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Abstract

Objectives: Preeclampsia (PE) is more common in multiple
pregnancies, especially dichorionic twins, which often
show birthweight discordance. The threshold of birth-
weight discordance linked to increased risk remains un-
clear, based largely on the Delphi consensus method. This
study examines whether discordance independently pre-
dicts PE and identifies the most predictive threshold to
guide prenatal care.

Methods: We conducted a retrospective population-based
cohort study of 2,546 women with dichorionic twins who
delivered in Slovenia between 2013 and 2022, using data from
the National Perinatal Information System. The association
between twin birthweight discordance, the main indepen-
dent variable, and PE, the main outcome variable, was
determined using multivariate logistic regression. We
calculated the crude odds ratio (OR) and adjusted odds ratio
(aOR) with a 95 % confidence interval. ROC analysis deter-
mined the area under the curve (AUC), the sensitivity, and
the false positive rate for predicting PE. Two-sided p-values
<0.05 were considered statistically significant.

Results: In our cohort PE occurred in 5.38 %. Compared with
a birthweight discordance of <10 %, a discordance >25 % was
identified as a statistically significant independent risk fac-
tor for PE development (aOR=1.66; 95 % CI1.10-2.52; p=0.016).
Birthweight discordance between 10 and 25% was not

Sara Cebron and Anja Rupar contributed equally to this work and share first
authorship.

*Corresponding author: Sara Cebron, Faculty of Medicine, University of
Ljubljana, Vrazov trg 2, 1000 Ljubljana, Slovenia,

E-mail: sc2634@student.uni-lj.si

Anja Rupar, Faculty of Medicine, University of Ljubljana Ljubljana, Slovenia
Ivan Verdenik, Departemnt of Perinatology, University Medical Centre
Ljubljana Ljubljana, Slovenia. https://orcid.org/0000-0001-6545-9785
Tanja Premru-Sr3en, Faculty of Medicine, University of Ljubljana Ljubljana,
Slovenia; and Departemnt of Perinatology, University Medical Centre
Ljubljana Ljubljana, Slovenia. https://orcid.org/0000-0003-2597-0188

significantly associated with PE. The AUC for predicting PE
with birthweight discordance was significant at 55.2 % (51.6—
58.8 %). However, at a birthweight discordance threshold of
>25%, only 10.2% of pregnant women with PE could be
identified with 5.8 % false-positive results.

Conclusions: This study revealed that a birthweight discor-
dance >25% in dichorionic twins significantly increases
PE risk.

Keywords: birthweight discordance; dichorionic twin preg-
nancy; preeclampsia; ROC analysis

Introduction

Hypertensive disorders in pregnancy, including pre-
eclampsia (PE), are among the most prevalent pregnancy
complications and represent a leading contributor to
maternal and perinatal morbidity and mortality globally [1,
2]. PE is estimated to affect approximately 2-8 % of preg-
nancies worldwide. In developing countries, it accounts for
up to 26 % of maternal deaths, while in developed countries,
PE is responsible for up to 16 % of maternal deaths [3].
Identifying risk factors for PE is therefore crucial for
implementing effective preventive measures and clinical
management strategies [4].

The incidence of twin gestations has been increasing in
recent years, primarily due to rising maternal age at
conception and the increased use of assisted reproductive
technologies. This trend contributes to a higher prevalence
of PE, as twin pregnancies are associated with a two- to
threefold elevated risk of PE development [5-7]. The risk is
particularly pronounced in dichorionic twin pregnancies,
where each fetus has its own placenta. The augmented total
placental mass is likely associated with an increased risk of
suboptimal placentation, a key factor in the pathophysiology
of PE [5, 8-11]. Moreover, dichorionic twin pregnancies
exhibit a higher incidence of placental abnormalities, which
are often associated with increased intertwin birthweight
discordance. Birthweight discordance in dichorionic twins
may indicate impaired placental function in the smaller
twin, which shares the same pathophysiological basis as PE
[11, 12]. This poses a distinct clinical challenge for antenatal
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monitoring, early diagnosis, and timely intervention in twin
pregnancies.

