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gain and adverse neonatal outcomes:
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guidelines in Chinese women with twin
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Abstract

Background Appropriate gestational weight gain (GWG) is essential for maternal and fetal health. For twin pregnan-
cies among Caucasian women, the Institute of Medicine (IOM) guidelines can be used to monitor and guide GWG.
We aimed to externally validate and compare the IOM guidelines and the recently released guidelines for Chinese
women with twin pregnancies regarding the applicability of their recommendations on total GWG (TGWG).

Method A retrospective cohort study of 1534 women who were aged 18-45 years and gave birth to twins at > 26
gestational weeks between October 2016 and June 2020 was conducted in Guangzhou, China. Women's TGWG was
categorized into inadequate, optimal, and excess per the IOM and the Chinese guidelines. Multivariable generalized
estimating equations logistic regression was used to estimate the risk associations between TGWG categories and
adverse neonatal outcomes. Cohen’s Kappa coefficient was calculated to evaluate the agreement between the IOM
and the Chinese guidelines.

Results Defined by either the IOM or the Chinese guidelines, women with inadequate TGWG, compared with those
with optimal TGWG, demonstrated higher risks of small-for-gestational-age birth and neonatal jaundice, while women
with excess TGWG had a higher risk of delivering large-for-gestational-age infants. The agreement between the two
guidelines was relatively high (Kappa coefficient=0.721). Compared with those in the optimal TGWG group by both
sets of the guidelines, women classified into the optimal group by the Chinese guidelines but into the inadequate
group by the IOM guidelines (n =214) demonstrated a statistically non-significant increase in the risk of all the
adverse neonatal outcomes combined.

Conclusions The IOM and the Chinese guidelines are both applicable to Chinese women with twin pregnancies.
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Background

Women pregnant with twins are at higher risks of adverse
neonatal outcomes than women with singleton pregnan-
cies [1-3]. Maternal gestational weight gain (GWQ) is a
valuable albeit simple indicator for newborn morbidities.
However, recognition of abnormal GWG is a challenging
task that requires reliable assessment tools.

In 2009, the Institute of Medicine (IOM) issued guide-
lines on total GWG (TGWG) for twin pregnancies
in Caucasian women [4]. Taking into account wom-
en’s prepregnancy body mass index (PBMI) status by
the WHO criteria, the IOM recommends TGWG of
17.0-25.0 kg for normal-weight women (PBMI 18.5—
24.9 kg/m?), 14.0-23.0 kg for overweight women (PBMI
25.0-29.9 kg/m?), and 11.0-19.0 kg for obese women
(PBMI>30.0 kg/m? [4]. Studies in Western popula-
tions have found that inappropriate vs. optimal TGWG,
as defined by the IOM guidelines, is associated with
increased risks of unhealthy birthweight and neonatal
intensive care unit (NICU) admission [5-8]. Despite the
ethnic disparity, several studies have also appraised the
appropriateness of the IOM guidelines in Asian popula-
tions [9—11], producing largely similar results.

National guidelines on TGWG for twin pregnan-
cies have not been formulated in many Asian countries
including China, although some regional guidelines
based on less representative data have been made avail-
able [11, 12]. Based on data from a regional but relatively
large population, the recent Chinese guidelines recom-
mend TGWG of 18.0-26.0 kg for underweight women
(PBMI<18.5 kg/m?), 15.0-25.0 kg for normal-weight
women (PBMI 18.5-23.9 kg/m? according to the Chi-
nese criterion), 12.0-21.0 kg for overweight women
(PBMI 24.0-27.9 kg/m?), and 9.0-20.0 kg for obese
women (PBMI > 28.0 kg/m?) [11]. It is apparent that the
Chinese guidelines tend to recommend lower TGWG
than do the IOM guidelines, and this is particularly the
case for women who would be categorized into different
PBMI groups by the inconsistent PBMI cut-offs. It is also
notable that the Chinese guidelines include a recommen-
dation for underweight women.

At this stage, it is important to validate and compare
the IOM and the Chinese guidelines, which will facilitate
decision-making on which guidelines to choose. Here, we
reported a retrospective cohort study that was conducted
particularly for this purpose.

