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Abstract

This population-based cohort study investigated the prevalence, potential risk factors, and consequences of birth weight discordance (BWD)
among same-sex twins. We retrieved data from the automated system of healthcare utilization databases of Lombardy Region, Northern Italy
(2007–2021). BWDwas defined as 30% ormore disparity in birth weights between the larger and the smaller twin. Multivariate logistic regres-
sion was used to analyze the risk factors of BWD in deliveries with same-sex twins. In addition, the distribution of several neonatal outcomes
was assessed overall and according to BWD level (i.e., ≤20%, 21–29, and≥30%). Finally, a stratified analysis by BWDwas performed to assess
the relationship between assisted reproductive technologies (ART) and neonatal outcomes.We identified 11,096 same-sex twin deliveries; 556
(5.0%) pairs of twins were affected by BWD. Multivariate logistic regression analysis showed that maternal age ≥35 years (OR 1.26, 95% CI
[1.05,5.51]), low level of education (OR 1.34, 95% CI [1.05, 1.70]), and ART (OR 1.16, 95% CI [0.94, 1.44], almost significant due to the low
power) were independent risk factors for BWD in same-sex twins. Conversely, parity (OR 0.73, 95% CI [0.60, 0.89]) was inversely related.
All the adverse outcomes observed were more common among BWD pairs than non-BWD ones. Instead, a protective effect of ART was
observed for most neonatal outcomes considered among BWD twins. Our results suggest that conception after ART increases the risk of
developing a high disparity between the weights of the two twins. However, the presence of BWD may complicate twin pregnancies, com-
promising neonatal outcomes, regardless of the modality of conception.
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Twin pregnancy represents a health issue as it is well known to be
more prone to maternal and fetal complications and perinatal
mortality than a singleton pregnancy (Cheetham, 2007; Rankin
et al., 2005; Vogel et al., 2013). Furthermore, during the last 40
years, a marked increase in the incidence of twin pregnancies —
in particular, dizygotic ones — has been observed in most indus-
trialized countries (Dawson et al., 2015; Eriksson & Fellman, 2007),
due to the widespread use of assisted reproductive technologies
(ART; Dawson et al., 2015; Fuster et al., 2008). Given the diffusion
and the clinical implications, the study of twin pregnancies is of
utmost epidemiological interest.

Among other adverse conditions typical of twin pregnancies,
birth weight discordance (BWD), defined as the disparity of
15% and 40% in birth weights between the larger and the smaller
twin respectively (Breathnach et al., 2011; Breathnach & Malone,
2012), complicates about 10% to 29% of pregnancies, according to

the cut-off value used to describe discordance (Blickstein &
Goldman, 2003; Miller et al., 2012). Up to a certain degree of dis-
cordance, the discrepancy in the birth weights of twins should be
considered physiological; the mechanism whereby two fetuses
exposed to the same intrauterine environment adopt significantly
different growth patterns represents a final common pathway for
several twin pregnancy conditions.

The presence of opposite-sex twins (Azcorra et al., 2021;
Blickstein & Weissman, 1990), placental dysfunction (Victoria
et al., 2001), older maternal age, (Konar et al., 2016; Sannoh
et al., 2003; Tan et al., 2005) low maternal socioeconomic profile
(Azcorra et al., 2021; Kim et al., 2019; Luo et al., 2006; Tan et al.,
2005), primiparity (Blickstein et al., 2000; Sannoh et al., 2003), and
lower total twin birth weight (Blickstein et al., 1999; Tan et al.,
2005) are factors that have been associated with BWD. Also cho-
rionicity represents a relevant factor influencing BWD; in mono-
chorionic pregnancies, vascular anastomoses due to the sharing of
a single placenta may lead to an unbalanced intertwin transfusion
and consequent asymmetric growth of twins (Denbow et al., 2000;
Homola et al., 2019; Lewi et al., 2007).

Further, given the significant contribution of ART to twin preg-
nancies, it appears interesting to investigate the role of ART on
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BWD. An increased risk of BWD was reported in ART versus
spontaneous twins (Daniel et al., 2000; Koudstaal et al., 2000;
Pinborg et al., 2004; Zadori et al., 2004; Zhang et al., 2013), but
the evidence is still scarce and controversial (Suzuki & Murata,
2007; Yang et al., 2011).