Few international studies have explored the impact of
twin pregnancy and intertwin birthweight discordance on
PE, with some also considering chorionicity [5-19], however
their findings remain inconsistent. Additionally, there is no
uniform definition across studies regarding the degree of
discordance that significantly increases the risk of PE, cur-
rent thresholds are based primarily on the Delphi consensus
method. Due to these conflicting findings, further research is
needed.

In this study, we aimed to determine whether birth-
weight discordance in dichorionic twin pregnancies is
independently associated with the development of PE in the
mother, regardless of other risk factors. Our main research
hypothesis was that there would be a significant propor-
tional association between birthweight discordance in
dichorionic twins and the development of maternal PE.

Subjects and methods

We conducted a retrospective population-based cohort study
of 2,546 women with dichorionic twins who gave birth in
Slovenia from January 1st 2013 to December 31st 2022, and
who met all the inclusion criteria outlined below. Anony-
mized data were obtained from the National Perinatal In-
formation System of Slovenia (NPIS).

The data are collected at the time of delivery by mid-
wives and attending doctors and are entered into the system
according to strict methodological guidelines in all 14 ma-
ternity hospitals in Slovenia [20]. Data registration is legally
required, as the NPIS also functions as the official birth
registry of Slovenia.

Between 2013 and 2022, 2,671 dichorionic twin deliveries
were recorded in Slovenia. For the purposes of this analysis,
61 cases were excluded due to perinatal mortality, 46 due to
major structural anomalies, and 14 due to the coexistence of
both conditions. An additional four pregnancies were
excluded due to missing data on maternal height and pre-
pregnancy BMI. The final analytical cohort comprised 2,546
dichorionic twin pregnancies.

The inclusion criteria comprised the presence of data
for the selected variables in each pregnancy. We investi-
gated birth weight discordance between twins as the main
independent variable (%) and the occurrence of PE as the
outcome variable (yes/no), as well as the following potential
confounding variables: maternal age (years), parity (nulli-
para/multipara), mode of conception (spontaneous/IVF),
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pre-pregnancy body mass index (BMI) (<18.5, 18.5-25, 25—
30, 230 kg/m?), presence of pre-pregnancy arterial hyper-
tension (AH) (yes/no), presence of pre-pregnancy diabetes
mellitus (DM) (yes/no), gestational age at delivery
(completed week), birth weight below the 10th percentile
for one or both fetuses (SGA) (yes/no) [21], presence of
gestational DM (yes/no), gestational weight gain (kg),
smoking during pregnancy (yes/no), preventive treatment
with low-dose aspirin (yes/no), insulin therapy during
pregnancy (yes/no), and sex of the twins (male-male/fe-
male-female/male-female). We defined nullipara as a
woman with no history of viable pregnancies and multi-
para as a woman who had previously delivered at least
once at >22 weeks of gestation or later.

PE was defined as new-onset hypertension after the 20th
week of pregnancy and proteinuria or involvement of any
other organ [3]. Hypertension was defined as a systolic blood
pressure of 140 mmHg or higher and/or a diastolic blood
pressure of 90 mmHg or higher on two separate measure-
ments taken at least 4 h apart after the 20th week of preg-
nancy in a previously normotensive woman. Proteinuria
was defined as the presence of 300 mg or more of proteinin a
24-h urine sample, a protein/creatinine ratio of 0.3 mg/dL or
more, or a protein level of 2+ or higher on a urine dipstick
test. In the absence of proteinuria, PE was characterized as
new-onset hypertension accompanied by at least one of the
signs of organ failure (liver, kidney or lung) or neurologic
symptoms.

Discordance was defined as the difference in birth
weight between the twins. It was calculated using the
following formula:

birth weight discordance (%)

_ bigger twin (g) — smaller twin (g)

bigger twin (g) *100

Birth weight discordance was analyzed both as a
continuous variable (%) and as a categorical variable (<10 %,
10-25 %, >25 %).

Exclusion criteria included the presence of congenital
anomalies in one or both fetuses, perinatal death of one twin,
and missing or implausible data for the included variables
(values more than 3 SD from the mean).