Methods

Study design and data source

A retrospective cohort study was designed to include all
women who gave birth to twins between October 2016
and June 2020 in Guangzhou Women and Children’s
Medical Center, a tertiary medical facility in South China.
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Information on demographics, reproductive history, and
maternal and neonatal factors relative to the current
pregnancies was retrieved from clinical records. Eligi-
ble women were those who were aged 18 — 45 years and
gave birth to twins at>26 gestational weeks during the
five-year period (n=1927). Women who delivered still-
births or births with congenital anomalies (n=145) were
excluded. Women with missing data on the following key
variables were excluded: body height, prepregnancy body
weight, pre-delivery body weight, and other confounding
factors including maternal age, gravidity, parity, historical
cesarean section, education level, use of assisted repro-
ductive technology (ART), twin type, pre-existing diabe-
tes/hypertension, gestational diabetes mellitus (GDM),
gestational hypertension, and family history of diabetes/
hypertension. These exclusion criteria eventually led to a
final cohort of 1534 women for analysis (Fig. 1).

Ascertainment of total gestational weight gain

and adverse neonatal outcomes

Maternal prepregnancy body weight was self-reported at
the first prenatal care visit. If possible, missing values on
prepregnancy body weight were substituted with body
weight measured in the first 12 weeks of gestation. Pre-
delivery body weight was recorded at the admission for
hospital delivery. TGWG was calculated as the difference
between pre-delivery and prepregnancy body weights.
In accordance with the IOM guidelines, we categorized
women into inadequate, optimal, and excess TGWG
groups. The same groups were formed again using the
Chinese guidelines.

This study considered the following adverse neona-
tal outcomes: small for gestational age (SGA), large for
gestational age (LGA), respiratory distress syndrome,
neonatal jaundice, and NICU admission. Nationwide sur-
veillance data were used to identify SGA and LGA, which
referred to birth weight below the 10th and above the
90th percentile references, respectively [13]. Respiratory
distress syndrome was defined as the presence of one
of the following signs: tachypnea (respiratory rate>60
breaths/minute), grunting, nasal flaring, or intercostal
retraction [14]. Neonatal Jaundice was diagnosed follow-
ing the criteria of National Institute for Health and Care
Excellence [15].

Statistical analysis

Maternal and neonatal characteristics were described
using median and inter-quartile range (IQR) for con-
tinuous variables and frequency for categorical vari-
ables. Multivariable logistic regressions based on general
estimated equations (GEE) were used to estimate the
adjusted odds ratios (aORs) of adverse neonatal out-
comes for inadequate and excess vs. optimal TGWG
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Total records of women with twin
pregnancies during Oct 2016 to
June 2020
(N=1943)

Exclusions (N=16)

| * Women age <18 years or >45 years
(n=11)

* Gestational age <26 weeks (n=5)

A

Eligible women with age 18~45
and gestational age > 26 weeks
(N=1927)

A 4

Exclusions (N=393)

Stillbirth or congenital anomalies
(n=145)

Missing data on body height,
prepregnancy body weight, or pre-
delivery body weight (n=225)
Missing data on confounding factors
(n=23)

Women for final analysis
(N=1534, and 3068 twin infants)

Fig. 1 Flowchart of study participant selection

after controlling for maternal age, gestational age, PBMI,
gravidity, parity, historical cesarean section, educational
level, use of ART, twin type, pre-existing diabetes/hyper-
tension, GDM, gestational hypertension, and family his-
tory of diabetes/hypertension. Cohen’s Kappa coefficient
was calculated to evaluate the agreement between the
IOM and the Chinse guidelines. Two-sided P-value <0.05
was considered statistically significant. All the statistical
analyses were performed using R version 4.0.2 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Results

The characteristics of the study population are summa-
rized in Table 1. The median maternal age was 31.0 years
(IQR 29.0-34.0). A majority of women (85.3%) had a
college degree. Nulliparous and primigravid women
accounted for 61.0% and 44.3% of the study popula-
tion, respectively. The prevalence of prepregnancy
underweight, normal weight, overweight, and obesity,
as defined by Chinese BMI criteria, was 16.0%, 67.5%,
12.9%, and 3.6%, respectively. More than half (54.2%)
of women conceived via ART. About 37.7% of parous
women had historical cesarean section, 15.4% had family
history of diabetes mellitus/hypertension, 1.9% had pre-
existing diabetes mellitus/hypertension, 24.6% had GDM
and 16.5% had gestational hypertension. A majority of

women (93.9%) chose cesarean section. The percent-
ages of dichorionic, monochorionic-diamniotic, mono-
amniotic twin pregnancies were 74.2%, 25.4% and 0.5%,
respectively. The median gestational age at delivery was
37.0 weeks (IQR: 35.0-37.0). Of the 3068 twin infants,
1609 (52.4%) were male. We further stratified the study
population into inadequate, optimal, and excess TGWG
groups using the IOM and the Chinese guidelines and
reported their characteristics in Table S1.

