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Abstract
Background: Twin pregnancies continue to increase worldwide; however, the current clinical prenatal evaluation for the
intrauterine growth of twins still relies on the growth standards of singletons. We attempted to establish a set of fetal biometric
references for Chinese twin pregnancies, stratified by chorionicity and conception mode as spontaneously conceived monochorionic
diamniotic (SC-MCDA), spontaneously conceived dichorionic diamniotic (SC-DCDA), and assisted reproductive technology
dichorionic diamniotic (ART-DCDA) twins.
Methods: From 2016 to 2019, the ultrasonographic fetal biometric measurements were longitudinally collected in pregnant women,
including fetal weight, biparietal diameter, head circumference, abdominal circumference, femur length, and humerus length. The
linear mixed models were used to test the difference of growth patterns between groups, and the growth curve of each biometric
parameter was modeled by a generalized additive model for location scale and shape.
Results: A total of 929 twin pregnant women and 2019 singleton pregnant women, met the inclusion criteria. Among twin
pregnancies, 148 were SC-MCDA, 215 were SC-DCDA, and 566 were ART-DCDA twins. Overall, SC-DCDA twins grew faster
than SC-MCDA twins, while slower than ART-DCDA twins (all P< 0.05), and all of the three groups showed significant differences
comparing with singletons, especially during the third trimester. Hence, the customized fetal growth charts of each fetal biometric
parameter were, respectively, constructed for SC-MCDA, SC-DCDA, and ART-DCDA twins.
Conclusions: The fetal biometric trajectories demonstrated characteristic patterns according to chorionicity and conception mode.
To fill the gap, we modeled fetal biometric parameters for Chinese SC-MCDA, SC-DCDA, and ART-DCDA twin pregnancies,
hoping to provide a reference for the further establishment of fetal growth reference values for Chinese twin fetuses.
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Introduction

In recent years, the rate of twin pregnancies has continued
to rise due to the growing utilization of assisted
reproductive technology (ART) and delayed childbirth.[1,2]

Available data suggest that ART accounts for a third of
twin pregnancies.[3,4] It has been well documented that
fetal growth of twin fetuses is slower than that of
singletons, usually starting from 28 to 32 weeks of
gestation,[5-8] owing to the limited uterine space.[9]

Up to date the clinical examination for the intrauterine
growth of twins still largely relies on the growth standards
of singletons, and it has been an increasing need to develop
a twin-specific biometry chart to monitor fetal growth
trajectory for twin pregnancy.[10,11] In recent years, several
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ultrasonographic reference charts of twins have been
established.[5-8,12-17] However, they were derived from
small populations[5,12,16] or did not exclude high-risk
pregnancies.[5,13,17] In addition, evidence suggested that
compared with dichorionic diamniotic (DCDA) twins,
monochorionic diamniotic (MCDA) twins showed a
slower growth rate,[6,12,17] and ART may affect the
perinatal outcome of twin pregnancies.[18-21] Therefore,
both chorionicity and conception mode should be taken
into consideration while developing fetal biometric
reference for twins. A newly published study from Italy
established the first longitudinal growth charts for fetal
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ultrasound biometry customized for chorionicity. Howev-
er, the data did not show a statistical difference in fetal
growth over gestational age between DCDA and MCDA
twins.[6] To date, no study explored the differences in fetal
intrauterine growth between ART and spontaneously
conceived (SC) twin pregnancies. To fill the knowledge
gap, our study examined the growth difference of twins
with varied chorionicity and conception mode, aiming to
establish chorionicity- and conception mode-specific fetal
biometric parameters reference.

