CG: 280 ± 8 days 99 EG: 49; CG: 50

Nulliparous women
with dystocia and

low risk of
complications

EG: 26.0 ± 4.8;
CG: 24.8 ± 6.0

Warm water
pools

Maximum 4 h
in the pool

Visual Analog
Scale Apgar 5 min

Eckert,
Turnbull and

MCallister,
2001 [18]

Australia RCT EG: 39.9 ± 1,0;
CG: 39.9 ± 1,0 274 EG: 137; CG:

137
Singleton pregnancy.

No risks
EG: 28.4 ± 5.4;
CG: 27.2 ± 5.1

Warm water
pools

On demand
during the

first stage of
labor

Visual Analog
Scale Apgar 5 min

Schorn,
McAllister
and Blanco,

1993 [19]

USA RCT EG: 39.1 ± 1.4;
CG: 39.2 ± 1.1 93 EG: 45; CG: 48

Intact membranes
and no obstetric

risks

EG: 21.4 ± 4.6;
CG: 22.6 ± 6.1

Warm water
pools On demand Use of

analgesics Apgar 5 min

Lee et al.,
2013 [20] Taiwan RCT EG: 38.91 ± 1.26;

CG: 39.19 ± 1.05 80 EG: 39; CG: 41

Pregnant women
with a single foetus

with no risk of
complications

EG: 31.44 ±
3.85; CG:

31.83 ± 4.62

Warm
showers

20 min per
shower

Visual Analog
Scale for Pain

(VASP)
Not reported

Solt and
Kanza Gul,
2022 [21]

Turkey RCT EG: 39.2 ± 0.8; CG:
39.2 ± 0.8 80 EG: 40; CG: 40

Primiparas between
20 and 40 years old,

single foetus.

EG: 28.7 ± 3.1;
CG: 28.3 ± 3.2

Warm
showers

20 min per
shower

(18 showers)

Visual Analog
Scale Apgar 5 min

da Silva et al.,
2009 [22] Brazil RCT EG: 39.5 ± 0.9;

CG: 39.5 ± 1.1 108 EG: 54; CG: 54
Uncomplicated

full-term
pregnancies

EG: 19.7 ± 3.6;
CG: 21.1 ± 4.1

Warm water
pools 60 min Visual Analog

Scale Apgar 5 min

A methodological quality assessment was performed using the PEDro (Physiotherapy
Evidence Database) scale, as the methodology corresponded to RCTs. Publication bias was
determined by visual inspection of the funnel plots.
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2.4. Statistical Analysis

Statistical analysis was performed by analyzing the mean difference between the
hydrotherapy and control groups, calculated in each study by subtracting the mean change
(post-intervention minus pre-intervention) in the control group from the mean change in
the hydrotherapy group.

The effect size of the intervention was studied by analyzing Cohen’s d for each of the
studies, using random-effects models based on the Sidik–Jonkman method. Cohen’s d
values below 0.20 indicate no effect; values between 0.21 and 0.49 indicate a small effect;
values between 0.50 and 0.70 indicate a moderate effect; and values above 0.80 indicate a
large effect [23]. Heterogeneity was assessed with the I2 statistic, and its values were classi-
fied as non-significant (0–40%), moderate (30–60%), substantial (50–90%), or considerable
(75–100%) [24]; the corresponding p-values were also considered.

Egger’s regression asymmetry test was performed to assess publication bias, with
p < 0.10 being considered statistically significant [25].

Meta-analyses were performed with the free and open-source statistical software
Jamovi, Version 2.3.21.0, based on the R programming language.

Based on the information provided by this review, a series of premises are obtained as
results that will serve to homogenize concepts about hydrotherapy during labor.

3. Results

Seven potentially eligible studies were identified by searching electronic databases,
and none were identified through other sources. Details regarding the inclusion and
exclusion of studies at each stage are provided in the flow chart [26] (Figure 1).

 

before screening

Figure 1. Flow diagram. * Did not meet the inclusion criteria. Reason 1: RCT protocols; Reason 2:
systematic reviews of RCTs.
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These seven studies included a total of 840 pregnant women. The intervention groups
included 417 pregnant women at term, while the control groups included 423 pregnant women.

Five articles assessed pain during the first stage of labor using the visual analog scale
(VAS) as a method, and two articles assessed pain during the first stage of labor using the
percentage of analgesic medication use.

Table 1 summarizes the articles selected for the systematic review and meta-analysis.
Overall, the use of hydrotherapy reduced pain in the first stage of labor compared

with the control group, showing considerable heterogeneity between studies (Pain, −0.97;
95% CI, −1.91 to −0.03; I2 = 97.32%, p < 0.001 and n = 840) (Figure 2).

Figure 2. Forest plot use of hydrotherapy for pain [16–22].

The study with the largest effect size concerning pain assessment was that of Chaichian
et al. [16], (d = −3.964). The studies by Lee et al. [20] and Solt Kirca and Kanza Gul [21] also
presented large effects, with values of −1.127 and −1.2467, respectively. Cluett et al. [11]
found a moderate effect (d = −0.5693), while da Silva et al. [22] found a small effect
(d = −0.2789). Eckert, Turnbull, and MCallister [18] along with Schorn, McAllister, and
Blanco [19] showed no effect on the intervention, with a Cohen’s d of less than 0.20 (−0.1552
and −0.0736, respectively) (Figure 3).

Figure 3. Forest plot use of hydrotherapy versus times in the first stage of labor [16–19].

However, the use of hydrotherapy did not significantly affect the duration of the first
stage of labor, with moderate heterogeneity between studies (duration of the first stage of
labor −0.17; 95% CI, −0.55 to 0.21; I2 = 56.75%, p = 0.059 and n = 572) (Figure 3).

Regarding the physical condition of the newborn, it was observed that the use of hy-
drotherapy does not affect the physical condition of the newborn, with homogeneity in the
studies (Apgar 5 min, 0.18; 95% CI, −0.48 to 0.85; I2 = 2.15%, p = 0.939 and n = 654) (Figure 4).
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Figure 4. Forest plot use of hydrotherapy against the physical condition of newborns [17–19,21,22].

The assessment of methodological quality revealed that most of the information was
obtained from trials with good methodological quality (Supplementary Table S2). However,
all articles noted that blinding of participants, researchers, and groups was impossible due
to the nature of the intervention performed during the first stage of labor.

Figure 5 shows the funnel plot used to assess publication bias in the studies included
in the meta-analysis. The results of the conducted tests are as follows: the fail-safe N,
which indicates the number of additional studies needed to nullify the meta-analysis
results, is 48 (p < 0.001), suggesting a high robustness of the findings. Kendall’s tau test
yielded a value of −1.000 with a p-value of 0.003, indicating significant publication bias.
Additionally, Egger’s regression produced a coefficient of −4.553 with a p-value of less than
0.001, confirming the presence of publication bias. These combined results suggest that
although the meta-analysis shows a significant effect, the potential impact of publication
bias must be considered when interpreting the findings.

Figure 5. Funnel plot.

4. Discussion

This meta-analysis has enabled us to synthesize the current relevant findings on the
use of hydrotherapy during the first stage of labor. The findings of this study contribute
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to the evidence demonstrating significant differences in pain control during this stage
between the groups using hydrotherapy and those following standard hospital procedures.

In this work, we found that the most studied outcome was pain during the first stage
of labor among groups that used hydrotherapy compared with those that did not. These
results indicated that hydrotherapy during labor was associated with lower pain scores
in the hydrotherapy group. It should be noted that the measurement tools used in these
studies varied, with most employing the visual analog pain scale [17,18,20–22], while
some assessed pain through analgesic use [16,19]. Da Silva et al. [22] reported decreased
pain in the water immersion groups compared with those that did not use hydrotherapy,
combining this assessment with a behavioral pain scale between the two groups. Other
studies also reported decreased pain in hydrotherapy groups at various times during
the dilation phase compared with non-hydrotherapy groups that received conventional
procedures such as amniotomy and oxytocin infusion [20,21]. However, no significant
differences in mean scores for clinical or laboratory pain indicators were found in two
articles [17,18]. A meta-analysis of the data shows that the effect size of hydrotherapy
during the first stage of labor is significant compared with conventional procedures.

Although pain was perceived to be less in some studies, Eckert, Turnbull, and MCal-
lister [18] noted that women’s use of analgesia was greater in the hydrotherapy group.
When contractions intensified, they needed to exit the water and discontinue hydrotherapy.
However, in general, neither group demonstrated significant differences in the amount of
pharmacological analgesia administered [17,19]. Conversely, Cluett et al. [17] showed that
women using water immersion had a lower rate of epidural analgesia compared with those
undergoing amniotomy and oxytocin without hydrotherapy.

In non-hydrotherapy groups, conventional management of labor, including am-
niotomy and oxytocin administration, was performed more frequently than in hydrother-
apy groups [17,19,21].

This review found no differences in delivery types between hydrotherapy and non-
hydrotherapy groups [16–19]. In a randomized controlled study by Chaichian et al. [16]
involving 106 women, all women using hydrotherapy had natural birth, whereas 79.2% of
those receiving conventional treatment had natural birth, although the differences were
not significant. Similarly, Cluett et al. [17] found no significant differences in operative
deliveries or the mean duration of the first stage of labor. Schorn et al. [19] also concluded
that there were no significant differences in the duration of the first stage of labor with
respect to minutes. In contrast, Chaichian et al. [16] found a significant difference in the
active phase duration of the first stage of labor. The meta-analysis showed no statistically
significant difference between hydrotherapy and conventional treatment in the duration of
the first stage of labor (p = 0.059).

Neonatal outcome measures, including maternal infection rates related to neonatal
infection, Apgar scores, fetal distress, or abnormal fetal cardiotocographic recordings, were
similar between the two groups [16,17,19,21].

Although no differences were noted, Eckert, Turnbull, and MCallister [18] reported
more use of oxygen masks and intermittent positive pressure ventilation in infants whose
mothers used hydrotherapy.

Admissions to the neonatal unit were similar in both groups, with no significant
differences. Cluett et al. [17] analyzed six admissions of infants born to women using
water immersion and terminated in operative delivery, concluding that they experienced
no subsequent problems.

Regarding maternal outcomes, Chaichian et al. [16] recorded 23% episiotomies in
the non-hydrotherapy group, although tears were 12% higher in the water immersion
group; however, the differences were minimal and not significant [16,17]. No differences
were observed for hospital readmissions, postpartum endometritis, or postpartum pain at
24–48 h and at 8 months [17,19].
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Eckert, Turnbull, and MCallister [18] assessed the birth experience, finding it more
positive in the conventionally managed group in terms of relationship with staff, social
support, information, choices and decisions, and satisfaction.

Birth using hydrotherapy has been shown to be more satisfying for women, which
is attributed to the freedom of movement, intimacy, and reduced labor pain intensity, all
positively influencing women’s wellbeing and comfort [19]. However, studies such as
Cluett et al. [17] mention this satisfaction but find no significant differences.

The main limitations of this study are closely related to the existing scientific literature
on this topic. Given that hydrotherapy is an innovative technique, the current knowledge
on it is limited.

Additionally, the impact of publication bias was evaluated using several statistical and
visual tests. The analysis included the calculation of the fail-safe N, Kendall’s tau test, and
Egger’s regression. The fail-safe N was 48 (p < 0.001), indicating that 48 additional studies
with null effects would be needed to render the meta-analysis results non-significant.
Kendall’s tau test and Egger’s regression showed values suggesting a significant presence
of publication bias. These results, along with the funnel plot, indicate that although the
meta-analysis results are statistically significant, the magnitude of the observed effect may
be influenced by publication bias. Therefore, it is crucial to interpret the results with caution
and consider this potential bias when drawing conclusions.

Future research lines have emerged from this study. A project involving four hospitals
in the province of Granada will study births and pain control in pregnant women, with
subsequent follow-up during the postpartum period. A control group will be established
to compare results.

Additionally, the possible benefits of hydrotherapy in deliveries of pregnant women
diagnosed with hypermobile Ehlers–Danlos syndrome, a rare disease, will be investigated.

5. Conclusions

Based on the provided information from the systematic review, several conclusions
can be drawn:

Hydrotherapy as a non-pharmacological method for pain relief: The systematic review
suggests that hydrotherapy during labor can serve as an effective non-pharmacological
method for pain relief. This implies that it could offer an alternative or complementary
approach to traditional pharmacological methods, potentially reducing the need for epidurals.

Improved coping mechanisms and satisfaction: Women who utilize hydrotherapy
during labor may experience an enhanced ability to cope with pain, leading to a greater
sense of control, satisfaction, and comfort. These psychological benefits can contribute
positively to the overall childbirth experience.

No significant impact on labor duration or newborn health: The use of hydrotherapy
does not seem to affect the duration of labor or the physical condition of the newborn. This
suggests that while it provides pain relief and psychological benefits, it does not interfere
with the natural progression of labor or compromise the health of the newborn.

Potential reduction in instrumental deliveries and cesarean sections: Some authors
suggest that hydrotherapy may even facilitate the natural completion of labor, resulting
in fewer instrumental deliveries and cesarean sections. This has significant implications
for addressing concerns about the increasing rates of cesarean sections and reducing
interventionism in clinical practice.

Need for further research: Despite the positive findings, there is a need for further
research, particularly research focusing on the use of hydrotherapy in the second stage
of labor. Additionally, the lack of reported adverse neonatal outcomes in many articles
contrasts with the caution expressed by some pediatric associations, highlighting the
necessity for more comprehensive studies to assess safety concerns.

Importance of correct management and training: Proper management of hydrotherapy
during labor involves training and updating midwives, as well as developing clinical
practice protocols and guidelines that are supported by scientific evidence. This ensures
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that women receive optimal care during childbirth and mitigates potential risks associated
with hydrotherapy.

Overall, this systematic review suggests that hydrotherapy during labor offers promis-
ing benefits for pain relief and childbirth outcomes, but further research and proper man-
agement are necessary to fully understand its implications and ensure safe implementation.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13113260/s1, Supplementary Material Table S1 provides the search
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the results of the application of the PEDro scale to each of the articles included in this meta-analysis.
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Abstract: Background/Objectives: Preterm birth (PTB) remains a significant global health challenge.
Previous attempts to predict preterm birth in the first trimester using cervical length have been
contradictory. The cervical consistency index (CCI) was introduced to quantify early cervical changes
and has shown promise across various clinical scenarios in the mid-trimester, though testing in
the first trimester is lacking. This study aims to assess the cervical consistency index performance
in predicting preterm birth during the first trimester of pregnancy. Methods: In this prospective
cohort study, focused exclusively on research, women with singleton pregnancies, both with and
without a history of spontaneous preterm birth (sPTB), were included. The primary outcome was
sPTB before 37 weeks, with a secondary outcome of sPTB before 34 weeks. CCI measurements were
taken between 11+0 to 13+6 weeks of gestation. Receiver operating characteristic (ROC) curves were
generated, and sensitivity and specificity were calculated for the optimal cut-off and for the 5th, 10th,
and 15th percentile. Intraobserver and interobserver agreements were assessed using the intraclass
correlation coefficient (ICC). Results: Among the 667 patients analyzed, the rates of sPTB before 37
and 34 weeks were 9.2% (61/667) and 1.8% (12/667), respectively. The detection rates (DRs) for CCI
predicting PTB before 37 and 34 weeks were 19.7% (12/61) and 33.3% (4/12). Negative predictive
values were 91.8% (546/595) and 98.7% (588/596), while the areas under the curve (AUC) for sPTB
before 37 and 34 weeks were 0.62 (95% CI: 0.54–0.69) and 0.80 (95% CI: 0.71–0.89), respectively. Of the
61 patients with preterm birth, 13 (21.3%) had a preterm birth history; in this group, the CCI percentile
10th identified 39% (5/13). Intraobserver ICC was 0.862 (95% CI: 0.769–0.920), and interobserver
ICC was 0.833 (95% CI: 0.722–0.902). Conclusions: This study suggests that utilizing CCI in the first
trimester of pregnancy could serve as a valuable tool for predicting preterm birth before 34 weeks of
gestation, demonstrating robust intraobserver and interobserver reliability.

Keywords: preterm birth; cervical consistency index; cervical length; preterm birth prediction

1. Introduction

Preterm birth (PTB), defined as childbirth occurring before 37 weeks of gestation,
remains a significant global health challenge [1]. According to WHO estimates, approxi-
mately 15 million PTB cases occur annually [2]. Colombia has the highest PTB rates (10%)
in Latin America, as reported by UNICEF [3,4]. This alarming statistic underscores PTB’s
status as a leading cause of neonatal and under-five mortality, contributing to the death
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of approximately one million neonates annually due to PTB-related complications [5].
Numerous investigations have been conducted to predict and prevent PTB, resulting in
substantial evidence supporting the use of cervical length measurement between 18 and
22 weeks of gestation. This currently stands as the standard method to identify pregnant
women at risk of PTB, identifying 28% of pregnant women who will deliver between 34 to
37 weeks using a cut-off of 25 mm and a false positive rate of 10% [6]. Through a tailored
approach, the detection rate of spontaneous preterm birth (sPTB) before 37 weeks using
cervical length can be substantially enhanced, reaching as high as 50% [7].

To address the need to search for better predictive tools for sPTB, Parra et al. intro-
duced the Cervical Consistency Index (CCI) as an ultrasound measurement for identifying
accelerated cervical softening in 2011 [8]. The CCI quantifies the change of the anteroposte-
rior diameter of the uterine cervix after deformation induced with the transvaginal probe
by the operator. Notably, CCI has displayed good performance in various clinical scenarios,
including low-risk pregnant women [9], high-risk pregnant women [10], and twin preg-
nancies [11], outperforming the cervical length measurements typically conducted during
mid-trimester evaluations. However, CCI requires specific training to perform adequate
measurements. Despite its promise, a recent review showed that more evidence is needed
about CCI performance in order to achieve robust results in different clinical scenarios,
especially in a prospective cohort developed for research purposes [12].

In an effort to tackle the PTB rates and to look for better prediction in the first trimester
of pregnancy, we sought to assess the predictive capability of CCI measured during the
first trimester for the prediction of sPTB before 37 weeks of gestation.

2. Materials and Methods

2.1. Study Design and Participants

This is a prospective cohort of singleton pregnant women between 11+0 to 13+6 weeks
of gestation recruited from November 2019 to September 2022. Participants were recruited
from the maternal–fetal units of two health institutions in Bucaramanga, Colombia, namely
Hospital Universitario de Santander and Centro de Atencion Maternal-Fetal INUTERO.
The Committee on Ethics and Research from the Universidad Industrial de Santander and
participating centers approved the study (CEINCI: Act No. 17, 17 October 2019. Project
code 254). All pregnant women signed informed consent for participation in this study.
Criteria for inclusion were pregnant women between 11+0 to 13+6 weeks with a singleton
pregnancy, including previous sPTB and nulliparous women. Criteria for exclusion were
women with history of cervical surgery or Mullerian anomalies, PTB due to fetal or maternal
indications (non-spontaneous), or pregnancies that ended before 22 weeks of gestation.

2.2. Recruitment

All eligible women who attended the 11+0 to 13+6 screening were invited to participate.
Data were obtained from pregnant women using a standard survey at enrollment, including
age, obstetric history, history of preterm birth, and cervical procedures. Anthropometric
data were obtained before the ultrasound evaluation to determine typical risk calculations
for chromosomal abnormalities and risk of preeclampsia.

2.3. Ultrasound Evaluation

Highly skilled maternal–fetal specialists, each with over five years of experience in
11+0 to 13+6 ultrasound screening scans, conducted the examinations. The medical team
underwent rigorous training to master the CCI measurement technique, led by Dr. Parra-
Saavedra, the creator of the method. Following the acquisition of ten practice images,
feedback was provided, and a predetermined format was applied to assess competence.
The assessment process involved registering a transabdominal image in the longitudinal
middle plane of the uterus and cervix to evaluate cervical canal orientation. Subsequently,
a transvaginal ultrasound, utilizing a 4–9 MHz endocavitary probe (Voluson E6, S8 General
Electric, Milwaukee, MI, USA), was conducted.
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As described elsewhere [13,14], cervical length measurement was executed by tracing
a line between the internal and external os as reference points, avoiding the isthmus while
ensuring proper orientation. For the CCI measurement, the double-screen image was
activated, maintaining the same plane, and after freezing the left image, pressure with
the probe was applied in an anteroposterior direction until the minimum diameter was
obtained. AP diameters at the mid-third of the cervix were recorded for both images, and a
second measurement of AP diameters was obtained to estimate intraobserver agreement
(Figure 1). The CCI was calculated by dividing the AP diameter after probe pressure by
the pre-pressure diameter, generating a value between 0 and 1, which was duly registered.
Another team member, ensuring operator blinding, obtained the CCI value posteriorly.

(a) (b)

Figure 1. Cervical measurements. (a) Ultrasound image characteristics for first-trimester cervi-
cal length measurement. (b) Anteroposterior diameter before pressure (AP1) and anteroposterior
diameter after probe pressure (AP2) to obtain the cervical consistency index (CCI).

Interobserver agreement was assessed by two independent operators in a subset
of patients, with image evaluations and measurements conducted by experts MPS and
CB. Importantly, the results of CCI measurements did not influence clinical decisions,
and operators remained blinded to both CCI values and patient outcomes, maintaining
scientific integrity throughout the study and avoiding bias. None of the patients received
progesterone prescriptions, ensuring unbiased assessment and objective evaluation.

2.4. Follow Up

After the baseline evaluation, we performed a monthly telephone call to monitor the
pregnancy’s evolution until delivery. A record was kept with the date of delivery, the
delivery route, the delivery characteristics; and if it was spontaneous or was indicated by
fetal or maternal conditions, the reason was also recorded. These data were obtained from
the medical records of each patient.

2.5. Data Collection

Clinical data were stored in a password-protected, web-based electronic database,
REDCap, with the de-identification capability to protect patient information. After extrac-
tion from the ultrasound machine, the deidentified ultrasound images were stored in a
repository and linked through the unique assigned code.

2.6. Outcomes

The primary outcome was the occurrence of preterm birth, defined as childbirth
before 37 weeks of gestation. The secondary outcome was preterm birth before 34 weeks
of gestation.

2.7. Statistical Analysis

Mean and standard deviation were used for normally distributed data while the
median and interquartile range (IQR) was used for non-parametric data. Categoric data
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were expressed as proportions and percentages. ROC curves were generated for the
CCI, for PTB before 37 weeks and for PTB before 34 weeks. The sensitivity, specificity,
positive (PPV) and negative (NPV) predictive values, and positive (LR+) and negative
(LR−) likelihood ratios were calculated for the best cut-off obtained from the ROC curves
and for intended additional cut-offs as the percentile 5, 10, and 15. The association between
PTB, CCI, CL, and history of PTB was performed by multiple logistic regression analysis,
while the performance was assessed using sensitivity, specificity, PPV and NPV, LR+ and
LR−, and area under the curve (AUC). In addition, the intraobserver and the interobserver
reliability were evaluated with the intraclass correlation coefficient (ICC) (two-way random
effect model). Intraobserver agreement was calculated as the difference between two CCI
measurements by the same observer, and the interobserver agreement as the difference
between the CCI measurements obtained by different observers. The magnitude of the
differences was estimated as described by Bland–Altman [15]. (StataCorp. 2020, Stata
Statistical Software: Release 16. StataCorp LLC: College Station, TX, USA).

3. Results

3.1. Description of the Cohort and Characteristics of the Study Population

Among the 786 pregnant women initially recruited, 45 were excluded due to miscar-
riages (16), iatrogenic preterm birth (40), and cases with incomplete perinatal outcomes
(63) (Figure 2).

Figure 2. Patient flowchart.

For the 667 women left for analysis, the median maternal age was 28 years. History of
PTB was present in 8.1% (54/667) of the population, 55% (371/667) had a previous term
birth, and the rest were nulliparous. The rate of sPTB < 37 and <34 weeks was 9.2% (61/667)
and 1.8% (12/667), respectively. Women delivering < 37 weeks had a higher prevalence of
history of PTB compared to patients delivering at term (21.3% vs. 6.8%: p < 0.001) and a
lower CCI (0.80 vs. 0.83; p = 0.003) at first trimester, with no significant difference in CL
(35 mm vs. 35 mm; p = 0.845) (Table 1).

Supplementary Table S1 contains the clinical and demographic characteristics of the
entire cohort.
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Table 1. Characteristics of the included population by groups of PTB < 37 weeks.

Characteristic
Term Birth

n = 606
sPTB < 37 Weeks

n = 61
p-Value

Maternal age (years) * 28 (24–32) 27(25–32) 0.118
Preterm birth history 41 (6.8%) 13 (21.3%) <0.001
Smoking history 70 (11.5%) 4 (6.6%) 0.244
Body mass index * 25.3 (22.6–28.1) 26.5 (23.4–29.7) 0.224
GA at scan (weeks) * 13.1(12.5–13.5) 13.2 (12.5–13.5) 0.671
Cervical length (mm) * 35 (35–38) 35 (33–37) 0.845
CCI * 0.83 (0.78–0.87) 0.80 (0.76–0.85) 0.003
GA at delivery(weeks) * 38.6 (38–39.4) 36.2(34.5–36.4) <0.001
Without previous pregnancies 223 (37%) 16 (26.2%) 0.097

Health care system
Subsidized 78 (28.2%) 10 (29.4%)
Contributive 172 (62.1%) 17 (50.0%) 0.537
Special 16 (5.8%) 5 (14.7%) 0.146
Not in the system 11 (3.1%) 2 (5.9%) 0.677

Marital status
Married 189 (31.2%) 13(21.3%)
Live with partner 334 (55.1%) 44 (72.1%) 0.480
Single 83 (13.7%) 4 (6.5%) 0.544

Residence place
Metropolitan area 460 (76.0%) 42(68.8%)
Outside 145(24.0%) 19 (31.2%) 0.217

Nationality
Colombian 576 (95.1%) 58 (95.1%)
Venezuelan 30 (4.9%) 3 (4.9%) 0.991

The control group consisted of pregnant women who delivery at term. * Median (IQR); sPTB: spontaneous
preterm birth; CCI: cervical consistency index; GA: gestational age.

3.2. Cervical Consistency Index as Predictor of sPTB

A first-trimester CCI < 10th percentile (CCI < 0.74) has 20% sensitivity and 90%
specificity for the prediction of sPTB < 37 weeks. Meanwhile, the same percentile has
a 33% sensitivity and 90% specificity for sPTB < 34 weeks. The positive and negative
LRs for the 10th percentile were 2.05 and 0.89 for sPTB < 37 weeks, and 3.35 and 0.74 for
sPTB < 34 weeks. The cut-off point with the best LR+ for sPTB < 37 weeks was 0.70 CCI
with a 9.8% detection rate (DR) at a 4% FPR and positive and negative LRs of 3.4 and 0.87,
respectively. The best cut-off point for sPTB < 34 weeks was 0.69 CCI with a DR of 17% at a
3.7% FPR and 4.53 and 0.87 positive and negative LRs (Table 2).

Table 2. Predictive performance of the CCI for the prediction of sPTB.

Cut-Off
Sensitivity

% (n/N)
Specificity

% (n/N)
PPV

% (n/N)
NPV

% (n/N)
LR+

95% CI
LR−

95% CI

sPTB < 37 weeks
CCI (centile)

0.71 (5th) 9.8 (6/61) 95.4 (576/604) 17.6 (6/34) 76.2 (576/631) 2.12 (0.91–4.92) 0.95 (0.85–1.06)
0.74 (10th) 19.7 (12/61) 90.4 (546/604) 17.1 (12/70) 91.8(546/595) 2.05 (1.17–3.60) 0.89 (0.77–1.03)
0.76 (15th) 24.6 (15/61) 85.9 (519/604) 15.0(15/100) 91.9 (519/565) 1.75 (1.08–2.83) 0.88 (0.75–1.03)

CCI < 0.70 * 9.8 (6/34) 96.2 (581/604) 20.7 (23/29) 91.4 (581/636) 3.40 (1.09–6.10) 0.87 (0.84–1.05)

sPTB < 34 weeks
CCI (centile)

0.71 (5th) 16.7 (2/12) 95.1 (621/653) 5.9 (2/34) 98.4 (621/631) 3.40 (0.92–12.60) 0.88 (0.67–1.14)
0.74 (10th) 33.3 (4/12) 90.0 (588/653) 5.8 (4/69) 98.7 (588/596) 3.35 (1.46–7.70) 0.74 (0.49–1.11)
0.76 (15th) 50.0 (6/12) 85.6 (559/653) 6.0 (6/100) 98.9 (559/565) 3.47 (1.91–6.30) 0.58 (0.33–1.03)

CCI < 0.69 * 16.7 (2/12) 96.3 (629/653) 7.7(2/26) 98.4 (629/639) 4.53 (1.21–17.06) 0.87 (0.66–1.13)

* the best cut-off point.
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3.3. Cervical Consistency Index as Predictor of sPTB According to History of sPTB

Using the same 10th percentile of CCI (CCI < 0.74) as a cut-off point, we divided
the women in the study into two groups, namely those with preterm birth histories and
those without. CCI sensitivity was better in women with previous sPTB compared to those
without history of sPTB. However, specificity was lower in women with history of sPTB.
The best sensitivity was found among women with history of sPTB that delivered before
34 weeks (67%), while the highest specificity was the same for women without history of
sPTB overall (Table 3).

Table 3. Performance of CCI for the prediction of sPTB according to history of preterm birth.

No History of sPTB
Sensitivity

% (n/N)
Specificity

% (n/N)
PPV

% (n/N)
NPV

% (n/N)
LR+ LR−

sPTB < 37 weeks
CCI at 10th percentile 15 (7/48) 91 (516/565) 13/7/49) 93 (516/557) 1.68 0.94

sPTB < 34 weeks
CCI at 10th percentile 22 (2/9) 91 (550/604) 4 (2/56) 99 (550/557) 2.49 0.85

History of sPTB

sPTB < 37 weeks
CCI at 10th percentile 39 (5/13) 90 (37/41) 56 (5/9) 82 (37/45) 3.94 0.68

sPTB < 34 weeks
CCI at 10th percentile 67 (2/3) 82 (44/51) 22 (2/9) 98 (44/45) 4.86 0.40

3.4. Association between sPTB, CCI, Cervical Length, and History of PTB

In a multiple regression analysis, the two independent variables associated with
sPTB < 37 weeks were CCI (OR: 2.55; 95% CI: 1.28–5.10; p = 0.008) and history of sPTB (OR:
3.73; 95% CI: 1.87–7.44; p < 0.001). For sPTB < 34 weeks, the two independent variables
were CCI below the 10th percentile (OR: 4.87; 95% CI: 1.42–16.63; p = 0.012), and history
of sPTB (OR: 3.94; 95% CI:1.03–15.09; p = 0.044). When measuring the performance of the
different covariates for the prediction of sPTB, the best AUC was obtained by CCI (0.62;
95% CI: 0.48–0.76). There was no significant association between sPTB and CL (Table 4).

Table 4. Association between sPTB, CCI, cervical length, and history of PTB.

PTB < 37 Weeks OR 5% CI 95% CI p-Value AUC

CCI <10th percentile 2.55 1.28 5.10 0.008 0.55 (0.50–0.60)
Cervical Length 1.00 0.95 1.06 0.843 0.50 (0.43–0.58)
History of PTB 3.73 1.87 7.44 <0.001 0.57 (0.52–0.62)

PTB < 34 weeks

CCI < 10th percentile 4.87 1.42 16.63 0.012 0.62 (0.48–0.76)
Cervical Length 0.95 0.83 1.08 0.475 0.41 (0.22–0.60)
History of PTB 3.94 1.03 15.09 0.044 0.58 (0.45–0.71)

3.5. Intraobserver and Interobserver Agreement of the Cervical Consistency Index

Two measurements were evaluated in 109 cases by the same operator to establish
the intraobserver variability, and two operators evaluated 49 patients to establish the
interobserver variability. The relationship between the differences and means of the in-
traobserver and interobserver measurements are represented in the Bland–Altman plots
(Figures 3 and 4). The intraobserver ICC was 0.862 (95% CI, 0.769–0.920), and the interob-
server ICC was 0.833 (95% CI, 0.722–0.902).
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Figure 3. Intraobserver agreement of the cervical consistency index.

Figure 4. Interobserver agreement of the cervical consistency index.

The Bland–Altman plot shows the magnitude of differences for the intraobserver
CCI measurements.

The Bland–Altman plot shows the magnitude of differences for the interobserver
CCI measurements.

4. Discussion

There are two main findings from the study. This first is that first-trimester CCI below
the 10th percentile (CCI < 0.74) demonstrated a significant association with sPTB before
37 weeks, exhibiting 20% sensitivity and 90% specificity. The same percentile had a 33%
sensitivity and 90% specificity for predicting sPTB before 34 weeks. The second finding
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is that women with a history of PTB who delivered before 34 weeks showed the highest
sensitivity (67%) for CCI < 0.74, while the overall best predictor for sPTB was CCI, with an
area under the curve (AUC) of 0.62. Also, we found a robust intraobserver and interobserver
agreement, affirming the reliability of CCI measurements in predicting preterm birth. These
results are in line with our previous observations, which other researchers have confirmed:
the cervix softens before it shortens [16,17].

Many studies have evaluated CL performance early in pregnancy to select the popula-
tion at risk of sPTB [18–26]. In the Conoscenti study [18], the authors evaluated the role of
CL in the early second trimester (13–15 weeks) to predict sPTB; they did not find differences
between groups. Carvalho et al. [19] evaluated CL at two points in the pregnancy; no
differences were found between groups at 11–14 weeks. However, when comparing the
outcome with CL at 22–24 weeks, the association was significant (39.3 mm vs. 26.7 mm,
p = 0.0001), concluding that the cervix shortens more rapidly between the first and the
second trimester in those patients who deliver prematurely. In the Berghella study [20],
in pregnant women with a high risk of preterm birth, a short cervix (CL < 25 mm) at
10–14 weeks identified 14% of women who delivered preterm. Antsaklis et al. [21] used
27 mm and 30 mm as cut-offs at 11–14 weeks to predict PTB; the authors did not find
predictive values for sPTB < 35 weeks and the predictive value for sPTB before 37 weeks
(AUC 0.60; 95% CI 0.54–0.66, p = 0.001). Other studies arguing that the CL measurement
technique may influence the results have reported an association between the first-trimester
short cervix and sPTB. Souka et al. [22] evaluated the predictive value of a model including
maternal characteristics and CL at 11–13 weeks; they did not include the uterine isthmus in
the measurement. A cut-off of 27 mm identified 25% (3/12) of the patients who presented a
cervix < 15 mm at 20–24 weeks. Greco et al. [23], measuring the CL at 11–13 weeks, found
significant differences between patients who delivered preterm compared to patients who
delivered at term (27,5 mm vs. 32.5 mm p < 0.0001); the prediction was not evaluated.
Souka et al. [24] reported that median CL at 11–13 weeks was significantly shorter in the
women who subsequently delivered preterm; CL predicted PTB before 37 weeks (OR 0.90;
95% CI, 0.522–0.671; AUC 0.596) and before 34 weeks (OR, 0.74; 95% CI, 0.649–0.869; AUC
0.759). The sensitivity for predicting 37 weeks was 27% for a fixed 25% screen positive
rate. Recently, Feng et al. [25] found that CL was significantly shorter in women who
delivered < 34 weeks compared to women who delivered at term (p < 0.001) with the two-
line method, following the curvature of the cervical canal (AUC 0.658; 95% CI 0.637–0.677).
In our study, the uterine isthmus was excluded in the CL measurement, and we did not
find differences between cervical length in women who delivered at term 35 mm (33–38)
and women who delivered preterm 35 mm (33–37) p = 0.845.

