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Objective: This study was based on a gestational diabetes mellitus (GDM) cohort in Shanghai to examine the association between
physical exercise and plasma glucose control among GDM women with and determine what the effects of pre-pregnancy body mass
index (BMI).

Methods: In this study, GDM was diagnosed if the plasma glucose values at any of the following time points reached the diagnostic
threshold: fasting blood glucose (5.1 mmol/L), 1-hour blood glucose (10.0 mmol/L), and 2-hour blood glucose (8.5 mmol/L) by 75
g oral glucose tolerance test (OGTT). Information on GDM women was extracted from the hospital’s health records and prenatal
examination forms and was obtained through face-to-face interviews after delivery. A restricted cubic spline curve with four knots was
used to flexibly model the relationship between the duration of moderate-intensity physical exercise and the percentage of abnormal
plasma glucose among GDM patients with different BMI values. In this study, a P-value less than 0.05 (two-tailed) was considered as
statistical significance.

Results: Among 1139 GDM women with GDM, the median percentage of abnormal plasma glucose (PG) was 40.0% (interquartile range
(IQR): 20.0-66.7%), and the difference between overweight-obese group and underweight-normal group was statistically significant (50.0%
vs 40.0%, P <0.001). In this study, engaging in more physical exercise during pregnancy contributed to a higher prevalence of satisfactory
glycemic control, and women with BMI <25 kg/m2 should engage in no less than 90 minutes of moderate-intensity physical activity per day
to achieve satisfactory glycemic control (prevalence of abnormal PG <35%). However, over 120 minutes of daily moderate-intensity
physical activity is required for GDM women with a BMI >25 kg/m? to achieve satisfactory glycemic control.

Conclusion: Overweight or obese women with GDM have a higher risk of poor glycemic control and require a longer duration of
physical exercise to achieve the same level of blood glucose control.
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Introduction
Gestational diabetes mellitus (GDM) is defined as any degree of abnormal plasma glucose tolerance that occurs during

pregnancy.' GDM not only leads to common complications such as macrosomia, fetal distress, and fetal malformation
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but also leads to long-term adverse pregnancy outcomes such as cardiovascular disease, metabolic syndrome and diabetes
mellitus type 2.>* Therefore, effective management of GDM is urgently needed to avoid severe adverse pregnancy
outcomes.’

Diabetes mellitus is a naturally occurring, chronic, low-grade inflammatory disease characterized by the activation of
the immune system. Additionally, some scholars propose that obesity itself constitutes a mild systemic inflammatory
disease.® Previous researches have indicated that pregnant women who are overweight or obese have a higher chance of
suffering from gestational diabetes mellitus and poor plasma glucose control.”® A study indicated that pregnant women
with a pre-pregnancy body mass index (BMI) exceeded 25.0 kg/m? had higher GDM incidence compared to those with
pre-pregnancy BMI between 18.0 and 22.9 kg/mz.g Physical exercise has been proven to be an effective intervention
measure in preventing gestational diabetes mellitus, stabilizing gestational blood glucose and reducing adverse pregnancy
outcomes.'*!'" However, evidence regarding the appropriate levels of physical activity for GDM women across different
BMI levels is limited, especially in China. The significance of this study lies in its ability to offer valuable guidance
regarding physical exercise in women with GDM at different BMI levels.

We implemented this descriptive study based on a cohort of women with GDM in Shanghai to ascertain the
characteristics of GDM patients, examine the relationship between physical exercise and glycemic control, and explore
any differences caused by pre-pregnancy BMI on the association between physical exercise time and plasma glucose
control. We hypothesized that overweight or obese women have a higher risk of poor plasma glucose control and require
longer physical exercise time to achieve the same level of glycemic control as underweight or normal weight GDM
women.