Existing studies modeled the growth curve adopting linear
mixed model,[5-7,13,14] multilevel linear models,[15,16] or
hierarchical Bayesian models.[8] Compared to a linear
model, the generalized additive model for location, scale,
and shape (GAMLSS) extends to model all the fourth-
order variations, including median, standard deviation,
skewness, and kurtosis, demonstrating a strong strength in
improving the accuracy of fitting smoothed percentile
curves.[22] Since 2006, World Health Organization
(WHO) performed GAMLSS to establish child growth
standards.[23]

Fetal growth can differ by race or ethnicity.[24,25] In 2015,
a Chinese study initially established a standard for twin
fetal weight growth.[26] However, the study was based on
birth weight data but not ultrasonographic biometric
parameters, while the birth weight data can be biased by
preterm delivery since preterm delivery is usually associat-
ed with pregnancy complications and fetal growth
abnormalities. Therefore, the standard established in this
study somewhat sacrificed the sensitivity to identify the
early onset of growth restriction and cannot convey the
longitudinal pattern of fetal growth from early pregnancy.[26]

The present study used the GAMLSS model-based
longitudinal growth trajectories among Chinese pregnant
women by using ultrasonographic biometry data. We aim
to develop a fetal growth chart for Chinese twin
pregnancies stratified by both chorionicity and mode of
conception and compare it with singleton charts.
Methods

Ethical approval

The ethical application and consent procedure were
approved by the Ethics Committee of Shanghai Jiao Tong
University School of Medicine (No. SJUPN-201717, dated
December 28, 2017).
Study population

Based on fetal ultrasonographic biometry electronic
datasets, a retrospective longitudinal study was conducted
among pregnant women from the Department of Prenatal
Diagnosis, International Peace Maternity & Child Health
Hospital, Shanghai, China. Those pregnant women who
delivered twins, as well as singletons between January
2016 and December 2019, were included.

This study attempted to construct ultrasonic biometry
standards to monitor fetal growth for twin pregnancy.
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Only deliveries at or beyond 34 weeks of gestation, with at
least two sets of measurements during the whole
pregnancy, were considered to be qualified. Exclusion
criteria were listed as follows: uncertain chorionicity;
monoamnionicity; key information deficit, mainly gesta-
tional age or ultrasonic measurements being unavailable;
spontaneous or iatrogenic reduction from a multifetal
gestation; fetal death; fetal structural or chromosomal
anomalies; occurrence of twin-to-twin transfusion syn-
drome or twin anemia-polycythemia sequence; selective
fetal growth restriction or a birth weight below the 3rd
percentile for the national birthweight charts[27]; pre-
existingmaternal disease such as hypertension, diabetes, or
renal and autoimmune disorders; and the development of
obstetric complications such as gestational hypertensive
disease and diabetes. In addition, very few (n= 23) were
MCDA twins conceived by ART and, therefore, they were
not included in the final analyses. Thus, this study focused
on SC-MCDA, SC-DCDA, and ART-DCDA. While for a
singleton pregnancy, only delivery at or beyond 37 weeks
of gestation were selected, and the inclusion/exclusion
criteria were defined in accordance with those of twin
pregnancy where appropriate.

Gestational age was calculated by the date of ovulation,
the date of embryo transfer, last menstrual period, or
the crown-rump length, as appropriate. The diagnosis
of chorionicity was based on the number of gestational
sacs at 7 to 8 weeks of gestation and “T sign,” or
“lambda sign” obtained by ultrasonography at the first
trimester.

Maternal age at delivery was grouped into two categories:
<35 vs. ≥35 years, and ≥35 years was defined as advanced
maternal age. Maternal pre-pregnancy body mass index
(BMI) was grouped into four categories: <18.5, 18.5 to
23.9, 24.0 to 27.9, and ≥28.0 kg/m2.
Fetal ultrasonic measurements