Regarding the other cervical characteristic considered, such as softness for the pre-
diction of PTB, many techniques have been tested at different gestational ages; the char-
acteristics of each are reviewed in detail by Feltovich et al. [26]. The author discusses the
techniques’ limitations, and finally emphasizes the necessity of integrating quantitative
techniques. Shear wave elastography (SWE) is one of the most evaluated. Hernandez-
Andrade et al. [27] found that a soft cervix evaluated by SWE between 18 to 24 weeks of
gestation increased the risk of sPTB < 37 weeks and <34 weeks. A soft cervix defined as
an SWE at the internal OS < 25th percentile for the gestational age is a risk factor for sPTB
< 34 weeks (OR 7.7; 95% CI 1.8–29.6) and for sPTD < 37 weeks (OR 4.4; 95% CI 1.4–12.0),
independent of cervical length.

For the first trimester, Feng et al. [25] explored the potential value for the SWE to
predict sPTB; the mean cervical SWE scores were significantly lower in women who
delivered < 37 weeks (28.0 kPa vs. 30.6 kPa, p < 0.05). Women with a mean cervical SWE
MoM <10th percentile had a RR of 2.42 (95% CI 1.29–4.55) and 7.81 (95% CI 2.13–28.60) for
spontaneous delivery at <37 weeks and <34 weeks of gestation, respectively. The detection
rate was 20.4% and 44.4% for sPTB at 37 and 34 weeks, respectively. In our study, the CCI
showed a detection rate of 20% for sPTB < 37 weeks and 33% for sPTB < 34 weeks.
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Taking all these results together, we consider, for the case of first-trimester sPTB
prediction, that cervical softening is the characteristic that identifies early changes in the
course of the disease, and the CCI is an efficient technique for detecting premature softening.
Early intervention strategies, such as pharmacologic interventions (progesterone), targeted
monitoring, and personalized care plans, can be implemented for women identified with a
low CCI, potentially reducing the incidence of PTB and improving maternal and neonatal
outcomes. Studies in larger populations are required to validate these findings.

We acknowledge that the first trimester CCI has limited ability to identify patients at
risk of preterm birth, and considering the multiple pathways that cause preterm birth, it is
unlikely that a single test will achieve better figures. Therefore, it will be necessary to add
other measurements and biomarkers to build a model that improves its predictive capacity.

The study’s strengths lie in its prospective nature, the operator blindness for the
cervical consistency index result, and the fact that the research team did not make clinical
or therapeutic decisions based on the cervical measurements; additionally, the gestational
age based on the CRL adds robustness to our findings. Reproducibility challenges were
minimized by our approach, considering the cervical tissue’s biomechanical characteristics.

We recognize that the study has limitations, including a low prevalence of sPTB before
34 weeks, which impacted precision. We must be cautious with the sensitivity to identify
patients with a history of preterm birth (67%) based on three cases. Additionally, a slight
loss of participants to follow-up was observed, which affected accuracy; however, the
study’s prospective design, the operator blinding, and the diverse participant pool from
multiple institutions ensured a rigorous methodology and enhanced its credibility.

5. Conclusions

This study establishes the CCI as a promising and early predictive marker for sPTB
risk, particularly before 34 weeks of gestation. This manuscript shows that a CCI below the
10th percentile in the first trimester significantly correlates with an increased likelihood
of preterm birth. This research re-opens the question of first-trimester research for the
prediction of sPTB.
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Abstract: Background and Objectives: Neonates born from thawed embryo transfers tend to have a
significantly higher birthweight compared to those from fresh embryo transfers. The aim of this study
was to compare the crown-rump length (CRL) between thawed and fresh embryos to investigate
the potential causes of different growth patterns between them. Materials and Methods: This was
a retrospective study (July 2010–December 2023) conducted at the Third Department of Obstetrics
and Gynecology, School of Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki,
Greece. In total, 3082 assisted reproductive technology (ART) pregnancies (4044 embryos) underwent
a routine scan at 11+0–13+6 gestational weeks and were included in the study. Maternal age, the
type of embryo transfer (thawed vs. fresh, donor vs. their own oocytes), CRL, twin and singleton
gestations were analyzed. Results: The mean maternal age in thawed was significantly higher than
in fresh embryos (39.8 vs. 35.8 years, p-value < 0.001). The mean CRL z-score was significantly
higher in thawed compared to fresh embryo transfers (0.309 vs. 0.199, p-value < 0.001). A subgroup
analysis on singleton gestations showed that the mean CRL z-score was higher in thawed blastocysts
compared to fresh (0.327 vs. 0.215, p-value < 0.001). Accordingly, an analysis on twins revealed
that the mean CRL z-score was higher in thawed blastocysts (0.285 vs. 0.184, p-value: 0.015) and in
oocytes’ recipients compared to own oocytes’ cases (0.431 vs. 0.191, p-value: 0.002). Conclusions:

The difference in CRL measurements between thawed and fresh embryos may be a first indication of
the subsequent difference in sonographically estimated fetal weight and birthweight. This finding
highlights the need for additional research into the underlying causes, including maternal factors
and the culture media used.

Keywords: ART; thawed; fresh; embryo; CRL; measurement

1. Introduction

The use of assisted reproductive technology (ART) is constantly rising, and thus
associated fetal, maternal and neonatal complications have been investigated over the past
few years. Recent findings have indicated an increased risk of low birthweight in infants
born after fresh cycle in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI)
treatments [1]. Studies comparing the outcomes of pregnancies resulting from thawed and
fresh blastocysts following IVF/ICSI have shown that infants born from thawed blastocysts
have significantly higher birthweight than those born from fresh embryo transfers [2].

Regarding the health outcomes of infants conceived via ART, the current literature
suggests that IVF/ICSI is associated with an increased likelihood of small-for-gestational
age (SGA) neonates, as well as higher incidences of low-birthweight and preterm births [1,3].
Notably, thawed embryos are associated with large-for-gestational age (LGA) neonates
and a higher risk of gestational hypertension and preeclampsia [4]. Moreover, the risks of
antepartum hemorrhage, SGA, preterm birth, low birthweight and perinatal mortality are
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all significantly lower in pregnancies from thawed embryo transfers [3]. Thawed embryo
transfer at the blastocyst stage is suggested to be the most suitable method in terms of
optimal fetal growth [5].

In most settings, a first-trimester scan is offered at 11+0–13+6 gestational weeks for
dating, screening for preeclampsia and chromosomal abnormalities and the early detection
of severe fetal defects [6,7]. The aim of this study was to compare the crown-rump length
(CRL) between thawed and fresh embryos at a routine first-trimester scan. Taking into
consideration the different fetal growth patterns and birthweights between the two types of
embryos, an investigation of the potential differences in CRL measurements could clarify
the reasons for these discrepancies and signify when these changes occur.

2. Materials and Methods

This was a retrospective study (July 2010–December 2023) conducted at the Third
Department of Obstetrics and Gynecology, School of Medicine, Faculty of Health Sciences,
Aristotle University of Thessaloniki, Greece. Maternal age, type of embryo transfer (thawed
vs. fresh, donor vs. own oocytes), CRL and type of pregnancy (twin vs. singleton gesta-
tions) were recorded, as well. Inclusion criteria were women who underwent IVF using
either fresh or frozen embryo blastocysts, regardless of the ovarian stimulation protocol,
the number of embryos transferred or hormone levels involved. The pregnancies were
confirmed to be between 11+0 and 13+6 weeks of gestation and all the participants had
undergone a first-trimester scan performed by an expert sonographer. Any cases with
anatomical or chromosomal abnormalities during the first-trimester scan, as well as all
monochorionic twin gestations, were excluded from the study, as these may affect fetal
growth. Those with missing data (i.e., type of embryo transfer) were also excluded.

All women had given their informed consent that their anonymized data could be
used for future research. As per standard policy for audit or observational database studies
not involving any intervention or modification of the management of the participants, no
institutional review was required or obtained [8]. Of note, no incentives were provided to
the participants. All first-trimester scans were performed by experienced maternal–fetal
medicine specialists, according to the International Society of Ultrasound in Obstetrics and
Gynecology guideline for first-trimester scans [9].

Qualitative variables were described as n (%), and quantitative data as mean (SD). An
independent Student’s t-test was employed to compare the means of quantitative variables
(maternal age, CRL z-score). CRL was expressed as z-scores of a reference population of
11–13+6 weeks (45–84 mm) in fresh and thawed/thawed blastocysts after ART concep-
tions [10]. CRL z-scores were calculated using the formula Z-score = (XGA − MGA)/SDGA,
where XGA was the actual fetal CRL measurement at a given gestation and MGA and
SDGA were the expected mean and SD according to the international standards for early fe-
tal size and pregnancy dating based on an ultrasound measurement of crown-rump length
in the first trimester of pregnancy, obtained from the general population [11]. Further,
subgroup analyses were conducted according to the type of oocyte used (own vs. donor)
and the type of pregnancy (singletons vs. twins). A chi-squared test (x2) was also employed
to investigate any association between the types of gestations (twin vs. singleton) and the
types of embryos transferred (thawed vs. fresh embryo transfer). It was also employed to
examine any association between the type of gestation and the type of embryo (embryos
from donor oocytes vs. their own ones). The level of statistical significance was set at
p = 0.05. The statistical package IBM SPSS Statistics 29.0 was used.

3. Results

In total, 3082 ART pregnancies, including 4044 embryos, underwent a first-trimester
scan during the study period. Of these embryos, 1255 (40.7%) originated from thawed
transfers, whereas 1827 (59.3%) originated from fresh ones. The thawed embryos included
892 (71%) singleton pregnancies and 363 pairs of twins (726 embryos) (29%). The fresh
embryos included 1228 (67.2%) singleton pregnancies and 599 pairs of twins (1198 embryos)
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(32.8%) (Table 1a,b). Of note, 1725 (56%) pregnancies were from donor and 1357 (44%)
from own oocytes. The donor embryo transfers included 600 (35%) twin and 1125 (65%)
singleton gestations. The own oocyte embryo transfers included 362 (27%) twin and 995
(73%) singleton gestations.

Table 1. (a) Baseline characteristics according to type of embryo transfer (thawed vs. fresh) for the
whole sample. (b) Baseline characteristics according to type of embryo transfer (thawed vs. fresh) for
the whole sample (chi-squared test).

(a)

Characteristics Thawed Cycles Fresh Cycles p-Value

Number of embryos 1618 (40%) 2426 (60%) N/A

Maternal age (mean/SD) 39.8 (5.7) 35.8 (4.3) <0.001

CRL z-score
(mean/SD) 0.309 (0.806) 0.199 (0.805) <0.001

(b)

Characteristics Thawed Cycles Fresh Cycles p-Value OR 95% CI

Number of singleton gestations 892 (71%) 1228 (67.2%)

Number of twin gestations 363 (29%) 599 (32.8%) 0.005 1.20 1.06–1.36

CRL: crown-rump length; N/A: not applicable. OR: odds ratio; 95% CI: 95% confidence interval.

The mean age of women who underwent thawed embryo transfer was higher com-
pared to those following fresh embryo transfer (39.8 years vs. 35.8 years, p < 0.001). The
incidence of twin gestations was significantly higher in fresh compared to thawed embryo
transfer (OR:1.20, 95% CI: 1.06–1.36, p-value= 0.005). The CRL z-score was higher in thawed
compared to fresh embryos in the total sample population (0.309 vs. 0.199, p < 0.001)
(Table 1a,b, Figure 1).

Figure 1. CRL z-score according to type of embryo transfer (ET) in the whole sample (0: fresh embryo
transfer; 1: thawed embryo transfer).

A subgroup analysis on twin gestations found that the mean CRL z-score was signifi-
cantly higher in both thawed cycles (0.285 vs. 0.184, p-value: 0.015) and in donor oocytes
(0.431 vs. 0.191, p-value: 0.002) (Table 2, Figure 2). An analysis on singletons also showed
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that the mean CRL z-score was significantly higher in thawed compared to fresh cycles
(0.327 vs. 0.215, p-value < 0.001) (Table 3, Figure 3).

Table 2. Subgroup analysis on twin gestations.

Characteristics Thawed Cycles Fresh Cycles p-Value

Maternal age (mean/SD) 40.1 (6.1) 35.1 (4.3) <0.001

CRL z-score (mean/SD) 0.285 (0.869) 0.184 (0.893) 0.015

Characteristics Own Oocytes Donor Oocytes p-Value

Maternal age (mean/SD) 37.5 (5.1) 43.5 (4.7) <0.001

CRL z-score (mean/SD) 0.191 (1.05) 0.431 (0.813) 0.002

CRL: crown-rump length.

Figure 2. CRL z-score, according to type of embryo transfer (ET) in twin gestations (0: own oocytes;
1: donor oocytes).

Figure 3. CRL z-scores according to type of embryo transfer in singleton gestations (0: fresh embryo
transfer; 1: thawed embryo transfer).
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Table 3. Subgroup analysis on singleton gestations.

Characteristics Thawed Cycles Fresh Cycles p-Value

Maternal age (mean/SD) 39.6 (5.3) 36.4 (4.3) <0.001

CRL z-score (mean/SD) 0.327 (0.751) 0.215 (0.709) <0.001

Characteristics Own Oocytes Donor Oocytes p-Value

Maternal age (mean/SD) 37.6 (4.5) 43.7 (4.1) <0.001

CRL z-score (mean/SD) 0.455 (1.17) 0.314 (0.919) 0.412
CRL: crown-rump length.

4. Discussion

The main findings of this study were that (i) the mean maternal age in thawed embryo
transfers was significantly higher than in fresh embryo transfers in the total sample, in
singleton and twin gestations; (ii) the mean CRL z-score at 11+0–13+6 weeks was signifi-
cantly higher in thawed embryos compared to fresh embryos in both singleton and twin
gestations; (iii) the mean maternal age of donor oocytes cases was significantly higher
than those who used their own oocytes in both singleton and twin gestations; (iv) twin
gestations were significantly higher in fresh blastocysts; and (v) the mean CRL z-score was
significantly higher in twin gestations, arising from donor oocytes.

The conventional IVF/ICSI procedure consists of a fresh embryo transfer, followed
by thawed embryo transfers in subsequent cycles in the case of failure at the first attempt.
However, an alternative approach consists of the “freeze-all” strategy, in which case all
embryos are thawed and transferred in subsequent cycles. A meta-analysis, comparing the
two approaches, showed that the cumulative live birth rate and ongoing pregnancy rate are
the same in the two methods [12]. However, a decreased risk of ovarian hyperstimulation
syndrome (OHSS) seems to be associated with the “freeze-all” strategy. The same meta-
analysis showed that in large-for-gestational age neonates, birthweight and incidence of
hypertensive disorders may be increased in the “freeze-all” strategy [12]. New evidence
suggests that hypertensive disorders are increased only in frozen cycles after hormone-
replacement therapy, due to the absence of the corpus luteum and the absence of relaxin;
the latter is associated with systematic vasodilation and increased arterial compliance [13].
However, the available data in the literature suggest that the maternal and perinatal
outcomes are, in general, improved in thawed compared to fresh embryo transfer [14].
Therefore, there is an increased tendency towards thawed embryo transfer, nowadays.

Higher maternal age is related to more obstetric and maternal complications; therefore,
it is reasonable to proceed with thawed embryo transfer [14]. The maternal age is higher in
thawed compared to fresh embryo transfers, according to a retrospective cohort study [15].
The same finding was supported by other published data [16], which were in agreement
with the results of our study. Pregnancies resulting from thawed embryos have become
increasingly prevalent in Europe, resulting in about half of the ART cycles in numerous
countries [17], especially in cases involving oocyte donation [18]. The use of thawed
embryo transfer offers several clinical advantages, including the avoidance of endometrial
asynchrony [19,20].

A retrospective analysis of 5406 embryos, revealed that the birthweight of neonates
from thawed embryos was higher than in those arising from fresh embryos, but the potential
mechanisms of this difference were not elucidated [21]. Therefore, investigating any
difference in CRL measurement between thawed and fresh embryos could partially clarify
these mechanisms. According to a secondary analysis of a prospective cohort study, the
average CRL z-score between 6 and 14 weeks was notably higher in thawed compared
to fresh transfers; the likelihood of having a CRL below the fifth percentile was 68%
for fresh versus 40% for thawed embryos at 6 weeks, and 2% versus 1% at 14 weeks,
respectively [22]. Similarly, in our study, CRL measurement during the first trimester
anomaly scan was significantly increased in thawed compared to fresh embryos. This
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difference remained significant in subgroup analyses in singletons and twins. Several
factors could contribute to the observed differences in CRL growth, such as changes in
the condition of the endometrium [23,24], epigenetic modifications in the trophoblast [25],
variations in ovarian hormone levels during the peri-implantation phase [26], the quality
of the embryo, differences in blood flow to the uterus and disparities in cardiovascular
health among the groups studied [27]. Another factor that could explain this difference in
CRL measurements between thawed vs. fresh embryos could be the freezing and thawing
process itself; embryos that survive this process are often considered to be more robust,
potentially contributing to the observed differences in early growth as measured by CRL.
Notably, the high levels of hormones after ovarian stimulation in fresh cycles compared
to frozen cycles may contribute to these discrepancies in CRL measurement, as well. The
association between fetal growth and the type of embryo transfer in the first trimester of
pregnancy indicates that there might be a link between endometrial environment, hormonal
milieu and fetal growth, as suggested by published data [28]. Nonetheless, a definitive
causal relationship explaining the growth patterns and abnormalities in fetuses from
thawed or fresh embryos has not been established, suggesting the causes are likely varied
and complex. Of note, the CRL measurement has been suggested in the literature as a
potential prognostic factor for pregnancy outcome; pregnancies following spontaneous
conception with higher CRL measurements had a significantly lower risk of stillbirth [29].

According to the results of our study, the maternal age of oocyte recipients was signifi-
cantly increased compared to those who used their own, which is reasonably explained;
in 2014, up to 12% of all IVF cycles in the U.S. were performed using donor oocytes and a
high pregnancy rate from women in their 50s was observed (>35%) [30]. Oocyte donation
currently represents the main option for aging-related infertility [30].

Twin gestations are still a relatively common occurrence in ART [31]. The results of
our study indicated a higher prevalence of twin gestations in fresh compared to thawed
embryo transfer; this could be explained by the number of embryos transferred in each
case. Furthermore, a comparative study on the cost-effectiveness of single embryo transfer
followed by an additional thawed embryo transfer, compared to double embryo transfer,
showed that in women above 32 years of age, double embryo transfer was more effective
in fresh cycles [32], explaining the higher prevalence of twins in fresh embryo transfer.
Increasing the success rate in the area of ART is crucial, taking into consideration the
high cost of the procedure [33]. A meta-analysis of individual patient data analysis from
randomized trials showed that elective single embryo transfer is related to a higher chance
of delivering a full-term, healthy neonate compared to double embryo transfer, yet it is also
associated with a lower pregnancy rate in fresh cycles [13]. Even though this difference
is completely overcome by an additional thawed embryo transfer, there is still a tendency
towards maximizing the chances of live birth at the first attempt and not cumulatively [13].
Elective single embryo transfer is the only effective way of minimizing the risk of multiple
gestations and can also be applied in women 36–39 years old [34]. Preimplantation genetic
testing for aneuploidies (PGT) could also enhance the strategy of elective single embryo
transfer, without compromising the results of ART. Although evidence suggests that PGT
improves live birth rates in women above 35, the Greek legislation does not allow its
implementation in women before 40 years of age, without any other indication, thus
discouraging elective single embryo transfer [35].

Notably, the mean CRL z-score was significantly higher in cases of twin gestations
arising from donor oocytes, which was not observed in singletons. The current literature
suggests that CRL is higher in heterologous embryos, derived from donor oocytes, com-
pared to homologous embryos, derived from the parent’s own gametes [36]. This could be
attributed to the fact that donor gametes might be selected based on certain desirable traits,
and overall vitality, which could have an impact on early embryonic growth, as indicated
by CRL measurement. Furthermore, the age of the oocytes might have an impact, as well,
since donor oocytes arise typically from young women. Therefore, oocytes from young
donors may have a higher quality and better growth pattern due to the lack of genetic
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abnormalities. Sperm quality might affect the embryo’s early growth and development,
as well. Sperm donors are selected through thorough screening processes. Regarding
embryological techniques, differences in culture conditions between homologous and
heterologous embryos could also play a role. Techniques might vary in donor programs
within IVF clinics. Selection and embryo transfer practices might influence early growth, as
well. The best-quality embryos are chosen more rigorously in donor cycles, compared to
homologous cycles, due to the associated costs and implications. The hormonal environ-
ment, endometrial receptivity and hormonal preparation for IVF in donor–recipient cycles
may be different, contributing to a more favorable environment for optimal early embryo
growth. Further research is needed to determine the reasons why these differences in early
growth exist. Moreover, in twin gestations, there might be interactions between embryos
that influence their developmental capacity; these interactions might enhance growth pat-
terns, such as CRL, especially in a highly optimized environment of donor embryo transfer.
Maternal hormonal and immune system adaptations in response to embryo implantation
could differ significantly between one and two embryos and might be influenced further
by the genetic unfamiliarity of donor embryos. In twin pregnancies resulting from IVF,
particularly with heterologous embryos, there may be a selection bias towards implanting
the best-quality embryos, given the increased complexity of managing twin pregnancies.
This selection could be even more pronounced with donor embryos, where there might
be a higher availability of high-quality embryos due to factors like donor age and health.
Differences in the genetics between heterologous and homologous embryos could be more
pronounced in twins. Each embryo expresses different traits strongly influenced by the
donor’s genetics, which might not be as evident in singleton pregnancies where intrauterine
competition and resources are not factors.

The major strength of our study is its sample, which provides significant statistical
power regarding the results. To date, this is the only study providing data on the differences
between CRL in thawed and fresh embryos during the nuchal translucency scan. The
main limitation of this study is its retrospective nature and other maternal co-factors
(confounders) that could be a potential explanation for the findings, such as comorbidities,
i.e., cardiovascular disease, including hypertension, body mass index and smoking. Of note,
the risk of bias was eliminated because of the electronic recording of the data. Furthermore,
with regard to the process, the patients underwent varying ovarian stimulation protocols
and embryo transfer policies at different IVF units. Most of these patients did not provide
comprehensive written medical information about the procedures, leading to a lack of
accurate data on hormone levels, the number of oocytes retrieved and the type of ovarian
stimulation used. As a result, this information was not included in our study.

5. Conclusions

A higher CRL measurement was found in cases of thawed compared to fresh embryos
in both singleton and twin gestations. Knowing the precise day of conception in pregnancies
achieved via ART, due to the specific timing of oocyte retrieval and subsequent embryo
transfer, provides a strong reason to avoid dating these pregnancies using first-trimester
sonographic measurements of CRL. A significant difference in the measurement of CRL
between thawed and fresh embryos renders it necessary to further investigate the potential
reasons for this, in terms of maternal factors and culture material. More longitudinal studies
are encouraged to evaluate the impact of thawed embryos on the incidence of LGA fetuses.
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Abstract: Objective: We aimed to identify the incidence and risk factors of perianal pathology during
pregnancy and the postpartum period. Methods: A prospective cohort study was conducted in
three institutions in Lithuania. A total of 190 patients were examined and interviewed three times
(<12, 18–20 weeks of gestation, and during the first 2 months after delivery). They completed a
questionnaire including demographic, obstetric, coloproctological, and birth data. Results: A total
of 73 (34.59%) women developed hemorrhoidal disease after delivery, and 120 (56.87%) developed
perianal pathology. Multivariate analysis identified a neonatal birth weight ≥3380 g (OR 4.22;
95% CI 1.83–9.71, p < 0.001) and consumption of eggs (OR 3.10; 95% CI 1.13–8.53, p = 0.028) or
cereals (OR 2.87; 95% CI 1.32–6.25, p = 0.008) several times per week as significant risk factors
for hemorrhoidal disease. Neonatal birth weight ≥3380 g (OR 3.95; 95% CI 1.47–10.59, p = 0.006),
maternal BMI ≥ 21.48 (OR 3.58; 95% CI 1.51–8.47, p = 0.004), the duration of the second labor period
≥38 min (OR 2.81; 95% CI 1.09–7.23, p = 0.032), and consumption of flour products several times
per week (OR 2.77; 95% CI 1.10–6.98, p = 0.030) were associated with a higher risk of perianal
pathology. Daily consumption of fruits and vegetables (OR 0.35; 95% CI 0.15–0.81, p = 0.014) and
less frequent consumption of eggs were protective factors (OR 0.18; 95% CI 0.06–0.56, p = 0.003).
Conclusions: Perianal diseases, especially hemorrhoidal disease, are common during pregnancy and
the postpartum period. A neonatal birth weight ≥ 3380 g, a maternal BMI of ≥21.48, duration of the
second labor period of ≥38 min, and consumption of flour products and cereals several times a week
are risk factors for developing these diseases.

Keywords: pregnancy; hemorrhoidal disease; perianal diseases; risk factors

1. Introduction

Perianal diseases are common and can require referral to gastroenterologists and
proctologists. The incidence of these conditions in the general Western population ranges
from 4% to 10% [1]. The most common benign anal conditions include hemorrhoidal
disease (HD), anal fissures, perianal abscesses, fecal incontinence, functional rectal pain,
anal itching, and perineal prolapse [2,3].

HD is a common complaint in the general population which is more prevalent in
the 45–65-year-old population and women of childbearing age [4]. This condition often
develops during pregnancy and the postpartum period [5,6]. The incidence varies from 15%
to 41% [7]. Clinical reports have shown that HD is most widespread in the last trimester
of pregnancy and the first month after delivery, and approximately 25–35% of pregnant
women suffer from it [8].
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Pregnancy and childbirth are known to be some of the most critical risk factors for
HD and perianal pathologies. The actual cause of HD remains unknown, but there are
several theories that physiological factors may trigger it in pregnancy. At the end of
pregnancy, the mechanical effect of the enlarging uterus on the digestive system is most
pronounced [9]. The growing uterus affects intestinal movements, especially of hard stool,
making bowel movements difficult and causing constipation [9,10]. In addition, the increase
in intra-abdominal pressure due to the enlargement of the uterus leads to venous stasis
in the perianal region and decreased blood circulation to the internal anal sphincter [7,11].
Furthermore, the 25–40% increase in circulating blood volume leads to vasodilatation and
venous stasis in the pelvis [11]. During pregnancy, certain hormonal factors also favor
the development of disease. A myorelaxant effect characterizes the increasing amount
of progesterone in the blood serum. It inhibits the movement of calcium ions in smooth
muscle cells and slows down the motility of the entire digestive system [12]. Furthermore,
a higher concentration of progesterone in blood serum is associated with 30–50% slower
peristalsis in the stomach and intestines [13]. The longest duration of intestinal peristalsis
is observed in the second and third trimesters of pregnancy [14].

Some risk factors for perianal pathology and HD have already been demonstrated and
recognized in several prospective studies. These include constipation, diarrhea, pregnancy,
and delivery [11]. Poskus et al. reported that a personal history of perianal disease, straining
during delivery for more than 20 min, newborn birth weight >3800 g, and constipation
are independent risk factors for HD and anal fissures [5]. Ferdinande et al. found that
constipation and a history of anal problems are significant risk factors for developing
perianal disease during pregnancy [15]. Other reported risk factors in pregnant women
include obesity and overweight before pregnancy, dyschezia, smoking, unhealthy diet,
and a family history of oncologic diseases of the digestive system [6,15–18]. This study
aimed to identify the most important risk factors for the development of HD and perianal
pathology in pregnant women to assist in the possible prevention of those conditions
during pregnancy and after delivery.

2. Materials and Methods

2.1. Study Design

A prospective cohort study was carried out in 3 hospitals (Vilnius University Hospital
Santaros Klinikos, Vilnius City Clinical Hospital, and Vilnius Maternity Hospital) in Lithua-
nia. Participants were enrolled in the study between June 2016 and June 2019. The study
was approved by the institutional ethics committee (158200-16-843-357).

2.2. Inclusion and Exclusion Criteria

Women with an early viable pregnancy (less than 12 weeks’ gestation) between the
ages of 18 and 45 years who gave written informed consent were included in this study.
All other women who did not meet all inclusion criteria were excluded.

2.3. Study Visits and Data Collection

Each participant experienced a total of three visits during the study: during the
first trimester of pregnancy (<12 weeks of gestation), the second trimester of pregnancy
(18–20 weeks of gestation), and two months after childbirth.

The first visit coincided with enrolment in this study, during which a detailed ques-
tionnaire was completed based on a comprehensive review of previous reports. It included
demographic factors, physical activity and dietary data, anthropometric maternal measure-
ments, and obstetrical and coloproctological anamnesis.

During each visit, a proctology questionnaire was completed. It included the most
common symptoms of anal disorders (pain, bleeding from the anus, lumps in the anus,
constipation and its type, and fecal and gas incontinence) and the most common anal
disorders—HD, anal fissures, and constipation. Additionally, a physical examination
was performed. A gynecologist was prepared by a colorectal surgeon to recognize and
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diagnose the perianal pathology using a standardized methodology before the study began.
Constipation was defined by the Rome III criteria. Birth and neonatal data were obtained
from medical records at the third visit. The frequency of these risk factors in patients with
HD (HD group) was compared with that in patients who did not have HD (control group).
In addition, to exclude falsely undiagnosed perianal disease, we examined whether subjects
had symptoms characteristic of these conditions even though they had not been diagnosed
with HD or constipation. We combined the indicators “postpartum HD”, “symptoms
characteristic of perianal disease”, and “constipation during pregnancy” and named the
resulting indicator “perianal pathology”.

2.4. Sample Size Calculation

This was a non-probabilistic sample. A total of 405 pregnant women were screened for
eligibility for this study. Of them, 194 were excluded: 182 declined to participate, 5 did not
meet inclusion criteria (were <18 years of age), and 7 had spontaneous miscarriages. We
presumed the baseline risk of HD during pregnancy to be 35% from our previous experience.
Based on a statistical power of 80% and a level of significance set at 6%, we calculated
the total sample size to be 210 mothers. The ratio of women who had HD and who did
not was 73:137 = 0.53, so the groups of the study consisted of 73 and 137 participants,
respectively. We also presumed the baseline risk of perianal pathology after childbirth
to be 35%. Based on a statistical power of 80% and a level of significance set at 5%, we
calculated the total sample size to be 208 mothers. The ratio of women who had perianal
pathology and who did not was 120:91 = 1.32; the groups of this study consisted of 118 and
90 participants, respectively.

2.5. Statistical Analysis

We performed statistical data analysis with the software package R statistical V 4.2.2
(31 October 2022) (© The R Foundation for Statistical Computing), RStudio 2022.07.2 Build
576 © 2024–2022 RStudio, PBC, IBM SPSS Statistics V.23, G*Power V. 3.1.9.4 University of
Duesseldorf, Germany).

In describing the subjects’ characteristics, quantitative variables were reported as the
mean with standard deviation (SD), median, first quartile (Q1), and third quartile (Q3).
Qualitative variables were reported in absolute numbers and percentages.

We used the Shapiro–Wilk test to test the normality assumption of the quantitative variables.
We used the nonparametric Mann–Whitney U test for quantitative data that did not

meet the normality conditions for comparisons between two independent groups.
We used the Welch parametric F test and the Bayes factor as an additional measure

of hypothesis validity for comparisons of three or more independent groups when the
variables met the conditions of normality.

When comparing two groups of variables, we used the rank biserial correlation
coefficient (rpb) to estimate the effect size between interval (discrete) quantitative variables
that did not meet the conditions of normality. We considered the effect size to be small if
rpb < 0.05, very small if 0.05 ≤ rpb < 0.20, small if 0.20 ≤ rpb < 0.30, medium if 0.30 ≤ rpb
< 0.40, and large if rpb > 0.41.

When comparing two or more groups of nominal variables, we used Cramer’s V to
estimate the effect size.

3. Results

A total of 405 pregnant women were screened for eligibility for this study. The analysis
of risk factors related to HD and perianal pathology included 70 (33.2%) and 120 (56.9%)
women, respectively, after excluding women with missing information regarding relevant
variables. In total, 70 patients were diagnosed with postpartum HD, and only 2 (0.95%) of
them had thrombosed HD.

The study groups’ baseline demographic, obstetric, and coloproctological parameters
are shown in Tables 1 and 2. There were a few minor differences between the groups. We

160



J. Clin. Med. 2024, 13, 2371

did not find statistically significant differences between groups comparing postpartum
HD in demographic and obstetric data. However, we discovered a statistically significant
strong association between this condition and a history of HD (ES = 0.36 (CI 95% 24–100,
p < 0.001). Women diagnosed with this disease more frequently felt perianal discomfort
(ES = 0.20 (CI 95% 8–100, p = 0.002), pain (ES = 0.15 (CI 95% 0–100, p = 0.021), and lumps
(ES = 0.30 (CI 95% 18–100, p < 0.001) during the study period.

Table 1. Baseline characteristics by groups with and without postpartum hemorrhoidal disease.