Risk associations between TGWG categories and
adverse neonatal outcomes are presented in Table 2.
Defined by either IOM or the Chinese guidelines, inad-
equate TGWG, as compared with the optimal TGWG,
was associated with statistically significantly increased
risks of SGA (aORcyn=1.66, 95% CI: 1.27-2.18;
aOR;g=1.67, 95% CI:1.23-2.27), neonatal jaundice
(@OReyn=1.34, 95%CIL: 1.10-1.64; aOR;y=1.31,
95% CI: 1.05-1.63), and occurrence of any adverse neo-
natal outcome (aORqpyn=1.37, 95% CI: 1.13-1.64;
aOR;5=1.28, 95% CI: 1.06-1.56). Excess TGWG
defined by either the IOM or the Chinese guidelines was
associated with an increased risk of LGA (aOR¢y=4-58,
95% CI: 2.85-7.38; aOR5;=3.48, 95% CIL: 1.97-6.13).
As shown in Table S2, exclusion of underweight women
(n=245) for the Chinese guidelines did not change the
statistical significance of the associations of inadequate
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Table 1 Baseline characteristics of 1534 women with twin
pregnancies

Characteristics

Maternal age, year, median [IQR] 31.0[29.0, 34.0]

Gestational age, weeks, median [IQR] 37.0[35.0,37.0]

Education level, n (%)

Primary school or middle school 18(1.2)

High school 207 (13.5)

College 1309 (85.3)
Nulliparity, n (%)

No 599 (39.0)

Yes 935 (61.0)
Primigravida, n (%)

No 854 (55.7)

Yes 680 (44.3)
Categorical PBMI by the Chinese criteria, n (%)

Underweight (< 185 kg/m?) 245 (16.0)

Normal (18.5-23.9 kg/m?) 1036 (67.5)

Overweight (24.0-27.9 kg/m?) 198 (12.9)

Obese (>28.0 kg/m?) 55 (3.6)
Categorical PBMI by the WHO criteria, n (%)

Underweight (< 18.5 kg/m?) 245 (16.0)

Normal (18.5-24.9 kg/m?) 1108 (72.2)

Overweight (25.0-29.9 kg/m?) 158(10.3)

Obese (>30.0 kg/m?) 23(1.5)
Use of ART, n (%)

No 703 (45.8)

Yes 831 (54.2)
Historical cesarean section, n (%)*

No 373(62.3)

Yes 226(37.7)
Family history of diabetes mellitus/hypertension, n (%)

No 1298 (84.6)

Yes 236 (15.4)
Pre-existing diabetes mellitus/hypertension, n (%)

No 1505 (98.1)

Yes 29(1.9)
GDM, n (%)

No 1157 (754)

Yes 377 (24.6)
Gestational hypertension, n (%)

No 1281 (83.5)

Yes 253 (16.5)
Delivery mode, n (%)

Cesarean section 1440 (93.9)

Vaginal delivery 94 (6.1)
Twin type, n (%)

Dichorionic 1138 (74.2)

Monochorionic-diamniotic 389 (25.4)

Monoamniotic 7(0.5)
Offspring sex, n (%)

Male 1609 (52.4)

Female 1459 (47.6)
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Table 1 (continued)

Abbreviations: ART assisted reproductive technology, GDM gestational
diabetes mellitus, GWG gestational weight gain, /QR inter-quartile range, PBMI,
prepregnancy body mass index, WHO World Health Organization

2The percentage of historical cesarean section was calculated in 599 parous
women

TGWG with SGA, neonatal jaundice, and occurrence
of any adverse neonatal outcome and the association of
excess TGWG with LGA.