Ultrasound examinations were performed every 3 to
4 weeks between 14 and 32 weeks, then every 2 weeks until
delivery in singleton and DCDA twins; while for MCDA
twins, every 2 weeks between 14 and 32 weeks and weekly
beyond 32 weeks of gestation. At each visit, the fetal
biparietal diameter (BPD), head circumference (HC),
femur length (FL), humerus length (HL), anteroposterior
trunk diameter (APTD), and transverse trunk diameter
(TTD) for each fetus were measured and recorded. The
BPD was measured from the outer to the inner edge of the
fetal skull at the level of the thalami. TheHCwasmeasured
as an ellipse around the perimeter of the fetal skull. The FL
was measured from one end of the femoral diaphysis to the
other, not including the distal femoral epiphysis. The HL
wasmeasured from one end of the humeral diaphysis to the
other with the borders clearly visible. Both APTD and TTD
extended from the outer aspects of the lateral abdominal
wall, and TTD usually was perpendicular to APTD.
Estimated fetal weight (EFW) was calculated based on
BPD, APTD, TTD, and FL according to Hadlock
formulas.[28,29] Abdominal circumference (AC) was calcu-
lated based on the mean arithmetic diameters of APTD and
TTD.[30]
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Statistical analysis

The statistical description was made by use of percentage
for categorical variables, and mean and standard devia-
tion, for continuous variables. The group difference was
examined using the Chi-squared test, variance analysis,
or Kruskal-Wallis rank test where appropriate, and the
pairwise comparisons were further checked.

The linear mixed models were used to test the fetal growth
difference by varied chorionicity and mode of conception.
Both the overall longitudinal change including trajectory
curve and growth velocity across the pregnancy and week-
specific discrepancy were taken into the examination. For
the purpose of this study, the difference was compared
between any two groups. For those ultrasound measure-
ments which showed statistically difference either between
SC-MCDA and SC-DCDA twins or between SC-DCDA
and ART-DCDA twins, week-specific comparisons were
further conducted after adjusting for maternal age, height,
weight, gravidity, and parity.[5,6] Moreover, all of the three
groups were in comparison with uncomplicated singletons,
which were delivered in the same hospital at the same time.

The GAMLSS was applied to fit the growth curve of each
biometric parameter in relation to gestational age. The
Figure 1: Flowchart of Chinese twin pregnancies selection.
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GAMLSS is highly flexible as it is capable of modeling not
only mean (or location) but also other parameters (such as
standard deviation, skewness, and kurtosis).[22,23] Box-
Cox t distribution was used for modeling fetal biometric
parameters as non-parametric cubic spline functions of
gestational age. Model selection was based on generalized
Akaike Information Criterion (GAIC), and the model with
the smallest value of GAIC was selected. Worm plots were
used for visual inspection of the fit of the smoothed curves.
Centile curves for each biometric parameter were
constructed according to placental chorionicity and mode
of conception.

All analyses were performed with the Statistical Package
for the Social Sciences (version 24; SPSS Inc., Chicago, IL,
USA) and the GAMLSS and lme4 package for R statistical
software (version 3.5.1; http://www.R-project.org). Sig-
nificance was defined as a two-tail probability value of
<0.05.
Results

A total of 4055 pregnancies, 2142 singleton and 1913
twin, were included in this study. The flowchart of twin
participants enrolment was shown in Figure 1. The final
sample consisted of 2019 singleton with a total of 9787
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ultrasound observations, and 929 mothers (148 SC-
MCDA, 215 SC-DCDA, and 566 ART-DCDA), with a
total of 12,837 ultrasound observations (3099 in 296 SC-
MCDA, 2542 in 430 SC-DCDA, and 7196 in 1132 ART-
DCDA fetuses). A gestational age interval between 14 and
37 weeks was covered.
Characteristics of the study group

Description and comparison of the maternal and neonatal
characteristics between SC-MCDA, SC-DCDA, and ART-
DCDA twins are displayed in Table 1.Women in advanced
maternal age accounted for 23 (15.5%) among SC-MCDA
twins, 42 (19.5%) in SC-DCDA twins, and 137 (24.2%) in
ART-DCDA twins (H= 24.314, P< 0.001). Maternal
pre-pregnancy BMI showed significant differences only
between SC-MCDA and ART-DCDA twins (H= 9.639,
P= 0.008). In addition, the proportion of nulliparous
women in ART-DCDA twins were higher than those of
SC-MCDA twins (x2= 13.809, P= 0.001). SC-MCDA
twins had a shorter gestational age than SC-DCDA and
ART-DCDA twins (H= 34.483, P< 0.001). Meanwhile,
Table 1: Description and comparison of maternal and neonatal charact

