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Objective: This study aimed to investigate the mid-pregnancy blood glucose levels of women with singleton or twin
pregnancies.

Method: The relationship between blood glucose levels and Gestational Diabetes Mellitus (GDM) was studied in
women with different pre-pregnancy Body Mass Index (BMI), and the effect of GDM on twin pregnancy outcomes
was analyzed. Women with twin (n = 1,985) and singleton (n = 1,985) pregnancies were categorized into under-
weight (BMI < 18.5 kg/mz, n = 597), normal weight (BMI: 18.5-23.9 kg/mz, n = 2,575), and overweight/obese
(BMI > 24 kg/m? n = 798) groups.

Results: The incidence of GDM was 21.01% in women with twin pregnancies. Among the women with GDM in
twin pregnancies, 38.37% had at least two abnormal blood glucose levels. The incidence of these parameters
increased with preconception BMI, and the incidence of twin pregnancies was higher than that of singleton preg-
nancies (p < 0.001). In the normal weight and overweight/obese group, the oral glucose tolerance test glucose
level and incidence of GDM were higher in women with twin than singleton pregnancies (p < 0.05). For twin
pregnancies, the prevalence of selective fetal growth restriction was higher and anemia was lower in the GDM
group than in the non-GDM group (all p < 0.05).

Conclusion: Therefore, a greater emphasis should be placed on BMI before conception, and well-controlled GDM
does not increase adverse pregnancy outcomes for twin pregnancies.

Introduction diabetes mellitus, cardiovascular disease, and impaired renal function,

and adversely affects metabolism in children and adolescents.* ® GDM

The increasing sophistication and popularity of assisted reproductive
technologies have led to an increase in the incidence of multiple preg-
nancies (especially twin pregnancies), with an incidence of up to 3%."
Twin pregnancies are considered high-risk pregnancies and are more
prone to complications, including preterm labor, gestational hyperten-
sion, and gestational diabetes mellitus (GDM).> GDM can increase
adverse pregnancy outcomes,” is an early risk factor for maternal type 2
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is related to the age of pregnant women, pre-pregnancy weight, and
weight gain during pregnancy, among other factors.” It may be expected
that the degree of insulin resistance and consequently the rate of GDM
would be higher in women with twin pregnancies. However, the pres-
ence of two fetuses and higher maternal basal metabolic rate may be
associated with increased utilization of glucose, which could counteract
the increased insulin resistance to some degree.
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Previous research on GDM has mainly focused on singleton pregnan-
cies and have established the relationship between GDM and pre-preg-
nancy weight and perinatal outcomes.*”” Whether this relationship also
applies to twin pregnancies is yet to be elucidated. To the best of our
knowledge, no large-scale studies have been reported on the relationship
between blood glucose levels and GDM and pre-pregnancy weight in
patients with twin pregnancies. There is also a lack of consistent conclu-
sions about whether GDM increases adverse outcomes in twin pregnan-
cies.

Therefore, this study aimed to investigate the differences in blood
glucose levels measured using the 75 g oral glucose tolerance test
(OGTT) and GDM incidence between women with singleton pregnancies
and those with twin pregnancies. The relationship between GDM and
pre-pregnancy body mass index (BMI) was determined, and the effect of
GDM on twin pregnancy outcomes was also analyzed.

Materials and methods
Data sources

The clinical data of 1985 patients with twin pregnancies and 1985
patients with singleton pregnancies who underwent the 75 g OGTT and
delivered at the Beijing Obstetrics and Gynecology Hospital or Fujian
Maternity and Child Health, which process > 15,000 annual deliveries,
between May 1, 2015, and June 30, 2018, were analyzed. Maternal age,
height, pre-pregnancy body weight, pre-pregnancy BMI, and 75 g OGTT
results were collected from the medical charts. Patients who did not
undergo the 75 g OGTT and those with missing pre-pregnancy BMI or
height data, pre-GDM, or triplet or higher order pregnancies were
excluded from the study. This study was conducted in accordance with
the Declaration of Helsinki, was approved by the institutional review
boards of the participating institutions (protocol code: 2018-ky-009—01
and 2020KY117), and follows the STROBE Statement.

Methods

Diagnosis of GDM

GDM was diagnosed according to the methods and criteria stated in
the Guidelines for the Diagnosis and Treatment of Pregnancy with Dia-
betes (2014 edition),® and the classification criteria based on pre-preg-
nancy BMI stated in the China Expert Consensus on Medical Nutrition
Therapy for Overweight and Obesity (2016 edition)” were used to group
patients based on BML

Patients were instructed to consume at least 150 g of carbohydrates
per day for 3 consecutive days prior to OGTT. On the day of the test, the
patients fasted for at least eight hours before the test and were asked to
rest and refrain from smoking during the test. Each patient was
instructed to drink a 300 mL solution containing 75 g of glucose within
5 min. Venous blood was drawn prior to glucose ingestion (fasting blood
glucose, OGTTOh blood glucose) and one (OGTT1h blood glucose) and
two (OGTT2h blood glucose) hours after the start of glucose ingestion.
The glucose oxidase method was used to determine the blood glucose
levels.