Further comparison between the IOM and the Chi-
nese guidelines was made by cross-classifying the TGWG
using the two sets of the guidelines after excluding under-
weight women. Among the remaining 1289 women, a
total of 1064 (82.5%) women were classified into the same
categories by both sets of the guidelines(Kappa coef-
ficient=0.721, 95% CI: 0.687-0.755). Two hundred and
fourteen (16.6%) women were classified into the opti-
mal group by the Chinese guidelines but into the inad-
equate group by the IOM guidelines (Table 3). As shown
in Table 4, compared with women in the optimal TGWG
group by both sets of the guidelines, those in the optimal
group by the Chinese guidelines but in the inadequate
group by the IOM guidelines demonstrated a statistically
significantly decreased LGA risk (aOR=0.51, 95% CI:
0.26-0.99) but no statistically significant difference in the
risk of any adverse neonatal outcome (aOR=1.06, 95%
CI: 0.81-1.40).

Discussion

In this retrospective cohort study of Chinese women with
twin pregnancies, inadequate/excess TGWG identified
by either the IOM or the Chinese guidelines, compared
with the optimal TGWG, demonstrated statistically sig-
nificantly higher risks of adverse neonatal outcomes.
Inadequate TGWG according to either set of the guide-
lines was associated with increased risks of SGA birth
and neonatal jaundice, while excess TGWG according
to either set of the guidelines was associated with an
increased risk of LGA birth. The agreement between the
two sets of the guidelines was relatively high (Kappa coef-
ficient=0.721). Compared with women in the optimal
TGWG group by both sets of the guidelines, women in
the optimal by the Chinese guidelines but in the inade-
quate group by the IOM guidelines demonstrated no sta-
tistically significant difference in the risk for any adverse
neonatal outcome studied.

The association between inappropriate TGWG and
adverse neonatal outcomes among twin pregnancies
in our study confirmed previous findings. The study of
Guan, et al. showed that excess TGWG by IOM refer-
ences was related to a higher risk of LGA, and inadequate
TGWG was associated with increased risks of SGA [16].
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Table 2 Adjusted risk associations of neonatal outcomes for women with inadequate or excess TGWG vs. women with optimal TGWG,

as defined by the Chinese or the IOM guidelines

Outcome Optimal TGWGP Inadequate TGWG Excess TGWG
n/N (%) n/N (%) aOR (95% CI)¢ n/N (%) aOR (95% CI)¢
The Chinese guidelines
SGA 153/1714 (8.9) 166/1144 (14.5) 1.66(1.27,2.18) 9/210 (4.3) 043 (0.21,0.89)
LGA 78/1714 (4.6) 25/1144 (2.2) 0.57(0.35,0.93) 36/210(17.1) 4.58 (2.85,7.38)
Respiratory distress 45/1714 (2.6) 104/1144 (9.1) 140 (0.81,241) 9/210 (4.3) 1.74(0.55,5.52)
Neonatal jaundice 463/1714 (27.0) 433/1144 (37.8) 1.34(1.10, 1.64) 51/210(24.3) 0.81(0.54, 1.24)
NICU admission 119/1714 (6.9) 144/1144 (12.6) 0.69 (0.45, 1.06) 6/210(2.9) 0.27 (0.09, 0.86)
Any adverse outcome® 637/1714 (37.2) 584/1144 (51.0) 1.37(1.13,1.64) 91/210 (43.3) 1.30(0.91, 1.85)
The IOM guidelines
SGA 91/1116 (8.2) 165/1302 (12.7) 1.67(1.23,2.27) 5/160 (3.1) 0.35(0.14,0.87)
LGA 64/1116 (5.7) 35/1302 (2.7) 0.47 (0.30,0.75) 25/160 (15.6) 348(1.97,6.13)
Respiratory distress 25/1116 (2.2) 106/1302 (8.1) 1.52(0.74,3.14) 8/160 (5.0) 2.72(0.80,9.25)
Neonatal jaundice 287/1116 (25.7) 459/1302 (35.3) 1.31(1.05, 1.63) 39/160 (24.4) 0.87 (0.55, 1.40)
NICU admission 70/1116 (6.3) 167/1302 (12.8) 0.87(0.55, 1.36) 4/160 (2.5) 0.21(0.02, 1.89)
Any adverse outcome ? 399/1116 (35.8) 627/1302 (48.2) 1.28(1.06, 1.56) 68/160 (42.5) 1.26 (0.84, 1.89)