Items SC-MCDA (n= 148)

Maternal characteristics
Age
<35 years 125 (84.5)
≥35 years 23 (15.5)
Mean± SD 30.03± 4.10

Maternal height, cm 162.90± 4.86
Pre-pregnancy weight, kg 55.10± 8.13
Pre-pregnancy BMI
<18.5 kg/m2 25 (16.9)
18.5–23.9 kg/m2 111 (75.0)
24.0–27.9 kg/m2 10 (6.8)
≥28.0 kg/m2 2 (1.3)
Mean± SD 20.73± 2.71

Gravidity
1 70 (47.3)
2 43 (29.0)
3 25 (16.9)
≥4 10 (6.8)

Parity
0 89 (60.1)
≥1 59 (39.9)

Delivery mode
Natural birth 145 (98.0)
Cesarean/forceps/assisted breech delivery 3 (2.0)

Neonatal characteristics
N 296
Gender
Male 128 (43.2)
Female 168 (56.8)

Gestational age at delivery, weeks 36.20± 0.95
Birth weight, g 2468.82± 305.99
Birth length, cm 47.21± 1.89

Data are presented as n (%) or mean± SD. Bold fonts mean significance appe
ART-DCDA: Assisted reproductive technology dichorionic diamniotic; BM
diamniotic; SC-MCDA: Spontaneously conceived monochorionic diamniotic
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SC-MCDA twins were significantly lighter in birth weight
and shorter in birth length than SC-DCDA and ART-
DCDA twins (2468.82 g vs. 2643.62 and 2637.71 g,
F= 36.753, P< 0.001; 47.21 cm vs. 47.82 and 47.89 cm,
H= 18.523, P< 0.001). The description of singleton and
comparison with twins are displayed in Supplementary
Table 1, http://links.lww.com/CM9/A644.
Modeling fetal growth reference

As shown in Supplementary Tables 2, http://links.lww.
com/CM9/A644, 3, http://links.lww.com/CM9/A644, and
4, http://links.lww.com/CM9/A644, both the overall
growth curve through 14 to 37 weeks of gestation and
each fetal biometric measurement by gestational age were
compared among the three groups. The statistical differ-
ences occurred in the fetal biometric measurement curves
for EFW, AC, FL, and HL between SC-DCDA and SC-
MCDA twins, and the size of each biometric measurement
appeared to be smaller in SC-MCDA (EFW: F= 11.224,
P< 0.001; AC: F= 7.062, P= 0.008; FL: F= 7.360,
eristics between SC-MCDA, SC-DCDA, and ART-DCDA twins.

SC-DCDA (n= 215) ART-DCDA (n= 566) Statistics P value

24.314 <0.001
∗

173 (80.5) 429 (75.8)
42 (19.5) 137 (24.2)

31.03± 3.84 32.20± 3.41
162.30± 4.71 162.16± 8.43 0.586 0.557

∗

56.21± 8.72 56.92± 8.58 2.696 0.068
∗

9.639 0.008
∗

33 (15.3) 56 (9.9)
152 (70.7) 409 (72.3)
23 (110.7) 86 (15.2)
7 (3.3) 15 (2.6)

21.35± 3.24 21.56± 3.00
23.463 0.001†

103 (47.9) 355 (62.7)
62 (28.9) 115 (20.3)
28 (13.0) 55 (9.7)
22 (10.2) 41 (7.3)

13.809 0.001†

152 (70.7) 427 (75.4)
63 (29.3) 139 (24.6)

5.671 0.059†

211 (98.1) 564 (99.6)
4 (1.9) 2 (0.4)

430 1132
5.216 0.074†

215 (50.0) 573 (50.6)
215 (50.0) 559 (49.4)
36.68± 0.91 36.64± 0.82 34.483 <0.001

∗

2643.62± 316.38 2637.71± 315.13 36.753 <0.001‡

47.82± 1.85 47.89± 1.60 18.523 <0.001
∗

ared.
∗
Kruskal-Wallis rank test. †Chi-squared test. ‡Variance analysis test.