Some studies have identified discordant twin growth as an inde-
pendent risk factor for adverse perinatal consequences (Blickstein
et al., 2006; Harper et al., 2013;Wen et al., 2005; Yinon et al., 2005),
neonatal morbidity (D’Antonio, Thilaganathan et al., 2018; Di
Mascio et al., 2019), and intrauterine death (D’Antonio, Odibo
et al., 2018). Others have attributed the morbidity and mortality
observed in discordant pairs to confounding factors
(Cooperstock et al., 2000; Fraser et al., 1994; Frezza et al., 2011;
Konar et al., 2016; Patterson & Wood, 1990), such as gestational
age at delivery, as a strong association between BWD and preterm
births was observed, actual birth weight, gender discordance, and
chorionicity. However, no clear picture of this issue has been
defined.

In order to shed more light on this unfavorable condition, we
analyzed the prevalence, potential risk factors and consequences of
BWD in a cohort of same-sex twins in Lombardy, Northern Italy,
during the period 2007 to 2021. In addition, we evaluated whether
ART influences the outcomes of BWD twins.

Methods

Data Source and Study Cohort

Data for this study were retrieved from the automated system of
healthcare utilization (HCU) databases from Lombardy, the largest
region of Italy (about 10 million inhabitants), which includes a
variety of information on residents who receive National Health
System (NHS) assistance. We collected data about maternal socio-
demographic characteristics, reproductive history, the current
mode of conception, pregnancy course, delivery and newborns’
outcomes from the certificate of delivery assistance (Certificato
di Assistenza Al Parto [CedAP]) database. We linked records from
CedAP and standard discharge form (Scheda di Dimissione
Ospedaliera [SDO]) databases through a unique anonymized iden-
tification code for each subject. The analysis of the anonymous
administrative database does not require ethics committee appro-
val in Italy.

We identified twin births in Lombardy between January 1, 2007
and December 31, 2021. We included deliveries for which there
was a SDO related to childbirth coded according to the
International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM) and/or the Diagnosis-Related Groups
(DRG) code, of mothers aged 15 to 55 years, and occurring
between 22 to 42 gestational weeks. Deliveries with a lack of infor-
mation concerning the mode of conception (i.e., spontaneous,
nonspontaneous), birth weight, sex of at least one of the twins,
and opposite-sex deliveries were excluded. For the cohort selection,
the regional databases were accessed until March 2023.

Birth Weight Discordance (BWD) Definition

Information about the birth weight of each twin was collected from
CedAP. Intertwin discordance was obtained by the formula

100 � larger twin weight�smaller twin weight
larger twin weight : Pregnancy was considered

complicated by the BWD when the disparity was 30% or more
(Jahanfar et al., 2016; Vergani et al., 2004).

Statistical Analysis

First, univariate and multivariate logistic regression were per-
formed to determine the potential factors (i.e., maternal age;
nationality; level of education — university, high school, middle
or primary school; parity; andmode of conception) associated with
BWD. Odds ratios (ORs) and 95% confidence intervals (CIs) were
subsequently calculated. Stratified analysis by sex was also
conducted.

Second, we compared the distribution of the adverse neonatal
outcomes of interest, including preterm birth (36 gestational weeks
or less), low birth weight (2500 grams or less), small for gestational
age (SGA; having a birth weight below the 10th percentile for gesta-
tional age, according to the sex-specific Italian reference curve for
normal fetal growth; Parazzini et al., 1995), low Apgar score (7 or
less), perinatal mortality, according to the BWD level (i.e., ≤20%,
21–29%, and ≥30%). The trend test was used to test differences in
the above-mentioned outcomes according to the BWD’s levels.
The same analysis was repeated, excluding preterm births from
the cohort (N= 7009 pairs of twins).

Finally, we assessed the relative risks (RRs) and 95% CIs of the
neonatal outcomes of interest and the mode of conception accord-
ing to the presence or absence of BWD. Models were adjusted by
maternal age, nationality, level of education, and parity.

We performed analysis using the Statistical Analysis System
Software (version 9.4; SAS Institute, Cary, NC, USA).

Results

We identified 17,786 twin births that occurred in Lombardy
between January 1, 2007 and December 31, 2021. Of these, we sub-
sequentially excluded: 145 deliveries that did not match with a
SDO related to childbirth and/or with the DRG code, 13 deliveries
of mothers aged less than 15 years or more than 55 years of age, 32
deliveries occurred before 22 completed weeks or after 42 com-
pleted weeks. Out of 17,596 twin births, 89 without information
concerning the mode of conception, birth weight, or sex of at least
one twin were excluded. Finally, we considered only same-sex
twins for a total of 11,096 deliveries.