Methods

Study Population

During 2019 and 2020, we established a prospective cohort of women with GDM to explore the influence of physical
exercise on plasma glucose control during pregnancy and adverse pregnancy outcomes in Songjiang District, Shanghai,
China. Detailed information regarding the sample size calculation is available in our previously published work.'> GDM
women in this study were recruited from the Songjiang Maternal and Children’s Healthcare Hospital during their prenatal
examination. The inclusion criteria were as follows: (1) age 18—45 years; (2) residence in Songjiang District without any
migration plan in the next two years; (3) gestation of 24-28 weeks; (4) singleton pregnancy; (5) without preexisting
diabetes history; (6) confirmed GDM diagnosis with 75 g oral glucose tolerance test (OGTT); and (7) ability to read and
sign the informed consent form.'>'* GDM women taking drugs for carbohydrate metabolism during pregnancy were
excluded. A total of 1139 pregnant woman with GDM were enrolled in this study. The Review Board of Songjiang
Maternal and Children’s Healthcare Hospital approved this study (IRB#-2019-12-003). Informed consent was signed by
each participant before the questionnaire interview. This study was conducted following the Helsinki Declaration and was
registered in the Chinese Clinical Trial Registry (ChiCTR2000028832) (Figure 1).

Data Collection

The present study used a questionnaire consisting of four distinct sections to gather data from all GDM women, which
consisted of four distinct sections. Part A focused on demographic information including age, education level, occupa-
tion, residency status, and individual monthly income. Part B included details regarding pregnancy and childbirth history,
diabetes history, pre-pregnancy height and weight, and information on routine antenatal checkups. Part C focused on data
related to newborn delivery, including gestational age, mode of delivery, and adverse pregnancy outcomes. Part D sought
to assess the frequency and duration of moderate-intensity physical exercise among women with GDM between the 27th
and 40th week of gestation.'>'* Part D covered 20 types of physical exercise in pregnancy (walking, hand washing
clothes, mopping the floor, cycling to work, swimming, climbing stairs, Tai Chi Boxing, Square dancing, soft gymnastics,
practicing yoga, aerobic dancing, etc) (Supplementary Table). Data for GDM women in Parts A, B, and C were extracted

directly from the health records and antenatal checkup tables of the hospital. Data in Part D were obtained through face-
to-face interviews conducted by trained investigators with GDM women after delivery. Records with missing values were
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pregnant women during
24-28 weeks of gestation

Inclusion criteria: (1) aged 18~45 years; (2) resident living in Songjiang District
75 g oral glucose without any migration plan in the next two years; (3) gestation of 24~28 weeks;
tolerance test (4) singleton pregnancy; (5) without preexisting diabetes history; (6) confirmed
(OGTT) GDM diagnosis with 75g oral glucose tolerance test (OGTT); (7) being able to
v read and sign the informed consent form

Specialized disease queue
of GDM women (n=1139)

v

Baseline data collection (24-28 weeks)

general demography, pregnancy and

childbirth history, physical measurem
ents, laboratory tests

v

First follow-up visit (28-30 weeks)
Second follow-up visit (30-32 weeks)
Third follow-up visit (33-34 weeks)
Fourth follow-up visit (35-36 weeks)
Fifth follow-up visit (36-37 weeks)
Sixth follow-up visit (37-38 weeks)
Prenatal (38-42 weeks)
blood sugar, blood lipids, physical exercise

v

After delivery (during hospitalization)
blood glucose, blood lipids, and pregnancy outcomes

v

Database establishment, data entry, data
management, and statistical analysis

Figure | The technical flowchart of this study population.

appropriately flagged and cross-referenced with original paper records. Each investigator underwent comprehensive and
standardized training to ensure the accuracy of the collected data. It is important to note that all information within this
cohort was denominated to ensure that it could not be linked to any particular individual.