No PHD *
(N = 138)

PHD *
(N = 73) p-Value **

ES ***
(95% CI)

Demographic variables

Age [mean ± SD] 30.3 ±4.4 30.9 ±4.4 0.2 −0.12
(−0.27, 0.05)

Median [Q1, Q3] 30.0
[27.0, 32.0]

31.0
[27.0, 34.0]

BMI (before pregnancy) [mean ± SD] 21.5
[20.1, 24.2]

22.0
[20.9, 24.6] 0.12 −0.13

(−0.29, 0.03)

Median [Q1, Q3] 21.5
[20.1, 24.2]

22.0
[20.9, 24.6]

BMI evaluation (before pregnancy) [n (%)] 0.5 0.00
(0.00, 1.0)

Too low 13 (9.4%) 3 (4.1%)

Normal 97 (70.0%) 54 (74.0%)

Overweight 20 (14.0%) 10 (14.0%)

Obese 8 (5.8%) 6 (8.2%)

Marital status [n (%)] 0.7 0.00
(0.00, 1.0)

Married 106 (77.0%) 61 (84.0%)

Partnership 23 (17.0%) 9 (12.0%)

Single 8 (5.8%) 3 (4.1%)

Education [n (%)] 0.8 0.00
(0.00, 1.0)

Secondary 16 (12.0%) 6 (8.2%)

Special secondary 19 (14.0%) 8 (11.0%)

Unfinished higher 16 (12.0%) 8 (11.0%)

Higher 87 (63.0%) 51 (70.0%)

Living conditions [n (%)] 0.7 0.00
(0.00, 1.0)

Satisfactory 23 (17.0%) 14 (19.0%)

Good 115 (83.0%) 59 (81.0%)

Living area [n (%)] 0.6 0.00
(0.00, 1.0)

Rural 31 (22.0%) 14 (19.0%)

Urban 107 (78.0%) 59 (81.0%)

Monthly income [n (%)] 0.7 0.00
(0.00, 1.0)

<EUR 300 12 (8.7%) 4 (5.5%)

EUR 300–500 31 (22.0%) 18 (25.0%)

>EUR 500 95 (69.0%) 51 (70.0%)

Physical activity [n (%)] 0.6 0.00
(0.00, 1.0)
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No PHD *
(N = 138)

PHD *
(N = 73) p-Value **

ES ***
(95% CI)

Too low 77 (56.0%) 35 (48.0%)

Enough 61 (44.4%) 36 (49.4%)

Sports [n (%)] 0.076 0.10
(0.00, 1.0)

No 40 (29.0%) 30 (41.0%)

Yes 98 (71.0%) 43 (59.0%)

Obstetric variables

Menarche [mean ± SD] 11.6 ± 4.5 12.2 ± 4.0 0.4 −0.07
(−0.23, 0.10)

Median [Q1, Q3] 13.0
[12.0, 14.0]

13.0
[12.0, 14.0]

Number of previous pregnancies [n (%)] 0.4 0.00
(0.00, 1.0)

0 66 (48.0%) 29 (40.0%)

1 41 (30.0%) 24 (33.0%)

2 26 (19.0%) 14 (19.0%)

3 and more 5 (3.6%) 6 (8.2%)

Outcomes of previous delivery [n (%)] 0.4 0.00
(0.00, 1.0)

Did not give birth 75 (54.0%) 37 (51.0%)

Vaginal delivery 47 (33.7%) 32 (42.8%)

Cesarean delivery 16 (12.0%) 5 (6.8%)

Previous vaginal tear [n (%)] 0.7 0.00
(0.00, 1.0)

No 132 (96.0%) 69 (95.0%)

Yes 6 (4.3%) 4 (5.5%)

Previous perineal tear [n (%)] 0.2 0.07
(0.00, 1.0)

No 115 (83.0%) 55 (75.0%)

Yes 23 (17.0%) 18 (25.0%)

Previous episiotomy [n (%)] 0.4 0.00
(0.00, 1.0)

No 94 (69.0%) 54 (74.0%)

Yes 43 (31.0%) 19 (26.0%)

Coloproctological variables

History of HD [n (%)] <0.001 0.36
(0.24, 1.0)

No 136 (99.0%) 56 (77.0%)

Yes 2 (1.4%) 17 (23.0%)

Current perianal discomfort [n (%)] 0.002 0.20
(0.08, 1.0)

No 118 (86.0%) 49 (67.0%)

Yes 20 (14.0%) 24 (33.0%)

Current perianal pain [n (%)] 0.021 0.15
(0.00, 1.0)

No 133 (96.0%) 64 (88.0%)

Yes 5 (3.6%) 9 (12.0%)

Current perianal bleeding [n (%)] 0.051 0.13
(0.00, 1.0)
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No PHD *
(N = 138)

PHD *
(N = 73) p-Value **

ES ***
(95% CI)

No 134 (97.0%) 66 (90.0%)

Yes 4 (2.9%) 7 (9.6%)

Current perianal lumps [n (%)] <0.001 0.30
(0.18, 1.0)

No 134 (97.0%) 57 (78.0%)

Yes 4 (2.9%) 16 (22.0%)

Constipation [n (%)] 0.11 0.08
(0.00, 1.0)

No 121 (88.0%) 58 (79.0%)

Yes 17 (12.0%) 15 (21.0%)

History of perianal operations [n (%)] 0.11 0.12
(0.00, 1.0)

No 138 (100%) 69 (97.0%)

Yes 0 (0.0%) 2 (2.8%)

Family history of perianal disease [n (%)] 0.4 0.00
(0.00, 1.0)

No 114 (83.0%) 57 (78.0%)

Yes 24 (17.0%) 16 (22.0%)

* PHD—postpartum hemorrhoidal disease. ** Wilcoxon rank sum test; Fisher’s exact test; Pearson’s Chi-squared
test. *** Cramer’s V effect size; rank biserial correlation coefficient (ES—effect size).

Table 2. Baseline characteristics by groups with and without perianal pathology after childbirth.

No PP *
(N = 91)

PP *
(N = 120)

p-Value
**

ES ***
(95% CI)

Demographic variables

Age [mean ± SD] 30.3 ± 4.4 30.3 ± 4.5 >0.9 0.00
(−0.16, 0.15)

Median [Q1, Q3] 31.0
[27.5, 32.5]

30.0
[27.0, 34.0]

BMI (before pregnancy) [mean ± SD] 22.6 ± 4.1 23.1 ± 3.4 0.001 −0.26
(−0.40, −0.11)

median [Q1, Q3] 21.4
[19.8, 24.4]

22.1
[20.9, 24.5]

BMI evaluation (before pregnancy) [n (%)] 0.5 0.00
(0.00, 1.0)

Too low 14 (9.9%) 2 (2.9%)

Normal 97 (69%) 52 (76%)

Overweight 19 (13%) 11 (16%)

Obese 11 (7.8%) 3 (4.4%)

Marital status [n (%)] 0.2 0.08
(0.00, 1.0)

Married 69 (76.0%) 98 (82.0%)

Partnership 18 (20.0%) 14 (12.0%)

Single 4 (4.4%) 8 (6.6%)

Education [n (%)] >0.9 0.00
(0.00, 1.0)

Secondary 10 (11.0%) 12 (10.0%) 0.3 0.05
(0.00, 1.0)

Special secondary 10 (11.0%) 13 (11.0%)
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No PP *
(N = 91)

PP *
(N = 120)

p-Value
**

ES ***
(95% CI)

Unfinished higher 11 (12.0%) 13 (11.0%)

Higher 60 (66.0%) 78 (65.0%)

Living conditions [n (%)] 0.6 0.00
(0.00, 1.0)

Satisfactory 14 (15.0%) 23 (19.0%)

Good 77 (85.0%) 97 (81.0%)

Living area [n (%)] 0.6 0.00
(0.00, 1.0)

Rural 18 (20.0%) 27 (22.0%)

Urban 73 (80.0%) 93 (78.0%)

Monthly income [n (%)] 0.13 0.10
(0.00, 1.0)

<EUR 300 8 (8.8%) 8 (6.7%)

EUR 300–500 15 (16.0%) 34 (28.0%)

>EUR 500 68 (75.0%) 78 (65.0%)

Physical activity [n (%)] 0.7 0.00
(0.00, 1.0)

Too low 48 (53.0%) 64 (53.0%)

Enough 43 (47.2%) 56 (46.8%)

Sports [n (%)] 0.13 0.00
(0.00, 1.0)

No 25 (27.0%) 45 (38.0%)

Yes 66 (73.0%) 75 (62.0%)

Obstetric variables

Menarche [mean ± SD] 11.2 ± 4.8 12.2 ± 3.8 0.3 −0.09
(−0.24, 0.07)

median [Q1, Q3] 13.0
[11.5, 14.0]

13.0
[12.0, 14.0]

Number of previous pregnancies [n (%)] 0.075 0.14
(0.00, 1.0)

0 50 (55.0%) 45 (38.0%)

1 25 (27.0%) 40 (33.0%)

2 13 (14.0%) 27 (22.0%)

3 and more 11 (5.2%) 8 (6.7%)

Outcomes of previous delivery [n (%)] 0.038 0.15
(0.00, 1.0)

Did not give birth 56 (62.0%) 56 (47.0%)

Vaginal delivery 24 (26.0%) 54 (44.5%)

Cesarean delivery 11 (12.0%) 10 (8.3%)

Previous vaginal tear [n (%)] 0.7 0.00
(0.00, 1.0)

No 86 (95.0%) 115 (96.0%)

Yes 5 (5.5%) 5 (4.2%)

Previous perineal tear [n (%)] 0.019 0.15
(0.00, 1.0)

No 80 (88.0%) 90 (75.0%)

Yes 11 (12.0%) 30 (25.0%)

Previous episiotomy [n (%)] 0.7 0.00
(0.00, 1.0)

No 62 (69.0%) 86 (72.0%)

Yes 28 (31.0%) 34 (28.0%)
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No PP *
(N = 91)

PP *
(N = 120)

p-Value
**

ES ***
(95% CI)

Coloproctological variables

History of HD [n (%)] <0.001 0.23
(0.11, 1.0)

No 90 (99.0%) 102 (85.0%)

Yes 1 (1.1%) 18 (15.0%)

Current perianal discomfort [n (%)] <0.001 0.27
(0.15, 1.0)

No 84 (92.0%) 83 (69.0%)

Yes 7 (7.7%) 37 (31.0%)

Current perianal pain [n (%)] 0.09 0.09
(0.00, 1.0)

No 88 (97.0%) 109 (91.0%)

Yes 3 (3.3%) 11 (9.2%)

Current perianal bleeding [n (%)] 0.12 0.10
(0.00, 1.0)

No 89 (98.0%) 111 (92.0%)

Yes 2 (2.2%) 9 (7.5%)

Current perianal lumps [n (%)] <0.001 0.27
(0.15, 1.0)

No 91 (100%) 100 (83.0%)

Yes 0 (0.0%) 20 (17.0%)

Constipation [n (%)] 0.003 0.20
(0.07, 1.0)

No 85 (93.0%) 94 (78.0%)

Yes 6 (6.6%) 26 (22.0%)

History of perianal operations [n (%)] 0.5 0.05
(0.00, 1.0)

No 91 (100%) 116 (98.0%)

Yes 0 (0.0%) 2 (1.7%)

Family history of perianal disease [n (%)] 0.7 0.00
(0.00, 1.0)

No 75 (82.0%) 96 (80.0%)

Yes 16 (18.0%) 24 (20.0%)

* PP—perianal pathology. ** Wilcoxon rank sum test; Fisher’s exact test; Pearson’s Chi-squared test. *** Cramer’s
V effect size; rank biserial correlation coefficient (ES—effect size).

The women in the group with perianal pathology had a higher BMI before pregnancy
than the healthy women (ES = −0.26 (CI 95% −0.40, −0.11), p = 0.001). Additionally, most
of them had a history of vaginal delivery (ES = 0.15 (CI 95% 0–100, p = 0.038) and perineal
tears (ES = 0.15 (CI 95% 0–100, p = 0.019). They were more likely to have a history of
HD (ES = 0.23 (CI 95% 11–100, p < 0.001), perianal discomfort (ES = 0.27 (CI 95% 15–100,
p < 0.001), lumps (ES = 0.27 (CI 95% 15–100, p < 0.001), and constipation (ES = 0.20 (CI 95%
7–100, p = 0.003) during pregnancy and the period after childbirth. Otherwise, there were
no other statistically significant differences between the groups.

The pregnancy outcomes of women who fully completed the study are shown in
Table 3.
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Table 3. Pregnancy characteristics by groups according to the presence of postpartum hemorrhoidal
disease and perianal pathology.

HDP *

No HDP *
(N = 138)

HDP *
(N = 73) p-Value **

ES ***
(95% CI)

Birth week [mean ± SD] 38.78 ± 2.17 38.97 ± 1.78 0.8 −0.02
(−0.18, 0.14)

Median [Q1, Q3] 39.0
[39.0, 40.0]

39.0
[38.0, 40.0]

Preterm birth [n (%)] 0.3 0.02
(0.00, 1.0)

Yes 18 (13.0%) 6 (8.2%)

No 120 (87.0%) 67 (92.0%)

Birth assistance [n (%)] 0.017 0.19
(0.00, 1.0)

Vaginal birth without assistance 92 (66.3%) 62 (85.4%)

Vaginal birth with assistance 8 (5.8%) 2 (2.7%)

Cesarean delivery 38 (28.0%) 9 (12.0%)

Newborn weight [mean ± SD] 3375 ± 722 3586 ± 509 0.05 −0.16
(−0.32, 0.00)

Median [Q1, Q3] 3500.0
[3100.0, 3855.0]

3610.0
[3380.0, 3870.0]

Newborn height [mean ± SD] 51.7 ± 4.5 53.2 ± 2.9 0.018 −0.20
(−0.35, −0.04)

Median [Q1, Q3] 53.0
[51.0, 55.0]

54.0
[52.0, 55.0]

Head circumference [mean ± SD] 34.72 ± 2.13 35.27 ± 1.78 0.055 −0.16
(−0.31, 0.01)

Median [Q1, Q3] 35.0
[34.0, 36.0]

36.0
[34.0, 36.0]

Duration of second labor period [mean ± SD] 31 ± 34 39 ± 30 0.019 −0.22
(−0.38, −0.04)

Median [Q1, Q3] 25.0
[2, 44]

36.0
[16, 52]

PP ****

No PP ****
(N = 91)

PP ****
(N = 120) p-value ** ES ***

(95% CI)

Birth week [mean ± SD] 39.0 [38.0, 40.0] 39.5 [39.0, 40.0] 0.12 −0.13
(−0.29, 0.04)

Median [Q1, Q3]

Preterm birth [n (%)] 0.2 0.06
(0.00, 1.0)

Yes 19 (13.0%) 5 (7.4%)

No 122 (87.0%) 64 (93.0%)

Birth assistance [n (%)] 0.1 0.12
(0.00, 1.0)

Vaginal birth without assistance 96 (68.1%) 57 (83.9%)

Vaginal birth with assistance 8 (5.6%) 2 (3.0%)

Cesarean delivery 37 (26.0%) 9 (13.0%)

Newborn weight [mean ± SD] 3383 ± 694 3586 ± 579 0.028 −0.19
(−0.34, 0.02)

Median [Q1, Q3] 3476 [3130.0, 3840.0] 3655.0
[3322.0, 3975.0]

Newborn height [mean ± SD] 51.8 ± 4.3 53.0 ± 3.4 0.021 −0.20
(−0.35, 0.03)

Median [Q1, Q3] 53.0 [51.0, 54.0] 54.0 [52.0, 55.0]

Head circumference [mean ± SD] 34.86 ± 2.08 35.03 ± 1.95 0.6 −0.04
(−0.20, 0.13)

Median [Q1, Q3] 35.0 [34.0, 36.0] 35.0 [34.0, 36.0]
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HDP *

No HDP *
(N = 138)

HDP *
(N = 73) p-Value **

ES ***
(95% CI)

Duration of second labor period [mean ± SD] 31 ± 32 40 ± 34 0.04 −0.20
(−0.37, −0.01)

Median [Q1, Q3] 25.0 [3, 44] 32.0 [19, 52]

* PHD—postpartum hemorrhoidal disease. ** Wilcoxon rank sum test; Fisher’s exact test; Pearson’s Chi-squared
test. *** Cramer’s V effect size; rank biserial correlation coefficient (ES—effect size). **** PP—perianal pathology.

We found that vaginal delivery without support was more common among women
in the group diagnosed with postpartum HD (62 (85.4%) vs. 92 (66.3%), p = 0.017). In
addition, women in this group delivered larger newborns (54 cm vs. 53 cm, p = 0.018), and
the median duration of their second labor, in minutes, was longer (25 min. vs. 36 min.,
p = 0.019). All dependencies were statistically significant and moderately strong.

Women diagnosed with perianal pathology delivered heavier (3655 g vs. 3476 g,
p = 0.028) and larger (53 cm vs. 54 cm, p = 0.021) neonates, and their second stage of labor
was longer (32 min. vs. 25 min., p = 0.04) than that of healthy women.

Women who had postpartum HD were statistically more likely to suffer from symp-
toms characteristic of perianal disease during their pregnancy (22 (16%) vs. 46 (63%),
p < 0.001) and constipation (32 (27%) vs. 34 (50%), p < 0.001).

Statistically significant differences in dietary data were found between women diag-
nosed with postpartum HD and healthy pregnant women. They consumed eggs daily or
more frequently (97 (75%) vs. 62 (87%)) compared to less frequently than several times per
week (30 (23%) vs. 7 (9.9%), p = 0.046), respectively. They were more likely to consume
fruits and vegetables several times per week (87 (65%) vs. 61 (85%)) than daily (46 (35%)
vs. 11 (15%)), p = 0.003), respectively, and salted products several times per week (49 (38%)
vs. 41 (56%)) compared to daily, respectively. A total of 41 (56%)) were more likely to
consume products cooked in oil daily (54 (42%) vs. 20 (27%)) compared to never (27 (21%)
vs. 12 (16%), p = 0.037) (88 (70%) vs. 53 (73%)) or several times per week (26 (21%) vs. 6
(8.2%), p = 0.02).

While constipation during pregnancy and postpartum HD are the most important
factors influencing perianal pathology, we constructed a logistic regression prognostic
model to predict this condition. Before that, we used Youden’s method to determine
the critical values for the most important indicators that make up the optimized logistic
equations (Table 4).

Table 4. Critical points for the development of perianal pathology and postpartum hemorrhoidal disease.

Variable Critical Value of the PHD * Critical Value of the PP **

Newborn weight (g) 3380 3380

Newborn height (cm) 52 58

Duration of the second labor period (min) 38 38

Maternal BMI before pregnancy 20.57 21.48

Duration of pregnancy (wks) 41 38

* PHD—postpartum hemorrhoidal disease. ** PP—perianal pathology.

After constructing and optimizing the logistic equation for postpartum HD (Table 5),
we obtained that a newborn weight greater than 3380 g increases the probability of this
disease by 4.22 times compared to a newborn weight lower than 3380 g (OR 4.22, CI
95% 1.83–9.71, p < 0.001). Moreover, smoking increases the probability of this disease
by 6,59 times compared to non-smoking (OR 6.59, CI 95% 0.95–46.01, p = 0.057). Some
dietary habits were associated with a higher risk of postpartum HD: consumption of eggs
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several times per week increased the probability of disease by 3.1 times compared to daily
consumption of those products (OR 3.10, CI 95% 1.31–8.53, p = 0.028) and consumption of
grain several times per week increased this probability by 2,87 times compared to daily
consumption (OR 2.87, CI 95% 1.32–6.25, p = 0.008). Consumption of fruits and vegetables
several times per week had the opposite effect: it reduced the probability of development
of this disease by 2,86 times compared to daily consumption (OR 0.35, CI 95% 0.15–0.81,
p = 0.014).

Table 5. Coefficients of the regression analysis of postpartum hemorrhoidal disease.

Variable Value

HDP *
OR **

(Univariate Analysis)
OR **

(Multivariate Analysis)No,
N = 129

Yes,
N = 70

Average newborn
weight <3380 54 (41.9%) 16 (22.9%)

≥3380 75 (58.1%) 54 (77.1%) 2.43 (1.26–4.69, p = 0.008) 4.22 (1.83–9.71, p < 0.001)

Consumption of eggs daily or more
frequently 30 (23.3%) 7 (10%)

several times a week 97 (75.2%) 61 (87.1%) 2.70 (1.11–6.52, p = 0.028) 3.10 (1.13–8.53, p = 0.028)

never 2 (1.6%) 2 (2.9%) 4.29 (0.51–35.91, p = 0.180) 5.45 (0.46–64.31, p = 0.178)

Consumption of
fruits and vegetables

daily or more
frequently 84 (65.1%) 59 (84.3%)

several times a week 45 (34.9%) 11 (15.7%) 0.35 (0.17–0.73, p = 0.005) 0.35 (0.15–0.81, p = 0.014)

Consumption of
grain

daily or more
frequently 86 (66.7%) 40 (57.1%)

several times a week 42 (32.6%) 30 (42.9%) 1.54 (0.84–2.80, p = 0.161) 2.87 (1.32–6.25, p = 0.008)

never 1 (0.8%) 0 (0%) 0.00 (0.00, p = 0.988) 0.00 (0.00, p = 0.990)

Smoking no 95 (73.6%) 44 (62.9%)

smoked before 32 (24.8%) 21 (30%) 1.42 (0.74–2.73, p = 0.298) 1.85 (0.84–4.08, p = 0.126)

yes 2 (1.6%) 5 (7.1%) 5.40 (1.01–28.91, p = 0.049) 6.59 (0.95–46.01, p = 0.057)

* PHD—postpartum hemorrhoidal disease. ** OR—odds ratio.

After constructing and optimizing the logistic equation for perianal pathology (Table 6),
we found that newborn weight greater than 3380 g increases the probability of this disease
by 3.95 times compared to newborn weight lower than 3380 g (OR 3.95, CI 95% 1.47–10.59,
p = 0.006). Moreover, a BMI of more than 21.48 increases the probability (OR 3.56, CI 95%
1.51–8.47, p = 0.004) of this disease. Some dietary habits were associated with a higher risk
of postpartum HD: consumption of eggs several times per week decreased the probability
of disease by 5.56 times compared to daily consumption of those products (OR 0.18, CI
95% 0.06–0.56, p = 0.003) and consumption of flour several times per week increased this
probability by 2.77 times compared to daily consumption (OR 2.77, CI 95% 1.10–6.98,
p = 0.030).

Table 6. Coefficients of the regression analysis of perianal pathology.

Variable Value

PP *
OR **

(Univariate Analysis)
OR **

(Multivariate Analysis)No,
N = 54

Yes,
N = 86

Average newborn
weight <3380 23 (42.6%) 22 (25.6%)

≥3380 31 (57.4%) 64 (74.4%) 2.16 (1.05–4.46, p = 0.037) 3.95 (1.47–10.59, p = 0.006)

Average newborn
height <58 51 (94.4%) 85 (98.8%)

≥58 3 (5.6%) 1 (1.2%) 0.20 (0.02–1.97, p = 0.168) 0.03 (0.00–0.47, p = 0.013)

BMI *** <21.48 32 (59.3%) 29 (33.7%)

≥21.48 22 (40.7%) 57 (66.3%) 2.86 (1.42–5.78, p = 0.003) 3.58 (1.51–8.47, p = 0.004)
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Table 6. Cont.

Variable Value

PP *
OR **

(Univariate Analysis)
OR **

(Multivariate Analysis)No,
N = 54

Yes,
N = 86

Duration of second
labor period <38 38 (70.4%) 49 (57%)

≥38 16 (29.6%) 37 (43%) 1.79 (0.87–3.70, p = 0.114) 2.81 (1.09–7.23, p = 0.032)

Gestation <38 5 (9.3%) 14 (16.3%)

≥38 49 (90.7%) 72 (83.7%) 0.52 (0.18–1.55, p = 0.244) 0.09 (0.02–0.39, p = 0.001)

Sports no 16 (29.6%) 31 (36%)

yes 38 (70.4%) 55 (64%) 0.75 (0.36–1.55, p = 0.434) 0.41 (0.15–1.13, p = 0.085)

Consumption of eggs daily or more
frequently 40 (74.1%) 76 (88.4%)

several times a week 14 (25.9%) 10 (11.6%) 0.38 (0.15–0.92, p = 0.033) 0.18 (0.06–0.56, p = 0.003)

Consumption of flour
products

daily or more
frequently 40 (74.1%) 50 (58.1%)

several times a week 14 (25.9%) 36 (41.9%) 2.06 (0.98–4.33, p = 0.058) 2.77 (1.10–6.98, p = 0.030)

Consumption of
water more, than 2 l/d 43 (79.6%) 76 (88.4%)

less, than 2 l/d 11 (20.4%) 10 (11.6%) 0.51 (0.20–1.31, p = 0.163) 0.33 (0.10–1.15, p = 0.083)

* PHD—postpartum hemorrhoidal disease. ** OR—odds ratio. *** BMI—body mass index.

The logistic regression equation model for postpartum HD fitted the included indi-
cators well (AU ROC 0.801, CI 95% 73–86%, p < 0.001, pseudo-R2 (Cragg–Uhler) = 0.33,
pseudo-R2 (McFadden) = 0.21, sensitivity = 60%, CI 95% (48–72%), specificity = 84%, CI
95% (76–90%), positive prognostic value = 67%, CI 95% (54–78%), negative prognostic
value = 79%, CI 95% (72–86%), and prevalence = 35%, CI 95% (29–42%).

The prognostic equation allows fairly accurate prediction of the development of
anal pathology during pregnancy (AU ROC 0.821, χ2(10) = 48.05, p = 0.00, Pseudo-R2

(Cragg-Uhler) = 0.39, Pseudo-R2 (McFadden) = 0.26, sensitivity = 90%, CI 95% (81–95%),
specificity = 59%, CI 95% (45–72%), positive prognostic value = 78%, CI 95% (68–86%),
negative prognostic value = 78%, CI% (62–89%), prevalence = 61%, CI% (53–70%).

Figure 1 shows the decision curve analysis for postpartum HD and Figure 2 shows the
decision curve analysis for perianal pathology.

Figure 1. A decision curve analysis for postpartum hemorrhoidal disease.
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Figure 2. A decision curve analysis for the development of perianal pathology.

4. Discussion

4.1. Main Findings

This study identified an incidence of perianal pathology of 61.4% and postpartum HD
of 35.1%. Multivariate analysis identified a neonatal birth weight ≥3380 g (OR 4.22; CI
95% 1.83–9.71, p < 0.001) and consumption of eggs (OR 3.10; CI 95% 1.13–8.53, p = 0.028) or
cereals (OR 2.87; CI 95% 1.32–6.25, p = 0.008) several times a week as significant risk factors
for hemorrhoidal disease. Neonatal birth weight ≥3380 g (OR 3.95; CI 95% 1.47–10.59,
p = 0.006), maternal BMI ≥ 21.48 (OR 3.58; CI 95% 1.51–8.47, p = 0.004), duration of the
second labor period ≥ 38 min (OR 2.81; CI 95% 1.09–7.23, p = 0.032), and consumption of
flour products several times per week (OR 2.77; CI 95% 1.10–6.98, p = 0.030) were associated
with a higher risk of perianal pathology. Daily consumption of fruits and vegetables (OR
0.35; CI 95% 0.15–0.81, p = 0.014) and less frequent consumption of eggs were protective
factors (OR 0.18; CI 95% 0.06–0-0.56, p = 0.003).

4.2. Strengths and Limitations

This study has significant strengths. For instance, this was a prospective cohort study
that was conducted in three institutions. The main weak point of the study was that we used
only questionnaire assessment and physical examination and no other perianal pathology
diagnostic procedures like colonoscopy. However, our aim was to avoid any unnecessary
interventions as our study population was pregnant and postpartum women. Moreover,
all participants who developed perianal symptoms were consulted by a colorectal surgeon
and anoscopy was performed. Another potential limitation may be the relatively small
sample size.

4.3. Interpretation

Maternal perianal pathologies, especially HD, are common during pregnancy and
after delivery. They affect maternal health and quality of life. Although there are several
studies on HD and perianal disease in the general population, these data are sparse for
women during pregnancy and the postpartum period.

The incidence of postpartum HD in this study was 35.1%. This is consistent with the
43.9% rate observed by Buzinskiene and Poskus and the 38.1% rate observed in a similar
population by Hong et al. [2,5,19]. The incidence of thrombosed external HD in our study
was lower than that estimated by Ferdinande et al. (0.95% vs. 14.6%) [15].

170



J. Clin. Med. 2024, 13, 2371

The incidence of perianal pathology was 61.4%. Unadkat conducted a prospective
study involving 217 pregnant women. They found that 27% of the participants had at least
one symptom of perianal disease [20].

In the general population, constipation, a low-fiber diet, a high body mass index, preg-
nancy, and a sedentary lifestyle are defined as major risk factors for HD development [21].
Previous studies reported that Caucasians are affected 1.5 times more often [4]. We could not
compare this risk factor because, in our study, all participants were Caucasian. Moreover,
increased prevalence rates of HD were associated with higher socioeconomic status [4,19]. We
did not find statistically significant differences in demographic data between groups with and
without postpartum HD. A variety of diagnoses are associated with HD: depression, allergy,
type I or II diabetes, Crohn’s disease, hematological diseases or blood cancer, psoriasis, asthma,
varicose veins of the legs, restless leg syndrome, personal HD anamnesis, hypertension, spinal
cord injury, and various diseases of the rectum and anus [22,23]. Although we did not confirm
HD’s association with other diseases, we found a statistically significant strong association
between this condition and a personal history of HD. Previous studies report overweight
and obesity as HD risk factors [15,24–26]. Overweight persons are 2.6 times more likely to be
ill [26]. In our study, women diagnosed with HD and perianal pathology had a higher BMI
before pregnancy than the healthy ones. However, only a small number of participants de-
veloped these outcomes, and critical values for developing those pathologies were in normal
BMI ranges (20.57 in the perianal pathology group and 21.48 in the postpartum HD group).
This makes BMI a very questionable risk factor.

This study is the first study in which dietary impact on perianal pathology and HD
is evaluated. We found that consumption of eggs (OR 3.10; CI 95% 1.13–8.53, p = 0.028)
or cereals (OR 2.87; CI 95% 1.32–6.25, p = 0.008) several times a week were significant risk
factors for developing HD. Moreover, consumption of flour products several times per
week (OR 2.77; CI 95% 1.10–6.98, p = 0.030) was associated with a higher risk of perianal
pathology. Daily consumption of fruits and vegetables (OR 0.35; CI 95% 0.15–0.81, p = 0.014)
and less frequent consumption of eggs were protective factors (OR 0.18; CI 95% 0.06–0-0.56,
p = 0.003). Those dietary changes can be easily recommended to pregnant and postpartum
women to reduce the risk of those pathologies without causing any complications or
negative outcomes.

Previous studies have compared women diagnosed with HD and perianal pathology
with healthy pregnant women. Poskus (2014) conducted a prospective observational cohort
study that surveyed 280 women who had given birth in Lithuania. In a multivariate
analysis, he identified a personal history of perianal disease (OR 11.93; CI 95% 2.18–65.30),
constipation (OR 18.98; CI 95% 7.13–50.54), straining during labor for more than 20 min
(OR 29.75; CI 95% 4.00–221.23), and newborn birth weight >3800 g (OR 17.99; CI 95%
3.29–98.49) as significant predictors of HD and anal fissures during pregnancy and the
perinatal period [5]. We found that lower neonatal weight (3380 g) may also be a risk factor
for developing HD after birth. However, only a small number of participants developed
the outcome, which makes it a very questionable risk factor.

However, we did not observe that constipation before the first trimester and a history
of perianal disease were associated with HD after delivery. Moreover, the duration of the
second birth period in our study was longer and was not estimated for the development of
HD but rather for perianal pathology.

Abramowitz (2002) compared 165 women during the last 3 months of pregnancy
and after delivery (within 2 months). The independent risk factors for anal lesions were
dyschezia, with an odds ratio of 5.7 (CI 95% 2.7–12), and late delivery, with an odds ratio
of 1.4 (CI 95% 1.05–1.9). Furthermore, thrombosed external HD was often observed after
superficial perineal tears and in heavier babies (p < 0.05). Only 1 of the 33 patients with
thrombosed external HD underwent Cesarean section [6]. The results of our study show
that vaginal delivery without assistance was more prevalent among women in the group
diagnosed with postpartum HD. However, we found no association between this condition
and perineal tears.
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Ferdinande (2018) found that 68% of 94 patients developed anal symptoms. The most
common diagnoses were hemorrhoidal thrombosis (immediately after birth), hemorrhoidal
prolapse (in the third trimester and immediately after birth), and anal fissure (not episode-
related). The two independent risk factors for anal symptoms were constipation, with an
odds ratio of 6.3 (CI 95% 2.08–19.37), and a history of anal problems, with an odds ratio of
3.9 (CI 95% 1.2–13) [15]. The results of our study were similar: women who had postpartum
HD were more likely to suffer symptoms characteristic of perianal disease and constipation
during their pregnancy.

Our results confirm that bigger neonatal weight is a risk factor for the development
of HD and perianal pathology. Our data also show that length of labor and maternal
BMI before pregnancy are risk factors for the development of perianal pathology. Our
final independent risk factor for postpartum HD, more frequent consumption of eggs and
cereals, has not yet been demonstrated and requires additional investigation. Based on
our findings, we recommend paying more attention to normal maternal body mass index
and eating habits while planning and during pregnancy. Counseling about healthy eating
and keeping physically active during pregnancy is essential for preventing various health
disorders. The results of our study show that perianal pathology and especially HD are
also associated with healthy living habits. However, future research should consider the
potential effects of maternal BMI and neonatal weight more carefully since, in our study,
only a small number of participants developed the outcome, which makes them very
questionable risk factors. Moreover, future research could examine the association between
eating habits and perianal pathology since those diseases affect almost half of all pregnant
women and some dietary interventions could reverse this trend. This research indicates
the necessity of monitoring and evaluating dietary behaviors, which will enable the early
diagnosis and prevention of perianal diseases.

5. Conclusions

Perianal pathology and especially HD are common during pregnancy and the postpar-
tum period. In conclusion, neonatal birth weight ≥ 3380 g and daily consumption of eggs
and cereals were identified as independent risk factors for postpartum HD. A newborn
birth weight of ≥3380 g, a maternal BMI of ≥21.48, duration of the second labor period of
≥38 min, and consumption of cereals several times per week increased the likelihood of
developing perianal pathology. Daily consumption of fruits and vegetables and less fre-
quent consumption of eggs could be protective factors for perianal pathology development.
Future studies should aim to replicate these results in a larger sample.
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Dissertation, Vilniaus Universitetas, Vilnius, Lithuania, 2015.
3. Foxx-Orenstein, A.E.; Umar, S.B.; Crowell, M.D. Common anorectal disorders. Gastroenterol. Hepatol. 2014, 10, 294–301.
4. Johanson, J.F.; Sonnenberg, A. The prevalence of hemorrhoids and chronic constipation. An epidemiologic study. Gastroenterology

1990, 98, 380–386. [CrossRef]
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Abstract: Background: Functional gastrointestinal disorders are very common condition. The aim
of this study is to evaluate the implications of the mode of pregnancy termination and early infant
feeding on the incidence of gastrointestinal disorders and atopic dermatitis at birth and 3, 6, and
12 months of age. Methods: This study included 82 pregnant women and their newborns born
at term. All newborns were examined at birth and 3, 6, and 12 months of age according to the
ROME IV criteria. Results: In children born after cesarean section, the incidence of regurgitation was
significantly higher. In children fed mostly or exclusively with formula, dry skin with allergic features
was observed more often compared to breastfed children, but this relation was statistically significant
only at the age of 12 months. The use of antibiotic therapy increased the risk of allergic skin lesions by
almost seven times at 3 months of life. Gastrointestinal disorders in the form of regurgitation, colic,
and constipation occur within the period of up to 12 months of the child’s life and may be related
to the mode of the termination of pregnancy via cesarean section and the use of artificial feeding or
antibiotic therapy. The occurrence of atopic dermatitis in infants at 12 months of life is correlated with
the mode of the termination of pregnancy after cesarean section. Conclusions: One of the risk factors
for the occurrence of atopic dermatitis and gastrointestinal disorders in the period up to 12 months of
the child’s life may be a cesarean section and the use of formula feeding or antibiotic therapy.