Statistical analyses

We described the demographic and clinical characteristics
of women with and without PE using descriptive statistics:
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Table 1: Demographic and clinical characteristics of pregnant women and dichorionic twin pregnancies (n=2,546).
Variables Women without PE Women with PE OR 95 % CI p-Value
(n=2,409) (94.62) (n=137) (5.38)

Maternal age, years 32.08 (4.89) 33.16 (5.37) 0.090
Nulliparity 1,263 (52.43) 100 (72.99) 2.45 1.67-3.60 <0.001
Conception via IVF 673 (27.94) 46 (33.58) 1.30 0.91-1.88 0.154
Pre-pregnancy BMI, kg/m? 24.24 (4.67) 26.02 (5.82) 1.07 1.04-1.11 <0.001
Pre-pregnancy hypertension 15(0.62) 12 (8.76) 15.32 7.02-33.43 <0.001
Pre-pregnancy diabetes 7 (0.29) 2 (1.46) 5.08 1.05-24.71 0.025
Gestational age at delivery, weeks 35.49 (2.60) 34.80 (2.02) 0.91 0.87-0.97 <0.001
SGA (in one or both twins) 201 (8.34) 14 (10.22) 1.25 0.71-2.21 0.443
Gestational diabetes 351 (14.57) 24 (17.52) 0.91 0.79-1.96 0.344
GWG, kg® 15.50 (6.45) 16.53 (7.42) 1.02 0.99-1.05 0.051
Smoking during pregnancy 197 (8.18) 9(6.57) 0.79 0.40-1.58 0.502
Preventive treatment with low-dose aspirin 121 (5.02) 10 (7.30) 1.49 0.76-2.91 0.241
Insulin treatment during pregnancy 61 (5.02) 8 (5.84) 2.39 1.12-5.09 0.020
Sex of twins

Male-male 735 (30.51) 38 (27.74) Ref

Female-male 1,042 (43.25) 55 (40.15) 1.02 0.67-1.56 0.924

Female-female 632 (26.23) 44 (32.12) 1.35 0.86-2.10 0.192
Birth weight discordance, % 10.87 (8.34) 12.44 (8.82) 1.02 1.00-1.04 0.041

Results are presented according to the type of variable as mean (SD) or number (%). Odds ratios for BMI (kg/mz), gestational age at delivery (weeks), GWG
(kg), and birth weight discordance (%) are presented per unit increase. BMI, body mass index; CI, confidence interval; SGA, small for gestational age; GWG,
gestational weight gain; IVF, in vitro fertilization; OR, odds ratio; PE, preeclampsia; SD, standard deviation.

numbers and frequencies for categorical variables and
means with standard deviation (SD) for continuous (linear)
variables. The association between birth weight discordance
and PE was analyzed using logistic regression. Confounding
variables that showed a significance level (p-value) of <0.1in
univariate logistic analysis were included. We calculated
adjusted odds ratios (aOR) with 95 % confidence intervals
(CD. Receiver operating characteristic (ROC) analysis was
used to calculate the area under the curve (AUC), as well as
sensitivity and false positive predictive value for the pre-
diction of PE based on birth weight discordance. Linear
regression was used to assess the correlation between
gestational age at delivery and birth weight discordance.
Two-tailed p-values <0.05 were considered statistically
significant.

No patients were involved in the design or imple-
mentation of the study. There are no plans to involve pa-
tients in dissemination.

For statistical calculations, we used IBM SPSS Statistics
for Windows, Version 29.0. (IBM Corporation, Armonk, New
York, USA).

Ethical approval

The research was approved by the National Medical Ethics
Committee of the Republic of Slovenia on January, 16th, 2024
(No. 0120-559/2023/3).

Results

The clinical and demographic characteristics of women with
and without PE from our cohort are presented in Table 1. The
incidence of PE in the cohort was 5.38 %. Compared to those
without PE, women with PE were more often nulliparous,
had higher mean pre-pregnancy BMI, had a greater preva-
lence of pre-gestational AH and pre-gestational DM, and
were more likely to be treated with insulin. The mean
gestational age at delivery was lower in the PE group.
Additionally, in pregnancies affected by PE, birthweight
discordance increased by 0.17 % for each week of shorter
gestation, whereas in those without PE, the increase was
only 0.05% per week. Overall, the mean birthweight
discordance was greater in the PE group.