Definition and Index Calculation
The diagnostic criteria for GDM were based on the International Association of Diabetes and Pregnancy Study Groups
(IADPSQG) standard. Specific standard are as follows: pregnant women during 24-28 weeks of gestation who have not
been diagnosed with diabetes are measured by 75 g oral glucose tolerance test (OGTT), and GDM can be diagnosed
when the blood glucose value at any of the following time points reaches the diagnostic threshold: the diagnostic
threshold of fasting blood glucose, 1h blood glucose and 2h blood glucose is 5.1 mmol/L, 10.0 mmol/L and 8.5 mmol/L,
respectively.!> During each regular antenatal checkup subsequent to the confirmation of GDM, an abnormal level
of plasma glucose was identified as having a morning plasma glucose value of >5.10 mmol/L after fasting for
a minimum of 10 hours, and a value of >8.5 mmol/L within 2 hours after consuming a standardized breakfast. The
evaluation of glycemic control during pregnancy involved calculation of the percentage of abnormal blood glucose
levels, which was determined by dividing the number of abnormal plasma glucose tests by the total number of plasma
glucose tests conducted in each GDM woman. To evaluate plasma glucose control in this study, we defined the
percentage of abnormal plasma glucose levels < 35% among GDM women as satisfactory glycemic control.
Pre-pregnancy BMI was calculated as weight (kg) divided by 2 times of height (m) and was then categorized as
<25 kg/m* (underweight or normal weight) and >25 kg/m* (overweight or obese). Furthermore, we classified the age of
GDM women into 18-25 years, 2630 years, 31-35 years, 3645 years. Education was recorded as the number of years
of completed schooling and was categorized into 6-9 years (primary/junior high), 10-12 years (senior high), and >12
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years (college and above). Individual monthly incomes were divided into three groups (<5000 RMB, 5001-10,000 RMB,
and >10,000 RMB). The amount of moderate-intensity (an intensity that increases breathing rate whilst still being able to
hold a conversation) physical activity was evaluated based on reported total daily activity time. GDM women in this
cohort were classified according to their total moderate-intensity physical activity time as “<30 min/day”, “30-59 min/
day”, “60-89 min/day”, “90-119 min/day”, and “>120 min/day”.

Statistical Analysis

The current study utilized SAS (version 9.4) and R software (version 4.3.0) for data analysis. The mean and standard
deviation (SD) were used for normally distributed quantitative data, and the median and interquartile range (IQR) were
employed for skewed quantitative data. Qualitative data are expressed as frequencies and percentages (%). To compare
the differences between overweight-obese GDM women and underweight-normal GDM women with varying demo-
graphic characteristics, moderate-intensity physical activity, glucose control status, and adverse pregnancy outcomes,
Student’s #-test, Mann—Whitney U-test, and Chi-square test were used, as appropriate. With the adjustment of potential
confounding factors, Odds ratios (OR) and 95% confidence intervals (CI) were calculated to explore the association
between physical exercise duration and satisfactory glycemic control among GDM women with pre-pregnant BMI
<25 kg/m® and >25 kg/m?, respectively. The potential confounding factors adjusted were identified by using the single
factor logistic regression analysis. Restricted cubic spline curves with four knots were used to flexibly model the dose-
response relationship between the duration of physical exercise and the percentage of abnormal plasma glucose among
GDM patients with different BMI levels. In this study, a statistically significant P-value was considered as 0.05 (two-
tailed) and lower.

Results

Characteristics of GDM Women

The 1139 GDM women included 336 local residents (32.1%) with an average age of 30.5 years (SD:4.3 years). The
majority of GDM women had an education of college and above (60.3%), approximately three-quarters of GDM patients
earned a monthly income over 5000 RMB, and 40.5% had a balanced diet with doctors’ suggestions. Table 1 indicates
that women with a BMI of <25 kg/m? had a lower proportion of advanced education than those with a BMI > of 25 kg/
m? (P <0.001). As shown in Table 2, the median daily moderate-intensity physical exercise time in GDM patients was 65
minutes (IQR:45-90 min). The percentage of GDM women with daily moderate-intensity physical exercise times of <30,
(30-59) min, (60—89) min, (90-119) min, and >120 min were 4.8%, 34.5%, 33.2%, 19.7%, and 7.8%, respectively. The
difference in moderate-intensity physical exercise duration between GDM women with a BMI <25 kg/m? and those with
a BMI > of 25 kg/m* was not statistically significant. For types of physical activity during pregnancy, the median value
was 3.0 (IQR:2.0-4.0), and the difference between GDM women with BMI <25 kg/m” and those with BMI >25 kg/m?
was also not statistically significant (Table 2).