A fasting blood glucose > 5.1 mmoL/L (92 mg/dL), an OGTT1h
blood glucose > 10.0 mmoL/L (180 mg/dL), and an OGTT2h blood glu-
cose > 8.5 mmoL/L (153 mg/dL) were considered abnormal. Patients
with at least one abnormal blood glucose value were diagnosed with
GDM.

Grouping

Patients who were pregnant with singletons and twins were grouped
based on their pre-pregnancy BMI into an underweight group (BMI <
18.5 kg/m?, n = 597), including 288 women with singleton and 309
with twin pregnancies; normal weight group (BMI: 18.5—23.9 kg/m?,
n = 2575), including 1304 women with singleton and 1271 with twin
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pregnancies; and overweight/obese group (BMI > 24 kg/m? n = 798),
including 393 women with singleton and 405 with twin pregnancies.

Body weight measurement

A digital scale was used to measure each patient’s body weight. Body
weight data recorded within one month prior to conception were used
as the pre-pregnancy body weight values.

Main pregnancy outcomes of twin pregnancies

Major pregnancy outcomes included pregnancy-induced hyperten-
sion, preeclampsia, premature rupture of membranes, postpartum hem-
orrhage, preterm birth, anemia, Twin to Twin Transfusion Syndrome
(TTTS), Selective Fetal Growth Restriction (SFGR), Small for Gestational
Age (SGA), admission of any infant to the Neonatal Intensive Care Unit
(NICU), and asphyzxia of any infant.

Indicators

The differences in blood glucose levels and the incidence of GDM
between singleton and twin pregnant women were analyzed.

Fasting, OGTT1h and OGTT2h blood glucose levels in the pre-preg-
nancy BMI group were compared to determine the relationship between
pre-pregnancy BMI and the incidence of GDM.

The effect of GDM on twin pregnancy outcomes was analyzed.

Statistical analyses

median (range). The composition ratio and rate are expressed as fre-
quencies (%). The t-test, Chi-Square test, and one-way analysis of vari-
ance were used to determine differences between the groups. All
statistical analyses were performed using SPSS version 17.0 (SPSS Inc.
Released 2008. SPSS Statistics for Windows, Version 17.0. Chicago:
SPSS Inc.). Statistical significance was set at p < 0.05.

Continuous data are presented as mean + standard deviation or

Results
Baseline characteristics

A total of 1985 women were enrolled in the singleton and twin
pregnancy groups. Among them, 845 singleton pregnancies and 1154
twin pregnancies were from Beijing Obstetrics and Gynecology Hospi-
tal, and 1140 singleton pregnancies and 831 twin pregnancies were
from Fujian Maternity and Child Health Hospital. There were no sig-
nificant differences in mean age, mean pre-pregnancy BMI and OGTT
test time among groups (p > 0.05). The proportion of assisted repro-
duction in twin pregnancies was higher than that in singleton preg-
nancies (p < 0.05). Baseline data from the patients are reported in
Table 1.

Overall, women with twin pregnancies had significantly higher
OGTT outcomes at three-time points than women with singleton preg-
nancies (p < 0.001) (Table 2). The incidence of GDM in twin pregnancies
was 21.01%, which was significantly higher than that in singleton preg-
nancies (16.57%) (p < 0.001). The incidence of GDM was 20.80% (240/
1154) in Beijing Maternal and Child Health Care Hospital and 21.30%
(177/831) in Fujian Maternity and Child Health Hospital. The incidence
of GDM in women with singleton pregnancy was higher in Fujian Mater-
nity and Child Health Hospital 14.56% (166/1140) than in Beijing
Maternal and Child Health Care Hospital 19.29% (163/845). The pro-
portion of GDM with > 2 abnormalities in twin pregnancy (38.37%) was
significantly higher than that in singleton pregnancy (25.84%) (p <
0.05). The proportion of GDM with one abnormality in the twin preg-
nancy group (61.63%) was significantly lower than that in the singleton
pregnancy group (74.16%) (p < 0.05) (Table 2).
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Table 1
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Comparison of baseline data of singleton and twin pregnancies.

Index Singleton pregnancies ~ Twin pregnancies T p-value

Age (y) 31.10 + 4.05 31.15+4.20 0.412 0.680

Height (m) 1.61 +0.05 1.62 +0.05 3.444 0.001

Pre-pregnancy weight (kg) 55.92 + 8.57 56.50 + 8.78 2.129 0.033

Pre-pregnancy BMI (kg/m?) 21.53 +£2.98 21.60 +3.11 0.751 0.452

Assisted reproductive conception (%) 3.68(73/1985) 44.73 (888/1985) 911.927 0.000

OGTT test time (week) 25+0.25 25.5+0.12 0.413 0.681

BMI, Body Mass Index; OGTT, Oral Glucose Tolerance Test.
Table 2
Comparison of blood glucose related indexes in singleton and twin pregnancy.