Abbreviations: aOR adjusted odds ratio, ART assisted reproductive technology, C/ confidence interval, GDM gestational diabetes mellitus, /IOM Institute of Medicine, LGA
large for gestational age, NICU neonatal intensive care unit, PBMI prepregnancy body mass index, SGA small for gestational age, TGWG total gestational weight gain

2 Any adverse outcome was defined as the presence of one or more of the following neonatal outcomes: SGA, LGA, respiratory distress syndrome, neonatal jaundice,

and NICU admission

b Optimal TGWG was used as the reference

€ All the models adjusted for the priori defined confounders, including maternal age, gestational age, maternal PBMI, parity, gravidity, education level, twin type, use
of ART, historical cesarean section, family history of diabetes mellitus/hypertension, pre-existing diabetes mellitus/hypertension, GDM and gestational hypertension

Table 3 The cross-classification of TGWG by the IOM and the
Chinese guidelines

IOM guidelines
Inadequate Optimal Excess Total
Chinese Inadequate 437 (33.9) 0 0 437 (33.9)
Igu‘de‘ Optimal 214 (16.6) 547 (424) 0O 761 (59.0)
ines
Excess 0 11(0.9) 80(6.2) 91(7.1)
Total 651 (50.5) 558(43.3) 80(6.2) 1289 (100)

Data are n (%). Cohen’s Kappa coefficient=0.721 (95% Cl: 0.687-0.755)

Abbreviations: Cl confidence interval, IOM Institute of Medicine, TGWG total
gestational weight gain

A larger cohort study of twin pregnancies in China sug-
gested that inadequate TGWG according to the IOM
references was associated with higher risk of SGA in all
PBMI groups [11].

The Chinese guidelines we investigated in the pre-
sent study recommend lower TGWGs than do the IOM
guidelines for North American women. Similarly, two
studies among Japanese women also recommended
lower TGWGs [9, 12]. This discrepancy may be explained
by the ethnical difference in body size — Asian women
are relatively short and slim compared with Caucasian
women. Chinese women with optimal TGWG according

to the Chinese guidelines could be classified as inade-
quate TGWG by the IOM guidelines because of this dis-
crepancy, and these women accounted for 16.6% of our
study population. Additionally, the IOM guidelines for
twin pregnancies do not specify the optimal TGWG for
underweight women due to lack of data [17]. In China,
the prevalence of underweight before pregnancy was
estimated to be 12%-17% [11, 18, 19]. In the present
study, 16.0% of women were underweight before preg-
nancy, highlighting the need to determine the optimal
TGWG for these women.

The relatively high agreement between the IOM and
the Chinese guidelines and their similar associations with
adverse neonatal outcomes suggest that the IOM guide-
lines are applicable to Chinese twin pregnancies. How-
ever, compared with those who were classified as optimal
TGWG by both sets of the guidelines, women whose
TGWG was classified as optimal by the Chinese guide-
lines but inadequate by the IOM guidelines did not have
an increased risk of any adverse neonatal outcome, sug-
gesting that the Chinese guidelines might be more suit-
able for Chinese women with twin pregnancies.

The present study was not designed to analyze the
association between inappropriate TGWG and mater-
nal prepartum complications such as GDM and preec-
lampsia. Although some of the previous studies have
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Table 4 Adjusted risk associations of neonatal outcomes for women with adequate TGWG by the Chinese guidelines but inadequate
TGWG by the IOM guidelines vs. women with optimal TGWG by both sets of the guidelines

Outcome Optimal TGWG by both the Chinese and Optimal TGWG by the Chinese guidelines but aOR (95% CI) ®
the IOM guidelines, n/N (%) inadequate TGWG by the IOM guidelines, n/N (%)
SGA 90/1094 (8.2) 47/428 (11.0) 1.36 (0.91,2.02)
LGA 58/1094 (5.3) 12/428 (2.8) 0.51(0.26,0.99)
Respiratory distress 24/1094 (2.2) 19/428 (4.4) 1.07(0.34,3.32)
Neonatal jaundice 283/1094 (25.9) 130/428 (30.4) 1.09(0.80, 1.49)
NICU admission 68/1094 (6.2) 43/428 (10.0) 1.00(047,2.11)
Any adverse outcome? 389/1094 (35.6) 180/428 (42.1) 1.06 (0.81, 1.40)