Moreover, BMI and gestational weight gain (GWG) were
categorized as shown in Table 2. Compared to the group
without PE, the group with PE included a higher proportion
of women with a BMI over 30 kg/m? (21.90 vs. 11.50 %) and
more women with excessive GWG (70.80 vs. 58.16 %).

Multivariable analysis

For the purposes of multivariate logistic regression, birth-
weight discordance (%) was categorized as shown in Table 2,
with discordance less than 10 % used as the reference group.
Models were adjusted for parity, maternal age, pre-pregnancy
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Table 2: Risk of developing preeclampsia in dichorionic twin pregnancies
with birth weight discordance.

Variables Women Women aOR® 95% p-Value
without PE with PE CI
(n=2,409) (n=137)
(94.62) (5.38)
Birth weight
discordance
<10 % 1,311 (54.42) 69 (50.36) Ref
10-25% 942 (39.10)  51(37.23) 091 0.69-  0.498
1.20
>25% 156 (6.48) 17(12.41) 1.66 1.10-  0.016
2.52
Pre-pregnancy 15 (0.62) 12(8.76) 10.82 5.96- <0.001
hypertension 19.66
Nulliparity 1,263 (52.43) 100 (72.99) 2.52 1.89- <0.001
335
Insulin treatment 61 (5.02) 8(5.84) 210 1.14- 0.017
during pregnancy 3.84
GWG®
Insufficient 267(11.08) 14(10.22) 135 0.83-  0.230
2.20
Adequate 740 (30.72) 26 (18.98) Ref
Excessive 1,401 (58.16) 97 (70.80) 2.11 1.52-  <0.001
2.93
Pre-pregnancy
BMI®
Underweight 80 (3.32) 1(0.73) 031 0.08- 0.106
1.28
Normal weight 1,529 (63.47)  78(56.93) Ref
Overweight 523(21.71)  28(20.44) 0.97 0.70-  0.862
1.35
Obese 277 (11.50) 30(21.90) 1.86  1.33- <0.001
2.60
Maternal age, 32.08 (4.89) 33.16(5.37) 1.05 1.02- <0.001
years 1.07
Gestational age at ~ 35.49 (2.60) 34.80(2.02) 0.94 0.90- <0.001
delivery, weeks 0.99
Pre-pregnancy 7 (0.29) 2(1.46) 1.60 0.46- 0.458
diabetes 5.51

Results are presented according to the type of variable as mean (SD) or
number (%). Odds ratios for BMI (kg/mz), gestational age at delivery
(weeks), GWG (kg), and birth weight discordance (%) are presented per unit
increase. aOR, adjusted odds ratio; BMI, body mass index; CI, confidence
interval; GWG, gestational weight gain; IVF, in vitro fertilization; PE,
preeclampsia; SD, standard deviation. *GWG, groups: insufficient, adequate
(reference category), excessive [22]. bPre-pregnancy BMI, groups:
underweight (<18.5), normal weight (18.5-24.9) (reference category),
overweight (25-29.9), obesity (>30). “aOR, calculated with adjustment for
parity, maternal age, pre-pregnancy BML pre-pregnancy hypertension, pre-
pregnancy diabetes, insulin treatment during pregnancy; GWG, and
gestational age at delivery.

BMI, pre-gestational AH, pre-gestational DM, insulin treat-
ment during pregnancy, GWG, and gestational age at delivery.

A birthweight discordance greater than 25 % was iden-
tified as a statistically significant independent risk factor for
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the development of PE (p=0.016). Pregnant women with
discordance >25 % had a 1.7-fold higher risk of developing PE
(95 % CI 1.10-2.52; p=0.016) compared to those with discor-
dance <10 %, regardless of other risk factors. Discordance
between 10 and 25 % was not found to be statistically sig-
nificant. Other variables independently associated with
increased PE risk included chronic hypertension, nulli-
parity, excessive GWG, obesity, and advanced maternal age.
Conversely, the likelihood of PE decreased with increasing
gestational age (aOR=0.94; 95 % CI 0.90-0.99; p<0.001).