I: Body mass index; SC-DCDA: Spontaneously conceived dichorionic
; SD: Standard deviation.
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P= 0.007; HL: F= 4.920, P= 0.027). The growth velocity
for EFW, BPD, HC, FL, and HL of SC-DCDA twins was
also different from those of SC-MCDA twins (EFW:
F= 31.381, P< 0.001; BPD: F= 15.263, P< 0.001; HC:
F= 23.712, P< 0.001; FL: F= 9.026, P= 0.003; HL:
F= 14.595, P< 0.001), but no statistical differences were
found in AC. While evaluating week-specific differences in
the biometric variables between SC-MCDA and SC-
DCDA twins, EFW, FL, and HL growth slowed down
in SC-MCDA twins compared with SC-DCDA during
most of the gestational weeks (P< 0.05). In addition, the
size of all the six fetal biometric measurements demon-
strated smaller through 15, 21, and 25 weeks of gestation
in SC-MCDA twins than that in SC-DCDA twins
consistently (P< 0.05). When the comparison between
SC-DCDA and ART-DCDA groups was examined,
significant differences were observed in all six fetal
biometric measurement curves and only in the growth
velocity for HC (EFW: F= 5.676, P= 0.017; BPD:
F= 5.200, P= 0.023; HC: curve: F= 5.271, P= 0.022,
velocity: F= 5.371, P= 0.021; AC: F= 4.524, P= 0.033;
FL: F= 5.377, P= 0.020; HL: F= 3.168, P= 0.075).
Similarly, week-specific differences of all six fetal biometric
measurements were significant at a few weeks of gestation
(all P< 0.050). Further focusing on SC-MCDA and ART-
DCDA twins, it was found that there were significant
differences in all six fetal biometric measurement curves
and the growth velocity of EFW, BPD, HC, FL, and HL.
Meanwhile, week-specific differences of all the six fetal
biometric measurements were statistically significant
during most gestational weeks.

All of the SC-MCDA, SC-DCDA, and ART-DCDA twins
were different from singletons, especially during the third
trimester [Supplementary Tables 5–7, http://links.lww.
com/CM9/A644]. Compared with singletons, the size of all
six fetal biometric measurement appeared to be smaller in
Figure 2: Estimated percentiles for (A) EFW, (B) BPD, (C) HC, (D) AC, (E) FL, and (F) HL in SC-M
weight; FL: Femur length; HC: Head circumference; HL: Humerus length; SC-MCDA: Spontan
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SC-MCDA twins, the size of EFW, AC, FL, and HL
appeared smaller in SC-DCDA twins, and the size of EFW,
BPD, HC, AC, and HL appeared smaller in ART-DCDA
twins.

Figures 2–4 show the fitted growth curves of fetal
biometric parameters, including EFW, BPD, HC, AC,
FL, and HL for SC-MCDA, SC-DCDA, and ART-DCDA
twins, respectively. The smoothed percentiles, such as the
5th, 10th, 50th, 90th, and 95th percentiles of fetal
biometric parameters by gestational age are illustrated in
Supplementary Table 8, http://links.lww.com/CM9/A644.

Discussion

Main findings

Based on a large data set of ultrasonographic biometric
measurements, we developed fetal ultrasound biometric
parameters, including EFW, BPD, HC, AC, FL, and HL,
among Chinese uncomplicated twin pregnancies. The
major strength of this study lies in taking both chorionicity
and mode of conception into account, and the findings
showed that SC-DCDA twins had a faster growth rate than
SC-MCDA twins but slower than ART-DCDA twins.
Comparing with singletons, all three twin charts show a
slower growth pattern; however, the contrasts were mainly
observed during the third trimester. The data enriched our
understanding of the twin-specific fetal growth trajecto-
ries, and the parameters established in this study have the
potential to promote a more accurate assessment of
intrauterine growth trajectories for Chinese twins.