Index Singleton pregnancies ~ Twin pregnancies T p-value
Fasting (mmoL/L) 4.47 +0.43 4.54 + 0.46 5.264 0.000
OGTT1h (mmoL/L) 7.97 +1.63 8.21 +1.62 4.629 0.000
OGTT2h (mmoL/L) 6.47 +1.25 6.78 +1.33 7.727 0.000
Incidence of GDM (%) 16.57 (329/1985) 21.01 (417/1985) 12.783 0.000
Constituent ratio of only one abnormal blood glucose value (%) 74.16 (244/329) 61.63 (257/417) 13.098  0.000
Constituent ratio of at least two abnormal blood glucose value (%) 25.84 (85/329) 38.37 (160/417) 13.098 0.000
Constituent ratio of only fasting abnormal blood glucose value (%) 23.10 (76/329) 23.02 (96/417) 0.001 0.000
Constituent ratio of only OGTT1h abnormal blood glucose value (%) 37.69 (124/329) 18.47 (77/417) 34.530 0.000
Constituent ratio of only OGTT2h abnormal blood glucose value (%) 13.37 (44/329) 20.14 (84/417) 5.930 0.000

OGTT, Oral Glucose Tolerance Test; GDM, Gestational Diabetes Mellitus.

Comparison of blood glucose levels and the incidence of GDM in pregnant
women with different pre-pregnancy BMI

According to pre-pregnancy BMI, there were 597 patients in the
underweight group, including 288 with singleton and 309 with twin
pregnancies; 2575 patients in the normal weight group, including 1304
with singleton and 1271 with twin pregnancies; and 798 patients in the
overweight/obese group, including 393 with singleton and 405 with
twin pregnancies.

As pre-pregnancy BMI increased, fasting, OGTT1h, and OGTT2h
blood glucose levels also increased in both groups (p < 0.001). How-
ever, these variables were significantly higher in women with twin
pregnancies than in those with singleton pregnancies (p < 0.001)
(Table 3).

There were significant differences in the incidence of GDM, abnor-
mal proportion of 1 GDM marker and abnormal proportion of at least 2
GDM markers between singleton pregnancy and twin pregnancy (p <
0.05). As BMI increased, the incidence of GDM, the proportion of at
least two GDM abnormalities, and the incidence of elevated fasting
blood glucose (FAsted) increased in both singleton and twin pregnan-
cies. The proportion of women with one type of GDM abnormality was
highest in the normal-weight group (Table 4).

In the underweight group, the fasting and OGTT1h blood glucose lev-
els of women with twin pregnancies were higher than those of women

with singleton pregnancies (p < 0.05), but there were no statistically sig-
nificant differences for other indices (p > 0.05) (Table 5).

In the normal weight group, the fasting, OGTT1h, and OGTT2h blood
glucose levels, incidence of GDM, and constituent ratio of at least two
abnormal blood glucose values were higher in women with twin preg-
nancies than in women with singleton pregnancies (p < 0.05) (Table 5
continued).

In the overweight/obese group, the fasting, OGTT1h, and OGTT2h
blood glucose levels and the incidence of GDM were significantly higher
in women with twin pregnancies than in those with singleton pregnan-
cies (p < 0.05). There were no statistically significant differences in
other indices (p > 0.05) (Table 5 continued).

Effect of GDM on pregnancy outcomes in women with twin pregnancies

Women with GDM and twin pregnancies were consulted at a nutri-
tion clinic and received standardized blood glucose monitoring and
treatment; the overall blood glucose control was good. The sFGR was
higher and anemia prevalence was lower in the GDM group than in the
non-GDM group (p < 0.05). However, there were no significant differen-
ces between GDM and non-GDM groups in other pregnancy outcomes,
such as gestational hypertension, preeclampsia, premature rupture of
membranes, TTTS, postpartum hemorrhage, preterm labor, SGA, NICU
admission, and neonatal asphyxia (p > 0.05) (Table 6).

Table 3

Comparison of blood glucose related indexes in pregnant women with different pre-pregnancy BMI OGTT,

oral.
BMI group Fasting (mmoL/L) OGTT1h (mmoL/L) OGTT2h (mmoL/L)

Singleton Twin Singleton Twin Singleton Twin

Underweight 4.40 +0.37 4.47 £0.42 7.60 +1.54 7.87 £1.58 6.31 +£1.19 6.41 +1.31
Normal weight 4.45+0.41 4.51 +0.42 7.92+1.61 8.12+1.55 6.44 +1.23 6.80 +1.31
Overweight/obese 4.60 + 0.53 4.72 + 0.56 8.41 +1.66 8.74+1.75 6.66 + 1.35 7.00 +1.36
F 23.878 41.589 22.748 31.662 7.092 18.386
p-value 0.000 0.000 0.000 0.000 0.000 0.000

BMI, Body Mass Index; OGTT, Oral Glucose Tolerance Test. Data are reported as the mean + standard deviation.
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Comparison of blood glucose-related indices in pregnant women with different pre-pregnancy BMIL.