Couples of females twins were 5620 (50.6%), and ones of males
were 5476 (49.4%). In general, males were heavier in comparison to
females; the average birth weight was 2309.2 g and 2232.8 g, respec-
tively (p < .0001).

Births affected by BWD (i.e., discordance of 30% between the
largest and smallest twin weight) were 556 (5.0%), 279 (5.0%)
among females and 277 (5.0%) among males (p = .8204). More
in particular, 6,175 (55.7%) twin deliveries presented a discordance
of less than 10%, 3144 (28.3%) between 10 and 19%, 1221 (11.0%)
between 20 and 29%, 377 (3.4%) between 30 and 39% and 179
(1.6%) over 40%.

ORs of BWD cases according to selected potential risk factors
are provided in Table 1. Maternal age >35 years (OR 1.23, 95% CI
[1.01, 1.50]), parous (OR 0.73, 95% CI [0.61, 0.88]), and non-spon-
taneous conception (OR 1.33, 95% CI [1.10, 1.61]) were significant
factors for BWD in univariate analysis. After adjusting for all
potential risk factors, gestational age >35 years (OR 1.26, 95%
CI [1.05, 1.51]), low level of education (OR 1.34, 95% CI [1.05,
1.70]), and parous (OR 95% CI [0.73, 0.60, 0.89]) were significantly
associated with BWD. However, nonspontaneous conception was
confirmed as a risk factor even if the estimate was not statistically
significant due to the low statistical power (OR 1.16, 95% CI [0.94,
1.44]). The results were consistent in the subsets of males and
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Table 1. Odds ratios (ORs) of birth weight discordance (BWD) couples of twins according to selected potential risk factors. Lombardy, 2007–2021

Overall Males Females

BWD
n (%) ORa (95% CI) ORb (95% CI)

BWD,
n (%) ORa (95% CI) ORb (95% CI)

BWD,
n (%) ORa (95% CI) ORb (95% CI)

Potential Risk Factors

Maternal age

<35 289 (4.5) 1.00 (Ref.) 1.00 (Ref.) 144 (4.6) 1.00 (Ref.) 1.00 (Ref.) 145 (4.5) 1.00 (Ref.) 1.00 (Ref.)

≥35 267 (5.6) 1.26 (1.06, 1.49) 1.26 (1.05, 1.51) 133 (5.7) 1.26 (0.99, 1.61) 1.27 (0.98, 1.65) 134 (5.6) 1.25 (0.98, 1.59) 1.24 (0.96, 1.60)

Nationality

Italian 434 (5.1) 1.00 (Ref.) 1.00 (Ref.) 220 (5.2) 1.00 (Ref.) 1.00 (Ref.) 214 (5.0) 1.00 (Ref.) 1.00 (Ref.)

Foreign 122(4.7) 0.92 (0.75, 1.13) 0.99 (0.79, 1.22) 57 (4.5) 0.86 (0.66, 1.16) 0.94 (0.68, 1.28) 65 (4.9) 0.98 (0.74, 1.31) 1.04 (0.77, 1.40)

Level of educationc

University 181 (4.7) 1.00 (Ref.) 1.00 (Ref.) 87 (4.5) 1.00 (Ref.) 1.00 (Ref.) 94 (4.9) 1.00 (Ref.) 1.00 (Ref.)

High school 237 (5.0) 1.07 (0.87, 1.30) 1.12 (0.92, 1.37) 119 (5.2) 1.15 (0.87, 1.53) 1.22 (0.92, 1.63) 118 (4.9) 0.99 (0.75, 1.30) 1.03 (0.84, 1.37)

Middle/primary school 137 (5.5) 1.18 (0.94, 1.48) 1.34 (1.05, 1.70) 71 (5.7) 1.29 (0.94, 1.78) 1.52 (1.09, 2.13) 66 (5.3) 1.08 (0.78, 1.48) 1.18 (0.84, 1.66)

Parity

Nulliparous 377 (5.6) 1.00 (Ref.) 1.00 (Ref.) 197 (5.9) 1.00 (Ref.) 1.00 (Ref.) 180 (5.2) 1.00 (Ref.) 1.00 (Ref.)

Parous 179 (4.1) 0.73 (0.61, 0.88) 0.73 (0.60, 0.89) 80 (3.7) 0.62 (0.48, 0.81) 0.62 (0.46, 0.82) 99 (4.5) 0.86 (0.67, 1.11) 0.87 (0.66, 1.14)

Conception

Spontaneous 402 (4.7) 1.00 (Ref.) 1.00 (Ref.) 196 (4.6) 1.00 (Ref.) 1.00 (Ref.) 206 (4.7) 1.00 (Ref.) 1.00 (Ref.)