In a subanalysis, we examined the correlation between
gestational age and birth weight discordance. Among
women with PE, twin birthweight discordance decreased
linearly with advancing gestational age at delivery as shown
in Figure 1, indicating that higher discordance was associ-
ated with earlier onset of PE and earlier delivery. However,
gestational age at birth explained only 8.6 % of the variance
in birthweight discordance. In pregnancies without PE,
discordance remained constant around 10 %, with a negli-
gible association to gestational age.

Prediction of preeclampsia using twin
birthweight discordance

We assessed the predictive value of birth weight discordance
for identifying PE with the ROC curve shown in Figure 2.
Although statistically significant, the AUC was low at 55.2 %
(95 % CI 51.6%—58.8 %; p=0.004), indicating limited discrim-
inatory power. At a discordance threshold greater than 25 %,
we could identify 10.2 % of PE cases, with a false positive rate
of 5.8 %.

Discussion

In this large population-based cohort study of women with
dichorionic twin pregnancies, birthweight discordance
greater than 25% was significantly associated with the
development of PE, irrespective of other risk factors. Addi-
tionally, the gestational age at delivery increases as birth-
weight discordance decreases. Using ROC curve analysis to
assess the predictive value of various levels of birthweight
discordance for PE, we confirmed that discordance can
distinguish between pregnancies with and without PE,
however, the AUC, although statistically significant, was
modest (55.2 %). A discordance greater than 25 % identified
only 10.2 % of PE cases with a false-positive rate of 5.8 %.
Nevertheless, we confirmed that the >25% threshold for
clinically relevant discordance, previously established
through the Delphi consensus method, was appropriate, as
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Figure 1: Linear regression curves between
gestational age at delivery and birth weight
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Figure 2: ROC curve for preeclampsia prediction in birth weight
discordant dichorionic twins. Area under the curve (AUC)=55.2 %
(51.6-58.8 %).

this level proved to offer the best balance between sensitivity
and specificity.

The incidence of PE in our cohort was 5.38 %, which is
lower than the incidence of up to 15 % reported in other
studies on dichorionic diamniotic twin pregnancies [23].
Three factors may account for this difference. First, in

40 discordance in twin pregnancies with (red) and
without (blue) preeclampsia.

Slovenia the standardized definition of PE, as specified in
this article, is applied rigorously, which contributes to a
lower incidence even in singleton pregnancies compared
with rates typically reported in international literature.
Second, our data represent the entire Slovenian population
rather than a selected cohort from one or more tertiary
centers that predominantly manage high-risk pregnancies.
Consistently, other nationwide Slovenian studies have also
reported a PE incidence of approximately 5 % or lower [24,
25]. Third, demographic differences between populations
may contribute to variation in PE incidence [26].

The impact of hypertensive disorders during pregnancy,
including PE, on the development of discordant twins has
been known and confirmed in several studies [27, 28].
However, opinions are divided regarding the influence of
birth weight discordance on the development of PE, partly
due to varying definitions of clinically significant discor-
dance [5-19]. In our cohort, all discordances (>10 %)
accounted for 45.80 %, while larger discordances (>25 %)
represented 6.79 %. The lower incidence of significant
discordance compared to some other studies may be
explained by the fact that we studied only dichorionic twins.
Qiao and Lin et al. reported higher rates (17.6 and 12.1 %,
respectively), but their studies also included monochorionic
twins, which carry a higher risk of discordance due to a
shared placenta [8, 16].

In our study, birth weight discordance among dichor-
ionic twins was significantly associated with PE in univariate
analysis. For the multivariate analysis, we categorized birth
weight discordance based on NICE guidelines, which
recommend more frequent and detailed monitoring of
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pregnancies with fetal growth discordance over 20 %, and
referral to a tertiary obstetric center for discordance over
25 % [29]. We also referenced the study by Khalil et al., which
categorizes discordance into <25% and >25% based on
Delphi consensus [30]. After adjusting for other PE risk fac-
tors, birth weight discordance >25% remained statistically
significant in our analysis, confirming our hypothesis that
discordance in dichorionic twin pregnancies contributes to
PE development. Moreover, greater discordance was asso-
ciated with a higher risk of PE. These findings align with
some comparable international studies [7, 8, 13, 31], although
others found no significant association [6, 16, 19]. Qiao et al.
found an association between discordance and PE only in
dichorionic twins, defining discordance as a weight differ-
ence >20 % according to ACOG guidelines [8]. Kim and col-
leagues also observed this association using ultrasound
measurements of discordance between the 20th-24th and
28th—32nd weeks of pregnancy, while Maric et al. found no
such association in the 11th—14th weeks [7, 19]. It is likely that
PE begins to develop early in pregnancy but may not yet
affect fetal growth markedly enough to be detected by ul-
trasound in the first trimester. Even a placenta affected by
early PE could still meet the relatively low demands of the
fetus during this stage. These findings open opportunities for
further research on discordance throughout pregnancy in
larger cohorts.