Underweight group Singleton (n = 288) Twin(n = 309) T p-value
Fasting (mmoL/L) 4.40 +0.37 4.47 £0.42 1.977 0.049
OGTT1h (mmoL/L) 7.60 +£1.54 7.87 +1.58 2.084 0.038
OGTT2h (mmoL/L) 6.31 +1.19 6.41 +1.31 0.905 0.364
Incidence of GDM (%) 11.46 (33/288) 14.24 (44/309) 1.026 0.311
Constituent ratio of only one abnormal blood glucose value (%) 81.82(27/33) 61.36 (27/44)  0.074 0.786
Constituent ratio of at least two abnormal blood glucose values (%) 18.18 (6/33) 38.64 (17/44) 4.702 0.030
Constituent ratio of only fasting abnormal blood glucose value (%) 3.82(11/288) 3.56(11/309)  0.028 0.866
Constituent ratio of only OGTT1h abnormal blood glucose value (%) 4.17 (12/288) 2.27 (7/309) 1.749 0.186
Constituent ratio of only OGTT2h abnormal blood glucose value (%) 1.39 (4/288) 2.91 (9/309) 1.625 0.202
Comparison of blood glucose-related indices in pregnant women with different pre-pregnancy BMI (continued).
Normal weight group Singleton (n = 1304) Twin (n = 1271) T p-value
Fasting (mmoL/L) 4.45 +0.41 4.51 +0.42 3.703 0.000
OGTT1h (mmoL/L) 7.92+1.61 8.12+1.55 3.2 0.001
OGTT2h (mmoL/L) 6.44 +1.23 6.80 +1.32 7.186  0.000
Incidence of GDM (%) 15.16 (191/1304) 19.63 (246/1271) 10.12  0.001
Constituent ratio of only one abnormal blood glucose value (%) 80.63 (154/191) 67.07 (165/246) 0.815 0.367
Constituent ratio of at least two abnormal blood glucose values (%) 19.37 (37/191) 32.93 (81/246) 18.4 0.000
Constituent ratio of only fasting abnormal blood glucose value (%) 10.56 (37/1304) 16.55 (57/1271) 4.965 0.026
Constituent ratio of only OGTT1h abnormal blood glucose value (%) 41.67 (90/1304) 22.30(49/1271) 11.70 0.001
Constituent ratio of only OGTT2h abnormal blood glucose value (%) 18.52 (28/1304) 28.06 (59/1271) 12.27 0.000
Comparison of blood glucose related indices in pregnant women with different pre-pregnancy BMI (continued).
Overweight/obese group Singleton (n = 393)  Twin (n = 405) T p-value
Fasting (mmoL/L) 4.60 +0.53 4.72 +0.56 3.234  0.001
OGTT1h (mmoL/L) 8.41 +£1.66 8.74+1.75 2.780  0.006
OGTT2h (mmoL/L) 6.66 +1.35 7.01 +1.36 3.608 0.000
Incidence of GDM (%) 26.72 (105/393) 31.36 (127/405) 4.000 0.030
Constituent ratio of only one abnormal blood glucose value (%) 16.03 (63/393) 16.05 (65/405) 0.003  0.957
Constituent ratio of at least two abnormal blood glucose values (%) 10.69 (42/393) 15.31 (62/405) 3.551 0.059
Constituent ratio of only fasting abnormal blood glucose value (%) 7.12(28/393) 6.91 (28/405) 0.024 0.887
Constituent ratio of only OGTT1h abnormal blood glucose value (%) 5.85(23/393) 5.19 (21/405) 0.199  0.655
Constituent ratio of only OGTT2h abnormal blood glucose value (%) 3.05(12/393) 3.95 (16/405) 0.438 0.508

BMI, Body Mass Index; OGTT, Oral Glucose Tolerance Test; GDM, Gestational Diabetes Mellitus.

twin pregnancies should use a different cut-off value; specifically, a cut-
off value of 135 mg/dL for 50 g of glucose rather than 100 mg/dL for
singleton pregnancies.?* In terms of the long-term effects, a study from
Canada found that, for any given 75 g OGTT value, women with twin
pregnancies are less likely to develop maternal type 2 diabetes mellitus
in the future compared to women with singleton pregnancies. Based on

Table 6
Comparison of major pregnancy outcomes between women with twin preg-
nancies with and without GDM.

Group GDM (n = 417) Non-GDM X2 p-value
(n = 1568)

gestational 5.28 (22/417) 4.15 (65/1568) 1.004 0.316
hypertension

preeclampsia 11.99 (50/417)  13.01 (204/1568) 0.307 0.580

Premature rupture of 17.75 (74/417) 18.69 (293/1568) 0.193 0.660
membranes

Postpartum 9.35(39/417) 10.08 (158/1568) 0.193 0.660
hemorrhage

Preterm labor 45.80 (191/417) 45.85(719/1568) 0.000 0.985

Anemia 33.09(138/417) 40.75(639/1568) 8.112 0.004

TTTS 1.68 (7/417) 1.98 (31/1568) 0.156 0.693

SFGR 3.60 (15/417) 1.59 (25/1568) 6.691 0.010

SGA of any one baby  29.98 (125/417) 30.61 (480/1568) 0.063 0.802

NICU admission of 24.22(101/417) 24.04(377/1568) 0.006 0.940
any one baby

Neonatal asphyxia of 0.24 (1/417) 0.45 (7/1568) / 1.000
any one baby

GDM, Gestational Diabetes Mellitus; SGA, Small for Gestational Age; NICU,
Neonatal Intensive Care Unit.