Nonspontaneous 154 (6.1) 1.33 (1.10, 1.61) 1.16 (0.94, 1.44) 81 (6.5) 1.41 (1.09, 1.85) 1.18 (0.88, 1.58) 73 (5.8) 1.25 (0.95, 1.64) 1.15 (0.85, 1.55)

Note: BWD, birth weight discordance.
aUnivariate logistic regression model.
bMultivariate logistic regression model.
c9 missing values.
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females; however, most of the significance was lost, probably due to
the lower statistical power.

Lowering the cut-off of discordance— BWD defined as 20% or
more disparity in birth weights — in the multivariate analysis,
advanced maternal age (OR 1.19, 95% CI [1.07, 1.33]) and ART
(OR 1.17, 95% CI [1.03, 1.32]) remained associated with an
increased risk of BWD and parity (OR 0.77, 95% CI [0.69,
0.87]) with a reduced risk (data not shown).

Table 2 shows the distribution of the modality of delivery and
the adverse neonatal outcomes according to the degree of weight
discordance. Regarding the modality of delivery, in the group of
BWD equal to 30% or more, cesarean sections during labor and
cesarean sections without labor were over two-fold more common
in comparison to the group of non-BWD. Preterm birth (61.2% vs.
69.0% vs. 83.6%, p trend ≤ .0001), low birth weight (when both
twins experienced the outcome, 52.5% vs. 51.4% vs 67.7%, p trend

≤ .0001), small for gestational age (at least one twin, 17.9% vs.
46.7% vs. 80.8%, p trend ≤ .0001), low Apgar score (7 or less; at
least one twin, 6.9% vs. 10.7% vs. 23.4%, p trend≤ .0001), and peri-
natal mortality (at least one twin, 0.6% vs. 1.2% vs. 10.1%, p trend
≤.0001) were more common in twins with a discordance equal to
30% or more with respect to those with discordance between 20
−29%, with respect to those with a discordance less then 20%.
Excluding preterm births from the cohort, the positive association
between adverse outcomes and BWD was still observed (data
not shown).

ART was inversely related to worst outcomes among both non-
BWD and BWD twins (RR ranging from 14% to 6% from small for
gestational age to preterm birth). No association was observed for
perinatal mortality, probably due to the low statistical power
(Table 3). Results were confirmed, also lowering the cut-off of dis-
cordance to 20% (data not shown).

Discussion

In the current study, pairs of twins affected by a 30% or more dis-
parity in birth weights between the larger and the smaller twin rep-
resented about 5% of a cohort of same-sex twins in Lombardy,
Northern Italy, during the period 2007–2021. BWD was more
common in women aged 35 years or more and those undergoing
ART, but less frequent in parous women. The adverse neonatal
outcomes observed (i.e., preterm birth, low birth weight, low
Apgar score, SGA, and perinatal mortality) were more frequent
among BWD twins.

As a concern for potential risk factors, we found that advanced
maternal age (i.e., ≥35 years) was related to proneness to have a
BWD, even if the association was of borderline significance.
This finding is consistent with previous analyses conducted in pop-
ulations from the United States and, more recently, from a tertiary
care center in India (Konar et al., 2016; Sannoh et al., 2003; Wen
et al., 2005). All over the world, especially in high-income coun-
tries, maternal age at birth is rising. Thus, the evaluation of the con-
sequences of this trend represents an issue of utmost importance
because older maternal age has been associated with an increased
risk of several adverse perinatal outcomes (Frick, 2021). We also
observed a positive relation between lower educational levels
and BWD, as previous studies found (Azcorra et al., 2021; Kim
et al., 2019; Luo et al., 2006; Tan et al., 2005). This condition
may reflect lower incomes and unhealthier behaviors and influence
the access to perinatal care, compromising the management of
the course of pregnancy and delaying appropriate interventions.
We also found that advanced maternal age (i.e., ≥35 years) was
related to proneness to have a BWD, even if the association was
of borderline significance. Regarding the use of ART, we confirmed
the previously observed (Koudstaal et al., 2000; Pinborg et al., 2004;
Zadori et al., 2004) increased risk of BWD among women under-
going these techniques versus those conceiving spontaneously. In
addition, we also confirm primiparity findings (Blickstein et al.,
2000; Sannoh et al., 2003); in our cohort, parous women had about
25% reduced risk of BWD. Regarding the chorionicity, if dichor-
ionic twins have completely separate circulation systems during
intrauterine life, about 95% of monochorionic twins have vascular
anastomoses on the single placental surface that connects the two
circulations (Denbow et al., 2000; Lewi et al., 2007). In monochor-
inic pregnancies, placental vascular anastomoses leads to twin-to-
twin transfusion in 15% of cases, resulting in an assymetric growth
of the fetus (Hack et al., 2008). On the other hand, opposite-sex
twins also showed an increased risk for BWD compared to