Interpretation

In our study, it was demonstrated that the fetal biometric
measurements including EFW, AC, FL, and HL of SC-
DCDA twins were statistically different from those of SC-
CDA twins. AC: Abdominal circumference; BPD: Biparietal diameter; EFW: Estimated fetal
eously conceived monochorionic diamniotic.

http://links.lww.com/CM9/A644
http://links.lww.com/CM9/A644
http://links.lww.com/CM9/A644
http://www.cmj.org


Figure 3: Estimated percentiles for (A) EFW, (B) BPD, (C) HC, (D) AC, (E) FL, and (F) HL in SC-DCDA twins. AC: Abdominal circumference; BPD: Biparietal diameter; EFW: Estimated fetal
weight; FL: Femur length; HC: Head circumference; HL: Humerus length; SC-DCDA: Spontaneously conceived dichorionic diamniotic.

Figure 4: Estimated percentiles for (A) EFW, (B) BPD, (C) HC, (D) AC, (E) FL, and (F) HL in ART-DCDA twins. AC: Abdominal circumference; ART-DCDA: Assisted reproductive technology
dichorionic diamniotic; BPD: Biparietal diameter; EFW: Estimated fetal weight; FL: Femur length; HC: Head circumference; HL: Humerus length.
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MCDA twins. To date, a few numbers of studies compared
the intrauterine growth pattern of DCDA twins to that of
MCDA twins,[6-8,12-14,17] and the results were generally
consistent and similar to the findings of our study. A study
in Brazil had a consistent result with ours in that there were
statistically differences in EFW, BPD, AC, and FL between
monochorionic and dichorionic twin pregnancies.[12] A
multicentric study from Italy also reported that the
measurements of EFW, BPD, HC, AC, and FL appeared
smaller in the MCDA group in comparison with DCDA
twins; however, the difference did not show statistical
significance.[6] When further exploring the week-specific
1824
difference for fetal biometric measurements between
DCDA and MCDA twins, a study conducted in the US
found that DCDA twins had higher sonographic EFW at
almost all gestational ages until 34th gestational weeks,[14]

and the data from Italy similarly found that the differences
for AC were statistically significant after 33 weeks of
gestation.[6] The evidence from the two studies provided
support for our findings.

Fetal growth velocity has been identified as an important
indicator to assess fetal growth and development.[31]

Recently, a national study in the US examined the growth

http://www.cmj.org
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velocity of six parameters including EFW, BPD, HC, AC,
HL, and FL among singletons and compared the overall
differences of these parameters between different racial/
ethnic-specific curves.[32] To our knowledge, no study yet
paid attention to the fetal growth velocity among twins.
ART has become more common, and an understanding
with regard to its perinatal outcome is becoming
essential.[18-21] Several studies have, more often than
not, focused on the possible impact of ART on birth weight
among twin pregnancies, failing to cover intrauterine fetal
growth.[18-21] As an initial study, we, for the first time,
observed the gestational week-specific fetal size and
growth velocity among ART-DCDA twins, revealing
ART-DCDA twins had the highest growth rate, followed
by SC-DCDA, and then SC-MCDA.
Clinical implications

The accuracy of intrauterine growth assessment for twins
dependson the establishment of twin-specific growth charts,
and the longitudinal ultrasonographic standards have
benefits in recognizing growthpattern variations at different
gestational ages.[33] The international society of obstetrics
and gynecology ultrasound emphasized the clinical signifi-
cance of development and use of twin-specific growth charts
while assessing fetal growth of twins since 2016.[34] In
medical practice, it has been well-known that growth
restriction in twins is prevalent due to the slower growth rate
in the third trimester.[5-8] In our study, all the median (50th
percentile) biometric parameters of SC-MCDA, SC-DCDA,
andART-DCDA twins were lower at each gestational week
compared with fetal biometry reference of Chinese single-
ton.[10,35] Therefore, over-diagnosis of restricted intrauter-
ine growth should be a common concernwhile adopting the
diagnostic criteria based upon the standard of singletons.
For a long time, although there are the continuous efforts to
establish a fetal growth curve for twins, the issue has not
been resolved. The existing data have inherent limitations.
For example, some of the data came from birth weight and
cannot be applied to the growth and development
assessment during pregnancy,[36-39] while others recruited
subjects by small sample size[5,12,16] or without exclusion of
high-risk pregnancy.[5,13,17] Our study overcame the
limitations and largely promised our growth reference
chart customized for chorionicity andmode of conception a
more reliable tool to distinguish cases with fetal growth
restriction in twins.[40]