Keywords: cesarean section; functional gastrointestinal disorders; nutrition

1. Introduction

Functional gastrointestinal disorders (FGIDs) comprise a diverse combination of
chronic or recurrent symptoms, the presence of which is not associated with the structural
or biochemical abnormalities of a child. They occur with an incidence of 15–30%, and their
severity and nature depend on a number of factors, including age and physiological, auto-
nomic, emotional, and intellectual development [1–3]. The symptoms of gastrointestinal
disorders are most commonly caused by the immaturity of the gastrointestinal tract, the
nervous system, and abnormalities in the gut microbiome of infants. FGIDs may occur
in normally developing children or be a consequence of abnormal behavioral responses
to internal or external stimuli. Despite the precise classification of the above disorders
within the framework of the Rome IV criteria [4], their pathophysiology and importance
for the further development of the child are still poorly understood. We should, there-
fore, treat FGIDs as disorders of the brain–gut axis, for just as the central nervous system
influences the functioning of the gut, the gut exerts an influence on the brain [5–7]. In
regulating gut–brain interactions, neurogenic, endocrine, and immunological mechanisms
are involved, which may be modified by the gut microbiota intestinal microbiota. The
microbiome, through secreted metabolites, can exert both salutary and harmful effects on

J. Clin. Med. 2024, 13, 927. https://doi.org/10.3390/jcm13040927 https://www.mdpi.com/journal/jcm174



J. Clin. Med. 2024, 13, 927

the intestinal mucosa. Factors disrupting normal gut colonization, leading to dysbiosis,
can have a significant impact on the occurrence of FGIDs. Since the association of FGIDs,
according to the Rome IV Criteria, with the mode of delivery and child feeding has not
been studied and published before, in this work, we conducted such an analysis, which
is a novel scientific endeavor. The occurrence of FGID is not an indication to discontinue
breastfeeding, which should, in fact, be actively encouraged. In infants fed modified milk,
special formulas may be considered if reassurance and nutritional recommendations based
on adequate milk volume and frequency do not lead to sufficient improvement. In cases of
the absence of organic disease, any pharmacologic intervention is unlikely to be helpful
or effective. Furthermore, medications may cause side effects and unnecessarily expose
the child to additional stress. The occurrence of FGIDs often leads to a vicious circle: the
newborn’s symptoms make the parents anxious, which leads to the implementation of
drugs available at the pharmacy without consulting a doctor. Consequently, the symptoms
persist, and diagnosis is delayed. Environmental factors and the type of food consumed
by the infant in the early postnatal period play a significant role in the development of
the infant’s immune system, and it is suspected that they may also be involved in the
development of not only FGIDs but also atopic diseases in children. There is also medical
evidence that there may be a link between FGIDs and the way pregnancy is terminated.
Numerous epidemiological studies have shown an association between cesarean section
and an increased risk of developing immunological diseases, including early and persistent
wheezing and bronchial asthma [4,8,9], allergic rhinitis, ulcerative colitis, type 1 diabetes,
celiac disease, being overweight, and obesity [4,10]. The disturbed composition of the
neonatal gut microbiome, resulting from limited contact with maternal rectal and vaginal
flora and leading to dysbiosis, may be an initiating factor in the onset of FGIDs. Given
that there is an association between the early composition of the neonatal gut microbiota
and the occurrence of chronic diseases later in childhood, it is reasonable to assume that
impaired intestinal colonization due to cesarean delivery may play an important role in
the etiology and pathogenesis of childhood FGIDs. Some symptoms of FGIDs, such as
colic, show an association with the presence of more colonies of proteobacteria, including
Escherichia, Klebsiella, and Pseudomonas, while Firmicutes and Actinobacteria are more
prevalent in infants without colic [11]. The modification of the composition and activity
of the child’s intestinal microbiota through dietary interventions using probiotics may be
one of the directions for the prevention and treatment of infants with FGIDs and allergic
diseases. It has been proven that selected probiotic strains from the genus Lactobacillus
can alleviate IBS symptoms. The relative risk (RR) value for symptom improvement was
7.69, which means that clinical improvement is more than seven times more likely in those
taking the probiotic compared to those not taking such supplementation [12–14]. The gut
microbiota occupies a prominent position in the structure and function of the brain–gut
axis, which is a bidirectional pathway for the exchange of neural and biochemical signals
between the central nervous system and the gastrointestinal tract. The intestinal barrier,
which includes the microbiota, is, therefore, a point of interest for potential therapeutic
interventions in FGIDs [13–16].

Objectives

The aim of this study is to evaluate the implications of the mode of pregnancy termi-
nation and early infant feeding on the incidence of gastrointestinal disorders and atopic
dermatitis at birth and 3, 6, and 12 months of age, according to the ROME IV criteria.

2. Material and Methods

This was a prospective cross-sectional study with a group of similar patients that
had a regular follow-up at the same time point. The study included 82 randomly selected
pregnant women and their newborns born near the term of gestation at the Department
of Perinatology, Obstetrics, and Gynecology in Szczecin, Poland. The data were collected
between October 2020 and September 2022. The study group was randomly selected from
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a population list of woman–infant pairs, meaning that random chance decided which
woman–infant pair entered the sample. A simple draw (non-return) type of random
selection was used for this purpose. The inclusion criteria included a pregnancy terminated
between 37 + 0 and 41 + 6 weeks of a singleton pregnancy, maternal consent for the study,
the physiological course of the pregnancy and childbirth, a minimum of 8 points with
respect to the 5-min Apgar score, and no developmental birth defects. The exclusion criteria
included pregnancies terminated before 37 weeks of gestation, comorbidities complicating
pregnancy, severe birth status of the newborn, multifetal pregnancy, and a lack of written
maternal consent for the study. In pregnant women, anthropometric data, the method
of termination of pregnancy, and other medical data, including the course of the current
pregnancy and family history of allergy, were considered (Table 1). A Detecto PD200
medical scale (DETECTO Cardinal Scale Manufacturing Co., 203 E. Daugherty, Webb City,
MO 64870, USA) has been used for the digital weight, height, and BMI measurements.
All infants were examined by a pediatrician at birth and at 3, 6, and 12 months of age
consecutively (Table 2). The neonatal clinical examination of the babies was performed
at home in their place of residence by a specialist physician. The same doctor carried
out examinations during all visits, as it helps the avoidance of methodological errors and
differences in diagnoses, especially, since the doctor has many years of experience. At
each medical visit, a functional gastrointestinal disorders questionnaire according to the
Rome IV: The Rome IV Diagnostic Questionnaire for Functional Gastrointestinal Disorders
(R4PDQ—A parent report form for neonates and toddlers 0–3 years old) was completed,
and data were collected with respect to the presence of atopic dermatitis and how the
children were fed (breastfeeding, formula feeding, supplemental feeding, and supplemental
feeding with probiotics). Atopic dermatitis was diagnosed on the basis of clinical signs
such as the following: a rash with eczema on the cheeks, forehead, or scalp, which was
associated with dry and itchy patches of skin. In some cases, the lesions spread to the
knees, elbows, and trunk. The experts on FGIDs and parents reviewed the questionnaire
for content, understandability, and completeness. The content’s validity was established
by comparing the neonatologist and questionnaire diagnoses in the studied group of
children. The validation of the questionnaire met the guidelines on how to translate and
validate questionnaires, which are included in the document defining the principles of
translation and its adaptation to the conditions of the Polish Caucasian population. The high
repeatability of the results obtained with the use of the R4PDQ questionnaire allows us to
consider the evaluated questionnaire as an accurate measurement tool that may be a source
of reliable information with respect to the clinical symptoms of intestinal disorders. In the
diagnosis of the functional disorders of the gastrointestinal tract, data obtained from the
history and physical examination are of great importance, taking into account alarm signals,
which include chronic pain in the right upper or right lower quadrant; pain when waking
the child from sleep; swallowing disorders; prolonged vomiting; gastrointestinal bleeding;
diarrhea occurring at night; positive family history of inflammatory bowel disease, coeliac
disease, or peptic ulcer disease; arthralgia; perianal lesions; weight loss; slowed growth rate;
and unexplained fevers. During the examination, weight, height, and head and abdomen
circumferences were recorded, and centile grids of the Polish population, according to the
WHO’s growth standards for children aged 0–3 years, were used [8]. During this period
of life, children cannot voice complaints, such as nausea or pain. Therefore, the clinician
must rely on the parents’ interpretations, which, combined with his knowledge, skills, and
experience, allow him to differentiate between health and disease in the first instance.
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Table 1. Anthropometric data of the studied pregnant women.

Gestation/Delivery (n = 82) Mean SD

Age (years) 31.22 4.49

Body weight before pregnancy (kg) 68.28 17.59

Birth weight during delivery (kg) 82.20 16.55

BMI before pregnancy 24.56 6.05

BMI during delivery 29.57 5.62

Weight gain (kg) 14.24 7.01

Week of gestation completion 38.44 1.30

Natural childbirth n (%) 35 (42.7) -

Cesarean section n (%) 47 (57.3) -

Table 2. Anthropometric data of infants on the day of birth and at 3, 6, and 12 months of age.

Parameters Mean SD

Male n (%) 38 (46.3)
-

Female n (%) 44 (53.7)

Neonatal birth weight (g) 3286 395

Neonatal birth weight (g) at 3 MOA (n = 82) 6340 651

Neonatal weight (g) at 6 MOA (n = 82) 8020 900

Neonatal weight (g) at 12 MOA (n = 42) 10,560 1040
MOA—months of age.

Statistical analysis was performed using STATA 11 statistical software (StataCorp LLC,
4905 Lakeway Drive, College Station, TX 77845-4512, USA), license number 30110532736.
The Kolmogorov–Smirnov test for normality of distributions was used. If p < 0.05, then the
Mann–Whitney U or Kruskal–Wallis test was used. For normal distributions, the Student’s
t-test or ANOVA was used. Correlations were calculated using Spearman’s rank test.

3. Results

The study included 82 randomly selected pregnant women and their newborns born
near the term of gestation at the Department of Perinatology, Obstetrics, and Gynecology in
Szczecin, Poland. Of the infants in the study, 42% were born from nulligravidae. An allergy
history was found in 26% of the mothers in the study. Allergies relative to grass pollen
(23%) and house dust mites (19%) were the most common. In the fathers of the examined
infants, 29% were allergic, and the most common allergen in this group was grass pollen
(62%). The median APGAR score was 9.0 (8.0–10.0 IQR) at the fifth minute.

3.1. Functional Gastrointestinal Disorders

In all infants, the process of postpartum adaptation was normal during the first
2 days of life. All infants were discharged home in good condition and breastfed. On the
basis of clinical examination and the diagnostics of functional gastrointestinal disorders
according to the Rome IV criteria carried out during 3, 6, and 12 months of life, differences
in the occurrence of the particular examined parameters were demonstrated (Figure 1). At
3 months of life, the most frequently observed functional gastrointestinal disorder was
neonatal regurgitation (56.10%), which gradually decreased to 32.93% and 7.14% at 6 and
12 months of life, respectively. The second most frequently observed symptom was infantile
colic, which, although present in 18.29% of infants at 3 months of age, did not appear
thereafter. Constipation was also observed in all studied infants, which occurred in 15.85%,
7.32%, and 7.14% consecutively at 3, 6, and 12 months of life (Figure 1). Considering the
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cumulative incidence of gastrointestinal disorders, it was observed that the most frequent
gastrointestinal disorders occurred at 3 months of life in 86.59% of infants, gradually
decreasing to 56.10% and 19.05% at 6 and 12 months of life, and these differences were
statistically significant (p < 0.00001) (Figure 2).

Figure 1. Functional gastrointestinal disorders according to Rome IV criteria.

Figure 2. Incidence of gastrointestinal disorders (FGIDs) and atopic dermatitis in infants at 3, 6, and
12 months of age.

3.2. Atopic Dermatitis

Symptoms of atopic dermatitis were observed in 31.71%, 29.27%, and 26.19% of the
infants at 3, 6, and 12 months of life, respectively, and these differences were not statistically
significant. However, a statistically significant positive correlation (p = 0.0042; r = 0.31)
between the occurrence of gastrointestinal disorders and allergy at 3 months of life was
found. Atopic dermatitis was more frequent in female newborns, and this correlation was
statistically significant (p = 0.048). No similar correlation was found at 6 and 12 months of
life (Figure 2).

3.3. Mode of Delivery

The analysis of the mode of delivery revealed that cesarean section is associated with
a higher incidence of allergy in infants at the age of 12 months (38.46% vs. 6.25%), and
this relation was statistically significant (p < 0.005) (Figure 3). The overall risk of allergy at
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12 months of life was over nine times higher in children born after cesarean section (OD
9.37; p = 0.044). There was no significant increase in allergy in 3 and 6 months of life in
infants born after cesarean section. The surgical termination of pregnancy via cesarean
section did not show a significant association with most gastrointestinal disorders in infants
in any of the analyzed periods of neonatal studies. Only in the group of children born
after a cesarean section was regurgitation more frequent, and this relation was statistically
significant (p = 0.0434). Infants with normal postpartum adaptation in the majority of cases
(80%) did not show any gastrointestinal disorders at a later stage. In 20% of infants with
normal adaptation, bloating, gas, and colic were observed. However, this relation was
statistically significant (p = 0.00544) only in the third month of life. The Spearman’s rank
correlation test showed that the occurrence of both gastrointestinal disorders and allergies
significantly correlated with gender only at 6 months of life (p = 0.0019). There was no
correlation between the birth weight and the occurrence of gastrointestinal disorders and
atopic dermatitis; however, a significant correlation was found for pregnant women’s body
weights and BMIs, but only at 12 months of age.

Figure 3. Incidence of atopic dermatitis in infants at 3, 6, and 12 months of age depending on the
mode of delivery: vaginal birth (VB) and cesarean section (CS).

3.4. Nutrition

According to the study, the majority of infants were breastfed at 3 months of life
(65.85%), and with the passage of time, their percentage was gradually reduced at 6
and 12 months of life, respectively, to 51.22% and 26.19% (Figure 4). This relationship is
statistically significant. The use of probiotics in the diet of newborns showed a similar
trend. The highest number of infants received probiotic supplementation at 3 months of life
(50.00%) and, respectively, at 6 and 12 months of life, 23.17% and 16.67%. As the infant grew
older, an expansion of the diet to include solid foods and an increasing use of various types
of baby formula milk at the expense of natural breastfeeding were observed. On the other
hand, with the passage of time, a more frequent introduction of nutritional supplementation
was observed at the expense of natural feeding. The results of the study showed that, at
12 months of age, 73.81% of infants with a recommended properly expanded diet of solid
foods in place of maternal milk were fed exclusively with formula nutrition (Figure 4). In
order to check which variables influence gastrointestinal complaints and skin lesions, a
multivariate discriminant analysis was performed. It was shown that neonatal constipation
was more frequently observed when a probiotic was introduced into the diet, and this
relationship was statistically significant (p = 0.0045). When both the time function of using a
given feeding method and the probiotic were eliminated, it was shown that bloating and gas
were more common in breastfed babies (p = 0.0490). In this group, the symptoms of atopic
dermatitis and rash were also more frequent. In more than 50% of artificially fed children
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and only artificially fed children, dry skin with allergic features was observed more often,
but this relationship was statistically significant only at 12 months of age. The presence of
colic tended to be more common in infants who were treated with the probiotic and those
who were fed formula, but this relationship was at the border of statistical significance. A
logistic regression model was used to estimate the risk of various digestive ailments and
skin allergic symptoms. The use of a probiotic increases the risk of constipation in the third
month of life (p = 0.045) fourfold. On the other hand, bloating and gas occur almost four
times more often in the third month of life when the child is artificially fed or formula-fed.
When a child is fed formula, the overall risk of PP complaints increases over six times more
often at 12 months of age (p = 0.028). The use of antibiotic therapy increases the risk of skin
lesions of an allergic nature during 3 months of life by almost seven times.

Figure 4. Infants feeding at 3, 6, and 12 months of age.

4. Discussion

FGIDs are common in newborns and infants and concern about 26–60% of them [8–10].
Our study found a statistically significant phenomenon, decreasing with the age of the
infant: the frequency of disorders in the FGID spectrum. The frequency of disorders
at 3 months of age was 86.59%, 6–56.1% at 6 months of age, and 19.05% at 12 months
of age. This phenomenon may be influenced by the adaptation process of the infant to
the environment, particularly by developing tolerance to food allergens, increasing the
maturity of neurological and digestive systems and the brain–gut axis that underlies the
disorders [17]. In the presented study, the most common symptoms of FGIDs were regurgi-
tation at 56.1% during the third month of life, with a subsequent downward trend—32.9%
in the sixth month and 7.14% in the twelfth month of life. Similarly, regurgitation, as the
most common symptom in the FGID spectrum, is reported to be present in 40% [18,19] and
30% of infants [20]. Kee Seang Chew et al. found regurgitation to appear in only 10.5%
of subjects, but the study was conducted in Asia, where the overall frequency of FGID
symptoms is low, occurring in 14.6% of infants [21]. Intestinal colic is indicated in many
studies as the most common disorder from the FGID spectrum, where it affects up to 57.6%
of infants with FGIDs [4]. In our study, it was ranked second and concerned 18.28% of
infants. Colic occurs only at 3 months of age, which is typical for this disorder and results
from the diagnostic criteria. According to the Rome IV criteria, this disorder appears and
disappears by the fifth month of life, and if the parents’ care is conscientious and constant,
functional gastrointestinal disorders do not pose a danger to the child [18]. The third most
common symptom—constipation—occurred in all newborns, with 15.85% of infants at
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3 months of age; then, its incidence decreased with the infant’s age. These results are
consistent with many analyses [18,20]. However, Chogle et al., while studying the infant
population in Colombia, assessed constipation as the most common FGID disorder, with
a frequency of 16.1% [11]. The incidence of atopic dermatitis did not differ significantly
depending on the age of the infant, ranging from 26 to 31%. There is a general upward
trend in the incidence of skin allergies worldwide. Symptoms most often appear from early
infancy to the age of 1. It is believed that environmental factors trigger an effect in neonates
with a genetic predisposition [22]. Our study found a positive correlation between FGID
symptoms and the occurrence of allergies, but only at 3 months of age. The source of this
phenomenon may be a common etiological factor when the immunologically immature
organism reacts to the allergen with both skin and gastrointestinal symptoms. The appear-
ance of the above-described symptoms prompts parents to look for and exclude potential
allergens, e.g., a nursing mother’s elimination diet, change from natural to artificial feeding,
change in the type of milk formula, introduction of probiotics, and change in care cosmetics.
Effectively eliminating the allergen could have contributed to the lack of persistence of the
correlation between skin lesions and gastrointestinal symptoms after 3 months of age. The
development of immunological tolerance, along with the exposure time, may also play
an important role [23]. FGIDs are considered to be transient, self-limiting disorders that
disappear with the infant’s age due to the maturation of the physiological mechanisms
responsible for their formation [17,24]. It could also have contributed to the lack of persis-
tence of the positive correlation between FGID and allergies after 3 months of age. The
correlation between allergic disorders and FGID was more common in girls. The results
vary from study to study. In Campeotto’s study, the above symptoms mainly occurred in
boys [18]. In our study, a positive correlation was observed between the occurrence of colic
and constipation (the latter only at 3 months of age) and the supply of a probiotic. One of
the postulated etiological factors of colic is the dysbiosis of the intestinal flora. The supply
of Lactobacillus reuteri to breastfed infants with symptoms of colic has proven therapeutic
efficacy [12,25]. The correlation obtained may result from the fact that in the event of
the appearance of FGID symptoms, probiotic therapy is implemented. Gastrointestinal
symptoms, such as bloating and gas, were more frequently observed in breastfed newborns
and infants. Allergic dermatitis and rash were also more common. Similar results were
obtained in the Danish study [22]. The diet may have influenced this correlation. Formula-
fed babies were given a constant formula, while breastfed babies could have been exposed
to a variety of ingredients, including allergens, depending on the mother’s diet. Currently,
elimination diets are not recommended for mothers who are breastfeeding healthy infants;
therefore, they could also contain gas or products that are considered to be allergenic.
Exclusive breastfeeding until the age of 3–4 months and mainly breastfeeding until the
age of 6 months is of prophylactic importance in the development of allergies [26,27]. The
described mechanisms include a passive mechanism—reducing the exposure to exogenous
allergens—and an active mechanism—secretion into the milk of substances protecting
against infections, stimulating the maturation of intestinal mucosa, stimulating the de-
velopment of normal intestinal flora, and secreting a number of anti-inflammatory and
immunomodulatory factors [28,29]. In our study, feeding with a milk mixture was associ-
ated with a 6-fold increase in gastrointestinal complaints; moreover, when only formula
is used, or formula is used in >50% of feeding, skin allergies were observed, but only at
12 months of age. The fact that the percentage of naturally fed children decreased with age
(3 months at 65.85% and 12 months at 26.19%) may account for the statistical significance
in the appearance of allergy symptoms at 12 months of age. Moreover, after 6 months of
age, expanding the child’s diet with solid foods is recommended. Some of them could
have an allergenic effect, and in the absence of the protective role of breast milk, skin
symptoms could be more strongly expressed with formula feeding. In the present study,
the termination of pregnancy via cesarean section was nine times more likely to increase
the risk of skin allergy at 12 months of age. Moreover, the need for antibiotic therapy was
associated with a 7-fold risk of allergic skin lesions. The adaptation and development of the
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immune system are undoubtedly influenced by the intestinal flora of newborns. It differs
depending on the pregnancy termination method. After a vaginal birth, the intestinal flora
of newborns comprises more bacteria from the mother’s intestinal and vaginal flora; after a
cesarean section, it comprises skin bacteria. Newborns born after cesarean section have a
later maturation of the intestinal flora and a different cytokine profile [30–33]. Selma-Royo
et al. found a stronger epithelial barrier function, a higher immune response associated
with TL4 pathway activation, and the production of proinflammatory cytokines in neonates
born after cesarean section [33,34]. Thus, the mode of delivery seems to be an important
factor in the development of the immune system and, consequently, the occurrence of
allergies. The implementation of antibiotic therapy in the mother, both in the perinatal
period (as prophylaxis)—when the pregnancy is terminated via cesarean section—and in
the infant at different stages of life significantly disrupts the composition of the intestinal
flora, the function of enterocytes, and the activity of the local immune system, which may
have contributed to an increased risk of skin allergies. However, studies are not consistent;
Maeda et al. did not find a higher incidence of skin lesions in infants after cesarean section
deliveries [30]. The presented study has limitations. It should be taken into account that the
diagnosis of FGIDs, based on the Rome IV criteria, took place on the basis of an interview
carried out with parents [28]. Their perception of the infant’s gastrointestinal physiology,
emotional attitude, personal experiences, character traits, and family situation may have
reduced the objectivity of the opinion. Some reports emphasize the higher incidence of
FGIDs in children or firstborns and with divorced parents [15]. In this study, these factors
were not investigated.

5. Limitations of the Study

This study has several limitations. Firstly, our results are based on the diagnosis
of FGID symptoms in children, which was carried out in an interview with the parents;
despite the use of an objective questionnaire, subjective information arose from the parents’
emotional attitudes and experiences. We cannot exclude inconsistencies and missed data.
Secondly, the study group only comprised 82 pregnant women and their newborns, and
some conclusions may not be confirmed in such a group of people, but the statistical
significance of the obtained results encourages carrying out the above analysis in a larger
group of women and their children. Third, the group is homogeneous; thus, the results can
only refer to this population, and conclusions cannot be drawn about the entire population.

6. Conclusions

Summarizing, regurgitation, infant colic, and functional constipation are common
FGIDs that often contribute to a visit to physicians during the first 3 months of an infant’s
life. Atopic dermatitis and gastrointestinal tract disorders may be associated with a com-
mon mechanism triggering these reactions. One of the risk factors for the occurrence of
these symptoms in the period up to 12 months of a child’s life may be the termination of
pregnancy via cesarean section, the use of formula feeding, or antibiotic therapy.

The above observations have proven to be an important clinical application for family
doctors, pediatricians, and GPs because they show the probable relationship between
the occurrence of gastroenterological disorders, the method of delivery, and the overuse
of antibiotics and formula feeding. The results are important, especially in the field of
obstetrics in the Polish population, where the percentage of cesarean sections in 2022 was
48%, and in the previous year (2023), it exceeded 50% (according to WHO, this percentage
should be about 15%). If the results of this work reach a wider population, perhaps the rate
of elective cesarean sections could be reduced. The above relationship concerns the overuse
of antibiotics in the Polish population, forcing doctors to prescribe them during viral
infections, and the rapid abandonment of breastfeeding among patients after childbirth
(exclusive breastfeeding reached 30% in the fourth month and in the sixth month, it went
from 4 to 14% depending on the study). Patient awareness is the basis for improving
population health.
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Abstract: Background and Objectives: Accurate diagnosis of labor progress is crucial for making
well-informed decisions regarding timely and appropriate interventions to optimize outcomes for
both the mother and the fetus. The aim of this study was to assess the progress of the second
stage of labor using intrapartum ultrasound. Material and methods: This was a prospective study
(December 2022–December 2023) conducted at the Third Department of Obstetrics and Gynecology,
School of Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki, Greece. Maternal–
fetal and labor characteristics were recorded, and two ultrasound parameters were measured: the
angle of progression (AoP) and the head–perineum distance (HPD). The correlation between the
two ultrasonographic values and the maternal–fetal characteristics was investigated. Multinomial
regression analysis was also conducted to investigate any potential predictors of the mode of delivery.
Results: A total of 82 women at the second stage of labor were clinically and sonographically
assessed. The mean duration of the second stage of labor differed between vaginal and cesarean
deliveries (65.3 vs. 160 min; p-value < 0.001) and between cesarean and operative vaginal deliveries
(160 vs. 88.6 min; p-value = 0.015). The occiput anterior position was associated with an increased
likelihood of vaginal delivery (OR: 24.167; 95% CI: 3.8–152.5; p-value < 0.001). No significant
differences were identified in the AoP among the three different modes of delivery (vaginal: 145.7◦ vs.
operative vaginal: 139.9◦ vs. cesarean: 132.1◦; p-value = 0.289). The mean HPD differed significantly
between vaginal and cesarean deliveries (28.6 vs. 41.4 mm; p-value < 0.001) and between cesarean
and operative vaginal deliveries (41.4 vs. 26.9 mm; p-value = 0.002); it was correlated significantly
with maternal BMI (r = 0.268; p-value = 0.024) and the duration of the second stage of labor (r = 0.256;
p-value = 0.031). Low parity (OR: 12.024; 95% CI: 6.320–22.876; p-value < 0.001) and high HPD
(OR: 1.23; 95% CI: 1.05–1.43; p-value = 0.007) were found to be significant predictors of cesarean
delivery. Conclusions: The use of intrapartum ultrasound as an adjunctive technique to the standard
clinical evaluation may enhance the diagnostic approach to an abnormal labor progress and predict
the need for operative vaginal or cesarean delivery.

Keywords: intrapartum ultrasound; ultrasound in labor; second stage; predictor; mode of delivery

1. Introduction

For women undergoing labor without neuraxial anesthesia, the second stage usually
lasts fewer than three hours for nulliparous individuals and fewer than two hours for mul-
tiparous ones; in cases with neuraxial anesthesia, this may be extended by one hour [1,2]. If
the duration exceeds these timeframes, it is defined as prolonged; various factors, including
fetal size and position, maternal pelvic shape, expulsive efforts, maternal age, obstetric
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history, and comorbidities such as hypertension or diabetes, may affect the length of the
second stage of labor [3].

Traditionally, the assessment and management of the progress of labor are based
on clinical assessment [4–6]. The diagnosis of labor arrest and decisions regarding the
timing or type of intervention rely mostly on digital evaluation of cervical dilatation and
fetal head station/position [7,8]. However, clinical examination of the head station and
position may be inaccurate and subjective, especially when caput succedaneum impairs
palpation of the sutures and fontanels. The use of ultrasound has been suggested as a
valuable tool in labor management; numerous studies have highlighted the superiority of
ultrasound examination compared to clinical assessment in diagnosing fetal head position
and station and predicting labor arrest [9–15]. Ultrasound examinations can, to some
degree, differentiate between women likely to have a spontaneous vaginal delivery and
those who may require an operative vaginal delivery [10,15–20]. Intrapartum ultrasound
can be conducted through a transabdominal approach, primarily for determining head
and spine position, or a transperineal approach to assess the head station and position at
lower stations; the most common quantitative sonographic parameters are the angle of
progression (AoP) and the head–perineum distance (HPD) [21].

Currently, there is no consensus on the appropriate timing of intrapartum ultrasound
use, which specific parameters should be obtained, or how the sonographic findings should
be integrated into clinical practice to enhance patient management. Nevertheless, achieving
a precise diagnosis of labor progress is essential for making informed decisions about
interventions while also ensuring that appropriate measures are taken at the right time to
optimize outcomes for both the mother and the fetus.

Thus, the aim of this study was to evaluate the use of intrapartum ultrasound during
the second stage of labor.

2. Material and Methods

2.1. Study Design/Parameters

This was a prospective study (December 2022–December 2023) conducted at the Third
Department of Obstetrics and Gynecology, School of Medicine, Faculty of Health Sciences,
Aristotle University of Thessaloniki, Greece. This study was approved by the Ethics Com-
mittee of the Aristotle University of Thessaloniki (3–13 December 2022). Informed consent
was obtained before the procedure, and no incentives were provided for participation in
the study.

Maternal (age, BMI, parity), fetal/neonatal (fetal head position, birth weight), and
labor characteristics (total duration of labor, duration of the second stage of labor, epidural
and oxytocin use, spontaneous onset of labor or induction of labor) were recorded, and the
AoP and the HPD were measured.

In cases of induction of labor, the Bishop score was calculated to choose the method of
induction; if the Bishop score was favorable (≥6), rupture of membranes with or without
oxytocin was the preferrable method of labor induction, whereas when the Bishop score
was unfavorable (<6), cervical ripening agents were used first [22]. Induction of labor was
performed according to the guidelines of the Hellenic Society of Obstetrics and Gynecology.
Regarding cervical ripening agents, either PGE2 (dinoprostone) or PGE1 (misoprostol) was
administered if Bishop score was unfavorable; a PGE2 suppository of 3 mg was adminis-
tered vaginally, with a minimum safe time interval between prostaglandin administration
and oxytocin initiation of at least 6 h, or 25–50 mcg of PGE1 was administered as an initial
dose for cervical ripening and induction of labor, and oxytocin was administered at least
4 h after the last misoprostol dose. If there was inadequate cervical change with minimal
uterine activity after one dose of either intracervical dinoprostone or misoprostol, a second
dose was given 6 h later [22].

186



J. Clin. Med. 2024, 13, 1068

Operative vaginal delivery (OVD) was attempted when the fetal head station was
below +1 level, the AoP was more than 130◦ (+1), or the HPD was less than 35 mm (mid-
cavity), or if the second stage of labor lasted for more than 4 h in primiparous patients
with epidural, more than 3 h in primiparous patients without epidural, more than 3 h
in multiparous patients with epidural, or more than 2 h in multiparous patients without
epidural [23].

2.2. Technique

The sonographic assessment of fetal head station is performed by transperineal ultra-
sound in the midsagittal or axial plane. The probe is placed between the two labia majora,
at the level of the fourchette, with the woman in a semi-recumbent position [21]. The AoP
is the angle between the long axis of the pubic bone and a line drawn from the lowest
edge of the pubis tangential to the deepest bony part of the fetal skull. It is an accurate
and reproducible parameter for the assessment of fetal head descent [20,24]. An angle of
progression of 106◦ has been found to correspond to fetal head station 0 (zero) [20]. The
HPD is measured by placing the probe between the labia majora, and the soft tissue is
compressed completely against the pubic bone. The transducer should be angled until the
skull contour is as clear as possible, indicating that the ultrasound beam is perpendicular
to the fetal skull. HPD is measured in a frontal transperineal scan as the shortest distance
from the outer bony limit of the fetal skull to the perineum [21,25].

2.3. Statistical Analysis

Ordinal or qualitative data were described as n (%), and quantitative data as the mean
(SD). A one-way ANOVA test was conducted to compare the means of the quantitative
variables. Post hoc analysis was conducted for significant values. The association between
the mode of delivery (cesarean section—CS, vaginal delivery—VD, OVD) and the head
position (occiput anterior vs. occiput posterior), as assessed by transabdominal ultrasound,
was investigated by means of multinomial regression analysis. The correlation between the
two ultrasonographic values (AoP, HPD) and the different maternal–fetal characteristics
was investigated with Pearson’s (r) correlation coefficient. Additionally, multinomial
regression analysis was conducted to investigate any potential predictors of the mode
of delivery and any association between epidural, oxytocin use, and the onset of labor
(spontaneous vs. induced) with the mode of delivery (VD, OVD, CS). The means of the
ultrasonographic parameters (AoP, HPD) were compared between the parturients with
normal duration of the second stage and those with a prolonged one using Student’s t-test.
The level of statistical significance was defined as p = 0.05. The statistical package IBM
SPSS Statistics 29.0 was used.

3. Results

A total of 82 women at the second stage of labor were assessed both clinically and
sonographically. The mean maternal age was 28 years (SD: 6.5), the mean gestational age
was 39 weeks (SD: 1.4), the mean parity was 1.3 (IQR: 0.7), and the mean body mass index
(BMI) was 29.6 kg/m2 (SD: 5). The onset of labor was spontaneous in 35 cases (42.7%),
while 47 (57.3%) women underwent induction of labor. During labor, 41 women received
epidurals (50%) and 59 oxytocin (71.9%). Moreover, 60 women (73.2%) delivered via VD, 11
(13.4%) underwent OVD, and 11 (13.4%) delivered via CS. The mean total duration of labor
was 10.5 h (SD: 6.2), whereas the mean duration of the second stage of labor was 81 min
(SD: 67). The mean birth weight was 3252 g (SD: 492).

In total, out of 32 women who underwent induction of labor and delivered vaginally,
15 had a favorable Bishop score (≥6), whereas 17 had an unfavorable Bishop score (<6).
Out of six women who underwent induction of labor and delivered via CS, all of them
had unfavorable Bishop scores before induction of labor. Out of nine parturients who
underwent induction and delivered via OVD, all had unfavorable Bishop scores. In total,
out of 47 inductions of labor, 15 had favorable Bishop scores, whereas 32 had unfavorable
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ones. Following the analyses, we found a significant difference in the Bishop scores between
the VD and CS (p-value < 0.001) groups and between VD and OVD (p-value = 0.012), but
not between CS and OVD (p-value = 0.288).

Maternal and fetal characteristics were analyzed according to the three modes of deliv-
ery (VD, OVD, CS) (Table 1). The mean total duration of labor differed between VD and CS
(8.8 vs. 16.1 h, p-value < 0.001) and between VD and OVD (8.8 vs. 14.2 h, p-value = 0.011);
however, it did not differ significantly between CS and OVD. Moreover, the mean duration
of the second stage of labor differed between VD and CS (65.3 vs. 160 min, p-value < 0.001)
and OVD and CS (88.6 vs. 160 min, p-value = 0.015). The mean birth weight differed signifi-
cantly between neonates born vaginally and those via CS (3161 vs. 3572 g, p-value = 0.026).

Table 1. Baseline characteristics according to the mode of delivery.

Characteristics

Mode of Delivery

Vaginal Delivery (VD)
n = 60 (73.2%)

Operative Vaginal
Delivery (OVD)

n = 11 (13.4%)

Cesarean Section (CS)
n = 11 (13.4%)

p-Value

Maternal age (years) 27.7 (6.9) 29.1 (4.3) 28.9 (6.7) 0.736

Maternal BMI (kg/m2) 29.5 (5.3) 29.6 (4.4) 30.4 (4.6) 0.876

Gestational age at delivery
(weeks)

39 (1.4) 39.3 (1.2) 39.4 (0.9) 0.053

Parity 1.3 (0.6) 1.3 (1.2) 1 (0.3) 0.545

Birth weight (g) 3161 (508) 3429 (249) 3572 (416) 0.015

Duration of second stage of
labor (minutes)

65.3 (57.6) 88.6 (67.6) 160 (61.2) <0.001

Total duration of labor (hours) 8.8 (4.9) 14.2 (5.8) 16.1 (8.3) <0.001

Data are given as n (%), mean (SD) for parametric values. One-way ANOVA was used for parametric values; SD:
standard deviation; IQR: interquartile range; BMI: body mass index.