Table 2. Modality of delivery and adverse neonatal outcomes according to the
degree of birth weight discordance (BWD), Lombardy, 2007−2021

BWD

p value for
trend

<20% 20-29% ≥30%

(n= 9319) (n= 1221) (n= 556)

Modality of
deliverya

Spontaneous 1273 (13.7) 137 (11.2) 47 (8.5)

Instrumental 99 (1.1) 7 (0.6) 2 (0.4)

Elective CS 5463 (58.6) 756 (61.9) 347 (62.4)

CS during labour 2120 (22.7) 269 (22.0) 108 (19.4)

CS without labour 337 (3.6) 49 (4.0) 47 (8.8) <.0001

Neonatal
outcomes

Preterm birth

No 3618 (38.8) 378 (31.0) 91 (16.4)

Yes 5701 (61.2) 843 (69.0) 465 (83.6) <.0001

Low birth weight

No/No 2608 (28.0) 64 (5.2) 2 (0.4)

Yes/No 1816 (19.5) 530 (43.4) 178 (32.0)

Yes/Yes 4895 (52.5) 627 (51.4) 376 (67.6) <.0001

SGA

No/No 7648 (82.1) 651 (53.3) 107 (19.2)

Yes/No 691 (7.4) 410 (33.6) 325 (58.5)

Yes/Yes 980 (10.5) 160 (13.1) 124 (22.3) <.0001

Low Apgar score

No/No 8679 (93.1) 1090 (89.3) 426 (76.6)

Yes/No 462 (5.0) 97 (7.9) 102 (18.4)

Yes/Yes 178 (1.9) 34 (2.8) 28 (5.0) <.0001

Perinatal mortality

No/No 9266 (99.4) 1206 (98.8) 500 (89.9)

Yes/No 36 (0.4) 10 (0.8) 52 (9.4)

Yes/Yes 17 (0.2) 5 (0.4) 4 (0.7) <.0001

Note: SGA, small for gestational age; CS, cesarian section.
aThe sum did not add up to the total because of missing data.
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same-sex twins (Azcorra et al., 2021), and it has been reported that
females of opposite-sex twin pairs have a significantly increased
risk of being growth discordant (Blickstein & Weissman, 1990);
this finding may be justified by the higher measures of males in
terms of birth weight and length (Parazzini et al., 1995). The debate
regarding the influence of the own sex and also of the sex of cotwin
on the birth weight is still ongoing.

The management of BWD is challenging since no evidence
assessing the different management options (expectant and inter-
vention management) is available. In particular, prenatal identifi-
cation of BWDmay lead to a iatrogenic delivery before the term of
pregnancy, attributing the aftermath of prematurity on both twins,
regardless of whether one of the two may have a physiological
growth.

Although some studies have identified BWD as an independent
risk factor for adverse perinatal consequences (Blickstein et al.,
2006; D’Antonio, Odibo et al., 2018; D’Antonio, Thilaganathan
et al., 2018; Di Mascio et al., 2019; Harper et al., 2013; Hartley
et al., 2002; Wen et al., 2005; Yinon et al., 2005) others have attrib-
uted the morbidity and mortality observed in discordant pairs to
confounding factors (Cooperstock et al., 2000; Fraser et al., 1994;
Frezza et al., 2011; Konar et al., 2016; Patterson & Wood, 1990),
especially to preterm birth.

In our study we also evaluated the relationship between BWD
and selected adverse outcomes. As shown previously by other stud-
ies and as can be expected from BWD management alternatives
mentioned above, we observed that preterm births were more
common among BWD twins compared with non-BWD twins.
In general, all the other outcomes considered (i.e., low birth weight,
SGA, low Apgar score, and perinatal mortality) were more fre-
quent among BWD births. A recent study found that BWD infants
had a higher antibiotic prescription rate than the concordant ones,
even though the strep test results and newborn septicemia rates
were similar, showing that BWD twins required early respiratory
support (Jahanfar et al., 2017). As we found that BWD twins fre-
quently obtained a low Apgar score, our results are consistent with
this finding. We also observed a higher proportion of perinatal
deaths among BWD twins. A systematic review investigating peri-
natal mortality reported that both dizygotic and monozygotic twin
pregnancies discordant were at higher risk of intrauterine death
but not of neonatal death compared with pregnancies with con-
cordant ones, especially when at least one fetus was SGA
(D’Antonio, Odibo et al., 2018).