the risk of future maternal type 2 diabetes mellitus, the threshold for
diagnosis of GDM using an OGTT based on twin pregnancy-specific
results was established as follows: 5.8 mmoL/L (104 mg/dL),
11.8 mmoL/L (213 mg/dL), and 10.4 mmoL/L (187 mg/dL).>® However,
these thresholds have not been widely used in clinical practice. Relative
to singleton pregnancies, twin pregnancies may be associated with
increased placental mass, levels of some placental hormones (such as
human placental lactogenogen and steroid hormones), levels of insulin
resistance, and incidence of GDM. Since the incidence of GDM in women
with twin pregnancies is close to that of women with singleton pregnan-
cies at the Peking University First Hospital (21.1%, 1290/6013),'” the
relevance of pregnancy type still needs to be further demonstrated in
multi-center, multi-region studies involving different types of healthcare
institutions and larger samples of women both with singleton and twin
pregnancies.

Relationship between pre-pregnancy weight and GDM in women with
singleton and twin pregnancies

The international diagnostic criteria for overweight and obesity are
mostly recommended by the 2009 IOM (pre-pregnancy BMI of 25.0
—29.9 and > 30.0 kg/mz).%’27 Due to ethnicity-related differences in
BML, in China at present, most studies used modified BMI classification
(pre-pregnancy BMI of 24.0—27.9 and > 28 kg/m? as the diagnostic cri-
teria of overweight and obese, respectively). Domestic studies and those
conducted outside of China have found that GDM is related to many fac-
tors, such as the age of pregnant women and pre-pregnancy BML %727
Pre-pregnancy overweight or obesity is a high-risk factor for GDM,*°
while twin pregnancies and singleton pregnancies have similar high-risk
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factors, among which obesity is an independent risk factor for GDM in
women with twin pregnancies.'®2%2°

The present study showed that OGTT blood glucose values at all
three-time points tended to increase with increasing pre-pregnancy
Body Mass Index (BMI). In addition, OGTT blood glucose values at all
three-time points were higher in twin pregnant women in the normal
weight group and overweight/obese group than in singleton pregnant
women. Therefore, pre-pregnancy weight may affect the difference in
blood glucose levels during the second trimester both in women with
singleton and twin pregnancies. The present study also emphasized that
the overall incidence of GDM in women with singleton and twin preg-
nancies tended to increase with increasing pre-pregnancy BMI, suggest-
ing a positive correlation between pre-pregnancy BMI and the incidence
of GDM, which further confirms the relationship between overweight or
obesity and GDM. The comparison of women with singleton and twin
pregnancies in different pre-pregnancy BMI groups showed that the inci-
dence of GDM and blood glucose at three-time points of women with
twin pregnancies in the normal weight and overweight/obese groups
were higher than those of women with singleton pregnancies, which
also reveals the influence of pre-pregnancy weight on blood glucose reg-
ulation. It is speculated that the main reasons for such are as follows:
weight gain leads to decreased function of pancreatic f cells and
increased insulin resistance,>® coupled with increased placental hor-
mones resulting from increased placental mass during twin pregnancy
which aggravates insulin resistance, and this double effect leads to
increased incidence of GDM in women with twin pregnancies. In con-
trast to the present outcomes, a study conducted in Israel found that,
although obesity can cause GDM in both women with singleton and
twin pregnancies, the disease severity is less in women with twin com-
pared to singleton pregnancies; however, the specific causes and mecha-
nisms remain unclear. >*

In addition, the current diagnostic criteria for GDM are not as strict
as in the past, with only one abnormality required for diagnosis. How-
ever, GDM with more than two abnormalities tends to be more serious
and has a greater impact on the mother and child.'” Therefore, it is of
greater clinical value to explore the correlation between more than two
abnormalities of GDM and pre-pregnancy weight. The results of this
study showed that as pre-pregnancy BMI increases, the composition
ratio of more than two GDM abnormalities shows an increasing trend,
which was more obvious in women with twin pregnancies, suggesting
that pre-pregnancy overweight/obesity can aggravate GDM. The com-
parison of women with singleton and twin pregnancies with different
preconception BMI showed that the composition ratio of more than two
abnormalities among the three groups was higher in women with twin
pregnancies than in those with singleton pregnancies, suggesting that
twin pregnancy may aggravate the disease of GDM overall.

Effect of GDM on pregnancy outcomes in women with twin pregnancies

A systematic review and meta-analysis of maternal and infant out-
comes for GDM combined with singleton or twin pregnancies showed a
significant increase in maternal outcomes (e.g., cesarean section) and
neonatal outcomes (e.g., SGA, preterm birth, respiratory disease, hyper-
bilirubinemia, and NICU admissions) for GDM combined with twin preg-
nancies.>” Further, women with twin pregnancies and GDM were more
likely to be older, of Hispanic or Asian race and ethnicity, married,
obese, and have a college education and private insurance. After adjust-
ing for potential confounding variables, patients with GDM were more
likely to have hypertensive disease (18.0% vs. 10.2%) and to undergo
cesarean section (51.2% vs. 47.3%) than patients without GDM. New-
borns of patients with GDM were more likely to require > 6 h of mechan-
ical ventilation (6.5% vs. 5.6%) and to be hospitalized in the NICU
(41.1% vs. 36.2%), but less likely to have a lower birth weight or to be
SGA (16.2% vs. 19.5%) compared to newborns of patients without
GDM.>? Previous studies on the effect of GDM on twin pregnancy out-
comes have found that GDM in women with twin pregnancies may
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increase the rate of cesarean section, premature delivery, and the occur-
rence of neonatal jaundice, but has no significant correlation with other
pregnancy outcomes, such as hypertension during pregnancy, pre-
eclampsia, neonatal respiratory diseases, NICU hospitalization, and neo-
natal hypoglycemia.'® Other studies have shown that GDM is not
associated with adverse perinatal twin pregnancy outcomes; however, it
may be positively correlated with hypertension in monochorionic dia-
mniotic twins and negatively correlated with SGA (OR 2.68 and 0.35,
respectively).*