Dai et al. also found a statistically significant association
between birth weight discordance >20% in dichorionic
twins and early-onset PE [11]. Unlike our study, they identi-
fied IVF as a risk factor for PE, whereas in our univariate
logistic regression, this association was not statistically sig-
nificant (OR=1.3; 95 % CI 0.91-1.88; p=0.154).

Previous studies often link discordance with growth
restriction (SGA) in one or both fetuses. In our dichorionic
cohort, SGA of one or both fetuses were not statistically
significant in univariate analysis (OR=1.25; 95 % CI 0.71-2.21;
p=0.443). This contrasts with the findings of Giorgione et al.,
who identified a significant association between discordance
and PE only when growth restriction (SGA or IUGR) was also
present [6]. Lin et al. also confirmed the link between SGA
and PE, but excluded women with chronic pre-pregnancy
hypertension from their study, which may explain the
different outcomes [16]. Pre-pregnancy hypertension is a
known risk factor for PE, which we also confirmed in our
multivariate logistic regression analysis (aOR=10.82; 95 % CI
5.96-19.66; p<0.001) [3].

Our findings are consistent with the study by Zhu et al,,
which used a restricted cubic spline (RCS) model to demon-
strate a nonlinear relationship between birth weight
discordance and PE. They categorized discordance into four
groups: <15 %, 15-20 %, 20-25 %, and >25 %. After adjusting
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for other risk factors, only discordance >25% remained
statistically significant and was suggested by the authors as a
threshold for intervention [31]. In conclusion, greater
discordance in dichorionic twins is an important predictive
factor for the development of PE, supporting the need for
close monitoring of such pregnancies.

In the multiple logistic regression analysis, we also
accounted for the effect of gestational age at delivery, despite
its seemingly counterintuitive role, since severe PE often
necessitates early iatrogenic delivery. As predicted by the
multiple logistic regression, gestational age appears to play a
protective role in the development of PE (pOR=0.94; 95 % CI
0.90-0.99; p<0.001). Using linear regression, we demon-
strated an inverse correlation between gestational age at
delivery and birth weight discordance, indicating that the
smaller the discordance, the more advanced the gestational
age at delivery. Specifically, each week less of gestation is
associated with a 0.17 % increase in birth weight discor-
dance. Therefore, higher discordance at lower gestational
ages requires careful monitoring of both the pregnant
woman and the fetuses. This association was also reported
by Ferrazzani et al. In a single-center retrospective study of
476 twin pregnancies, they found that birth weight discor-
dance greater than 25 % was associated with earlier gesta-
tional age at delivery, suggesting that more discordant twins
were delivered earlier or required earlier induction of labor.
One of the limitations of their study was that PE was only
considered when hypertension was accompanied by
proteinuria [15].

To assess the predictive value of intertwin birth weight
discordance for PE, we constructed a ROC curve represent-
ing the trade-off between the sensitivity and specificity of the
diagnostic test. Although birth weight discordance alone
demonstrated limited discriminatory power between preg-
nancies complicated by PE and those without, it nonetheless
appears to play a significant role in PE development,
particularly in the presence of additional maternal risk
variables such as nulliparity, advanced maternal age,
obesity, pre-existing hypertension, and chronic comorbid-
ities, highlighting the cumulative nature of PE pathogenesis.
ROC analysis further validated the 25% discordance
threshold proposed by the Delphi consensus method, at
which the majority of surveyed experts would initiate
intensified maternal-fetal monitoring. With birth weight
discordance above 25 %, we identified 10.2 % of women with
PE at a false positive rate of 5.8 %, supporting the Delphi-
selected cutoff even in dichorionic twins. While lowering the
discordance threshold increases sensitivity, it simulta-
neously elevates the false-positive rate, potentially leading to
unnecessary clinical interventions that may adversely affect
fetal outcomes. Therefore, we consider the Delphi method
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and the 25 % discordance threshold to be appropriate and
clinically significant.