The association between the mode of delivery and fetal head position (occiput posterior
vs. anterior) was also assessed. The occiput anterior position was associated with increased
odds of VD compared to CS (OR: 24.167, 95% CI: 3.8–152.5, p-value < 0.001) (Table 2). The
mean AoP did not differ significantly among the three groups (145.7◦ for VD vs. 139.9◦ for
OVD vs. 132.1◦ for CS, p-value = 0.289). On the contrary, the mean HPD was significantly
higher in the CS cases (28.6 vs. 26.9 vs. 41.4, p-value < 0.001) (Table 3). Moreover, post hoc
analysis revealed that the mean HPD differed between VD and CS (p-value < 0.001) and CS
and OVD (p-value = 0.002), but not between VD and OVD (Figures 1 and 2).

Table 2. Mode of delivery according to fetal head position.

Mode of Delivery
Head Position

ORs 95% CI p-Value
Occiput Anterior Occiput Posterior

Vaginal delivery 58 (96.7%) 2 (3.3%) 24.167 3.8–152.5 <0.001

Operative vaginal delivery 10 (90.9%) 1 (9.1%) 8.333 0.7–89.4 0.080

Cesarean section 6 (54.5%) 5 (45.5%) Reference

Data are given as n (%), multinomial regression analysis was used. ORs: odds ratios, 95% CI: 95% confidence
interval.
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Table 3. Ultrasonographic characteristics at the second stage of labor, according to the mode of
delivery.

Ultrasonographic
Characteristics

Mode of Delivery p-Value
Vaginal Delivery Operative Vaginal Delivery Cesarean Section

HPD (mm) 28.6 (10.1) 26.9 (6.84) 41.4 (5.3) <0.001

AoP (◦) 145.7 (24.9) 139.9 (23.8) 132.1 (26.2) 0.289

One-way ANOVA, AoP: angle of progression, HPD: head–perineum distance.

Figure 1. Comparisons of means of angle of progression (AoP) between different modes of delivery
(p-value = 0.289). The dots “◦” in the figure are the outliers; the values that fall above or below the
expected variation and the asterisk “*” is the extreme outlier.

Figure 2. Comparisons of means of head–perineum distance (HPD) between different modes of
delivery (p-value < 0.001). The dots “◦” in the figure are the outliers; the values that fall above or
below the expected variation.

The correlation of AoP with maternal–fetal characteristics was investigated, and we
identified a negative association between parity and AoP (Pearson correlation coefficient
r = −0.221, p-value = 0.047). In addition, a positive association was identified between HPD
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and BMI (Pearson correlation coefficient r = 0.268, p-value = 0.024), as well as the duration of
the second stage of labor (Pearson correlation coefficient r = 0.256, p-value = 0.031) (Table 4).

Table 4. Correlation of head–perineum distance (HPD) with maternal–fetal characteristics.

Fetal–Maternal Characteristics

HPD AoP

Pearson r Correlation
Coefficient

p-Value
Pearson r Correlation

Coefficient
p-Value

Age (years) 0.084 0.484 0.045 0.686

Gestational age (weeks) 0.128 0.288 −0.187 0.093

Parity 0.226 0.060 −0.221 0.047

BMI (kg/m2) 0.268 0.024 0.011 0.921

Birth weight (grams) −0.002 0.985 0.013 0.909

Duration of the second stage of labor (min) 0.256 0.031 −0.186 0.095

Total duration of labor (hours) 0.098 0.418 0.012 0.918

Pearson’s correlation coefficient r was used for the parametric values.

Multinomial regression analysis was conducted to investigate any potential predictors
of the mode of delivery. Low parity (OR: 12.024, 95% CI: 6.320–22.876, p-value < 0.001) and
increased HPD (OR: 1.23, 95% CI: 1.05–1.43, p-value = 0.007) were found to be significant
predictors of CS. The total duration of labor was found to be a significant predictor of OVD
(OR: 1.24, 95% CI: 1.05–1.46, p-value = 0.007) (Table 5).

Table 5. Predictors of mode of delivery.

Mode of Delivery Predictor ORs 95% CI p-Value

Cesarean section vs.
Vaginal delivery (Ref)

Age 1.2 0.003–0.003 0.451

Gestational age 0.68 0.42–1.12 0.133

Low parity 12.024 6.320–22.876 <0.001

BMI 0.903 0.700–1.164 0.432

Birth weight 1 0.99–1 0.079

Duration of the second stage of labor 1 0.99–1.03 0.208

Total duration of labor 1.1 0.94–1.34 0.178

High AoP 1 0.9–1.06 0.655

High HPD 1.23 1.05–1.43 0.007

Operative vaginal delivery vs.
Vaginal delivery (Ref)

Age 1.06 0.942–1.202 0.312

Gestational age 1.29 0.96–1.73 0.086

Low parity 1.99 0.55–7.166 0.292

BMI 1.04 0.86–1.2 0.645

Birth weight 1 0.99–1 0.292

Duration of the second stage of labor 1 0.98–1.01 0.821

Total duration of labor 1.24 1.05–1.46 0.009

High AoP 0.98 0.94–1.02 0.421

High HPD 0.91 0.78–1.06 0.244

Vaginal delivery: reference (Ref), ORs: odds ratios, 95% CI: 95% confidence interval, BMI: body mass index,
multinomial regression analysis.
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Multinomial regression analysis was conducted to investigate any associations be-
tween epidural (yes/no), oxytocin (yes/no), or onset of labor (spontaneous/induction of
labor) and the mode of delivery (VD, OVD, or CS). Neither epidural nor oxytocin, nor onset
of labor could predict the mode of delivery (Table 6).

Table 6. Association of oxytocin, epidural, and spontaneous onset of labor versus induction of labor
with the mode of delivery.

Mode of Delivery Labor Characteristics ORs 95% CI p-Value

Cesarean section

Oxytocin 4.603 0.547–38.76 0.160

Yes 10 (16.9%)

No 1 (4.3%)

Epidural 1.121 0.286–4.390 0.870

Yes 6 (14.6%)

No 5 (12.2%)

Onset of labor 1.051 0.248–4.124 0.943

Spontaneous 5 (14.3%)

Induction 6 (12.8%)

Operative Vaginal Delivery

Oxytocin 1.168 0.267–5.107 0.837

Yes 8 (13.6%)

No 3 (13.0%)

Epidural 0.572 0.147–2.233 0.422

Yes 5 (12.2%)

No 6 (14.6%)

Onset of labor 0.219 0.041–1.159 0.074

Spontaneous 2 (5.7%)

Induction 9 (19.1%)

Vaginal Delivery

Oxytocin Reference

Yes 41 (69.5%)

No 19 (82.6%)

Epidural

Yes 30 (73.2%)

No 30 (73.2%)

Onset of labor

Spontaneous 28 (80.0%)

Induction 32 (68.1%)

ORs: odds ratios, 95% CI: 95% confidence interval, vaginal delivery: reference; multinomial regression analysis
was used.

In 11 (13.4%) cases, there was prolongation of the second stage, according to the
criteria defined by Zhang et al. [6]. In 2 of these 11 (18.2%) cases, there was an occiput
posterior head position; a successful OVD was performed in 1 case, whereas a CS was
performed in the other one. The mean AoP did not differ significantly between the groups
with prolonged and normal second stages of labor (136.8º vs. 143.8◦, p-value = 0.458),
whereas the HPD differed significantly between the two groups (39.6 vs. 29.1, p = 0.005)
(Figures 3 and 4).
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Figure 3. Comparisons of means of angle of progression (AoP) between normal and prolonged
second stage of labor (p-value = 0.485). The dots “◦” in the figure are the outliers; the values that fall
above or below the expected variation.

Figure 4. Comparisons of means of head–perineum distance (HPD) between normal and prolonged
second stage of labor (p-value = 0.005).

4. Discussion

The main findings of this study were (i) the mean total duration of labor was lower
in the VD compared to the CS group; (ii) the mean duration of the second stage of labor
was lower in the VD and OVD compared to the CS group; (iii) the occiput anterior position
was associated with an increased likelihood of VD; (iv) the mean HPD was lower in the
VD compared to the CS group and was associated with increasing maternal BMI and a
prolonged second stage of labor; (v) low parity and high HPD were found to be significant
predictors of CS; and (vi) increased total duration of labor was a significant predictor
of OVD.

A study examining the mode of delivery and outcomes according to birth weight
revealed that birth weight is a significant determinant of the mode of delivery; CS rates were
increased with increasing birth weight [26], which was in accordance with the findings of
our study. Additionally, published data support that longer durations of both the first and
the second stages of labor have been associated with higher odds of OVD [27]. Our study
revealed a significant difference in the total duration of labor and the duration of the second
stage of labor between the delivery modes. Moreover, according to the literature, only 34%
of cases with occiput posterior head position do not require any operative intervention,
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whereas 82% of cases with occiput anterior head position do not require any operative
intervention [28,29], which is in agreement with the findings of our study.

Regarding the prediction of the mode of delivery following the measurement of the
AoP, the current literature supports that this sonographic parameter can predict the duration
of labor, the progress, and the mode of delivery [30]; a larger angle at the beginning of the
second stage of labor has been significantly associated with shorter time to delivery [31].
More specifically, one study suggested that an AoP ≥ 113◦ at the second stage of labor
was associated with 90% probability of VD [31]. In another study, the odds of OVD were
2.6 times higher for women with an AoP < 153◦, and the odds of CS were almost six
times higher when compared with women with AoP ≥ 153◦ (aOR: 5.8, 95% CI: 1.2–28.3,
p = 0.03) [32]. According to the results of our study, the mean AoP differed among the three
groups (VD, OVD, CS), but not significantly; therefore, it could not predict the mode of
delivery in our sample. This could be attributed to the small sample and/or to the fact that
a single value of AoP was measured at the beginning of the second stage, without serial
measurements unless there was a prolonged second stage.

Regarding HPD, according to published data, VD has been associated with a lower HDP
in comparison with those who required OVD or CS (33.2 mm vs. 40.1, p-value = 0.001) [29];
this is in accordance to the findings of our study. High parity, along with low HPD, have
been previously identified as significant predictors of VD, which is also in agreement with
our findings [17]. In case of a prolonged second stage of labor, the literature supports that
both the AoP and the HPD can predict VD [29]. We found that HPD was significantly
higher in cases of prolonged second stages of labor. It has been shown that multiparous
women maintain a higher station for a longer time before delivery, but often proceed
rapidly to delivery once full dilation is reached [33]. Moreover, we found that AoP was
correlated negatively with parity; the first measurement of AoP was lower in multiparous
than nulliparous patients, despite the shorter durations of their second stages.

This study’s main strength lies in its comprehensive approach, integrating both ultra-
sound and clinical parameters to assess labor progression, particularly during the second
stage. Moreover, its prospective nature adds to the strengths of the study. However, it is es-
sential to acknowledge the study’s limitations, especially the limited sample size. Another
limitation includes the single measurement of the AoP and HDP during the second stage
of labor; serial measurements were conducted only in cases of prolonged second stage
duration.

5. Conclusions

According to the results of this study, the use of intrapartum ultrasound as an adjunc-
tive technique to the standard clinical evaluation may predict the need for OVD or CS. The
optimal mode of delivery remains a prominent concern in modern obstetrics. Over recent
years, there has been a progressive increase in the rates of CS, surpassing the recommended
limit set by medical societies. Obstetricians often face a challenge, as they lack the requisite
technology to assist in determining the appropriateness of a CS based on intrapartum
conditions. Integrating intrapartum ultrasound in the assessment of the progress of labor,
along with all the clinical parameters, may enhance the diagnostic approach to an abnormal
labor progress.
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Abstract: Purpose: Postpartum psychosis (PPP) is a serious mental health illness affecting women
post-parturition. Around 1 in 1000 women are affected by postpartum psychosis, and the symptoms
usually appear within 2 weeks after birth. Postpartum mental disorders are classified into 3 main
categories starting from the least to most severe types, including baby blues, postpartum depression,
and postpartum psychosis. Materials and Methods: In this systematic review, genetic and epigenetic
factors associated with postpartum psychosis are discussed. A PRISMA flow diagram was followed,
and the following databases were used as main sources: PubMed, ScienceDirect, and Scopus. Addi-
tional information was retrieved from external sources and organizations. The time period for the
articles extracted was 5 years. Results: Initially, a total of 2379 articled were found. After the stated
criteria were applied, 58 articles were identified along with 20 articles from additional sources, which
were then narrowed down to a final total of 29 articles. Conclusions: It can be concluded that there
is an association between PPP and genetic and epigenetic risk factors. However, based on the data
retrieved and examined, the association was found to be greater for genetic factors. Additionally,
the presence of bipolar disorder and disruption of the circadian cycle played a crucial role in the
development of PPP.

Keywords: postpartum psychosis; genetic risk factors; epigenetic risk factors

1. Introduction

Postpartum mental disorders refer to a spectrum of mental health conditions affecting
women post-parturition [1]. During the postpartum period, it is estimated that around 85%
of women are affected by mood disturbances. The symptoms can either be mild or severe,
appearing in the form of depression or anxiety. The postpartum mental illness women
experience is divided into 3 main categories, including baby blues, which is also known
as postpartum blues; postpartum depression; and postpartum psychosis [2]. Baby blues
affect around 50–85% of new mothers [3], and it is a temporary episode that settles when
hormone levels return to their original state at approximately 2 weeks [4]. Postpartum
depression occurs within 6 weeks post-delivery and affects around 6.5–20% of women,
especially adolescent women with premature infants, with symptoms lasting up to 1 year [5].
Moreover, postpartum psychosis is a severe but reversible mental health condition affecting
women post-parturition [6]. It is a rarer but a more serious form of postpartum mental
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depression, affecting only 0.089–2.6% of women every 1000 births. Worldwide, postpartum
psychosis occurs in around 12 million to 352.3 million women giving birth [7]. Severe
postpartum mental disorders raise concerns regarding both clinical and public health, and
urgent medical care must be provided in order to secure the safety of both the mother
and infant. However, in some cases, the outcomes are unfortunate. For instance, poor
fetal development as well as infant death and maternal suicide are among the most severe
outcomes that can occur [8]. One important piece of information that must be thoroughly
examined is the mechanism involved in the development of postpartum psychosis along
with the degree of association to both genetic and epigenetic factors. This information is
necessary to successfully manage the symptoms and protect the health of those directly
involved, namely, the mother and the child.

1.1. Symptoms of Postpartum Psychosis

The symptoms of PPP usually appear unexpectedly within hours or a few days during
the 2 initial weeks after birth. The symptoms include hallucinations, such as auditory,
visual, and olfactory sensations, as well as physical sensations that do not exist. Women
with PPP tend to be suspicious with fears, thoughts, and beliefs that are not rational and
tend to have manic episodes where they feel high and overactive; they tend to excessively
and rapidly talk and lack normal inhibitions due to restlessness [6,7]. In contrast, the manic
and overactive episodes are accompanied by low mood episodes characterized by signs
of depression, withdrawing from social events, a lack of energy, loss of appetite, anxiety,
and insomnia. Thus, these women are in a constant fluctuation of manic and hypomanic
feelings. Furthermore, they tend to be in a state of confusion [6,7]. In more alarming cases,
women tend to have suicidal thoughts and even act poorly with the motive of harming
their child [7].

1.1.1. Classifications of Symptoms

Symptoms can be classified into 3 main categories: depressive, manic, and atypical,
which is also known as mixed symptoms.

1.1.2. Depressive Symptoms

The depressive category is the most common and most dangerous classification that
comprises up to 41% of PPP cases. Evidence reveals that PPP accompanied by depressive
symptoms is always a risk factor in women with a tendency to harm themselves and even
their child especially during episodes of hallucinations and delusions that “command” them
to cause harm [7]. Statistically speaking, the percentage of women causing harm to a child is
around 4.5%, which is 5 times greater in comparison to the other 2 classifications. Suicidal
rates of up to 5% have been reported for the depressive classification. The symptoms
included in the depressive category are hallucinations and delusions; anxiety and panic
attacks; loss of appetite; anhedonia, which is loss of enjoyment in things that the individual
usually finds pleasant; depression; and thoughts of self-harm and harming their child.

1.1.3. Manic Symptoms

The second most common subtype is the manic category, affecting around 34% of
women. Compared with the depressive category, the percentage of women causing self-
harm and harming the child is lower, representing 1% of cases. The symptoms of this
subcategory include agitation, irritability, aggressive behavior, lack of sleep, constant and
rapid talking, and an increased tendency for delusional thoughts [7].

1.1.4. Atypical—Mixed Symptoms

The third category with the lowest percentage of cases compared with the depressive
and manic categories is the atypical category, which is also known as the mixed category,
with an approximately 25% chance of occurrence. In this category, women tend to be
less aware about their environment. They tend to have disorganized behaviors, exhibit
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unstructured speech, and appear disorientated. They are in a state of confusion and lack
the ability to be alerted by situations taking place around them. In certain cases, they are in
a state of catatonia [7], which is described as a lack of stimulation to actions occurring in
their surroundings; people with catatonia tend to behave strangely and poorly, leading to
life-threatening complications [9].

1.2. Risk Factors

PPP is considered to have a multifactorial origin, as various risk factors can trigger
its development, including a history of PPP in previous pregnancies, a personal or family
history of psychosis or bipolar disorder (BD), a history of schizoaffective disorder, and
stopping psychiatric medications during pregnancy [10]. Genetic and epigenetic alterations,
conditions during childbirth, and sleep deprivation are considered risk factors for the
development of PPP.

1.2.1. Genetic Risk Factors

Genetics, epigenetics, neuroactive molecules, psychiatric history, social support, heath
history, use of substances, and adverse life events belong under this branch. Regarding
genetics, DNA is an essential baseline for the possible development of diseases [11]. Recent
research has shown that 49% of individuals diagnosed with PPP have a history of BD [11].
In cases of full blood siblings where one sister developed PPP, which was triggered during
childbirth, higher chances of PPP development are noted for the other sister compared
with the rate of occurrence in non-related individuals [12].

1.2.2. Epigenetic Risk Factors

Epigenetics is an alteration in gene function that does not affect the DNA sequence.
The main type of alteration that takes place is DNA methylation, which is the addition
of a methyl group to the DNA responsible for gene transcription and the specificity of
the cell [13]. DNA methylation (DNAm) is a chemical modification found on cytosine
phosphate-guanine sites (CpG). DNAm is an influencer of gene expression, genomic
stability, and the conformation of chromatin [13]. DNAm biomarkers are used for the iden-
tification of any possible alterations in individuals with postpartum mental disorders [13].

1.2.3. Childbirth and Sleep Deprivation as a Risk Factor

Childbirth is a strong biological trigger for the development PPP. Sleep deprivation
during labor and the period after childbirth is a risk factor for the development of PPP, es-
pecially in women who have previously experienced mania as a result of sleep deprivation.
Primiparity is the main obstetric risk factor for the development of PPP in contrast with
age, which showed no correlation with PPP [3].

1.3. Mother–Infant Bonding among Mothers Suffering from PPP

PPP has unfavorable consequences for both the mother and infant. Mothers with
PPP tend to have delusional thoughts related to the infant, leading to extreme behaviors.
On the one hand, the mother may appear to be overprotective of her child. In contrast, she
may be abusive and neglect the care of the child. However, studies have suggested that
the degree of severity can exhibit sociocultural differences. An Indian study reviled that
43% of women suffering from PPP had infanticidal thoughts and 36% reported infanticidal
behavior compared with a rate of 8% among Dutch women [3].

Although PPP is a more severe form of postpartum mental disorder, PPD has a higher
rate of disturbed mother–infant bonding at approximately 57.1% and only affects 1 in
5 women (17.6%) suffering from PPP [14]. Evidence suggests that children born to mothers
who suffer from PPD have high risks of developing socioemotional and cognitive problems.
Infants participate in daily interactive routines with their mothers, but maternal depression
can influence those daily activities in 2 main ways: intrusiveness or withdrawal.
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Intrusive mothers usually create a hostile environment that disrupts the infant’s
activities. The infant as a result experiences feelings of anger, which then develop into
internalized anger and further into a coping mechanism to prevent its mother intrusive
behavior [15].

Withdrawn mothers show a lack of interest in their child, which makes it difficult for
them to pay attention and understand when their child is unwell. They are disengage with
minimal support of the infant’s activities and are mostly unresponsive when it comes to
their child’s needs. As a result, children are unable to self-regulate this negative attitude
and develop self-regulatory behaviors [15].

1.3.1. Effects on the Time Scale from Embryonic Life to Adulthood

Regarding a time scale starting from the prenatal stages, infants tend to have poor
nutritional levels, higher chances of being born prematurely, and have a low birth weight
and inadequate prenatal care. The inadequate prenatal care is a result of the lack of maternal
care and an inability of expression of maternal affection from mothers suffering from
postpartum mental disorders.

1.3.2. Infancy

During the infancy period, infants reveal both cognitive and behavioral issues, such as
low cognitive performance; this develops as a result of the mother being restrictive towards
her child and not allowing it to participate in the everyday life activities as it normally
should [16]. This will lead to negative behavioral outcomes, including anger outburst
and passivity as a protective coping mechanism as well as withdrawal and self-regulatory
behaviors due to the lack of infant–maternal bonding. The infant does not develop the
appropriate arousals and regulated attention required for its proper development leading
to future problems in its third phase of development, the toddler stage.

1.3.3. Toddler

The toddler tends to have a passive and non-compliance behaviors; it tends to ignore
authority figures, such as parents or teachers at pre-school, and acts as if commands and
rules are non-existent [17]. The child finds it difficult to develop a form of autonomy
resulting in less social interactions and tends to be isolated from the rest of its peers. Its
ability to socialize shows a lack of cognitive performance as well as lack of creativity in
comparison with the rest of the children its age.

1.3.4. Childhood

When the child reaches a school-appropriate age, certain new traits develop including
attention deficit and hyperactivity disorder (ADHD) and the verbal as well as the full IQ
scores are found to be lower compared to the average children of its age with non-depressed
mothers. Children of depressed mothers have impaired adaptive functioning as well as
affective problems, meaning a set of psychiatric disorders, such as depression or bipolar
disorder with different extents of severity. Additionally, anxiety disorders and conduct
disorders, with disregard to third parties and an inability to properly behave in a socially
acceptable manner, are noted [17].

1.3.5. Adolescents

Lastly, during the adolescent years of their lives, teenagers reveal great academic
challenges due to ADHD, learning disorders, and affective disorders, such as depression,
anxiety disorders, phobias, and panic disorders involving frequent and unexpected panic
attacks [16]. These children even end up experiencing alcohol and substance abuse. Other
studies have shown that children born to mothers who suffer from PPD are at higher risk
of poor health compared to the rest of the population, including shorter gestation periods,
impaired cardiovascular function, increased gastrointestinal infections, reduced weight
gain, and lower respiratory tract infections [17,18].
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1.4. Epidemiology of Postpartum Psychosis

The postpartum period, which is also known as puerperium, is the period post-
parturition up to around 6–8 weeks after delivery where the female body goes through
certain physiologic changes to bring the body back to its original state before pregnancy was
initiated [19]. This stage is considered a high-risk time for the development of psychiatric
disorders due to certain triggers taking place during childbirth [7,16]. A UK study revealed
that the chances of a psychiatric disorder development was 22 times more likely in the
first month post-delivery compared to during and prior to pregnancy. The likelihood of
the development of PPP was greater among women who were primiparous, those bearing
a child for the first time [7,16]. It is estimated that around 60% of women suffering from
PPP have a history of mental disorders that were either managed in the past and have a
recurrent effect due to the triggers caused by the pregnancy or were still present during
conception as well as during and post-delivery [8,20].

1.5. Evaluation and Diagnosis of Postpartum Psychosis
1.5.1. Medical and Social History

When a patient who has recently given birth presents with psychotic symptoms,
a thorough medical history as well as a neuropsychiatric evaluation must take place to
obtain a correct diagnosis and treatment [21]. Personal as well as family histories of
psychiatric illnesses must be taken into account or excluded. Both prenatal and postpartum
records must be thoroughly examined to narrow down any possible medical comorbidities,
organic causes, and gynecological and obstetric complications, such as pre-eclampsia,
eclampsia, previous negative birth outcomes, and current birth complications [21]. It is
important to note whether the patient suffered from past psychotic episodes and whether
she continued her medication throughout her pregnancy and or resumed it post-delivery.
Any history of substance abuse or current stressors, such as financial difficulties, and
social as well as support circles should be taken into consideration when it comes to the
evaluation of PPP.

1.5.2. Diagnostic and Statistical Manual of Mental Disorders 5th Edition (DSM5)

The Diagnostic and Statistical Manual of Mental Disorders 5th Edition (DSM5) states
that severe depressions are diagnosed based on the presence of 5 out of 9 stated symptoms
within 2 weeks that the symptoms appear. The possibility that the symptoms are associated
with another condition must be overruled in order to have a clearer diagnosis [22].

1.5.3. Lab Examinations

Lab examinations, including a complete blood count (CBC), electrolytes, blood urea
nitrogen (BUM), creatinine levels, glucose, vitamin B12, folate, thyroid function tests (TPO
and free T4), calcium, urinalysis, urine culture, urine drug screen, liver function tests
(LFTs), CT and brain MRI, can be performed to rule out any medical conditions and
organic substances that might interfere and appear as psychotic conditions [7,23]. Condi-
tions that might present as psychosis are hyponatremia; hypernatremia; hypoglycemia;
and hyperglycemia, including insulin shock and diabetic ketoacidosis. LFTs will help
to exclude hepatic encephalopathy, and thyroid function tests for hypothyroidism and
hyperthyroidism should be performed. Urine analysis will be used to identify any possible
infections, and CT and MRI examinations are used to evaluate the possibility of a stroke,
which is a risk factor for women with pregnancy-induced hypertension, preeclampsia, and
eclampsia [21,24].

1.5.4. Edinburgh Postnatal Depression Scale (EPDS)

During prenatal care visits, physicians must provide a screening test also known as
the Edinburgh Postnatal Depression Scale (EPDS). The 10-question EPDS includes specific
questions that help in the determination and diagnosis of PND. The EPDS is used to
evaluate and assess the possible existence of PPP. The EPDS consist of 10 multiple-choice
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questions provided to the mothers to assess the existence and severity of postpartum
depression (PPD) and PPP. The scale is used at 6 to 8 weeks post-delivery and should be
fully completed by the mother herself. A score greater than 13 is considered positive for
depression [25].

2. Methodology

This is a systematic review study that followed a PRISMA flow diagram (Figure 1) to
study targeted papers on the association of PPP with genetic and epigenetic risk factors.
A table was then prepared to simplify the main articles found.

Figure 1. PRISMA Flow Diagram for Postpartum Psychosis and Genetic and Epigenetic Risk Factors.
The main databases used include PubMed, ScienceDirect, and Scopus. Studies published during a
5-year period were identified [26].

Materials and Method

A PRISMA flow diagram was followed to narrow down articles based on the following
criteria: articles published within a 5-year range between 2019 and 2024 and the type of
articles included were either systematic reviews, literature reviews, or meta-analyses. Case
reports and trial studies were excluded. The keywords used included postpartum psychosis
(PPP), genetic factors, and epigenetic factors. The main databases used were PubMed,
Scopus, and ScienceDirect. Additional sources include websites and organizations, such as
the NHS, John Hopkins Medicine, American Pregnancy Society, Cleveland Clinic, Frontier,
Springer, etc. Any duplicates were removed, and the information found was narrowed
based on certain criteria.

3. Results

Initially, before the adjustments for advanced settings were made when searching
the keywords stated above in the main databases, 2397 records were identified, including
57 records from PubMed, 49 from Scopus, and 2273 from ScienceDirect. After the applica-
tion of criteria, 2321 records were excluded automatically. The remaining 58 were screened,
and 7 duplicates were removed. Thus, a total of 51 studies remained. From those 51 records,
42 were excluded for the following reasons: 3 were animal studies, 1 was only available as
an abstract, 23 papers had low relevance to the current study after the whole article was
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examined, 5 were excluded due low relevance based on the abstracts examined, 6 were
excluded due to low relevance based on the title, and 4 studies were excluded based on
study type. Thus, 9 studies remained. In addition, 20 studies were found from additional
sources, leading to a total of 29 studies when combined with those identified from the
main databases.

After examination of the 9 articles obtained from the main databases, a table (Table 1)
was generated using Microsoft Word 2023. The table includes the following categories:
Study, Genes and Chromosomal Location—Genetic and Epigenetic Factors, Clinical As-
pects, and Treatment. The additional 20 articles found from other sources were used as
complementary data to support the main articles. After examination and extraction of data
from the 9 main articles, the following observations were made.

Table 1. Data Collected from the PRISMA Flow Diagram.

Study
Genes and Chromosomal

Location-Genetic and Epigenetic Factors
Clinical Aspects Treatment

Perry A, 2021 [8]

Chromosomal locations 16p13 and 8q24
Methyl transferase-like 13
Variations in the 5-HTTT

serotonin transporter gene
STin2.12 allele

PPP
BD Lithium

Thippeswamy H,
2021 [27] Deletion of the STS gene

High risk of developmental disorders
and associated traits

Increased self-reported irritability
Psychological distress

Manic symptoms
Fatigue and altered sleeping patterns

Weight changes—rare cases with
paranoid schizophrenia

-

Friedman SH, 2023 [20] PRS folate metabolism
(MTHFR C677T)

PPP
Major depression

BD

Pharmacological
intervention for PPP

(Lithium)
Antipsychotics

(Benzodiazepines)
ECT

Davies W, 2019 [28]
CCN gene family (elevated CCN2 and

CCN3 levels)
Chromosomal locations 16p13 and 8q24

PPP
BD

Sleep deprivation
Manic symptoms

Depressive symptoms

-

Sharma V, 2022 [29] -
BD
PPP

Major Depressive Episodes
Manic Symptoms

Neuroleptics (Haloperidol)
Lithium

Antipsychotics
ECT

Alshaya DS, 2022 [30]

SLC6A4
COMT
TPH2
FKBP5
MDD1
HTR2A
MDD2

Methylation in BDNF, NR3C1, and OXTR
genes

PPP
Depression

Antidepressants
Selective serotonin reuptake

inactivators
Serotonin/norepinephrine

reuptake inhibitors
ECT
CBT
MBC
IPT

Walton NL, 2023 [31] mRNA expression of 5α-reductase type I

PPP
Anxiety disorder

PPD
BD

Schizophrenia

ZULRESSO (Brexanolone)
Antidepressants
Antipsychotics

Mood stabilizers

Silveira PP, 2023 [32] Serotonin transporter gene polymorphism
SNPs Depression -

Bhatnagar A, 2023 [33] CCGs

Depressive-like behavior
Mood deficits

Manic behavior
BD

Lithium
Light therapy

Melatonin supplements
Awake-promoting

medications

Abbreviations: Postpartum psychosis (PPP), postpartum depression (PPD), bipolar disorder (BD), clock-controlled
genes (CCGS), electroconvulsive therapy (ECT), cognitive-behavioral therapy (CBT), mindfulness-based cognitive
therapy (MBCT), interpersonal therapy (IPT), single nucleotide polymorphisms (SNPs).
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4. Discussion

When the extraction of information from the articles was completed, the following
observations were made with regards to the genetic and epigenetic factors, clinical aspects,
and methods of treatment.

4.1. Genes and Chromosomal Location—Genetic and Epigenetic Factors

First, a number of genes are associated with depressive disorders, such as variations
in the 5-HTT serotonin transporter gene and polymorphisms in the STin2.12 allele [8];
SNPs [9]; clock-controlled genes (CCGs) driven by endogenous molecular clocks that
regulate rhythmic expression [31]; SLC6A4, COMT, TPH2, FKBP5, MDD1, HTR2A, and
MDD2 as well as methylation in genes BDNF, NR3C1, and OXTR [30]; the CCN gene
family with elevated CCN2 and CCN3 expression [28]; deletion of the STS gene [27];
methyl transferase-like 13; chromosomal locations 16p13 and 8q24 [8]; mRNA expression
of 5α-reductase type I [25], and PRS folate metabolism (MTHFR C677T) [20]. These genes
were found to be mainly associated with PPP, BP, manic symptoms, and major depressive
episodes. The 5-HTT serotonin transporter gene, linkage of chromosomal locations 16q13
and 8q24 with CCN2 and CCN3, MTHFR C677T variations and methylation in BDNF,
NR3C1, and OXTR genes will be discussed further.

4.1.1. Variations in the 5-HTT Serotonin Transporter Gene

Two studies reported that 5-HTT serotonin transporter gene variations are highly
associated with PPP, especially in women with bipolar disorder (BD) [8,32]. Specifically,
5 HTTLPR-VNTR is a variant form of the SLC6A4 gene that is located at the human
chromosome 17q11.2 [34]. The polymorphism in this location is biallelic with a 44 bp
insertion/deletion leading to the formation of two different alleles: the short (S) allele
contains deletions and the long (L) allele contains insertions [35]. Studies have revealed
that the presence of allele S decreases the transcriptional efficiency of the 5 HTT promoter,
leading to lower levels of serotonin transporter binding and uptake. Thus, a greater risk
of susceptibility to psychiatric disorders and major depressive episodes, such as PPD and
PPP, is observed [35,36].

4.1.2. Linkage of Chromosomal Locations 16q13 and 8q24 with CCN2 and CCN3

Two studies [8,28] discussed the linkage between PPP and the chromosomal locations
16q13 and 8q24. The CCN gene family comprises of 6 members of which CNN2 and
CNN3 are included. Elevated CCN2 and CCN3 gene expression in the brain and abnormal
maternal behavioral phenotypes have been indicated [28]. More specifically, it has been
associated with PPP, BD, sleep deprivation, manic symptoms, and depressive symptoms.
Since the CCN3 gene is located at a distance of 138 cm from 16q13 and 8q24, a signal
association can be potentially explained regarding the maternal phenotypic behavior [8,28].

4.1.3. MTHFR C677T Variation

Additionally, two studies discussed SNPs [20,32]. In one of the two studies [16], SNPs
of the MTHFR gene are discussed. Specifically, the C677T genetic variant is highlighted [20].
The methylenetetrahydrofolate reductase (MTHFR) gene is located in human chromosomal
region 1p36.3. The C677T variant is due to the replacement of a cytosine nucleotide base
with thymine, leading to the conversion of the valine to alanine at codon 222 [11]. C677T
has been found to be associated with PPP, BD, and major depressive episodes [36].

4.1.4. Methylation in the BDNF and NR3C1 Genes

Epigenetics refers to the science that studies external changes in DNA without any
alterations in the nucleotide sequences of the DNA, resulting in functional and behavioral
changes in the genes and subsequent alterations in protein function. A study identified
from the main database [30] states that degree of methylation, which involves the addition
of a methyl group, in the BDNF and NR3C1 genes has a positive association with PPP.
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4.1.5. DNA Methylation in the OXTR Gene

DNA methylation (DNAm) was found in oxytocin gene receptors (OXTR), reflecting
changes in inflammatory cells. Oxytocin (OT) affects the cell by interacting with the
oxytocin receptor gene (OXTR), a G-protein coupled receptor that promotes G-protein
signal transduction to the nucleus of the cell upon ligand binding. OXTR transcription
is regulated by DNA methylation (DNAm) at a group of sites, such as CpGs, which are
present within the OXTR exon. Methylation at these sites can result in various conditions,
such as autism spectrum disorder, individual variability, unsocial perception, and callous-
unemotional traits. In mice for instance deletion of the OXTR led to deficits in maternal
behaviors. Thus, OXTR is consider a risk factor for the development of PPD. Studies support
interactions between the OXTR genotype at rs53576 and increased risk for comorbid
depressive and disruptive behavior disorders, and OXTR DNAm was associated with
women with euthymic moods becoming depressed during postpartum periods [33]. Studies
have shown evidence of significant interactions among the rs53576 genotype, the degree of
methylation at CpG-934 in OXTR, and the presence of prenatal depression in women with
PPD. Moreover, women who do not show any signs of depression throughout pregnancy
but who carry the rs53576_GG genotype and display high methylation levels in OXTR
are three times as likely to develop PPD in comparison to women with lower methylation
levels or carrying the rs53576 A allele [37].