We are aware that reducing the fetal growth reference
value may sacrifice the sensitivity to identify pathological
fetal growth restriction. Our subject enrolment strategy
adopted strict inclusion criteria to ensure a qualified
sensitivity in the early screening of fetal growth restric-
tion. Notably, our sampled population included preg-
nancies via ART. Since twin pregnancies via ART account
for an increasing proportion of twins, our growth charts
customized for conception mode would be more
generalizable to the current population of twins in China.
The results of this study illustrated an asymmetric pattern
of growth velocity between DCDA and MCDA twins,
which has been confirmed by previous studies.[6,12,17] In
addition, it has been suggested that chorionicity has a
significant independent effect on birth weight,[41] and the
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threshold of physiological intertwin size discordance of
fetal biometry also varies by chorionicity.[42] Thus,
developing growth reference charts customized for
chorionicity is necessary.

In this study, six fetal biometric measurements obtained
from ultrasound were opted to customize the growth
reference, but not only the EFW. A previous study found
that some biometric measurements may vary according to
parental ethnicity or different constitutional character-
istics. Not all the differences can be specifically explained
by the changes in EFW.[6] As proposed by previous
studies,[43,44] we developed all fetal biometric parameter
growth charts rather than only EFW in most stud-
ies.[8,13,14] The full-spectrum parameters could enrich
our knowledge on fetal changes in the uterus, which should
be clinically significant to promote a more comprehensive
evaluation of fetal intrauterine growth.

Our study has several strengths. First, only healthy
uncomplicated twin pregnancies were included. Second,
our reference charts were based on longitudinal data and
adequate sample size, which made it available to develop
growth centiles to identify patterns and differences in fetal
growth at different gestational ages.[15] Third, taking both
chorionicity and mode of conception into account made
our growth reference chart a more reliable and sensitive
tool in identifying growth restriction in twins. Fourth, the
GAMLSS model has unique advantages in fitting the
changing curve over time, which has been applied by
WHO to establish child growth standards.[23] Moreover,
making a comparison with data from singleton provided
evidence to confirm that twin has intrinsic growth pattern,
emphasizing the importance of this study.

However, several weaknesses also warrant acknowledg-
ment. First, this study was a single-center design, there
might be a selection bias. However, International Peace
Maternity & Child Health Hospital is the top quality
maternal and child health hospital in Shanghai, which
attracts pregnant women all around Shanghai, China. The
hospital has opened a twin pregnancy clinic since 2015,
which is one of the three specialist consultation settings for
twin pregnancy in Shanghai. Therefore, the twin pregnant
women recruited through 4 years should have certain
representativeness in the Shanghai area. Second, very few
(n= 23) were MCDA twins conceived by ART, therefore,
they were not included in this study. Finally, although we
adopted strict inclusion criteria to acquire a qualified target
population, another high-risk individual with unclear
adverse perinatal outcomes was possible.

In conclusions, we established a set of fetal growth charts
stratified by chorionicity and mode of conception for
Chinese twins, which fills the gap and the clinical
significance lies in providing a useful tool for a more
accurate and comprehensive assessment of fetal growth in
twins. This study provides new evidence that SC-MCDA
twins grow slower than SC-DCDA twins, and the growth
velocities of EFW, BPD, HC, FL, and HL were statistically
different between them. Meanwhile, our results show
that conception mode could affect the growth pattern of
twins.
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