Domestic and foreign studies have shown that GDM is not associated
with adverse perinatal outcomes (such as preterm birth, “babies large
for gestational age” and neonatal respiratory distress) in women with
twin pregnancies after standardized management of GDM.>>° More-
over, compared with the effect on singleton pregnancy outcomes, the
effect of GDM on twin pregnancy outcomes was somewhat weakened.>”
GDM appears to have a protective effect on the occurrence of SGA neo-
nates in twin pregnancies.®® The results of this study showed that GDM
had a certain effect on sFGR in twin pregnancies and a protective effect
on anemia during pregnancy, but no effect was found on gestational
hypertension, preeclampsia, premature rupture of membranes, TTTS,
postpartum hemorrhage, premature labor, neonatal SGA, NICU admis-
sion, and neonatal asphyxia. Overall, well-controlled GDM had little
effect on twin pregnancy outcomes.

In conclusion, the mid-pregnancy blood glucose level of twin preg-
nancies is higher than those of singleton pregnancies, and the incidence
and severity of GDM are also higher. Therefore, women with twin preg-
nancies are a high-risk group for GDM, which is related to pre-pregnancy
body weight, such that the risk of GDM is highest for overweight or
obese women. Accordingly, it is recommended to maintain a healthy
weight before pregnancy. Women with twin pregnancies should be
screened for fasting blood glucose as soon as possible, and intervention
measures, such as diet and exercise should be taken to reduce the occur-
rence of GDM and its adverse effects on mother and child.

There are still some limitations in this study. First, this is a retrospec-
tive study, which may have retrospective bias. Secondly, the patients
were all from maternal and child health care hospitals, with mild GDM
in general and few severe GDM patients. Therefore, the relationship
between blood glucose in the second trimester and pre-pregnancy BMI
should be further explored in the future by including critically ill
patients in hospitals.

Authors’ contributions

Conceptualization, Jinying Luo and Guanghui Li; Data curation, Jiny-
ing Luo; Formal analysis, Jinying Luo and Wei Zheng; Funding acquisi-
tion, Jinying Luo and Guanghui Li; Investigation, Jinying Luo, Xiaoyan
Geng and Shengnan Liang; Methodology, Jinying Luo; Project adminis-
tration, Jinying Luo and Guanghui Li; Resources, Jinying Luo, Xiaoyan
Geng and Shengnan Liang; Software, Jinfu Zhou; Supervision, Wei
Zheng and Guanghui Li; Validation, Jinying Luo and Guanghui Li; Visu-
alization, Wei Zheng and Guanghui Li; Writing — original draft, Jinying
Luo; Writing — review & editing, Wei Zheng and Guanghui Li. All
authors have read and approved the published version of the manu-
script.

Funding
This research was funded by the Beijing Hospitals Authority’s Ascent
Plan (grant number: DFL20191402) and Fujian Provincial Health Com-

mission Young and Middle-aged Foundation Project (grant number:
2020GGB044).

Declaration of Competing Interest

The authors declare no conflicts of interest.



J. Luo et al.

Acknowledgments

The authors thank all the patients involved in this study and the staff

at the two hospitals for their hard work and dedication.

References

10.

11.

12.

13.

14.

15.

16.

17.

. Hamilton BE, Hoyert DL, Martin JA, Strobino DM, Guyer B. Annual summary of vital

statistics: 2010-2011. Pediatrics 2013;131(3):548-58.

. Khazardoost S, Shafaat DR. Fetal complications in twin pregnancy. Ultrasound Obstet

Gynecol 2006;28:560-1.

. Ye W, Luo C, Huang J, Li C, Liu Z, Liu F. Gestational diabetes mellitus and adverse

pregnancy outcomes: systematic review and meta-analysis. BMJ 2022;25:e067946.

. Sweeting A, Wong J, Murphy HR, Ross GP. A clinical update on gestational diabetes

mellitus. Endocr Rev 2022;43(5):763-93.

. Rawal S, Olsen SF, Grunnet LG, Ma RC, Hinkle SN, Granstrom C, et al. Gestational dia-

betes mellitus and renal function: a prospective study with 9- to 16-year follow-up
after pregnancy. Diabetes Care 2018;41(7):1378-84.

. Perng W, Ringham BM, Smith HA, Michelotti G, Kechris KM, Dabelea D. A prospective

study of associations between in utero exposure to gestational diabetes mellitus and
metabolomic profiles during late childhood and adolescence. Diabetologia 2020;63
(2):296-312.