A key strength of our study, in comparison to prior
research, is the large cohort of pregnant women with
dichorionic diamniotic twin pregnancies, covering a longer
time span of 10 years. Data were obtained from the NPIS,
which is completed by trained medical personnel following
standardized protocols for variable entry. Given that NPIS
collects information from all 14 Slovenian maternity hos-
pitals, our findings are generalizable to the entire Slove-
nian population, rather than being limited to a specific
region or center. An additional advantage is that our study
focused exclusively on dichorionic diamniotic twin preg-
nancies, thereby minimizing confounding effects related to
chorionicity on the pathogenesis of PE. Prior studies
examining the impact of chorionicity on PE have yielded
inconsistent and conflicting results [5, 8, 32]. The study
employed a categorical approach to birth weight discor-
dance, enabling us to examine statistically significant as-
sociations with PE incidence within groups defined by
different levels of discordance. By refraining from pre-
defining a single cutoff for discordance, we were able to
identify the precise threshold that was most strongly
associated with PE development. This approach was useful
for assessing the clinical relevance of a discordance
threshold using the Delphi consensus method.

One of the main limitations of our study is the absence of
data on PE in previous pregnancies, including the gestational
age at which it occurred, as this information is not available
in the NPIS. However, PE in a previous pregnancy has long
been recognized as a risk factor for developing PE in a
subsequent pregnancy [33, 34]. We cannot exclude the pos-
sibility of human and technical error related to the
computerized database, which may have unknowingly
affected the study results. Despite the large sample size,
certain conditions that could influence the occurrence of PE
(for example antiphospholipid syndrome, pre-pregnancy
kidney disease) were so rare that they could not be included
in the statistical analysis [35, 36]. Another limitation is the
retrospective observational design of our study, which does
not allow for establishing causality. Additionally, NPIS data
do not allow differentiation between FGR and SGA fetuses.
Therefore, we could not include FGR data in the statistical
analysis, which may have influenced the association be-
tween birthweight discordance in twins and the incidence of
PE, as suggested by the studies of Giorgione et al. and Lin
etal. [6,16]. As mentioned, in our study SGA did not reach the
threshold for inclusion in the multivariate analysis in the
univariate analysis. Moreover, differences arising from the
study cohorts must be considered, as our cohort was based
on the entire population. A further limitation is that our
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study was focused on discordance in birth weights of twins
rather than ultrasound-estimated fetal weight at the time of
PE onset, which would be more clinically relevant. This
highlights the need for further research, particularly pro-
spective studies assessing the value of routine fetal growth
monitoring via ultrasound as a screening tool for identifying
high-risk pregnancies.

Conclusions

Our study revealed that a birthweight discordance between
dichorionic twins >25 % significantly adds to an increased
risk of PE, independently of other confounding factors. Birth
weight discordance with hypertension, nulliparity, exces-
sive gestational weight gain, obesity, and maternal age as
significant independent risk factors may improve the pre-
dictive value for the development of PE in dichorionic twins.
Conversely, the likelihood of developing PE decreased with
increasing gestational age. As the growth of dichorionic
twins is routinely monitored by ultrasound, an intertwin
growth discordance exceeding 25 % may serve as an early
indicator of the potential development of PE. Therefore,
understanding the risk of developing PE in discordant
dichorionic twin pregnancy can help in prenatal monitoring,
diagnostics and intervention. Combined with other risk
factors, this can significantly impact the incidence of PE-
related complications and lead to a better perinatal outcome.
Given the current paucity and inconsistency of research in
this area, our results contribute meaningfully to clinical
knowledge. Understanding the role of birthweight discor-
dance provides a specific and actionable target for preven-
tive strategies aimed at mitigating the risk of PE in twin
pregnancies.
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