4.2. Management and Treatment Options
4.2.1. Pharmacological Interventions

When it comes to treatment options, second-generation antipsychotics (SGA) are
more favorable compared with first-generation antipsychotics (FGA) due to lower rates of
extrapyramidal symptoms and a reduced likelihood of tardive dyskinesia [38].

4.2.2. Lithium

The advisable treatments include pharmacological interventions, such as lithium,
which is an FGA, as a treatment option or for prophylaxis. Lithium is used as a standard
treatment for BD and psychotic disorders, such as PPP. Lithium reduces excitation of
dopamine and glutamate and increases inhibitory GABA neurotransmission. In more
severe cases where psychosis is present prior to delivery, lithium is advisable despite
being considered harmful to the embryo’s development, especially in extreme cases where
the mother is capable of harming herself and the infant and the benefit of taking the
medication outweighs the costs [8,33,38,39]. However, it must be noted that lithium
comes with high risk factors; thus, certain examinations must be performed before the
administration of lithium, such as renal disease screening and thyroid disease analysis,
and an electrocardiogram (ECG) should be performed for individuals with coronary risk
factors, hypertension, dyslipidemia, and smoking habits [38]. Additionally, if the woman
wants to breastfeed her child, lithium might not be the best option. Lithium crosses into
breast milk in large quantities and thus may affect the infant [10].

4.2.3. Benzodiazepines and Brexanolone—GABA Inhibitory Neurotransmitter

Another form of medication is antipsychotics, specifically benzodiazepines falling
under the FGA category. These drugs are favorable, especially in cases of women suffering
from insomnia [21] as they increase inhibitory GABA neurotransmission [40,41]. Addition-
ally, ZULRESSO (Brexanolone) is another medication prescribed for moderate to severe
forms of PPD and PPP. Brexanolone is a neurosteroid like allopregnanolone; these drugs
are neuroactive GABA inhibitory neurotransmitters that act as receptor modulators [42].
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4.2.4. Antidepressants

Antidepressants, such as selective serotonin reuptake inhibitors (SSRIs) as well as
norepinephrine reuptake inhibitors, have been suggested as effective treatments for PPD
and show favorable results in women suffering from BD [29–31].

4.2.5. Neuroleptics

Neuroleptics, such as haloperidol, have been used as treatment options for PPP and
BD. However, as haloperidol is an FGA, it is more likely to cause adverse effects; thus,
SGA medications are more favorable as a treatment method [31].

4.2.6. SGA Antipsychotics

As stated above, SGA antipsychotics are more favorable than FGA. When it comes to
the best choice for use, the patient’s additional health issues and psychiatric symptoms must
be taken into account. For patients who cannot take lithium as a treatment option, SGAs are
used as an alternative monotherapy. SGAs include olanzapine, quetiapine, risperidone, and
clozapine. It has been suggested that both olanzapine and quetiapine are the best options
for women who want to breastfeed their children [10,38,43]. Clozapine is considered unsafe
while breastfeeding.

4.2.7. Hypnotics

Zopiclone is another treatment option; however, it is important that breast-fed infants
are monitored for sedation, hypotonia, and respiratory distress, especially with regular use
of large doses of hypnotics [10].

4.2.8. Alternative Forms of Treatment—Non-Pharmacological Agents

Cognitive-behavioral therapy (CBT) involves efforts to change thinking and mind-
set [44]. Mindfulness-based cognitive therapy (MBCT) prevents relapse of recurring
episodes of depression or deep unhappiness [45]. Interpersonal therapy (IPT) is a form
of psychotherapy that focuses on relieving symptoms by improving interpersonal func-
tioning [17]. These therapies have been suggested as methods of treatments, but the most
common treatment found in 3 of the 9 articles [20,29,30] is electroconvulsive therapy (ECT).

4.2.9. Electroconvulsive Therapy (ECT)

ECT is an alternative form of treatment and is usually performed in patients who
do not respond to antipsychotic medication and mood stabilizers [46]. ECT is procedure
performed under anesthesia, and it involves the use of small electric currents passing
through the brain and causing minor and brief seizures, with the aim of altering the
chemical wiring of the brain and thus reversing the symptoms of PPP [47]. It is mostly
used to treat depressive episodes, but it is also used for the treatment of schizophrenia.
There is a 77% rate of success in schizophrenic patients. Strong evidence was found for
improvements in women with PPP after undergoing ECT [39,47]. However, side effects
include temporary memory loss of current events, headaches, nausea and brief confusion
that does not last longer than a few hours [39,47].

5. Conclusions

The aim of this study was to assess the genetic and epigenetic factors associated with
PPP. After reviewing the articles, it was found that genetic factors play a more dominant
role compared with epigenetic alterations. Genes found to play a significant role include
the 5-HTT serotonin transporter gene. Methylation was noted in the following genes:
OXTR, the CCN gene family with elevated CCN2 and CCN3 expression, and PRS folate
metabolism (MTHFR C677T). Throughout the examination of the articles, high linkage
between PPP of BD was observed. Women with a history of BD had a much higher risk
of developing PPP, which was triggered during and after childbirth, in comparison with
women with no history of BD. The disruption of the circadian rhythm was seen to play
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an equally important role as clock-controlled genes (CCGs) have been found to affect
mood-regulating brain regions, leading to the development of mood disorders [33]. Thus,
further investigations are needed to assess the relationship among the 3 factors as well
as existing and additional genes that are linked with PPP, BD, and circadian rhythms.
ECT might be the last treatment option. However, it is considered as an early option in
severe cases to minimize the risk of unwanted outcomes regarding the well-being of the
mother and the child [10]. Lastly, lithium is a commonly used approach for both BD and
PPP. However, because it is a FGA antipsychotic, evidence suggests that the use of SGA
antipsychotics might be a more favorable option as there are lower rates of extrapyramidal
symptoms and a reduced likelihood of tardive dyskinesia. In addition, SGA antipsychotics,
such as olanzapine and quetiapine, have been suggested as best treatment options while
breastfeeding due to lower transmission to the maternal milk compared with lithium [10].
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Abstract: (1) Background: The morphology of the pelvic cavity is important for decision-making in
obstetrics. This study aimed to estimate the accuracy and reliability of pelvimetry measures obtained
when radiologists manually label anatomical landmarks on three-dimensional (3D) pelvic models.
A second objective was to design an automatic labeling method. (2) Methods: Three operators
segmented 10 computed tomography scans each. Three radiologists then labeled 12 anatomical
landmarks on the pelvic models, which allowed for the calculation of 15 pelvimetry measures. Addi-
tionally, an automatic labeling method was developed based on a reference pelvic model, including
reference anatomical landmarks, matching the individual pelvic models. (3) Results: Heterogeneity
among landmarks in radiologists’ labeling accuracy was observed, with some landmarks being rarely
mislabeled by more than 4 mm and others being frequently mislabeled by 10 mm or more. The prop-
agation to the pelvimetry measures was limited; only one out of the 15 measures reported a median
error above 5 mm or 5◦, and all measures showed moderate to excellent inter-radiologist reliability.
The automatic method outperformed manual labeling. (4) Conclusions: This study confirmed the
suitability of pelvimetry measures based on manual labeling of 3D pelvic models. Automatic labeling
offers promising perspectives to decrease the demand on radiologists, standardize the labeling, and
describe the pelvic cavity in more detail.

Keywords: atlas; anatomical landmarks; birth delivery; cephalopelvic disproportion; cesarean section;
computed tomography; labeling; pelvimetry; pelvis; segmentation; registration; 3D model

1. Introduction

A cephalopelvic disproportion (CPD) is a general concept referring to an inadequacy
between the size of the fetus’s head and the size of the parturient pelvic cavity. It is a
serious condition, as a large head with respect to the pelvic cavity could lead to an arrest of
the delivery progression [1]. Worldwide, vaginal deliveries with this condition have been
estimated to lead to maternal death in 8% of the cases [2]. It is therefore important to detect
CPD ahead of time to anticipate possible complications and plan the delivery accordingly.
Precise predictions are indeed required, as both underestimating and overestimating the
complications could be detrimental. In some situations, vaginal deliveries could be made
more difficult by CPD, possibly leading to emergency cesarean sections, and in other
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situations, elective cesarean sections could be decided, whereas vaginal deliveries would
have occurred without complications [3,4].

CPD being particularly dependent on the morphology of the pelvic cavity [5], diverse
imaging methods have been proposed to quantify this bony structure, for example using
ultrasound [6], X-ray [7], magnetic resonance imaging (MRI) [8], or computed tomography
(CT) [9]. Other authors also worked on defining predictors of labor complications asso-
ciated with CPD based on morphological measures [10–16]. Regrettably, our capacity to
predict CPD complications remains insufficient [17,18]. Further efforts are thus necessary,
particularly to improve the description of pelvis morphology.

Quantifying the morphology of the pelvic cavity requires identifying anatomical land-
marks in pelvis images, and thus the quality of the quantification depends on the labeling
accuracy [19]. A few studies assessed the accuracy and reliability of radiologists labeling
pelvic landmarks in two-dimensional (2D) images and the impact of these errors on the
pelvimetry measures [20,21]. However, to the authors’ knowledge, no comparable assess-
ment has been published for 3D imaging where the labeling is carried out using 3D pelvic
models [5]. Assessing the labeling errors on 3D models and their propagation to pelvimetry
measures is necessary for the proper use of the growing 3D model-based approach.

The anatomical landmarks required to quantify the pelvic cavity are labeled manually
most of the time, notably because there is a lack of assistive tools. Indeed, so far, devel-
opments in this regard have mainly consisted of methods to label 2D images [22,23] and
to derive a 2D pelvic inlet shape from a 3D pelvic model [24]. No method exists to auto-
matically label anatomical landmarks relevant to obstetrics on 3D pelvic models, whereas
such options have been proposed in different disciplines for a variety of bones [25,26].
Introducing automatic labeling methods for pelvimetry could be very helpful, as it could
allow considering more comprehensive sets of anatomical landmarks, potentially leading
to better descriptions of the pelvic cavity and better prediction of complications associated
with CPD ahead of labor. Automatic methods could also improve accuracy and reliability
while limiting the demand for radiologists. Consequently, there is a need to develop and
assess automatic labeling in pelvimetry.

This study first aimed to assess the accuracy and reliability of radiologists manually
labeling anatomical landmarks on 3D pelvic models and evaluate the impact of these errors
on pelvimetry measures. A second objective was to design an automatic labeling method
and compare it with the standard manual approach.

2. Materials and Methods

2.1. Three-Dimensional Pelvic Models

A set of 10 anonymized pelvic CT scans without contrast agents were extracted
retrospectively from the institution database for this study, following approval from the
local ethics committee. The inclusion criteria were: females aged between 20 and 40 years
old, without bone abnormality at the pelvis or spine (e.g., scoliosis or fracture), and who
gave their consent to further use of their data for research purposes. All scans were acquired
on one of the three following machines: Révolution scanner (General Electric, Boston, MA,
USA), Electric Discovery 750HD FREEdom scanner (General Electric, Boston, MA, USA),
or INGENUITY 128 interventionnal scanner (Philips, Amsterdam, The Netherlands). Voxel
dimensions ranged from 0.57 × 0.57 × 0.5 mm3 to 1.13 × 1.13 × 2.5 mm3.

Each of the 10 CT scans was segmented by three operators for a total of 30 segmenta-
tions using 3D Slicers software [27] (http://www.slicer.org, version 4.10.2). The segmenta-
tion included three segments: the sacrum as well as the left and right hips (Figure 1). The
coccyx was not included because of its limited interest in obstetrics and its poor visibility
on most of the CT scans. Then, each segment was converted into a 3D voxel-based model,
which was subsequently converted into a 3D surface mesh model composed of 25,000 ver-
tices and 50,000 faces with the use of a marching cubes algorithm [28]. A total of 30 pelvic
models were thus generated, each including their respective three bones as independent
3D surface mesh models.
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Figure 1. Illustration of the procedure used to obtain the 3D mesh models from the CT scans. Red
and blue segments correspond to the left and right hips, respectively. The sacrum, the third segment
of the pelvic model, is displayed in green.

The variations among segmentations were assessed by quantifying the spatial overlap
of the segments produced by the three operators. Concretely, this was conducted using
both the Sørensen-dice index [29,30] and the mesh-to-mesh Hausdorff distance [31].

2.2. Manual Pelvimetry

Twelve anatomical landmarks were selected for this study based on their prevalence
in the pelvimetry literature [16,32–34] (Figure 2). Three radiologists from the institution
performing pelvimetry analyses routinely labeled these 12 landmarks on the 30 pelvic
models using a custom-made graphical interface mimicking the ones of usual radiology
software. Ten landmarks are bilateral and were labeled for the left and right sides. For each
labeling of each pelvic model, 15 common pelvimetry measures (13 lengths and 2 angles)
were calculated based on the anatomical landmarks, as detailed in Figure 3.

Figure 2. Pelvic model with indication of the 12 anatomical landmarks. To facilitate the reading, the
landmarks are presented in either a transverse (left), a coronal (middle), or a sagittal (right) view of
the pelvis. Please note that all landmarks except two, the promontory and the lower sacrum border,
are bilateral.
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Figure 3. Definition of the 15 pelvimetric measures. This figure also reports the means and standard
deviations (SD) as well as ranges (min and max) of the pelvimetric measures in the study population.

To assess the accuracy, a labeling error was computed for each landmark of the
90 labeled pelvic models (30 pelvic models labeled by 3 radiologists). This was carried out
by calculating the distance between the position of the landmark of interest and the average
position of the corresponding landmark labeled by the two other radiologists. Pelvimetry
measure errors were quantified in a similar manner as the absolute differences between one
measure and the average value of the same measure obtained by the two other radiologists.
In addition, the reliability of the pelvimetry measures among radiologists was assessed
using the intraclass correlation coefficient [35] (ICC (3, k)) as well as the complementary
standard error of measurement (SEM) [36]. This inter-radiologist assessment was carried
out separately for each measure based on the 30 pelvic models.

Finally, the ICC (3, 1) and the SEM were also used to evaluate the reliability of the
pelvimetry measures across segmentations. This evaluation was conducted separately for
each measure and radiologist based on the three segmentations of the 10 CT scans. The ICC
values were classified [37] as being excellent (ICC ≥ 0.9), good (0.9 > ICC ≥ 0.75), moderate
(0.75 > ICC ≥ 0.5), or poor (0.5 > ICC).

2.3. Automatic Labeling

A method was developed to label anatomical landmarks automatically in any pelvic
model. It consists of matching a reference pelvic model to a target pelvic model using a 3D
shape registration and then projecting embedded anatomical landmarks from the matched
reference pelvis onto the pelvis of interest [38].

The reference model was obtained by “averaging” all the models in this study. To
this end, a ground truth was determined for each landmark of the 30 pelvic models as
the average position of the landmarks labeled by the three radiologists. Then, a spatial
correspondence was established among the 30 models using a non-rigid registration algo-
rithm [39]. This allowed us to calculate a reference model, including reference landmarks,
by averaging all the models and their landmarks (Figure 2). When automatically labeling a
pelvis, the same registration procedure was used to match the reference model to the pelvis
of interest.

The accuracy of the automatic labeling and resultant pelvimetry measures was as-
sessed similarly to the manual procedure, with the exception of using the averages of the
three radiologists (instead of the averages of the two other radiologists) as comparison
values when calculating the errors. The reliability of the pelvimetry measures obtained by
automatic labeling with respect to the segmentation was evaluated using exactly the same
method as described above.
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2.4. Statistical Analyses

The labeling and pelvimetry measure errors were compared between manual and
automatic labeling using Wilcoxon signed rank tests [40]. Non-parametric statistics were
used after refuting a normal distribution for the data based on D’Agostino’s K2 tests [41].

All software developments and statistical analyses were conducted using Matlab
R2019b (The MathWorks Inc., Natick, MA, USA).

3. Results

3.1. Landmarks Labeling Accuracy

The median error of the 12 landmarks varied in the range of 2.3–11.6 mm when the
labeling was carried out manually by the radiologists and in the range of 1.9–6.3 mm
with the automatic labeling (Figure 4). For six landmarks, the error differed statistically
significantly between the radiologists and the automatic method (p ≤ 0.008). In all these
cases, the errors were lower with automatic labeling. The differences in median errors
for these six landmarks varied between 0.6 mm for the ischial spine (smallest significant
difference between radiologists and automatic labeling) and 7.5 mm for the Ischium Inferior
Ramus (largest significant difference between radiologists and automatic labeling).

 

Figure 4. Boxplots of the errors in landmark labeling for the radiologists and the proposed automatic
method. Labels in bold indicate landmarks with statistically significantly different errors between the
radiologists and the automatic method (p < 0.05).

3.2. Pelvimetry Measures Accuracy and Inter-Radiologist Reliability

The mean, standard deviation, and range of the pelvimetry measures in this study are
reported in Figure 3.

Regarding the pelvimetry length measures, the median errors varied in the range of
0.7–5.5 mm for the labeling carried out by the radiologists and in the range of 0.6–4.1 mm
for the automatic labeling (Figure 5). Relative to the lengths, they corresponded to errors of
3.1–26.9% for the radiologists and errors of 1.9–23.1% for the automatic method. For six of
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the 13 length measures, the errors differed statistically significantly between the evaluations
conducted by the radiologists and the automatic method (p ≤ 0.048). For these six lengths,
lower errors were always obtained using automatic labeling. Specifically, the differences in
median errors varied between 0.6 mm for the obstetric conjugate (smallest significant dif-
ference between the evaluations performed by the radiologists and the automatic method)
and 3.3 mm for the inter postero-superior iliac spine (largest significant difference between
the evaluations performed by the radiologists and the automatic method).

Figure 5. Boxplots of the errors in pelvimetry measures for the radiologists and the proposed
automatic labeling method. Labels in bold indicate measures with statistically significantly different
errors between the radiologists and the automatic method (p < 0.05).

Concerning the pelvimetry angle measures obtained by the radiologists, the median
errors were 2.5◦ for the pectineal and 4.1◦ for the subpubic. This corresponds to relative
errors of 13.5% and 17.0%, respectively. In comparison, the errors with the automatic
labeling were 1.8◦ (9.7%) and 4.0◦ (16.7%), respectively. For the pectineal, the errors
differed statistically significantly, with better results observed using the automatic method
(difference of medians of 0.7◦, p = 0.011).

The ICC quantifying the inter-radiologist reliability of the pelvimetry measures var-
ied in the range of 0.63–0.99 (Figure 6). These values indicated excellent reliability for
10 measures, good reliability for four measures, and moderate reliability for one measure.
No measure reported poor inter-radiologist reliability. The SEM were between 0.6 and
5.6 mm for the length measures and between 1.8◦ and 2.7◦ for the angular measures.
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Figure 6. Inter-radiologist reliability of the pelvimetry measures based on three radiologists labeling
30 pelvic models. ICC: intraclass correlation coefficient. SEM: standard error of measurement.

3.3. Pelvimetry Measures Reliability across Segmentations

The three operators segmented the pelves with median Sørensen-dice scores of 94.3%
(interquartile range: 93.6–95.6%) for the sacrum and 95.6% (interquartile range: 95.0–96.9%)
for the hips. The median model-to-model Hausdorff distances were 0.40 mm (interquartile
range: 0.32–0.47 mm) for the sacrum and 0.34 mm (interquartile range: 0.28–0.39 mm) for
the hips.

The ICC for the reliability of the pelvimetry measures when the segmentations of
the CT scans were repeated by different operators and the labeling was conducted by
the radiologists varied between 0.68 and 0.99 (Figure 7). Approximately 64.4% of these
results corresponded to excellent reliability, 33.3% to good reliability, and 2.2% to moderate
reliability. The associated SEM were in the range of 0.7–6.4 mm for the length measures and
in the range of 1.3–2.1◦ for the angle measures. For all the measures, better reliability was
obtained when the segmentation repeats were labeled automatically (all ICC indicating
excellent reliability (range of 0.95–1.0; SEM of length measures between 0.2 and 1.6 mm;
SEM of angle measures between 0.4◦ and 0.6◦).
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Figure 7. Reliability of the pelvimetry measures across segmentations. Each result is based on 10 CT
scans, segmented three times by different operators. Results for the labeling conducted by the three
radiologists and the automatic labeling method are displayed with white and red dots, respectively.
ICC: intraclass correlation coefficient. SEM: standard error of measurement.

4. Discussion

This study showed heterogeneity among landmarks in radiologists’ labeling accuracy,
from some landmarks being rarely mislabeled by more than 4 mm to others being fre-
quently mislabeled by 10 mm or more. Interestingly, the propagation of the labeling errors
to the pelvimetry measures was limited, with only one out of the 15 measures reporting
a median error above 5 mm or 5◦. While a threshold has not been firmly established for
pelvimetry measures in obstetrics, errors up to 5 mm were considered acceptable clini-
cally [21]. The inter-radiologist reliability corroborated the accuracy results, with two-thirds
of the measures reporting excellent reliability and all being at least moderately reliable.
A rigorous performance comparison between the present pelvimetry measures obtained
from 3D pelvic models and those in prior studies derived from 2D pelvic images is difficult
because experimental conditions are too different across studies [20,21]. Nevertheless, the
reliability ranges appear similar, and prior studies also reported heterogeneity among
measures. Therefore, the present study supports the use of 3D pelvic models to quantify
the morphology of the pelvic cavity manually by radiologists.
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A second major finding was to demonstrate the possibility of automating the labeling.
Indeed, an automatic method was developed and shown to achieve comparable to better
accuracy and reliability across segmentation to the labeling conducted by the radiologists.
Even though some accuracy and reliability results were better with the automatic labeling,
the improvements remained generally limited and, on their own, did not strongly recom-
mend using an automatic approach. That being said, the possibility of saving radiologists
time and labeling a larger number of anatomical landmarks without prejudicing their
accuracy and reliability is a compelling motivation for the use of automatic labeling in the
future. Although introducing more specific labeling guidelines could certainly improve
consistency among radiologists, automating the labeling could be an easier solution to uni-
formize the labeling and facilitate the establishment of multi-center databases that appear
essential to improving our understanding of the role of pelvic morphology in childbirth.

Indirectly, this study further highlighted the carefulness required when using pelvime-
try measures in clinics. Specifically, in view of the possible errors, developing effective
indices to predict complications associated with CPD based on simple combinations of a
few pelvimetry measures seems unlikely [21]. While reducing the complex morphology of
the pelvic cavity to a few features, which are also not free of error, is certainly not the single
cause of the feeble prediction capacity of such indices [17,18], it is probably an important
contributor. The possibility offered by automatic labeling to consider new anatomical land-
marks and pelvimetry measures while diminishing the demand on radiologists is extremely
promising. Indeed, it could allow analyzing big datasets of pelvis images and childbirth
clinical outcomes to identify the most pertinent landmarks and pelvimetry measures and
hopefully also suggest more effective indices of CPD complications. An effort in this direc-
tion based on a hundred pelves labeled manually was recently presented and confirmed the
potential of the approach [16]. Upscaling the effort by automating the labeling and using
artificial intelligence to combine the measures could significantly improve the prediction of
childbirth complications associated with pelvic morphology. Since the fetal head has also
been reported to play a role in childbirth complications, including CPD [1,42], extending
the automatic labeling to the fetal head could be of further benefit in clinical practice.

This study was motivated by obstetrics. But the need to quantify the morphology of
the pelvis is not exclusive to this discipline. Consequently, the results of the present work,
particularly the possibilities offered by automatic labeling, could also be important for other
fields, such as oncology [8,22,43] and orthopedic surgery [44,45]. Nothing should prevent
the use of the methods in this study in other fields, including with men and/or individuals
of different age ranges. However, carefulness might be required when interpreting the
results from a different perspective than obstetrics, as the patient population and the error
expectations in this study corresponded to research questions specific to obstetrics.

This study involved three radiologists and three segmentation operators. While this
was appropriate with respect to the present objectives, the results should be considered
with care, as they might not be generalizable to any radiologist or operator. For example,
it is possible that comparing radiologists from diverse institutions could lead to different
results. The relevance of conducting more extensive assessments to understand the causes
of variability with manual labeling could, however, be limited in view of the alternative,
automatic method proposed in this work. Further studies combining morphological and
clinical data remain required to improve the use of pelvimetry measures in obstetrics.
This will certainly necessitate large datasets that could benefit from the automatic method
proposed in this study. Manually segmenting CT or MRI images to obtain 3D pelvic
models is time-consuming and could be perceived as an obstacle to their implementation in
clinical routine. In this regard, it is worth mentioning that automatic segmentation methods
exist [46,47] and could be combined with the proposed labeling method to offer a fully
automatic solution. Currently, 3D pelvimetry requires access to an MRI or CT machine,
which limits its widespread use. New developments in ultrasound imaging, particularly
with respect to probe tracking, suggest that alternatives could exist in the near future for
3D imaging of the pelvis with simpler instrumentation [48,49]. Extending the possibility
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of ultrasound imaging in this regard is particularly interesting because this technology is
already widely employed in obstetrics.

5. Conclusions

This study showed the suitability of pelvimetry measures based on radiologists manu-
ally labeling anatomical landmarks on 3D pelvic models. It also introduced an automatic
labeling method that appeared promising to decrease the demand on radiologists, stan-
dardize the labeling, and allow a more detailed description of the pelvic cavity. These
possibilities could prove pivotal for the creation of large datasets of pelvimetry measures
and clinical outcomes necessary to improve our understanding of childbirth complications,
particularly with CPD.
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Abstract: Background: Maternal stress, anxiety, well-being, and sleep quality during pregnancy have
been described as influencing factors during pregnancy. Aim: We aimed to describe maternal stress,
anxiety, well-being, and sleep quality in pregnant women throughout gestation and their related
factors. Methods: A prospective study including pregnant women attending BCNatal, in Barcelona,
Spain (n = 630). Maternal stress and anxiety were assessed by the Perceived Stress Scale (PSS) and
State-Trait Anxiety Inventory (STAI)-validated questionnaires. Maternal well-being was assessed
using the World Health Organization Well-Being Index Questionnaire (WHO-5), and sleep quality
was assessed using the Pittsburgh Sleep Quality Index Questionnaire (PSQI). All questionnaires were
obtained twice during the second and third trimester of pregnancy. A multivariate analysis was
conducted to assess factors related to higher maternal stress and anxiety and worse well-being and
sleep quality. Results: High levels of maternal stress were reported in 23.1% of participants at the end
of pregnancy, with maternal age <40 years (OR 2.02; 95% CI 1.08–3.81, p = 0.03), non-white ethnicity
(OR 2.09; 95% CI 1.19–4.02, p = 0.01), and non-university studies (OR 1.86; 95% CI 1.08–3.19, p = 0.02)
being the parameters mostly associated with it. A total of 20.7% of women had high levels of anxiety
in the third trimester and the presence of psychiatric disorders (OR 3.62; 95% CI 1.34–9.78, p = 0.01)
and non-university studies (OR 1.70; 95% CI 1.11–2.59, p = 0.01) provided a significant contribution
to high anxiety at multivariate analysis. Poor maternal well-being was observed in 26.5% of women
and a significant contribution was provided by the presence of psychiatric disorders (OR 2.96; 95%
CI 1.07–8.25, p = 0.04) and non-university studies (OR 1.74; 95% CI 1.10–2.74, p = 0.02). Finally, less
sleep quality was observed at the end of pregnancy (p < 0.001), with 81.1% of women reporting poor
sleep quality. Conclusion: Maternal stress and anxiety, compromised maternal well-being, and sleep
quality disturbances are prevalent throughout pregnancy. Anxiety and compromised sleep quality
may increase over gestation. The screening of these conditions at different stages of pregnancy and
awareness of the associated risk factors can help to identify women at potential risk.
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1. Introduction

According to the World Health Organization (WHO), health is a “state of complete
physical, mental, and social well-being, and not merely the absence of disease or infirmity”.
Therefore, mental health, defined by the WHO as a “state of mental well-being that enables
people to cope with the stresses of life, realize their abilities, learn well and work well, and
contribute to their community”, is as fundamental as physical health in the achievement of
positive overall wellness in an individual [1].

Stress, anxiety, compromised mental well-being, and sleep quality are fundamental
and interconnected aspects of mental health. They can impact each other and together
contribute to a general state of emotional and mental wellness. Mental stress can be
medically understood as the ‘individual’s perception of a stimulus as overwhelming’ which
results in a response and a transformed state [2]. Anxiety is defined by the American
Psychological Association as “an emotion characterized by feelings of tension, worried
thoughts, and physical changes like increased blood pressure.” Both stress and anxiety are
emotional responses. Stress is usually precipitated by an external factor, whereas anxiety
is defined by the persistence of excessive worries even in the absence of a stressor. Well-
being is broadly defined as ‘the quality and state of a person’s life’ [3] and consists of two
components: feeling healthy and relatively robust and being able to carry out one’s job
and other tasks satisfactorily [4]. Finally, sleep quality is defined as an individual’s level of
satisfaction with all aspects of the sleep experience [5]. Sleep quality is highly dependent
on the person’s general well-being.

Maternal mental stress, anxiety, compromised well-being, and sleep quality have been
associated with several adverse pregnancy outcomes such as preterm birth (PTB) [6–12], low
birthweight (LBW) [7,13–15], gestational diabetes (GD) [16,17], labor complications [12,18–21],
or hypertension and preeclampsia (PE) [22,23]. Moreover, maternal stress has been demon-
strated to be a prenatal programming factor that affects the fetal neurodevelopment [24] and
could compromise the socioemotional competencies in childhood that are the foundation
for future well-being [24].

Mental stress, anxiety, compromised well-being, and sleep disturbances are common
during pregnancy. Around 20% of pregnant women could experience excessive concern
regarding future events in pregnancy under normal circumstances [4]. Up to 70% of
pregnant women report symptoms of stress and anxiety during pregnancy, with between
10% and 16% of them fulfilling the criteria for a major depressive disorder [25,26]. While
the real prevalence of antenatal psychosocial stress is still unclear [27], in a 2003 study,
Rondó et al. found high stress in 22–25% of pregnant women during the three trimesters
of pregnancy [7]. In a meta-analysis of 102 studies involving 221,974 women, Dennis et al.
found that the prevalence rate for self-reported anxiety symptoms in the first trimester was
18.2% and 24.6% in the third trimester [28]. These percentages decreased when employing
diagnostic interviews: the prevalence rate for any anxiety disorder during the first trimester
was 18% and 15% in the final two trimesters of pregnancy [28]. However, we can speculate
that the symptoms of depression can overlap with some normal feelings during pregnancy,
which could explain such high percentages and the disparity found among studies [26].
There is no clear evidence of the prevalence of compromised well-being during pregnancy.
A highly variable prevalence of poor sleep quality in pregnant women has also been
reported, ranging from 17% to 76% [29]. This disparity could be due to dissimilar sample
compositions and different methods and timings of assessments [30]. Moreover, some
authors have even postulated the possibility that the previously validated cut-off values
for sleep questionnaires in the general population may not be valid in pregnancy, thus
requiring a higher score [30].
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Different risk factors for antenatal mood disorders have been postulated in the previ-
ously published literature. Sociodemographic variables such as age have been considered
in multiple studies with inconsistent findings among them [31,32]. Other sociodemographic
variables considered in the previous literature are maternal socioeconomic status and ed-
ucational level: in a 2010 systematic review, Lancaster et al. found a small association
between low educational level and depression symptoms that could not be demonstrated in
the multivariate analyses [33]. Later, Biaggi et al. found low maternal educational level to
be associated with anxiety and depressive symptoms [32]. As for ethnicity, socioeconomic
status, employment, an unfavorable socioeconomic situation, unemployment, and belong-
ing to a minority ethnic group are associated with depression in several studies [31,32,34]
but inconsistent results are described in others [32,33]. On the other hand, other factors
such as smoking, alcohol intake, and drug abuse showed inconsistent findings in their
association with depression and sleep quality [29,32–34]. A personal medical history of anx-
iety and depression has strongly been associated with perinatal depression [31–34]. Other
studies suggest an association between previous obstetric history, like previous abortions
or pregnancy complications, with depressive symptoms and poor sleep quality [29,31,32]
but also with inconsistent findings [33]. A complex multifactorial origin for the etiology of
these conditions could be a possible explanation for such different results reported in the
literature [33].

Despite the high prevalence of these antenatal negative affective states and their
impact on pregnancy, it is still unclear if they worsened during pregnancy and what the
potential risk factors for these conditions are during pregnancy.

The aim of this study was to determine maternal stress, anxiety, well-being, and sleep
quality across different stages of pregnancy and to identify related risk factors.

2. Materials and Methods

2.1. Study Design and Participants

A prospective study was carried out at BCNatal (Hospital Clinic and Hospital Sant
Joan de Déu), a large referral center for maternal-fetal and neonatal medicine in Barcelona,
Spain. Inclusion criteria were pregnant women with a singleton fetus who attended our
center for their second trimester scan (19–23 weeks of gestation), and who were able to
respond to maternal stress, anxiety, well-being, and sleep quality validated questionnaires.
The exclusion criteria for the study are as follows: maternal mental retardation or other
mental or psychiatric disorders that raise doubts regarding the patient’s real willingness
to participate in the study and the impossibility of completing questionnaires or other
procedures in the study, congenital infections, fetal anomalies including chromosomal
abnormalities or structural malformations detected by ultrasound prenatally, and neonatal
abnormalities diagnosed after birth. The study was approved by the hospital ethical com-
mittee (HCB-2016-0830 and HCB/2020/0209) and written informed consent was obtained
from all participants.

2.2. Study Aims

The main aim of the study was to evaluate maternal stress, anxiety, well-being, and
sleep quality at two moments during pregnancy, assessed using four different validated
questionnaires: the Perceived Stress Scale (PSS) [35] and State-Trait Anxiety Inventory
(STAI) [36] for maternal stress and anxiety, respectively, the World Health Organization
Well-Being Index Questionnaire (WHO-5 Index) for maternal well-being [37], and the
Pittsburgh Sleep Quality Index (PSQI) [38] for sleep quality.

The secondary aim was to evaluate maternal and pregnancy factors acting as potential
risk factors for increased maternal stress and anxiety, poorer maternal well-being status,
and poorer sleep quality during gestation.
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2.3. Data Collection

All questionnaires were completed twice during pregnancy: at recruitment of the
study population in their second trimester of pregnancy (19–23 weeks of gestation) and
again at the end of the third trimester of pregnancy (34–36 weeks of gestation).

The Perceived Stress Scale was designed to measure “the degree to which individuals
appraise situations in their lives as stressful” [35]. It is a brief scale, consisting of only
14 items evaluating stress within the last 8 weeks. PSS scores are obtained by reversing
responses to the 4 positively stated items (items 4, 5, 7, and 8) and then adding across all
scale items. It is not a diagnostic instrument; therefore, there are no cut-offs for classification
of the stress, but it gives a comparison instrument between people [39]. The higher stress
group in this cohort was considered the 75th percentile at the first evaluation (19–23 weeks
of gestation).