Abbreviations: aOR adjusted odds ratio, ART assisted reproductive technology, C/ confidence interval, GDM gestational diabetes mellitus, /IOM Institute of Medicine,
LGA large for gestational age, N/CU neonatal intensive care unit, PBMI prepregnancy body mass index, SGA small for gestational age, TGWG, total gestational weight
gain

2 Any adverse outcome was defined as the presence of one or more of the following neonatal outcomes: SGA, LGA, respiratory distress syndrome, neonatal jaundice,
and NICU admission

®The models adjusted for the priori defined confounders, including maternal age, gestational age, maternal PBMI, parity, gravidity, education level, twin type, use of

ART, historical cesarean section, family history of diabetes mellitus/hypertension, pre-existing diabetes mellitus/hypertension, GDM and gestational hypertension

reported positive associations of inappropriate TGWG
with such complications [5, 10], reliability of their results
is questionable for the apparently indeterminable causal
relationships.

This study is the first study that externally validated
and compared the Chinese and the IOM guidelines in
Chinese women with twin pregnancies. There are several
limitations in this study. First of all, we recruited women
with twin pregnancies who visited hospitals for prenatal
examination other than those visited community health
centers. Those who visit hospitals for prenatal examina-
tion may have higher socioeconomic status and might
gain different weight from the others. Therefore, extrap-
olation of these results to all twin-pregnancy women
should be performed with caution. Second, prepregnancy
weight in this study was self-reported rather than meas-
ured, which may cause bias. However, we found a good
correlation between self-reported prepregnancy weight
and weight measured in the first 12 gestational weeks
(correlation coefficient=0.915, n=324). Furthermore,
this study focused on TGWG, but GWG rate (i.e., GWG
per week), which takes into account different patterns of
GWG throughout pregnancy might be more predictive of
adverse neonatal outcomes. However, there has been no
guidelines on GW@G rate for twin pregnancies.

Conclusions

Inappropriate TGWG defined by either the IOM or the
Chinese guidelines was associated with increased risks
of adverse neonatal outcomes, suggesting that both are
applicable to Chinese women with twin pregnancies.

Abbreviations

aOR Adjusted Odds Ratios

ART Assisted Reproductive Technology
GDM Gestational Diabetes Mellitus

GEE General Estimated Equations
GWG Gestational Weight Gain

IOM The Institute of Medicine

LGA Large for Gestational Age

NICU Neonatal Intensive Care Unit

SGA Small for Gestational Age

TGWG Total Gestational Weight Gain

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-023-15008-z.

Additional file 1: Table S1. Baseline characteristics of women with twin
pregnancies.

Additional file 2: Table S2. Adjusted risk associations of neonatal
outcomes for women with inadequate or excess TGWG vs. women with
optimal TGWG, defined by the Chinese guidelines, after excluding under-
weight women.

Acknowledgements
Not applicable.

Authors’ contributions

LF conceptualized the study, designed the data collection instruments, and
drafted the manuscript. YL collected data, drafted the manuscript. LL, YC and
LX collected data, and carried out the statistical analyses. LK critically reviewed
the manuscript. All authors approved the final manuscript as submitted and
agree to be accountable for all aspects of the work.

Funding
Not applicable.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to ethical restrictions, but are available from the cor-
responding author on reasonable request.


https://doi.org/10.1186/s12889-023-15008-z
https://doi.org/10.1186/s12889-023-15008-z

Liang et al. BMC Public Health (2023) 23:134

Declarations

Ethics approval and consent to participate

This study was conducted according to the guidelines laid down in the Decla-
ration of Helsinki and was approved by the ethics committees of Guangzhou
Women and Children’s Medical Center. The need for informed consents was
waived by the ethics committees Review Board of Guangzhou Women and
Children’s Medical Center, because of the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 31 May 2022 Accepted: 9 January 2023
Published online: 19 January 2023

References

1. Santana DS, Silveira C, Costa ML, et al. Perinatal outcomes in twin preg-
nancies complicated by maternal morbidity: evidence from the WHO
multicountry survey on maternal and newborn health. BMC Pregnancy
Childbirth. 2018;18:449.