. Nagpal TS, Souza SCS, Moffat M, Hayes L, Nuyts T, Liu RH, et al. Does prepregnancy

weight change have an effect on subsequent pregnancy health outcomes? A systematic
review and meta-analysis. Obes Rev 2022;23(1):e13324.

. Obstetrics Group. Chinese society of obstetrics and gynecology, Chinese society of

Perinatal medicine, gestational diabetes mellitus cooperative group. Guidelines for
diagnosis and treatment of Gestational Diabetes Mellitus. Chin J Perinat
2014;49:561-9.

. Chinese expert consensus compilation committee on Medical Nutrition Therapy

for overweight and obesity. Expert consensus on medical nutrition treatment
of overweight/obesity in China (2016 Edition). Chin J Diabetes Mellit 2016;8:
525-40.

Vaajala M, Liukkonen R, Ponkilainen V, Kekki M, Mattila VM, Kuitunen L. Higher odds
of gestational diabetes among women with multiple pregnancies: a nationwide regis-
ter-based cohort study in Finland. Acta Diabetol 2023;60:127-30.

Liu X, Chen Y, Zhou Q, Shi H, Cheng WW. Utilization of international association of
diabetes and pregnancy study groups criteria vs. a two-step approach to screening for
gestational diabetes mellitus in Chinese women with twin pregnancies. Diabet Med
2015;32(3):367-73.

Hiersch L, Berger H, Okby R, Ray JG, Geary M, McDonald SD, et al. Gestational diabe-
tes mellitus is associated with adverse outcomes in twin pregnancies. Am J Obstet
Gynecol 2019;220(1):e1-102. e8.

Dinham GK, Henry A, Lowe SA, Nassar N, Lui K, Spear V, et al. Twin pregnancies com-
plicated by gestational diabetes mellitus: a single centre cohort study. Diabet Med
2016;33(12):1659-67.

Zhu WW, Yang HX, Wei YM, Yan J, Wang ZL, Li XL, et al. Evaluation of the value of
fasting plasma glucose in the first prenatal visit to diagnose gestational diabetes melli-
tus in China. Diabetes Care 2013;36(3):586-90.

Tian ML, Du LY, Ma GJ, Zhang T, Ma XY, Zhang YK, et al. Secular increase in the prev-
alence of gestational diabetes and its associated adverse pregnancy outcomes from
2014 to 2021 in Hebei province. China Front Endocrinol (Lausanne)
2022;13:1039051.

Zhu H, Zhao Z, Xu J, Chen Y, Zhu Q, Zhou L, et al. The prevalence of gestational diabe-
tes mellitus before and after the implementation of the universal two-child policy in
China. Front Endocrinol (Lausanne) 2022;13:960877.

Wei Y, Guo Q, Sun W, et al. Characteristics of oral glucose tolerance test in 9803 preg-
nant women of different pre-pregnancy body mass index and its relationship with the
incidence of gestational diabetes mellitus. Zhonghua Fu Chan Ke Za Zhi 2015;50
(11):830-3.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Clinics 78 (2023) 100272

Spellacy WN, Buhi WC, Birk SA. Carbohydrate metabolism in women with a twin
pregnancy. Obstet Gynecol 1980;55(6):688-91.

Buhling KJ, Henrich W, Starr E, Lubke M, Bertram S, Siebert G, et al. Risk for gesta-
tional diabetes and hypertension for women with twin pregnancy compared to single-
ton pregnancy. Arch Gynecol Obstet 2003;269(1):33-6.

Thara M, Mitao M, Yamasaki H, Kodama T, Murakami T, Hirai G, et al. Analysis of glu-
cose tolerance in twin gestations using an oral glucose load. Horm Metab Res 2002;34
(6):338-40.

Henderson CE, Scarpelli S, LaRosa D, Divon MY. Assessing the risk of gestational dia-
betes in twin gestation. J Natl Med Assoc 1995;87(10):757-8.

Weissman A, Drugan A. Glucose tolerance in singleton, twin, and triplet pregnancies. J
Perinat Med 2016;44(8):893-7.

Pinborg A, Loft A, Schmidt L, Langhoff-Roos J, Andersen AN. Maternal risks and peri-
natal outcome in a Danish national cohort of 1005 twin pregnancies: the role of in
vitro fertilization. Acta Obstet Gynecol Scand 2004;83(1):75-84.

Rebarber A, Dolin C, Fields JC, Saltzman DH, Klauser CK, Gupta S, et al. Screening
approach for gestational diabetes in twin pregnancies. Am J Obstet Gynecol 2014;211
(6):639.. el-5.

Hiersch L, Shah BR, Berger H, Geary M, McDonald SD, Murray-Davis B, et al. Develop-
ing twin-specific 75-g oral glucose tolerance test diagnostic thresholds for gestational
diabetes based on the risk of future maternal diabetes: a population-based cohort
study. BJOG 2021;128(12):1975-85.

Institute of medicine weight gain during pregnancy: reexamining the guidelines
(2009). ISBN 9780309131131.