The STAI questionnaire consists of two subscales: the State Anxiety Scale (STAI-S),
which evaluates the current state of anxiety, and the Trait Anxiety Scale (STAI-T), which
evaluates individual aspects of “anxiety proneness”. The STAI has 40 items, 20 items
allocated to each of the S-State and T-Trait subscales. The range of scores for each subtest is
20–80, the higher indicating greater anxiety [40,41]. The higher stress group in this cohort
was considered the 75th percentile at the first evaluation (19–23 weeks of gestation).

The WHO-5 consists of a five-item scale and it is used to rate quality of life and
psychological well-being, according to the participant’s feelings within the last 15 days.
The raw score ranges from 0 to 25: 0 representing worst possible and 25 representing best
possible quality of life. Following total scores, standardized scores (0–100) are calculated.
Women were classified according to their well-being status as with a poor (≤52) or favorable
(>52) WHO-5 score [42].

The PSQI assesses sleep quality and disturbances over a monthly interval. It contains
19 self-rated questions which are combined to form 7 component scores: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of
sleeping medication, and daytime dysfunction. Each of these components has a range of
0–3 points (where 0 means no difficulty and 3 indicates severe difficulty). The 7 component
scores are added to give a global score, with a range of 0–21 points, 0 indicating no difficulty
and 21 indicating severe difficulties in all areas. A global PSQI score greater than 5 defines
poor sleep quality [38].

Baseline and socioeconomic characteristics, such as maternal age, ethnicity, educa-
tional level, or pre-pregnancy body mass index (BMI) were obtained from a structured
questionnaire. Medical and obstetric history were obtained from the medical records
at recruitment.

2.4. Statistical Analysis

For the first aim, the analysis was based on the scores of PSS, STAI-S, STAI-T, WHO-5,
and PSQI-validated questionnaires. Continuous variables were assessed for normality
using the Shapiro–Wilk’s test. Normally distributed variables were compared using a
t-test and expressed as mean and standard deviation (SD). Non-normally distributed
variables were compared using the U–Mann–Whitney test and expressed as the median and
interquartile range (IQR). Categorical variables were compared using χ2 or Fisher’s exact
test where appropriate. To study the correlation of the different tests, Pearson correlation
analyses were performed. For the secondary outcomes, logistic regression analysis with
forward stepwise selection was performed to assess the association between maternal
higher stress (>p75) (PSS, STAI-S, STAI-T), poor well-being (≤52 WHO-5), and lower sleep
quality (>5 PSQI), with potential maternal risk factors at final evaluation (34–36 weeks
of gestation). A multivariate analysis was performed for the variables found to have a
significant effect in bivariate analyses. The odds ratio (OR) and a 95% confidence interval
(95% CI) were calculated. A p-value < 0.05 was considered statistically significant. The
analysis was performed using SPSS v26 (New York, NY, USA).
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3. Results

3.1. Study Population

A total of 630 women were recruited in the second trimester at a median [IQR]
gestational age of 20 weeks [20,21]). The majority of women (n = 497, 79.3%) were of white
ethnicity and with university studies (n = 427, 68%). Baseline characteristics of the study
population are shown in Table 1. Regarding their medical history, 2.7% of women (n = 17)
had psychiatric disorders requiring therapy, 5.6% (n = 35) had thyroid disorders, and 7.8%
(n = 49) had a BMI ≥ 30.

Table 1. Baseline characteristics of participants included in the study (n = 630).

Characteristics
Total Cohort

n = 630

Age at recruitment (years) 35.8 (32.2–38.7)
Ethnicity

White 497 (79.3%)
Latin 98 (15.6%)
Afro-American 6 (1%)
Asian 16 (2.6%)
Others 10 (1.6%)

Low socioeconomic status (a) 25 (4%)
Study class

Primary 25 (4%)
Secondary 176 (28%)
University 427 (68%)

BMI before pregnancy (Kg/m2) 23.4 (4.1)
Medical history

Autoimmune disease 64 (10.2%)
Obesity (BMI ≥ 30) 49 (7.8%)
Thyroid disorders 35 (5.6%)
Chronic hypertension 18 (2.9%)
Psychiatric disorders (b) 17 (2.7%)
Diabetes mellitus 14 (2.2%)
Chronic kidney disease 8 (1.3%)

Obstetric history
Nulliparous 393 (62.4%)
Previous preeclampsia 17 (2.7%)
Previous stillbirth 5 (0.8%)

Use of assisted reproductive technologies 121 (19.2%)
Cigarette smoking during pregnancy 81 (12.9%)
Alcohol intake during pregnancy 14 (2.2%)
Drug consumption during pregnancy 15 (2.4%)
Sports practice during pregnancy 103 (16.3%)
Yoga or Pilates during pregnancy 141 (22.4%)

BMI: body-mass index. Data are expressed as median (IQR) or mean (SD) or n (%). a Low socioeconomic status:
low (never worked or unemployed >2 years). b Psychiatric disorders: requiring therapy for psychiatric disorder.

3.2. Stress, Anxiety, Well-Being, and Sleep Quality throughout Pregnancy

The median [IQR] scores of the PSS at the second trimester evaluation was 16 (11–22),
and it did not change during pregnancy, as reported in Table 2 and Figure 1A. No changes
during gestation were found for STAI-T and for the well-being evaluation (WHO-5) (see
Table 2 and Figure 1B,C). On the contrary, an increasing score during the third trimester
was observed for the STAI-S (p < 0.001) and PSQI questionnaires (p < 0.001) (see Table 2
and Figure 1D,E).

The correlation between the final results of the stress and anxiety tests was calcu-
lated by the Pearson correlation coefficient, which showed a significative positive strong
correlation between the levels of stress and anxiety (PSS vs. STAI-S, r = 0.72, p < 0.001;
PSS vs. STAI-T, r = 0.69, p < 0.001; STAI-T vs. STAI-S, r = 0.75, p < 0.001). A significative
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negative moderate correlation was observed between WHO-5 and the stress and anxiety
tests, highlighting poorer mental well-being in relation to higher levels of anxiety and stress
(WHO-5 vs. PSS, r = −0.58, p < 0.001; WHO-5 vs. STAI-S, r = −0.63, p < 0.001; WHO-5
vs. STAI-T, r = −0.65, p < 0.001). Finally, the correlation found between sleep quality and
stress, anxiety, and mental well-being was low (PSQI vs. STAI-S, r = 0.31, p < 0.001; PSQI
vs. STAI-T, r = 0.34, p < 0.001; PSQI vs. PSS, r = 0.33, p < 0.001; PSQI vs. WHO-5, r = 0.40,
p < 0.001).

Table 2. Stress, anxiety, and sleep quality of women included in the study at second and third
trimester of pregnancy (n = 630).

Characteristics
2nd Trimester 3rd Trimester p Value

n = 630 n = 630

Perceived stress scale score 16 (11–22) 16 (12–23) 0.07
State-trait Anxiety Inventory (anxiety) 13 (8–18) 14 (9–20) <0.001
State-trait Anxiety Inventory (personality) 14 (10–21) 15 (10–21) 0.88
Five well-being Index 68 (56–76) 64 (52–76) 0.81
Pittsburg quality sleep index 7 (5–8.5) 8 (9–10) <0.001

Data are expressed as median (IQR).

 

p

p

Figure 1. Cont.
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Figure 1. (A) Evolution in PSS-14 test score at baseline (20 weeks) and at the end of gestation
(34 weeks). The median (IQR) scores of the PSS at second trimester evaluation was 16 (11–22) and it
did not change during pregnancy. (B) Evolution in STAI-T test score at baseline (20 weeks) and at
the end of gestation (34 weeks). No changes during gestation were found. (C) Evolution in WHO-5
test score at baseline (20 weeks) and at the end of gestation (34 weeks). No changes during gestation
were found. (D) Evolution in STAI-S test score at baseline (20 weeks) and at the end of gestation
(34 weeks). An increased score during the third trimester was observed. (E) Evolution in PSQI test
score at baseline (20 weeks) and at the end of gestation (34 weeks). An increased score during the
third trimester was observed.

227



J. Clin. Med. 2023, 12, 7333

3.3. Maternal Stress and Anxiety

High levels of maternal PSS were reported in 115 women (23.1%) at the end of preg-
nancy. At multivariate analysis, a significant contribution to this condition was provided
by maternal age <40 years (OR 2.02; 95% CI 1.08–3.81, p = 0.03), non-white ethnicity (OR
2.09; 95% CI 1.19–4.02, p = 0.01), and non-university studies (OR 1.86; 95% CI 1.08–3.19,
p = 0.02). Details are reported in Table 3.

Table 3. Univariate and multivariate analysis of factors associated with a poor maternal PSS-14 questionnaire.

Characteristics
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value Beta Coefficient

Maternal age < 40 years 2.24 (1.21–4.15) 0.01 2.01 (1.08–3.81) 0.03 0.705
Ethnicity

White 0.42 (0.26–0.69) <0.001
Non-white 2.36 (1.45–3.83) <0.001 2.19 (1.19–4.02) 0.01 0.786

Low socioeconomic status (a) 1.82 (0.75–4.41) 0.18
Study class

Primary or secondary 2.19 (1.43–3.39) <0.001 1.86 (1.08–3.19) 0.02 0.620
University 0.46 (0.30–0.70) <0.001

Medical history
Obesity (BMI ≥ 30) 1.27 (0.633–2.56) 0.5
Diabetes mellitus 1.34 (0.41–4.35) 1.34
Autoimmune disease 1.15 (0.63–2.12) 0.65
Thyroid disorders 0.53 (0.20–1.41) 0.2
Psychiatric disorders (b) 1.85 (0.67–5.13) 0.233
Chronic hypertension 0.66 (0.19–2.3) 0.51

Obstetric history
Nulliparous 1.11 (0.73–1.71) 0.62
Previous preeclampsia 3 (1.17–8.22) 0.02 2.7 (0.98–7.46) 0.06 0.993

Use of assisted reproductive technologies 0.58 (0.34–1.01) 0.06
Cigarette smoking during pregnancy 0.93 (0.52–1.67) 0.81
Alcohol intake during pregnancy 1.18 (0.74–1.87) 0.5
Drug consumption during pregnancy 1.89 (0.62–5.75) 0.26
Yoga or Pilates during pregnancy 0.73 (0.43–1.23) 0.24
Constant −2.204
Data are expressed as n (%)

PSS: Perceived Stress Scale; OR: Odds Ratio; CI: confidence interval; BMI: body-mass index. a Low socioe-
conomic status: low (never worked or unemployed >2 years). b Psychiatric disorders: requiring therapy for
psychiatric disorder.

According to the STAI questionnaire (anxiety, STAI-S), 129 women (20.7%) had high
levels of anxiety in the third trimester. In these women, a significant contribution to
multivariate analysis was provided by the presence of psychiatric disorders (OR 3.62; 95%
CI 1.34–9.78, p = 0.01), and non-university studies (OR 1.70; 95% CI 1.11–2.59, p = 0.01).
Details are reported in Table 4.

According to the STAI-T personality questionnaire, 116 women (23.6%) ended preg-
nancy with a high anxiety trait level. In the multivariate analysis, a significant contribution
to this condition was provided by maternal age <40 years (OR 2.07; 95% CI 1.11–3.88,
p = 0.02) and preeclampsia in a previous pregnancy (OR 2.9; 95% CI 1.03–8.2, p = 0.04).
Details are reported in Table 5.

3.4. Maternal Well-Being

Poor maternal well-being (WHO-5 score ≤52) was observed in 131 women (26.5%) in
the 3rd trimester assessment. Significant contribution to a low maternal well-being was
provided by the presence of psychiatric disorders (OR 2.96; 95% CI 1.07–8.25, p = 0.04), and
non-university studies (OR 1.74; 95% CI 1.10–2.74, p = 0.02). Details are reported in Table 6.
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Table 4. Univariate and multivariate analysis of factors associated with a poor maternal STAI
anxiety questionnaire.

Characteristics
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value Beta Coefficient

Maternal age < 40 years 1.69 (0.92–3.12) 0.09
Ethnicity

White 0.7 (0.44–1.1) 0.12
Non-white 1.43 (0.91–2.26) 0.12

Low socioeconomic status (a) 0.76 (0.26–2.27) 0.63
Study class

Primary or secondary 1.75 (1.17–2.61) 0.01 1.70 (1.11–2.59) 0.01 0.529
University 0.57 (0.38–0.85) 0.01

Medical history
Obesity (BMI ≥ 30) 1.01 (0.49–2.09) 0.97
Diabetes mellitus 1.05 (0.29–3.8) 0.95
Autoimmune disease 1.81 (1.02–3.23) 0.04 1.56 (0.84–2.89) 0.16 0.446
Thyroid disorders 2.1 (1.02–4.34) 0.04 1.81 (0.84–3.90) 0.13 0.595
Psychiatric disorders (b) 3.56 (1.35–9.42) 0.01 3.62 (1.34–9.78) 0.01 1288
Chronic hypertension 0.76 (0.22–2.67) 0.67
Chronic kidney disease 1.28 (0.25–6.42) 0.76

Obstetric history
Nulliparous 1.43 (0.96–2.12) 0.07
Previous preeclampsia 1.77 (0.6–5.19) 0.3
Previous stillbirth 0.96 (0.11–8.63) 0.97

Use of assisted reproductive technologies 0.64 (0.37–1.01) 0.11
Cigarette smoking during pregnancy 1.13 (0.64–2) 0.67
Alcohol intake during pregnancy 0.92 (0.59–1.43) 0.72
Drugs consumption during pregnancy 0.96 (0.27–3.47) 0.96
Yoga or Pilates during pregnancy 0.5 (0.29–0.85) 0.01 0.62 (0.35–1.1) 0.1 −1.059
Constant −1.586
Data are expressed as n (%)

STAI: State-Trait Anxiety Inventory; OR: Odds Ratio; CI: confidence interval; BMI: Body-mass index. a Low
socioeconomic status: low (never worked or unemployed >2 years). b Psychiatric disorders: requiring therapy for
psychiatric disorder.

Table 5. Univariate and multivariate analysis of factors associated with a poor maternal STAI
personality questionnaire.

Characteristics
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value Beta Coefficient

Maternal age < 40 years 2.28 (1.23–4.23) 0.01 2.07 (1.11–3.88) 0.02 0.729
Ethnicity

White 0.54 (0.33–9.86) 0.02
Non-white 1.85 (1.13–3.03) 0.02 1.55 (0.83–2.92) 0.17 −0.440

Low socioeconomic status (a) 1.22 (0.47–3.19) 0.68
Study class

Primary or secondary 2.09 (1.36–3.22) 0.01 1.42 (0.81–2.49) 0.22 0.350
University 0.48 (0.31–7.36) 0.01

Medical history
Obesity (BMI ≥ 30) 0.95 (0.45–1.98) 0.88
Diabetes mellitus 1.83 (0.60–5.58) 0.28
Autoimmune disease 1.26 (0.69–2.3) 0.45
Thyroid disorders 0.96 (0.42–2.16) 0.91
Psychiatric disorders (b) 2.34 (0.87–6.30) 0.09
Chronic hypertension 0.64 (0.18–2.24) 0.48
Chronic kidney disease 0.46 (0.05–3.75) 0.47
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Table 5. Cont.

Characteristics
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value Beta Coefficient

Obstetric history
Nulliparous 1.16 (0.76–1.77) 0.50
Previous preeclampsia 3.4 (1.25–9.27) 0.01 2.9 (1.03–8.2) 0.04 1.069
Previous stillbirth 0.81 (0.09–7.29) 0.85

Use of assisted reproductive technologies 0.79 (0.47–1.33) 0.37
Cigarette smoking during pregnancy 1.62 (0.95–2.77) 0.08
Alcohol intake during pregnancy 0.97 (0.6–1.55) 0.89
Drugs consumption during pregnancy 1.3 (0.4–4.24) 0.66
Yoga or Pilates during pregnancy 0.53 (0.3–0.92) 0.03 0.92 (0.46–1.84) 0.82 −0.079
Constant −1.976
Data are expressed as n (%)

STAI: State-Trait Anxiety Inventory; OR: Odds Ratio; CI: confidence interval; BMI: body-mass index. a Low
socioeconomic status: low (never worked or unemployed >2 years). b Psychiatric disorders: requiring therapy for
psychiatric disorder.

Table 6. Univariate and multivariate analysis of factors associated with poor maternal WHO-5 questionnaire.

Characteristics
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value Beta Coefficient

Maternal age < 40 years 1.64 (0.95–2.84) 0.07
Ethnicity

White 0.76 (0.46–1.25) 0.28
Non-white 1.31 (0.80–2.15) 0.28

Low socioeconomic status (a) 1.51 (0.62–3.64) 0.36
Study class

Primary or secondary 1.86 (1.23–282) 0.01 1.74 (1.10–2.74) 0.02 0.553
University 0.54 (0.35–0.82) 0.01

Medical history
Obesity (BMI ≥ 30) 2.01 (1.07–3.79) 0.03 1.71 (0.88–3.32) 0.11 0.536
Diabetes mellitus 2.13 (0.72–6.26) 0.17
Autoimmune disease 1.42 (0.81–2.50) 0.22
Thyroid disorders 1.29 (0.61–2.72) 0.49
Psychiatric disorders (b) 3.27 (1.24–8.67) 0.02 2.96 (1.07–8.25) 0.04 1.087
Chronic hypertension 2.29 (0.89–5.95) 0.09
Chronic kidney disease 0.39 (0.05–3.21) 0.38

Obstetric history
Nulliparous 1.49 (0.99–2.23) 0.05 1.26 (0.81–1.94) 0.29 0.231
Previous preeclampsia 1.54 (0.56–4.24) 0.41
Previous stillbirth 0.69 (0.08–6.23) 0.74

Assisted reproductive technologies 0.95 (0.58–1.54) 0.82
Cigarette smoking during pregnancy 1.55 (0.92–2.62) 0.10
Alcohol intake during pregnancy 1.24 (0.79–1.93) 0.34
Drug consumption during pregnancy 1.56 (0.51–4.74) 0.43
Yoga or Pilates during pregnancy 0.54 (0.32–0.91) 0.02 0.66 (0.37–1.17) 0.16 −0.413
Constant −1.339
Data are expressed as n (%)

WHO-5: World Health Organization Well-Being Index Questionnaire; OR: Odds Ratio; CI: confidence interval;
BMI: body-mass index a Low socioeconomic status: low (never worked or unemployed >2 years). b Psychiatric
disorders: requiring therapy for psychiatric disorder.

3.5. Maternal Sleep Quality

Poor maternal sleep quality affected 309 women (81.1%) at 34–36 weeks of gestation.
While non-white ethnicity (OR 2.74; 95% CI 1.13–6.61, p = 0.03) and obesity (OR 2.01; 95%
CI 1.07–3.79, p = 0.03) were significant contributors to low maternal sleep quality in the
univariate analysis, in the multivariate analysis no significant contributing factors were
found, as reported in Table 7.
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Table 7. Univariate and multivariate analysis of factors associated with poor maternal Pittsburg questionnaire.

Characteristics
Univariate Analysis Multivariate Analysis

OR (95% CI) p Value OR (95% CI) p Value Beta Coefficient

Maternal age < 40 years 1.08 (0.56–2.09) 0.81
Ethnicity

White 0.36 (0.15–0.88) 0.03
Non-white 2.74 (1.13–6.61) 0.03 2.13 (0.86–5.30) 0.10 0.758

Low socioeconomic status (a) 1.18 (0.33–4.2) 0.80
Study class

Primary or Secondary 1.96 (1.04–3.69) 0.04 1.91 (0.98–3.77) 0.06 0.649
University 0.51 (0.27–0.96) 0.04

Medical history
Obesity (BMI ≥ 30) 3.1 (0.73–13.6) 0.13
Diabetes mellitus 0.93 (0.19–4.48) 0.93
Autoimmune disease 1.42 (0.61–3.31) 0.42
Thyroid disorders 0.64 (0.24–1.69) 0.37
Psychiatric disorders (b) 2.87 (0.37–22.43) 0.32
Chronic hypertension 2.37 (0.3–18.9) 0.41
Chronic kidney disease 0.93 (0.1–8.46) 0.95

Obstetric history
Nulliparous 1.16 (0.68–2) 0.59

Use of assisted reproductive technologies 0.95 (0.51–1.8) 0.88
Cigarette smoking during pregnancy 0.49 (0.25–0.95) 0.03 0.51 (0.25–1.02) 0.06 −0.676
Alcohol intake during pregnancy 0.76 (0.43–1.32) 0.33
Drug consumption during pregnancy 1.94 (0.24–15.75) 0.54
Yoga or Pilates during pregnancy 0.88 (0.48–1.58) 0.65
Constant 1.183
Data are expressed as n (%)

OR: Odds Ratio; CI: confidence interval; BMI: body-mass index. a Low socioeconomic status: low (never worked
or unemployed >2 years). b Psychiatric disorders: requiring therapy for psychiatric disorder.

4. Discussion

Our study reveals the potential importance of assessing antenatal negative affective
states in a pregnant population. Stress, anxiety, compromised well-being, and sleep dis-
orders have been reported by a significant number of pregnant participants in our cohort.
There is a possible underassessment of these conditions by obstetric-care providers in daily
clinical practice and our results stress the importance of actively evaluating signs and
symptoms of negative affective states and sleep quality throughout gestation.

Perceived stress and STAI-T did not change throughout pregnancy; however, STAI-S
increased in the third trimester of pregnancy. Previously published studies have shown
that anxiety and depressive symptoms are not homogeneous during the perinatal pe-
riod [32,43,44]. Thus, nearly one quarter of participants scored as high stress and anxiety in
the third trimester of pregnancy. Such percentages of perceived stress and anxiety highlight
the importance of targeting these patients with clinically validated questionnaires in routine
pregnancy follow-ups, with the aim of offering support interventions to these patients.
Moreover, previous evidence has suggested that pregnancy-related anxiety constitutes
a different concept from general anxiety. This fact could be a possible explanation for a
limited measurement and assessment of anxiety in pregnancies and could also encourage
the need for research in pregnancy-adapted measurement tools [45].

To the best of our knowledge, there are no data regarding the prevalence of compro-
mised well-being in the pregnant population with which to compare our results. However,
in a study conducted by Sattler et al. in a group of overweight and obese women in Eu-
rope, a prevalence of low well-being of 27% before 20 weeks of pregnancy is reported [46].
Similarly, during the COVID-19 pandemic Mortazavi et al. reported a prevalence of com-
promised wellbeing of 24.4% pregnant women during gestation [4]. Around 26% of our
population had compromised well-being, which is a similar percentage. The WHO-5 ques-
tionnaire is considered a good screening questionnaire with high sensitivity and specificity
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for clinical depression [46]. It has the advantage of being a relatively easy and quick instru-
ment to use in daily clinical practice allowing a first detection of women with a negative
affective state who could benefit from a further mental health assessment.

The prevalence of sleep disturbances in our cohort was very high: more than 80%
of participants were found to have compromised sleep at 34–36 weeks of gestation. Our
prevalence results are higher than expected according to the literature, ranging from 17%
to 76% [29]. As suggested in previous studies, this fact could highlight the possibility that
the validated cut-off for sleep questionnaires in the general population may not be valid in
pregnancies, the latter requiring a higher score [30]. Moreover, we found that the results
of sleep quality questionnaires worsened in the third-trimester assessment as compared
to the results found in the previous weeks of gestation. The worsening of sleep quality
throughout gestation identified in our cohort is in line with previous evidence: according to
a meta-analysis of 24 studies, it was found that sleep disturbances tend to increase during
pregnancy and clinicians should be aware that complaints of very poor sleep could require
intervention [30].

Diagnosis and screening of maternal mental health have long been recommended by
scientific societies. For instance, the American College of Obstetricians and Gynecologists
recommends the use of a validated and standardized tool to screen pregnant women at least
once during the perinatal period for symptoms of depression and anxiety [47]. However,
the use of multiple questionnaires to assess maternal mental health and sleep quality can be
challenging in daily clinical practice, especially in an environment with a high healthcare
workload. Therefore, we believe that understanding the associated risk factors may help to
target those patients at higher risk and thus facilitate daily clinical practice as they can be
identified at the beginning of pregnancy. Various risk factors for antenatal negative mood
states have been postulated in the previous literature [29,31–34].

In our cohort, we found that a main risk factor for maternal perceived stress, a higher
level of state anxiety, and poorer well-being in the third trimester was non-university
studies. In line with these results, some previous research in the pregnant population had
already postulated a low educational profile as a risk factor for antenatal depression [31,32].
However, in contrast to our findings, Lancaster et al. described only a small association of
lower educational levels with depressive symptoms in a systematic review [33]. In general,
among the non-pregnant population, a low educational level has also been associated with
anxiety and depression [48]. Our results could be explained by the fact that, as previously
suggested in the literature, normally, education is likely to result in good mental health
rather than come from good mental health and, in turn, education may also provide success
in pursuing personal ends that include emotional well-being [48,49].

For the STAI-T personality questionnaire, we found preeclampsia in a previous preg-
nancy to be a potential risk factor. In a systematic review, Grigoriadis et al. found that
prenatal maternal anxiety was not significantly associated with preeclampsia, although
there was a significant heterogeneity across studies [50]. However, we did not find any data
regarding the association between previous preeclampsia and compromised mental health
in subsequent pregnancies in the previous literature. A prior history of adverse obstetric
events has already been related to the symptoms of anxiety and depression [31,32,51],
which could be in line with our results regarding the occurrence of preeclampsia in a
previous pregnancy.

Perceived stress was also influenced in our cohort by non-white ethnicity and a
maternal age of <40 years, and the latter was also found to be a risk factor for a higher score
in trait anxiety among our participants. The literature also provides inconsistent findings
as far as maternal age and ethnicity are concerned, as reported in the systematic reviews by
Lancaster et al. [33] and Biaggi et al. [32]. In their review, Biaggi et al. described 13 studies
where young age was posited as a risk factor, in contrast with 10 studies where advanced
maternal age was described as a risk factor for antenatal depression and anxiety [32].

A higher level of anxiety in the third trimester and poorer maternal well-being in
the third-trimester assessment were provided by the presence of a previous psychiatric
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disorder. These results are in line with previously published evidence, as previous mental
health disorders have been strongly related to higher anxiety in the past, in particular a
history of anxiety and depression and a history of psychiatric treatment [32]. Lancaster et al.
also reported an association between a personal history of depression and an increased risk
of antepartum depressive symptoms [33]. Multiple studies conducted during the COVID-
19 pandemic on maternal mental status proposed the presence of a previous psychiatric
disorder as a risk factor for negative maternal affective states [52–55].

As for poor maternal sleep quality, no significant contributing factors were found.
These findings are in contrast with those found in previous research where some risk
factors could be postulated as contributors to sleep disturbances during pregnancy, such
as a history of stillbirth, general health-related quality of life, or insufficient physical
activity [29]. Christian et al. found that African-Americans’ ethnicity and multiparity
were related to poor sleep during pregnancy [56]. Other studies reported gestational
age [30] or previous maternal BMI to be contributing factors [57]. Our univariate analysis
also suggested ethnicity and obesity to be contributing factors; however, we could not
demonstrate it in the multivariate analysis.

Finally, previous research has a well-documented association between anxiety, life
stress, sleep quality, and maternal mental well-being [29,32,33]. Our results are in line with
previous evidence as we found a correlation between anxiety, stress, and poorer mental
well-being. In contrast, we found a low correlation between sleep quality and stress, anxiety,
and mental well-being.

On the other hand, despite these associations, we believe the use of four validated
questionnaires assessing different dimensions of maternal mental health may provide a
more integrative approach to overall mental health, as the absence of problems in one
dimension does not necessarily guarantee the same results in other aspects of mental health.

The strengths of this study were the use of various validated questionnaires with
potential clinical applicability to assess different aspects of mental health: mental stress,
anxiety, well-being, and sleep quality; and that they were assessed in the second and
third trimester of pregnancy, which allowed an analysis of the experimented changes
throughout pregnancy.

Among the study’s limitations is the fact that our population was a high socioeconomic
cohort, with a high education profile, and most of the participants were between 30 and
40 years of age, with a low level of ethnical variety and a low proportion of obesity and ges-
tational diabetes. This might explain some of the findings, especially in sleep disturbances,
where we could not demonstrate the contribution of these factors in multivariate analysis.

We have no data regarding the first trimester of pregnancy nor the influence that these
negative affective states had on perinatal results. Moreover, the neurocognitive function
was not assessed, despite its potential influence on mental health [58]. In interpreting
the results, it is important to understand that the use of self-reporting instruments may
potentially overestimate prevalence, but it is also important to state that they also have high
clinical applicability in public health and daily obstetric-care practice. Our study confirms
the importance of promoting good mental health [59], especially during pregnancy.

5. Conclusions

Maternal stress and anxiety compromised maternal well-being, and sleep quality
disturbances are very frequent and not static throughout pregnancy. Screening for these
conditions at different stages of pregnancy should be recommended to professionals pro-
viding obstetric care. However, in high-pressure healthcare conditions, universal screening
could be challenging; therefore, knowing the risk factors associated with these conditions
can help clinicians identify pregnant women at potential risk.
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Abstract: Background: Adequate gestational weight gain (GWG) is essential for maternal and fetal
health. GWG may be a sign of higher visceral adipose tissue (VAT) accretion. A higher proportion
of VAT is associated with an inflammatory process that may play a role in the fetal programming
of obesity. This study aimed to (1) compare the expression of genes involved in inflammatory
responses (TLR2, TLR4, NFκB, IKKβ, IL-1RA, IL-1β, IL-6, IL-10, TNF-α) in the VAT of pregnant
women according to GWG and (2) explore whether VAT inflammation and GWG are related to
offspring anthropometric measures. Material and methods: 50 women scheduled for cesarean section
who delivered term infants were included in the study. We collected maternal omental VAT, and the
expression of genes was examined with RT-qPCR. Results: Women with excessive and with adequate
GWG had significantly higher expressions of most inflammatory genes than women with insufficient
GWG. Neonates from mothers with excessive GWG had greater birth weight and chest circumference
than those from mothers with insufficient GWG. GWG was positively correlated with fetal birth
weight. Conclusions: The VAT expression of most genes associated with inflammatory pathways was
higher in excessive and adequate GWG than in pregnant women with insufficient GWG. Moreover,
GWG was found to be positively associated with newborn weight.

Keywords: gestational weight gain; visceral adipose tissue; cytokines; birthweight; inflammation

1. Introduction

Gestational weight gain (GWG) is a critical physiological process that supports ade-
quate fetal growth and development. Insufficient or excessive GWG is associated with a
higher risk of adverse pregnancy outcomes [1]. Insufficient GWG confers a higher risk for
small-for-gestational-age infants and preterm birth [2]. In contrast, women with excessive
GWG are at increased risk of adverse obstetric outcomes, including cesarean delivery, gesta-
tional diabetes mellitus, and preeclampsia [3]. Moreover, excessive GWG is associated with
postpartum weight retention and pre-pregnancy adiposity in subsequent pregnancies [4].
The neonates also have adverse consequences, such as macrosomia and being large for
their gestational age [5]. In addition, women with excessive GWG and their offspring have
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lifelong health disturbances, including obesity and a higher risk of type 2 diabetes and
cardiovascular disease [6].

The Institute of Medicine (IOM) has recommended the ideal GWG to ensure the
optimal health of the mother and the offspring [7]. The IOM proposes less GWG for women
with overweight/obesity than for target-weight women. It has been estimated that only
28–32% of pregnant women have adequate GWG, almost 25% have insufficient weight gain,
and half of the pregnancies gain in excess of the IOM recommendations [2]. In this context,
women with overweight and women with obesity have the highest prevalence of excessive
GWG, which is becoming increasingly prevalent among pregnancies worldwide [8,9].

GWG includes the fetus, placenta, uterus, amniotic fluid, maternal blood volume,
breast tissue, and adipose tissue (AT). Maternal body fat accounts for about 30% of GWG
and provides an energy source for the fetus and the mother [10]. Body fat distribution
changes throughout pregnancy; there is a gradual decrease in subcutaneous fat accretion
and an increase in visceral fat accumulation from early to late gestation [11]. Women with
overweight and women with obesity have a higher proportion of visceral adipose tissue
(VAT) than lean women, and this is associated with VAT inflammation, characterized by the
increased release of pro-inflammatory signals (leptin, macrophage chemoattractant protein
1, IL-6, and IL-1β) and reduced production of anti-inflammatory molecules (adiponectin,
IL-10) [12]. Adipose tissue inflammation has been related to the development of maternal
metabolic disorders such as insulin resistance. Growing evidence supports that it also plays
a relevant role in the fetal programming of obesity [13].

GWG may be a sign of higher VAT accretion during pregnancy [14]. Nevertheless,
the relationship between GWG and VAT inflammation and offspring anthropometric mea-
sures at birth has not been tested. Therefore, the aim of this study was to (1) compare
the expression of genes involved in inflammatory responses (TLR2, TLR4, NFκB, IKKβ,
IL-1RA, IL1-β, IL-6, IL-10, TNF-α) in the VAT of pregnant women according to GWG and
(2) explore whether VAT inflammation and GWG are associated with offspring anthropo-
metric measures at birth.

2. Materials and Methods

Study population
This is a cross-sectional study conducted at the Hospital of Gynecology and Obstetrics

3, National Medical Center La Raza, and at the Hospital of Gynecology and Obstetrics 221,
Instituto Mexicano del Seguro Social, and was approved by the Institutional Review Board
(R-2018-785-026). All participants signed informed consent.

The study included 50 women aged 18 to 40 with singleton pregnancies and sched-
uled cesarean sections who delivered term infants. Indications for cesarean section were
breech presentation and previous cesarean section. Exclusion criteria were smoking dur-
ing pregnancy, pre-existing diabetes mellitus, major maternal comorbidities, and fetal
malformations discovered at routine ultrasound examinations.

Maternal body mass index (BMI) was calculated from the weight measured at the
first antenatal visit using a calibrated scale and the measured maternal height. BMI was
categorized according to the WHO definitions: underweight < 18.5 kg/m2, target weight
18.5–24.9 kg/m2, overweight 25.0–29.9 kg/m2, and obesity ≥ 30 kg/m2. GWG was calcu-
lated as the difference between the weight measured at the first and last antenatal visit.
GWG classification was determined using the IOM guidelines [7] and categorized as insuf-
ficient, adequate, or excessive GWG. Information on pregnancy was collected from hospital
records.

Newborn anthropometric measurements (weight, length, foot length, head circum-
ference, chest circumference, and abdominal circumference) were assessed at birth. The
ponderal index was calculated as 100 × [birthweight (g)/length (cm3)].

Sample collection and biochemical analyses
Blood samples were collected in the morning on the day of the scheduled cesarean

section after an overnight fast of 12 h. Glucose, total cholesterol, high-density lipoprotein

238



J. Clin. Med. 2023, 12, 6766

(HDL) cholesterol, and triglyceride serum levels were determined using an ARCHITECT
Plus c4000 Clinical Chemistry Analyzer (Abbot Diagnostics, Abbott Park, IL, USA). Low-
density lipoprotein (LDL) cholesterol levels were estimated with the Friedewald formula.
According to manufacturer’s guidelines, insulin levels were determined with a multiplex
immunoassay using Magpix technology (Milliplex Map, Billerica, MA, USA). Homeo-
static Model Assessment for Insulin Resistance (HOMA-IR) was estimated using the for-
mula HOMA-IR = [fasting insulin concentration (μU/mL) × fasting glucose concentration
(mmol/L)]/22.5 [15].