Plasma Glucose Status and Adverse Pregnancy Outcomes Status Among GDM

Women

The median number of antenatal checkup was 6.0 (IQR:5.0-7.0), and the difference between GDM women with BMI
<25 kg/m* and those with BMI >25 kg/m” was not statistically significant. The median percentage of abnormal plasma
glucose in 1139 GDM women was 40.0% (IQR:20.0%-66.7%), and the difference between GDM women with BMI
<25 kg/m? and those with BMI >25 kg/m* was statistically significant (40.0% vs 50.0%, P <0.001). 50.6% of GDM
women had satisfactory glycemic control during their pregnancy, the difference between GDM women with BMI <25 kg/
m? and those with BMI >25 kg/m? was statistically significant (53.2% vs 42.9%, P =0.003). The median value of weight
gain during gestation was 9.5 kg (IQR:7.0-12.3 kg). Table 2 indicates that overweight or obese women with GDM (BMI
>25 kg/m?) had a higher proportion of adverse pregnancy outcomes than GDM women with underweight or normal
weight (BMI <25 kg/m?) (36.2% vs 27.1%, P =0.003) (Table 2).
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Table 1 The Demographic Features Among Women with GDM (n = 1139)

Variable Total Women BMI<25 kg/m? BMI>25 kg/m? | tly® P
(n=1139) | Women (n=852) | Women (n=287)
Age (years; Mean * SD) 30.5+4.3 30.4+4.2 30.7+4.6 | —0.97 0.330
Age group (years; n (%)) 1.29 0.731
18-25 137 (12.0) 100 (11.7) 37 (12.9)
26-30 452 (39.7) 345 (40.5) 107 (37.3)
31-35 402 (35.3) 300 (35.2) 102 (35.5)
3645 148 (13.0) 107 (12.6) 41 (14.3)
Education (n (%)) 19.74 | <0.001
Primary/junior high 236 (20.7) 153 (18.0) 83 (28.9)
Senior high 216 (19.0) 156 (18.3) 60 (20.9)
College and above 687 (60.3) 543 (63.7) 144(50.2)
Individual monthly income (RMB; n (%)) 2.92 0.233
<5000 268 (23.5) 190 (22.3) 78 (27.2)
5001-10,000 593 (52.1) 449 (52.7) 144 (50.2)
>10,000 278 (24.4) 213 (25.0) 65 (22.7)
Residency status (n (%)) 0.07 0.795
Local resident 366 (32.1) 272 (31.9) 94 (32.8)
Non-local resident 773 (67.9) 580 (68.1) 193 (67.3)
Balanced diet with doctor’s suggestion (n (%)) 0.0l 0.907
Yes 461 (40.5) 344 (40.4) 117 (40.8)
No 678 (59.5) 508 (59.6) 170 (59.2)

Abbreviations: BMI, body mass index; SD, standard deviation; RMB, Chinese yuan.

Table 2 Moderate-Intensity Physical Exercise, Glucose Control, and Adverse Pregnancy Outcomes Status Among VWomen
with GDM (n = 1139)