2. Witteveen T, Van Den Akker T, Zwart JJ, et al. Severe acute maternal mor-
bidity in multiple pregnancies: a nationwide cohort study. Am J Obstet
Gynecol. 2016;214(641).e641-641.e610.

3. Vogel JP, Torloni MR, Seuc A, et al. Maternal and perinatal outcomes of
twin pregnancy in 23 low- and middle-income countries. PLoS ONE.
2013;8:€70549.

4. Institute of Medicine, National Research Council Committee to Reex-
amine IOMPWG. The National Academies Collection: Reports funded
by National Institutes of Health. In: Rasmussen KM, Yaktine AL, editors.
Weight Gain During Pregnancy: Reexamining the Guidelines. Washington
(DQ): National Academies Press (US) Copyright © 2009, National Academy
of Sciences; 20009.

5. Pécheux O, Garabedian C, Drumez E, et al. Maternal and neonatal out-
comes according to gestational weight gain in twin pregnancies: are the
institute of medicine guidelines associated with better outcomes? Eur J
Obstet Gynecol Reprod Biol. 2019;234:190-4.

6. OzcanT, Bacak SJ, Zozzaro-Smith P, et al. Assessing weight gain by the
2009 institute of medicine guidelines and perinatal outcomes in twin
pregnancy. Matern Child Health J. 2017,21:509-15.

7. Shamshirsaz AA, Haeri S, Ravangard SF, et al. Perinatal outcomes based on
the institute of medicine guidelines for weight gain in twin pregnancies.
J Matern Fetal Neonatal Med. 2014;27:552-6.

8. Leese B, Jomeen J, Denton J. Appropriate maternal weight gain in sin-
gleton and twin pregnancies: what is the evidence? Hum Fertil (Camb).
2012;15:194-9.

9. Shimura M, Obata S, Misumi T, et al. Are the Institute of Medicine guide-
lines for optimal gestational weight gain in twin pregnancies applicable
to Japanese women? J Obstet Gynaecol Res. 2021;47:337-42.

10. Lin D, Fan D, Wu S, et al. The effect of gestational weight gain on perinatal
outcomes among Chinese twin gestations based on Institute of Medi-
cine guidelines. BMC Pregnancy Childbirth. 2019;19:262.

11. ChenY, LiuY, Zhang Y, et al. Gestational weight gain per pre-pregnancy
body mass index and birth weight in twin pregnancies: a cohort study in
Wuhan. China Scientific reports. 2018;8:12496.

12. Obata S, Shimura M, Misumi T, et al. Weight gain during twin pregnancy
with favorable pregnancy outcomes in Japan: a retrospective inves-
tigation for new criteria based on perinatal registry data. PLoS ONE.
2021;16:€0253596.

13. Zhang B, Cao Z, Zhang Y, et al. Birthweight percentiles for twin birth
neonates by gestational age in China. Sci Rep. 2016;6:31290.

14. Vermont Oxford Network. Global Neonatal Database, Manual of Opera-
tions. 2019.

15. National Institute for Health and Care Excellence. Jaundice in newborn
babies under 28 days [https://www.nice.org.uk/guidance/cg98]

Page 7 of 7

16. Guan P Tang F, Sun G, et al. Effect of maternal weight gain according to
the Institute of Medicine recommendations on pregnancy outcomes in a
Chinese population. J Int Med Res. 2019;47:4397-412.

17. Luke B, Hediger ML, Nugent C, et al. Body mass index—specific weight
gains associated with optimal birth weights in twin pregnancies. J
Reprod Med. 2003;48:217-24.

18. ChenYH, Li L, Chen W, et al. Pre-pregnancy underweight and obesity are
positively associated with small-for-gestational-age infants in a Chinese
population. Sci Rep. 2019;9:15544.

19. Zhao R, Xu L, Wu ML, et al. Maternal pre-pregnancy body mass
index, gestational weight gain influence birth weight. Women Birth.
2018;31:€20-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.nice.org.uk/guidance/cg98

	Associations between gestational weight gain and adverse neonatal outcomes: a comparison between the US and the Chinese guidelines in Chinese women with twin pregnancies
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Background
	Methods
	Study design and data source
	Ascertainment of total gestational weight gain and adverse neonatal outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