Gene expression analyses
Omental VAT fragments of about 5 cm3 of volume were obtained from all participants

within ten minutes of delivery, and they were dissected into small fragments, placed in
TRIzol® Reagent (In-vitrogenTM, Carlsbad, CA, USA), and stored at −70 ◦C until RNA ex-
traction. A Direct-zolTM RNA MiniPrep kit (Zymo Research Corp, Irvine, CA, USA) was used
for total RNA extraction in accordance with the manufacturer’s protocol. RNA purity and
quantity were measured using spectrophotometry (NanoDrop 2000, Thermo Fisher Scientific,
Wilmington, DE, USA). cDNA was generated from RNA using a SuperScript®III First-Strand
kit (InvitrogenTM, Carlsbad, CA, USA) following the manufacturers’ specifications. Subse-
quently, real-time PCR was performed using predesigned Taqman® Gene Expression Assays
and Taqman® Universal PCR Master Mix (Applied BiosystemsTM, Foster City, CA, USA). The
2−ΔCt relative method quantification was used to determine the fold change in the mRNA ex-
pressions with the GAPDH transcript as endogenous control. All the primers and probes were
acquired from Applied BiosystemsTM: TLR2 (Hs02621280_s1), TLR4 (Hs00152939_m1), NFκB
(Hs00765730_m1), IKKβ (Hs01559460_m1), IL-1RA (Hs00893626_m1), IL-1β (Hs01555410_m1),
IL-6 (Hs00985639_m1), IL-10 (Hs00961622_m1), TNF-α (Hs01113624_g1), and GAPDH (PN
4326317E).

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics 23.0 (IBM SPSS Inc.,

Chicago, IL, USA). The normality was tested with Shapiro–Wilk tests. Data are presented
as median (25th and 75th percentiles). Comparisons between groups were analyzed using
Kruskal–Wallis test followed by a post hoc test for multiple group comparisons. The
relationship of VAT gene expression and offspring anthropometric measures was analyzed
using the Spearman test. Multiple linear regression was applied to analyze the correlations
of GWG (independent variable) and birth weight (dependent variable) after adjusting for
maternal age, gestational age at delivery, pregestational maternal weight, parity, maternal
metabolic factors (glucose, insulin, and lipid profile), and sex of the newborn. A two-tailed
p value < 0.05 was considered statistically significant.

3. Results

Participant characteristics
The maternal characteristics are presented in Table 1. Most women were in their

second or subsequent pregnancy; 57.5% had overweight or obesity at the onset of preg-
nancy, and 56.8% had adequate GWG. Fasting plasma glucose and insulin resistance
were in the normal healthy range; however, women had a dyslipidemic profile (total
cholesterol > 5.2 mmol/L and triglycerides > 1.7 mmol/L). These biochemical measures
were no different among the GWG groups (Table 2).

Women with overweight/obesity at the onset of pregnancy had a higher proportion
of excessive GWG than women with a target weight (24.1% vs. 17.6%, p = 0.009). None of
the underweight women had excessive GWG; 75% gained below the recommended level.
Moreover, 29% of target-weight women and 17.4% of overweight women had GWG below
the guidelines.
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Table 1. Anthropometric and laboratory characteristics of the study group.

Characteristics n = 50

Maternal age at delivery (years) 30.0 (22.0–33.3)

Previous pregnancies (%)
None 31.9

At least one 68.1

Pre-pregnancy BMI n (%)
<18 Underweight 4 (8.5)

18.0–24.9 Target weight 17 (34.0)
25.0–29.9 Overweight 23 (44.7)

>30 Obesity 6 (12.8)

Gestational weight gain n (%)
Insufficient 12 (22.7)
Adequate 28 (56.8)
Excessive 10 (20.5)

Gestational age (weeks) 39.0 (38.0–40.0)

Fasting glucose (mmol/L) 4.2 (3.8–5.1)

Fasting insulin (pmol/L) 51.8 (30.1–73.4)

HOMA-IR 1.3 (0.82–2.0)

Total cholesterol (mmol/L) 6.1 (5.2–6.7)

HDL cholesterol (mmol/L) 2.7 (2.3–3.1)

LDL cholesterol (mmol/L) 1.9 (1.2–2.3)

Triglycerides (mmol/L) 3.0 (2.5–3.6)
Data are presented as counts and percentages as well as medians (interquartile range). BMI: body mass index,
HOMA-IR: homeostasis model assessment-insulin resistance, HDL: high-density lipoprotein cholesterol: LDL
low-density lipoprotein cholesterol.

Table 2. Biochemical parameters according to GWG.

Insufficient GWG Adequate GWG Excessive GWG

Fasting glucose (mmol/L) 4.3 (3.6–6.2) 4.2 (3.8–4.5) 4.8 (3.7–5.4)

Fasting insulin (pmol/L) 55.9 (42.7–75.2) 51.1 (27.4–79.2) 50.3 (36.4–103.9)

HOMA-IR 1.3 (0.9–2.2) 1.3 (0.7–2.2) 1.4 (0.9–2.1)

Total cholesterol (mmol/L) 6.6 (5.6–7.5) 5.6 (5.0–6.5) 6.2 (5.4–6.8)

HDL cholesterol (mmol/L) 2.8 (2.4–3.4) 2.5 (2.3–3.2) 2.5 (2.2–3.0)

LDL cholesterol (mmol/L) 2.2 (1.3–3.7) 1.7 (1.1–2.1) 1.9 (1.0–3.1)

Triglycerides (mmol/L) 3.1 (2.6–3.7) 2.9 (2.4–3.6) 3.3 (2.8–4.0)
Data are presented as medians (interquartile range). HOMA-IR: homeostasis model assessment-insulin resistance,
HDL: high-density lipoprotein cholesterol, LDL: low-density lipoprotein cholesterol.

Inflammatory gene expression and GWG
As shown in Figure 1, GWG was a relevant factor associated with the expression

of genes involved in VAT inflammation. Women with excessive GWG had significantly
higher TLR2, TLR4, IL-1RA, IL-6, IL-10, and NFκB expression than women with insufficient
GWG. The GAPDH Ct values were not different among the groups [insufficient GWG:
23.8 (23.5–24.1); adequate GWG: 23.9 (23.3–24.3); excessive GWG: 23.6 (23.1–23.8); p = 0.72].
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Figure 1. Inflammatory markers’ mRNA expression (Q1, median, and Q3 of 2−ΔCt) in VAT according
to GWG. GWG: gestational weight gain. * p < 0.05 vs. insufficient GWG.

Also, women with adequate GWG had higher TLR2, TLR4, IL-1β, IL-1RA, IL-6,
IL-10, and NFκB expression than women with insufficient GWG. No differences in gene
expression were observed between women with adequate GWG and those with excessive
GWG. Concerning overweight/obesity at the onset of pregnancy, no association was
observed between maternal pregestational BMI and gene expression in VAT.

GWG and offspring anthropometric measures
Neonates from mothers with excessive GWG had greater birth weights and chest

circumferences than those from mothers with insufficient GWG, and newborns from
mothers with adequate GWG had higher head circumferences than those from mothers
with insufficient GWG (Table 3). No differences in offspring anthropometric measures were
observed between women with adequate GWG and those with excessive GWG.

GWG was positively correlated with birth weight (r = 0.288, p < 0.05), and this correlation
still existed after adjusting for maternal age, gestational age at delivery, pregestational maternal
weight, parity, maternal metabolic factors, and sex of the newborn (β = 0.4, p < 0.05).

Gene expression related to VAT inflammation was not associated with offspring
anthropometric measures.
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Table 3. Offspring anthropometric measures according to GWG.

Insufficient GWG Adequate GWG Excessive GWG

Gestational age (weeks) 39 (37.3–39.8) 38.9 (38.0–39.5) 39 (38.5–40.3)

Sex n (%)
Female 9 (75.0) 9 (34.6) 6 (66.7)
Male 3 (25.0) 17 (65.4) 3 (33.3)

Birth weight (g) 2850 (2352.5–3100) 3025 (2787.5–3202.5) 3150 (3020–3395) *

Birth length (cm) 49 (48–50) 49 (47–50) 48 (47.25–51.25)

Ponderal index (g/cm3) 2.47 (2.15–2.8) 2.63 (2.4–2.8) 2.67 (2.46–2.85)

Neonatal foot length (cm) 7.5 (7–8) 8 (7–8) 8 (7–8)

Neonatal head circumference (cm) 33 (32–34) 34 (33–35) * 34 (32.5–35.25)

Neonatal chest circumference (cm) 31 (29–32.75) 32 (31–33) 34.5 (32.0–35.0) *

Neonatal abdominal circumference (cm) 29 (28–30.75) 30.5 (29.5–32.25) 30.0 (29.0–33.5)

Data are presented as medians (interquartile range). * p < 0.05 vs. insufficient GWG.

4. Discussion

A meta-analysis of more than 1.3 million pregnancies worldwide reported that only
28–32% of pregnant women have adequate GWG [2]. In Mexico, the prevalence of excessive
GWG ranges from 38% to 43%, and this frequency is higher in women with overweight and
women with obesity [16,17]. Our results showed that 56.8% of the participants had adequate
GWG, 22.7% had insufficient GWG, and 20.5% had excessive GWG. This frequency is lower
than that in previous studies, probably due to the age and the pregestational BMI range
in our study (BMI range: 15.24–32.81 kg/m2). Additionally, we found that women with a
higher pregestational BMI had higher GWG than those with a target weight. However, we
did not observe significant differences in biochemical measures among the GWG groups.
One explanation for this result could be the small sample size.

Maternal obesity is associated with impaired VAT function. We have previously
reported that inflammatory genes in the VAT of women with obesity are upregulated
compared with those in lean women late in pregnancy [18]. Inflammation during pregnancy
has also been linked to GWG; recent studies have shown that the systemic inflammatory
biomarkers C-reactive protein and interleukin 8 are positively correlated with GWG [19,20].
It has been suggested that inflammation stimulates the production of reactive oxidative
species, which promote the expansion and terminal differentiation of adipocytes and
sustained inflammation, leading to weight gain [21,22]. In the context of adipose tissue,
TLR4 and TLR8 are involved in saturated fatty acid-mediated inflammation [23,24], IL-6
promotes macrophage infiltration [25], IL-1β is produced by activated macrophages [26],
and NFκB is a transcription factor that triggers proinflammatory pathways in immune
cells [27]. In turn, IL-10 is essential in resolving inflammation and subsequent tissue damage.
IL-1RA inhibits the proinflammatory effects of IL-1, thus acting as an anti-inflammatory
mediator [28]. We observed an up-regulation of most pro-inflammatory and of all anti-
inflammatory genes in women with adequate or excessive GWG compared with the group
with insufficient GWG. The down-regulation of these genes in insufficient GWG may reflect
an energetic maladaptation of VAT that could partly explain the high risk of small-for-
gestational-age infants [2,29]. Moreover, there may have been a difference in the pattern
of adipose distribution between those women with insufficient GWG and those with
adequate and excessive GWG; lean women gain more subcutaneous adipose tissue, and
women with overweight and women with obesity have a greater proportion of VAT during
pregnancy [30].

Interestingly, it has been suggested that maternal inflammation should contribute to
the fetal programming of obesity through changes in organs that release pro-inflammatory
cytokines as AT and the placenta [31]. Notably, in our study, the increased expression of the
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inflammatory cytokines in VAT was not associated with anthropometric neonatal measures.
However, there is evidence that the placenta substantially contributes to maternal cytokine
concentrations and nutrient transport to the fetus [32].

Several studies have shown that excessive GWG and pregestational BMI are associated
with offspring birth weight and adiposity [2,13]. However, in our study, we did not
observe an association between BMI and newborn weight. Only GWG was found to
be independently and positively associated with newborn weight. Excessive GWG is
accompanied by increased fat mass associated with birthweight because of the increased
availability of plasma fatty acids for placental transport [33].

The present study is strengthened by the adjustment for several major elements that
may confound the relationship between GWG and neonatal anthropometric measures.
However, our study has some limitations. We had a modest sample size, which may limit
the study’s power to identify GWG-related metabolic profiles. Additionally, we were unable
to obtain information regarding dietary patterns, lifestyle behaviors, and socioeconomic
status during pregnancy. Newborn and maternal fat mass were not examined. At the same
time, we investigated the overall GWG at the end of pregnancy instead of weight gain
during each trimester. It has been suggested that GWG during the first and early second
trimesters is related to somatic growth [34]. Finally, although our study demonstrates
associations, we cannot determine causation.

5. Conclusions

The expression of most genes associated with inflammatory pathways was higher in
excessive and adequate GWG than in pregnant women with insufficient GWG. However,
VAT inflammation was not related to offspring anthropometric measures. Further longitu-
dinal studies on bigger samples are required to evaluate the role of VAT inflammation on
maternal and neonatal outcomes.

Additionally, GWG was found to be positively associated with newborn weight. This
suggests that interventions, information, and counseling to optimize GWG should be
evaluated for their ability to reduce excessive fetal growth.
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Abstract: This retrospective study aimed to investigate the impact of microorganisms identified in
the reproductive tract on disorders during the early adaptation period in newborns. A cohort of
823 patients and cervical canal cultures were analyzed to identify the presence of microorganisms.
Newborns included in the study were divided into two groups due to the number of pathogens
identified in the swab from the cervical canal of the mother. The first group consisted of newborns
whose mothers had one pathogen identified (N = 637), while the second group consisted of newborns
whose mothers had two or more pathogens identified (N = 186). The analysis of disorders of the
early adaptation period included the incidence of respiratory distress syndrome, the number of
procedures performed with the use of CPAP, oxygen therapy, antibiotic therapy and parenteral
nutrition. Respiratory distress syndrome was more common in group II than in group I (85 vs. 31,
p = 0.001). In group II, CPAP (63 vs. 21, p = 0.001), oxygen therapy (15 vs. 8, p = 0.02) and antibiotics
were used more frequently (13 vs. 8, p = 0.01). The findings of this study revealed that the number
of pathogens colonizing the reproductive tract had a significant influence on the early adaptation
period in newborns. Multifactorial colonization of the reproductive tract was associated with an
increased incidence of infections in newborns and a higher prevalence of acid–base balance disorders.
This study highlights the importance of monitoring and addressing the microbial composition of the
reproductive tract during pregnancy.

Keywords: early postnatal adaptation; newborns; infection in pregnancy; vaginal infection;
vaginal microbiome

1. Introduction

1.1. Background

The moment of birth is a rapid transition for the newborn from the intrauterine
environment to the external environment. During fetal life, the ambient temperature is
constant and optimal, oxygen and nutrients are supplied with the umbilical cord blood
and the skin is covered with a protective layer of fetal fluid. Birth, the clamping of the
umbilical cord together with thermal and tactile stimulation lead to the aeration of the
lungs, the stabilization of regular breathing and gas exchange. An increase in systemic
arterial pressure together with a decrease in pulmonary vascular resistance initiates changes
in the circulatory system, adapting the heart to work with altered pulmonary circulation.
In the following hours of life, the remaining organs of the newborn adapt to the changed
conditions of functioning. Postnatal adaptation to extrauterine life is a physiological process
and normally does not require medical intervention. However, there are situations that go
beyond the limits of physiology, which may manifest themselves throughout the period of
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early adaptation to the 7th–10th day of a newborn’s life. In Poland, newborns are usually
discharged from the hospital after the age of 2 days; therefore, the assessment of a newborn
rests with primary care physicians and community midwives, whose role is to notice the
moment when the physiology of the neonatal period turns into pathology [1].

Cervico-vaginal infections are not without significance for both the fetus and the
newborn. They are still the most common cause of morbidity and mortality in the postnatal
period. It has been proven that bacteria commonly colonizing the mother’s genital tract can
be transferred to the child’s body both intrauterine and during delivery [2]. The immaturity
of the newborn’s immune system increases its susceptibility to intrauterine or perinatal
infections [3].

In clinical practice, smears are most often performed to identify group B streptococci
(GBS—group B—streptococcal), bacteria that are an important cause of complications in the
child in the perinatal period. Based on numerous meta-analyses carried out in the 1990s,
the use of perinatal prophylaxis of GBS, which contributes to the reduction of infectious
complications in newborns, has been demonstrated [4,5].

The factors contributing to neonatal infections and disorders of the early adaptation
period in newborns are: [6,7]

1. Premature rupture of membranes (especially before 37 weeks of gestation),
2. Drainage of amniotic fluid for more than 18 h,
3. Maternal fever,
4. Chorioamnionitis,
5. Birth of a child with a history of GBS infection,
6. Colonization of GBS during pregnancy, especially urinary tract infection,
7. Maternal diabetes,
8. Prematurity,
9. Low birth weight.

The most common causative agents of early neonatal infections (occurring before
72 h of age) in industrialized countries include group B streptococci, E. coli, Enterobacter,
S. Aureus and S. Pneumoniae [8]. In developing countries, infections caused by E.coli,
Klebsiellapneumoniae, Staphylococcus Aureus and Acinetobacter predominate [9]. The most
common form of early-onset infection is sepsis (EOS—Earlyonsetsepsis), beginning in
the first hours of life and often progressing rapidly in newborns < 7 days of age. In
addition to sepsis, pneumonia or meningitis may develop, being an isolated infection or
complicating sepsis in about 25% of cases [6–10]. Recent studies indicate that bacterial
vaginosis is a polymicrobial condition in which the processes occurring between the bacteria
colonizing the vagina contribute to the formation of infection [11]. Disturbances of the
microbiological balance consisting of a decrease in the physiological flora of Lactobacilius
spp. and displacing it by pathological microbes, including Streptococcus agalactie, Escherichia
coli, Haemophilusinfluenze, Enterococcusfecalis and Peptoniphilus, contribute to intra-amniotic
infections and result in increased infectious complications in the newborn [12].

1.2. Objectives

The aim of this study was to analyze the microorganisms identified in the reproductive
tract and their impact on disorders of the adaptation period in newborns. The neonatal
assessment included the Apgar score, severity of jaundice, respiratory distress, the need
for continuous positive airway pressure (CPAP) in the first 48 h of life and laboratory and
microbiological tests.

The aim was to check the incidence of adjustment disorders among newborns, de-
pending on the number of microorganisms detected in the reproductive tract of mothers.
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2. Methods

2.1. Study Design and Data Sources

The study received consent from the Bioethics Committee of the Medical University
of Silesia in Katowice, Poland, on 8 January 2019, number KNW/022/KB/307/18. Pa-
tient records were analyzed retrospectively for this study. The newborn’s condition was
based on the results of Apgar scores at 1, 3, 5 and 10 min of life, acid–base balance tests,
complete blood count, urine and microbiological tests and inflammatory parameters, i.e.,
procalcitonin (PCT) and C-reactive protein (CRP) blood levels. We evaluated the need
for respiratory support, parenteral nutrition, antibiotic treatment and the occurrence of
severe or prolonged jaundice within the first 48 h after birth to assess adaptation issues to
extrauterine life.

We analyzed the early adaptation of newborns in both groups to determine the inci-
dence of respiratory disorders. No neonate required intubation or mechanical ventilation;
frequency of use CPAP and oxygen therapy procedures were used to compare between
groups. We also evaluated the rate of antibiotic therapy, parenteral nutrition and pathologi-
cal jaundice in both groups.

2.2. Settings and Participants

Patients who gave birth between 1 January 2018 and 29 February 2020 were analyzed.
The study included a group of 823 pregnant women who gave birth with positive cervical
canal culture results from the Department of Gynecology, Obstetrics and Gynecologic On-
cology, Medical University of Silesia, Katowice, Poland, and the Neonatology Department
of the Hospital of the Order of Bonifraters in Katowice. On the day of admission to the
hospital, before the gynecological examination, material for bacteriological examination
was collected from the cervical canal in each patient by a gynecologist. Taking a vaginal
swab upon admission to the hospital is a standard procedure for every pregnant woman.

The criteria for inclusion in this study were: uncomplicated single pregnancy, culture
from the lower genital tract on the day of admission to the ward, natural delivery during
the same hospitalization and complete medical documentation. The criteria for exclusion
from the study were: cesarean section, multiple pregnancies, complicated pregnancies,
pre-eclampsia, eclampsia, gestational diabetes, gestational hypertension, thrombophilia,
cholestasis of pregnancy, uterine defects, fetal defects and incomplete medical records.
Newborns delivered by cesarean section were excluded from this study to eliminate the
possible overlapping of postnatal adaptation issues that may arise during childbirth by this
method with disorders resulting from maternal colonization.

Newborns included in the study were divided into two groups due to the number
of pathogens identified in the swab from the cervical canal of the mother. The first group
consisted of newborns whose mothers had one pathogen identified (N = 637), while the
second group consisted of newborns whose mothers had two or more pathogens identified
(N = 186). Enrolment is presented in the CONSORT 2010 diagram—Figure 1.

2.3. Statistics Methods

The normality of the distributions was checked using the Shapiro–Wilk test. The
analysis for normally distributed qualitative unrelated variables was performed using
the Chi2 test. The analysis for normally distributed unrelated quantitative variables was
performed using the student’s t-test. Quantitative variables not meeting the criteria of
normal distribution were compared using the Mann–Whitney U test. All results were
statistically processed in Statistica™ 12 PL software. The significance level of p < 0.05 was
adopted as the criterion for statistical inference.
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Figure 1. The CONSORT 2010 diagram—Enrolment of participants.

3. Results

The general characteristics of the study group and the control group are presented
in Table 1. Both groups did not differ statistically significantly in terms of all parameters
analyzed in Table 1.

The most frequently identified microorganisms in the genital tract in the presented
groups were Candida albicans and Streptococcus agalactiae. All microorganisms identified in
the endocervical swabs are listed in Table 2.
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Table 1. General characteristics of the study and control groups—analysis with the T-student test of
variables: mother’s age, week of pregnancy, number of pregnancies, number of deliveries, BMI, birth
weight and Apgar score. p value > 0.05—statistically non-significant result.

Variable Group I (N = 637) Group II (N = 186) p Effect Size

Mother’s age 31.03 (SD ± 4.23) 32.1 (SD ± 4.52) 0.54 0.244

Gestational age (weeks) 39.4 (SD ± 1.94) 39.1 (SD ± 1.88) 0.32 0.157

Pregnancy 1.75 (SD ± 0.91) 1.83 (SD ± 0.89) 0.08 0.089

Parity 1.59 (SD ± 0.80) 1.45 (SD ± 0.68) 0.77 0.189

BMI (kg/m2) 27.1 (SD ± 3.45) 26.7 (SD ± 2.88) 0.63 0.126

Birth weight (g) 3366 (SD ± 493) 3402 (SD ± 456) 0.37 0.076

Apgar score (1 min) 8.83 (SD ± 0.57) 8.33 (SD ± 1.03) 0.20 0.601

Apgar score (3 min) 9.78 (SD ± 0.77) 9.79 (SD ± 0.92) 0.83 0.012

Apgar score (5 min) 9.37 (SD ± 0.54) 9.23 (SD ± 0.72) 0.44 0.220

Apgar score (10 min) 9.63 (SD ± 0.80) 9.67 (SD ± 0.74) 0.94 0.052

Table 2. Types of microorganisms identified in swabs from the cervical canal and their frequency.

Lp Pathogen Group I (N = 637) Group II (N = 186)

1 Candida albicans 302 156

2 Streptococcus agalactiae 247 148

3 Candida glabrata 42 35

4 Staphylococcus aureus MSSA 29 26

5 Candida tropicalis 10 14

6 Enterococcus faecalis 2 3

7 Trichomonas vaginalis 1 0

8 Klebsiella pneumoniae 1 1

9 Candida krusei 1 1

10 Escherichia coli 1 18

11 Staphylococcus aureus MRSA 1 2

Comparing the parameters of the acid–base balance, inflammatory markers and biliru-
bin, lower pH values were observed in group II than in group I (7.31 ± 0.07 vs. 7.39 ± 0.02).
Saturation values were also lower in group II than in group I (78.91 ± 13.1 vs. 83.44 ± 6.91).
The concentration of HCO3- was statistically significantly lower in group II than in group
I (19.17 ± 3.23 vs. 23.22 ± 2.64). The results of the parameters of inflammation from the
first day of life were higher in group II than in group I (8.52 ± 8.02 vs. 7.24 ± 6.12), while
statistical significance was observed when comparing the concentration of procalcitonin
(1.74 ± 1.11 vs. 0.67 ± 0.52), bilirubin (8.92 ± 4.05 vs. 7.92 ± 3.67) and leukocytes (19.57 ±
7.48 vs. 12.51 ± 4.35) in the complete blood count of newborns. The results are presented
in Table 3.

250



J. Clin. Med. 2023, 12, 6852

Table 3. Comparison of blood gas, inflammatory markers and bilirubin test results in the analyzed
groups of newborns—analysis using the student t-test. p-values > 0.05—statistically non-significant
result.

Variable Group I (N = 637) Group II (N = 186) p Effect Size

pH 7.39 (SD ± 0.02) 7.31 (SD ± 0.07) 0.0001 1.554

BE (mEq/l) −3.61 (SD ± 2.21) −6.13 (SD ± 3.72) 0.06 0.824

pO2 (mmHg) 46.21 (SD ± 11.01) 45.78 (SD ± 13.11) 0.67 0.036

pCO2 (mmHg) 36.75 (SD ± 8.61) 36.66 (SD ± 7.11) 0.88 0.011

HCO3−(mmol/L) 23.22 (SD ± 2.64) 19.17 (SD ± 3.23) 0.0001 1.373

Saturation (%) 83.44 (SD ± 6.91) 78.91 (SD ± 13.1) 0.03 0.433

CRP (mg/L) 7.24 (SD ± 6.12) 8.52 (SD ± 8.02) 0.34 0.179

Procalcitonin (ng/mL) 0.67 (SD ± 0.52) 1.74 (SD ± 1.11) 0.01 1.235

Bilirubin (mg/dL) 7.92 (SD ± 3.67) 8.92 (SD ± 4.05) 0.03 0.259

WBC (tys/μL) 12.51 (SD ± 4.35) 19.57 (SD ± 7.48) 0.0001 1.154

Granulocytes (%) 54.67 (SD ± 11.39) 56.42 (SD ± 9.76) 0.15 0.165

The analysis of disorders of the early adaptation period included the incidence of
respiratory distress syndrome and the number of procedures performed with the use of
CPAP, oxygen therapy, antibiotic therapy and parenteral nutrition. In addition, the number
of newborns diagnosed with pathological jaundice was examined. Respiratory distress
syndrome was more common in group II than in group I (85 vs. 31, p = 0.001). In group II,
CPAP (63 vs. 21, p = 0.001), oxygen therapy (15 vs. 8, p = 0.02) and antibiotics were used
more frequent (13 vs. 8, p = 0.01). The results are presented in Table 4.

Table 4. Analysis of disorders of the early adaptation period and procedures performed in a group of
newborns from the study group and the control group—analysis with the Chi2-Pearson test. p-values
> 0.05—statistically non-significant result.

Variable Group I (N = 637) Group II (N = 186) p Cramer’s V

Respiratory disorder
syndrome 31 85 0.001 0.491

CPAP 21 63 0.001 0.422

Oxygen therapy 8 15 0.02 0.173

Antibiotics 8 13 0.01 0.152

Parenteral nutrition 7 8 0.2 0.100

Jaundice 122 98 0.04 0.317

Infections occurred in 21 neonates and were statistically significantly more common
in group II—13 (61.9%)—than in group I: 8 (38.1%), p = 0.01. We studied the correlation
between premature amniotic fluid leakage in mothers and neonatal infections. However, the
results showed no statistical significance (p > 0.05). There were no incidents of early sepsis
in both groups of neonates. Most common in both groups were infections of undetermined
origin: II—8 (61.5%) vs. I—4 (38.5%). This difference was statistically significant (p = 0.01).
For other types of infections, the differences were not statistically significant.
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The relationship between infections was also analyzed statistically using neonates and
premature amniotic fluid leakage in the mother; however, the results were not statistically
significant (p > 0.05).

A division was also made according to the type and number of infections. Infections
were more frequently observed in group II than in group I. The most common infections
were infections with an undetermined origin—8 (61.5%) vs. 4 (38.5%); this result was
statistically significant (p = 0.01). No statistically significant differences were found for
other types of infection. The results are presented in Table 5.

Table 5. Analysis of the type and frequency of infection in newborns in the study groups performed
with the Chi2–Pearson test. p-values > 0.05—statistically non-significant result.

Type of Infection Group I (N= 8) Group II (N = 13) p Cramer’s V

Pneumonia 3 3 0.27 0.155

Urinary tract infection 1 2 0.14 0.040

Infection of
undetermined origin 4 8 0.01 0.113

4. Discussion

There are data suggesting the possible intrauterine contact of the fetus with DNA
and bacterial metabolites [13]. The results of studies on the importance of providing
the child with the microbiota of the reproductive tract during childbirth clearly indicate
the beneficial effect of such colonization on postnatal adaptation, the colonization of the
newborn’s gastrointestinal tract and the stimulation of its immune system. At the same
time, however, colonization with the mother’s bacterial flora may cause infection of the
newborn [14].

Among the detected infections, the largest part were infections with an undetermined
origin, followed by pneumonia and urinary tract infections. In the presented studies,
no case of neonatal sepsis was found. According to the available worldwide data, the
incidence of early-onset neonatal sepsis varies between 4 and 22 per 1000 newborns [8]. One
of the aims of this study was to identify the relationship between the number of pathogens
colonizing the cervical canal and the occurrence of infections in newborns. There were
statistically significant differences between group II and group I: 13 (61.9%) vs. 8 (38.1%),
p = 0.01. When dividing by the type of infection, a higher incidence of infections was also
observed in group II. In a meta-analysis, Chan et al. confirmed the correlation between
maternal infection and neonatal infection.

In the cited study, the authors analyzed the relationship between a positive smear result
and the presence of infection in a newborn and showed a correlation. In the seven studies
they reviewed, 5.0% (95% CI 1.9–8.2) of maternal colonization cases had clinical signs of
neonatal infection. In this study’s analyzed own material, the percentage of infections
in newborns was 2.54%—21 cases of infection were recorded. These results confirm the
legitimacy of using smears in women before childbirth, as the pathological bacterial flora
of the mother’s reproductive tract has an impact on the occurrence of infection in the
newborn [8,15]. The presence of pathological flora in the cervix affects the occurrence of
PROM in the mother, which may lead to the development of FIRS in the fetus. This can
lead to birth asphyxia or the development of infection in the newborn. The colonization of
the genital tract with a diverse pathological flora may also have an immunomodulatory
effect on the fetus, as demonstrated by the studies of Gilbert et al. carried out on mice. The
coexistence of different types of microorganisms, e.g., Gardnerella vaginalis, can stimulate the
growth of other strains and cause infections, as evidenced by Gilbert’s research. Antibiotic
therapy used during pregnancy may also have an immunomodulatory effect on strains
colonizing the reproductive tract. The development of resistance to antibiotics may be
associated with an increased rate of infection with drug-resistant strains such as MRSA.
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In recent years, an increase in the rate of infections in neonatal intensive care units with
methicillin-resistant staphylococci has been observed [16,17].

The analysis of disorders of the early adaptation period in a newborn, carried out
in our own study, indicates a more frequent occurrence of disorders in group II than in
group I. Newborns exposed to many microorganisms present in the mother’s cervical
canal more often presented respiratory disorders in the first days of life. Respiratory
disorders were present in 85 (10.3%) newborns in group II, while in group I there were
31 (3.7%) cases, p = 0.001. These results are confirmed by studies by Edwards et al., who
indicate an infectious factor as one of the factors determining respiratory disorders in a
newborn [18]. So far, it has been proven that breathing disorders in the early adaptation
period affect about 7% of children. A higher percentage of respiratory disorders occurs in
the group of newborns born before 37 weeks of gestation and amounts to 34%. Then, it
gradually decreases until the 41st week of pregnancy, where it is about 0.5%. However,
from year to year, the tendency of respiratory distress syndrome in neonates born at term
is observed more and more often [16,17,19,20]. Breathing disorders in newborns from
full-term pregnancies occur most often in the form of TTN (Transient Tachypnea of the
newborn). This is confirmed by our own research where about 90% of breathing disorders
observed in newborns covered by this study were transient breathing disorders. The
analysis by Gizzi et al. comparing the use of oxygen therapy and CPAP respiratory support
confirms the better effect and greater usefulness of CPAP in the group of newborns with
TTN. In the collected research material, respiratory support with CPAP was more often
used in group II than in group I, respectively, 63 vs. 21, p = 0.001. This is because more TTN
cases were reported in the study group.

The acid–base balance parameters checked in the study show that in group I, newborns
achieved higher results of saturation, pH and pO2 compared to group II. This is also related
to the parameters of inflammation examined in children in the first days of life. The levels
of procalcitonin and WBC were statistically significantly higher in group II than in group I.

None of the infants observed developed sepsis and only three of the 63 infants re-
quiring respiratory support in group II developed pneumonia. The results of our study
suggest the possibility of the prolonged and complicated adaptation to the extrauterine life
of full-term infants in the case of the multifactorial colonization of the mother’s reproduc-
tive tract. However, in the observed group, prolonged and complicated early adaptation
was not associated with the more frequent diagnosis of neonatal infection. The results
of our study were similar to those of other centers [18,21]. Considering the widespread
early use of antibiotics, the data obtained in our study suggest the vigilant observation of
full-term newborns in the event of impaired early adaptation and the use of early-onset
sepsis calculators to guide antibiotic management in Term Neonates, rather than the rapid
initiation of antibacterial therapy.

This study was a retrospective analysis of the documentation of completed hospital-
izations of mother–newborn couples. In the case of suspected infection in the neonate
during the first 72 h of life, the scope of examinations depended on the clinical symptoms
presented by the child. Not all children underwent the same diagnostic tests, which makes
it difficult to compare the two groups of neonatal patients. This study included mother–
child pairs in which the bacteriological examination of the genital tract at admission was
positive in mothers. The goal was to compare differences in the adaptation of the newborns
depending on the number of cultured microorganisms. The limitation of this study is the
lack of comparison of the incidence of adaptation disorders and infections in newborns
in the culture-positive group to the incidence of the same in newborns of mothers whose
bacteriological tests were negative.

In addition, in the group of patients with multifactorial colonization regarding the
reproductive tract, an attempt was made to divide into subgroups depending on the
configuration of the cultured microorganisms. However, the population in each subgroup
was too small to obtain statistical significance; therefore, the results were not credible and
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the reliable assessment of differences in the quality and severity of neonatal adaptation
disorders depending on colonization was impossible.

5. Conclusions

1. The number of pathogens colonizing the reproductive tract affects the early adaptation
period in newborns.

2. Polymicrobial colonization of the reproductive tract increases the incidence of acid–
base balance disorders in newborns.

3. Multifactorial colonization of the reproductive tract increases the number of infections
in newborns. However, it does not affect the incidence of early-onset sepsis or
pneumonia in full-term newborns.

6. Implications

We understand the importance of conveying the practical implications of our findings.
In the revised manuscript, we have expanded our discussion to include possible clinical
implications based on our study results. Specifically, we have discussed the potential
benefits and challenges of routine screening for cervicovaginal infections and the empirical
use of antibiotic prophylaxis for these infections in pregnant women. We believe this will
provide clearer guidance to the readers on the relevance of our study to clinical practice.
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