Given the widespread use of ART, its great contribution to the
conception of twins, and the evidence that ART may increase the
risk of BWD (Daniel et al., 2000; Koudstaal et al., 2000; Pinborg
et al., 2004; Zadori et al., 2004; Zhang et al., 2013), we investigated

the role of ART on BWD outcomes. An analysis focusing on this
topic suggested that the possible differences in the management of
pregnancies after ART and spontaneous ones could moderate the
sequelae of BWD (Zadori et al., 2004). In our cohort, the propor-
tion of all adverse outcomes investigated was higher among spon-
taneous than ART pregnancies in both discordant and
nondiscordant twins.

Some study limitations need to be considered. First, data for this
study were exclusively based on inpatient information, thus clinical
diagnoses given in an outpatient setting or not recorded as one of
the patient diagnoses in hospitalizations for delivery or during
pregnancy weremissing. Thus, no hypotheses could bemade about
the pathophysiological clinical pathway leading to BWD, such as
unequal placental sharing, abnormalities of umbilical cord inser-
tion, placental dysfunctions, and twin-to twin-transfusion. We
tried to identify births reported in the corresponding SDO a code,
in the main or in the secondary diagnoses, related to such condi-
tions, but often even if reporting poor fetal growth, the underlying
mechanism was not specified. Second, we decided to include only
same-sex twins in the study cohort due to the well-known disparity
in terms of birth weight and length between males and females. In
this way, we included all the monochorionic pregnancies in a
higher proportion than in the general population. In addition,
another limitation of the study was the inability to distinguish
the dizygotic from monozygotic pregnancies. According to the
probabilistic Weinberg’s method (Weinberg, 1901) assuming that
sex gender is independently distributed in dizygotic, compared to
monozygotic pregnancies, in our cohort, the difference between
the total number of twins and twice the number of opposite-sex
twins provides an estimated number of monozygotic twins of
4460, resulting in a proportion of 40.2%, higher compared with
the proportion observed in the general population (31.7% esti-
mated in spontaneously conceived twins in Lombardy, 2007–
2017; Esposito et al., 2022). The major strength of the study is
its population-based design, whereby a large cohort of twins is
available over a span of more than 10 years.

In conclusion, the presence of BWD complicates twin pregnan-
cies, compromising neonatal outcomes. Further evidence is needed
to better identify potential risk factors and interventions to limit
adverse consequences in order to improve the management strat-
egy in BWD twins.

Availability of data andmaterials. The data that support the findings of this
study are available from Lombardy Region, but restrictions apply to the avail-
ability of these data, which were used under license for the current study.
The data used in this study cannot be made available in the manuscript, the
supplemental files or in a public repository due to Italian data protection laws.

Table 3. Adverse neonatal outcomes among birth weight discordance (BWD) and non-BWD pairs of twins according to mode of conception (i.e., spontaneous and
after assisted reproductive technologies [ART]), Lombardy, 2007−2021

BWD Non-BWD

Spontaneous n (%) ART n (%) RR (95% CI) Spontaneous n (%) ART n (%) RR

Preterm birth 678 (84.3) 252 (81.8) 0.94 (0.92, 0.96) 10262 (62.7) 2826 (60.0) 0.93 (0.91-0.96)

Low birth weigh 672 (83.6) 258 (83.8) 0.94 (0.92, 0.96) 10418 (63.7) 2972 (63.1) 0.93 (0.91-0.96)

Small for gestational age 420 (52.2) 153 (49.7) 0.86 (0.80, 0.92) 2660 (16.3) 721 (15.3) 0.84 (0.77-0.90)

Apgar score 123 (15.3) 35 (11.4) 0.82 (0.71, 0.96) 798 (4.9) 185 (3.9) 0.82 (0.69-0.97)

Perinatal mortality 46 (5.7) 14 (4.6) 0.82 (0.53, 1.29) 76 (0.5) 12 (0.3) 0.67 (0.36-1.28)

Note: RR, relative risk.
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The anonymized datasets generated during and/or analyzed during the current
study can be provided on reasonable request, from the corresponding author,
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