Linder T, Eder A, Monod C, Rosicky I, Eppel D, Redling K, et al. Impact of prepreg-
nancy overweight and obesity on treatment modality and pregnancy outcome in
women with gestational diabetes mellitus. Front Endocrinol (Lausanne)
2022;13:799625.

Mi C, Liu H, Peng H, Cheng C, Wang M, Liu H, et al. Relationships among pre-preg-
nancy BMI, gestational, and postpartum oral glucose tolerance results in women with
gestational diabetes mellitus. Front Nutr 2021;8:714690.

Song X, Wang C, Wang T, Zhang S, Qin J. Obesity, and risk of gestational diabetes mel-
litus: a two-sample Mendelian randomization study. Diabetes Res Clin Pract
2023;197:110561.

Linder T, Eppel D, Monod C, Kotzaeridi G, Tura A, Gobl CS. 1047-P: to assess the phys-
iological changes of glucose metabolism associated with increased BMI in pregnancy.
Diabetes 2022;71(Suppl 1):1047.. P.

Lucovnik M, Blickstein I, Verdenik I, Trojner-Bregar A, Tul N. Maternal obesity in sin-
gleton versus twin gestations: a population-based matched case-control study. J
Matern Fetal Neonatal Med 2015;28(6):623-5.

Tu F, Fei A. Maternal and neonatal outcomes of singleton versus twin pregnancies
complicated by gestational diabetes mellitus: a systematic review and meta-analysis.
PLoS ONE 2023;18(1):e0280754.

Sarkar A, Caughey AB, Cheng YW, Yee LM. Perinatal outcomes of twin gestations with
and without gestational diabetes mellitus. Am J Perinatol 2022. https://doi.org/
10.1055/5-0042-1743184. Online ahead of print.

Mei Y, YuJ, Wen L, Fan X, Zhao Y, Li J, et al. Perinatal outcomes, and offspring growth
profiles in twin pregnancies complicated by gestational diabetes mellitus: a longitudi-
nal cohort study. Diabetes Res Clin Pract 2021;171:108623.

Lin D, Fan D, Li P, Chen G, Rao J, Zhou Z, et al. Perinatal outcomes among twin preg-
nancies with gestational diabetes mellitus: a nine-year retrospective cohort study.
Front Public Health 2022;10:946186.

Sugiyama M, Yamakawa T, Harada M, Ohira A, Ichikawa M, Akiyama T, et al. Com-
paring the course and delivery outcomes of Japanese twin pregnancies with and with-
out gestational diabetes mellitus: a single-center retrospective analysis. Endocr J
2022;69(10):1183-91.

Gortazar L, Flores-Le Roux JA, Benaiges D, Sarsanedas E, Navarro H, Paya A, et al.
Trends in prevalence of diabetes among twin pregnancies and perinatal outcomes in
Catalonia between 2006 and 2015: the Diagestcat study. J Clin Med 2021;10(9):1937.
Monteiro SS, Fonseca L, Santos TS, Saraiva M, Pereira T, Vilaverde J, et al. Gestational
diabetes in twin pregnancy: a predictor of adverse fetomaternal outcomes? Acta Dia-
betol 2022;59(6):811-8.


http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0001
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0001
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0002
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0002
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0003
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0003
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0004
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0004
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0005
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0005
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0005
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0005
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0006
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0006
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0006
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0006
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0007
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0007
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0007
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0008
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0008
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0008
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0008
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0009
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0009
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0009
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0009
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0010
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0010
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0010
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0011
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0011
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0011
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0011
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0012
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0012
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0012
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0013
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0013
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0013
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0014
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0014
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0014
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0015
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0015
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0015
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0015
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0016
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0016
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0016
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0017
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0017
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0017
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0017
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0018
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0018
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0019
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0019
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0019
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0020
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0020
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0020
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0021
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0021
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0022
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0022
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0023
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0023
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0023
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0024
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0024
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0024
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0025
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0025
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0025
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0025
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0027
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0027
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0027
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0027
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0028
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0028
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0028
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0029
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0029
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0029
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0030
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0030
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0030
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0030
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0031
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0031
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0031
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0032
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0032
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0032
https://doi.org/10.1055/s-0042-1743184
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0034
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0034
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0034
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0035
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0035
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0035
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0036
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0036
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0036
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0036
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0037
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0037
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0037
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0037
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0038
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0038
http://refhub.elsevier.com/S1807-5932(23)00108-4/sbref0038

	Characteristics of the oral glucose tolerance test in women with different pre-pregnancy body mass index and the effect of gestational diabetes mellitus on twin pregnancy outcomes
	Introduction
	Materials and methods
	Data sources
	Methods
	Diagnosis of GDM
	Grouping
	Body weight measurement
	Main pregnancy outcomes of twin pregnancies
	Indicators

	Statistical analyses

	Results
	Baseline characteristics
	Comparison of blood glucose levels and the incidence of GDM in pregnant women with different pre-pregnancy BMI
	Effect of GDM on pregnancy outcomes in women with twin pregnancies

	Discussion
	Differences in blood glucose levels and incidence of GDM between patients with singleton and twin pregnancies
	Relationship between pre-pregnancy weight and GDM in women with singleton and twin pregnancies
	Effect of GDM on pregnancy outcomes in women with twin pregnancies

	Authors' contributions
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