Variable Total Women BMI<25 kg/m? BMI>25 kg/m? | ,° P
(n=1139) | Women (n=852) | Women (n=287)
Daily physical exercise time (min; Median (IQR)) | 65.0 (45.0-90.0) 65.0 (45.0-90.0) 65.0 (45.0-90.0) 0.62 0.803
Daily physical exercise time (min; n (%)) 5.64 0.227
<30 55 (4.8) 46 (5.4) 9 @3.1)
30-59 393 (34.5) 285 (33.5) 108 (37.6)
60-89 378 (33.2) 288 (33.8) 90 (31.4)
90-119 224 (19.7) 162 (19.0) 62 (21.6)
2120 89 (7.8) 71 (83) 18 (6.3)
Types of physical activity (Median (IQR)) 3.0 (2.04.0) 3.0 2.04.0) 3.0 (2.04.0) 0.06 0.810
Times of antenatal checkup (Median (IQR)) 6.0 (5.0-7.0) 6.0 (4.0-7.0) 6.0 (5.0-7.0) 3.8l 0.051
Percentage of abnormal PG (%; Median (IQR)) 40.0 (20.0-66.7) 40.0 (20.0-60.0) 50.0 (25.0-71.4) | 12.99 <0.001
Glucose control status (n (%)) 9.12 0.003
Yes 576 (50.6) 453 (53.2) 123 (42.9)
No 563 (49.4) 399 (46.8) 164 (57.1)
Weight gain in gestation (kg, Median (IQR)) 9.5 (7.0-123) 10.0 (7.6-12.8) 8.3 (54-I1.1) | 36.00 | <0.001
Adverse pregnancy outcomes status (n (%)) 8.60 0.003
Yes 335 (29.4) 231 (27.1) 104 (36.2)
No 804 (70.6) 621 (72.9) 183 (63.8)

Abbreviations: BMI, body mass index; PG, plasma glucose; IQR, interquartile range.

Association Between Physical Exercise Time and Plasma Glucose Control
GDM women with engaging in more physical exercise per day had a higher proportion of satisfactory glycemic control,
and the difference was statistically significant for GDM women with a BMI > of 25 kg/m2 (P =0.029) (Table 3). GDM
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Table 3 Moderate-Intensity Physical Exercise Time Among GDM Women with Different Glucose Control Status (n = 1139)

Daily Physical Exercise Time (Min; n (%)) Total Satisfactory Unsatisfactory | y° P
Glycemic Control | Glycemic Control
Total women (n=1139) 576 (50.6) 563 (49.4) | 3.37 0.499
<30 55 25 (45.5) 30 (54.5)
30-59 393 192 (48.9) 201 (51.1)
60-89 378 191 (50.5) 187 (49.5)
90-119 224 116 (51.8) 108 (48.2)
=120 89 52 (58.4) 37 (41.6)
BMI<25 kg/m? women (n=852) 453 (53.2) 399 (46.8) | 1.35 0.852
<30 46 22 (47.8) 24 (52.2)
30-59 285 155 (54.4) 130 (45.6)
60-89 288 148 (51.4) 140 (48.6)
90-119 162 89 (54.9) 73 (45.1)
=120 71 39 (54.9) 32 (45.1)
BMI=25 kg/m? women (n=287) 123 (42.9) 164 (57.1) | 10.80 | 0.029
<30 9 3(33.3) 6 (66.7)
30-59 108 37 (34.3) 71 (65.7)
60-89 90 43 (47.8) 47 (52.2)
90-119 62 27 (43.6) 35 (56.5)
2120 18 13 (72.2) 5(27.8)

Abbreviation: BMI, body mass index.

women with engaging in more physical exercise per day had a lower proportion of adverse pregnancy outcomes, and the
difference was statistically significant for GDM women with a BMI < of 25 kg/m? (P =0.025) (Table 4). Figure 2
indicates that engaging in a longer duration of physical exercise per day during pregnancy contributes to a higher
prevalence of satisfactory glycemic control (Figure 2).

Table 4 Moderate-Intensity Physical Exercise Time Among GDM Women with Different Pregnancy Outcome Status (n = | 139)

Daily Physical Exercise Time (Min; n (%)) Total | No Adverse Pregnancy | Adverse Pregnancy | x2 P
Outcomes Outcomes
Total women (n=1139) 804 (70.6) 335 (294) | 9.74 0.045
<30 55 33 (60.0) 22 (40.0)
30-59 393 275 (70.0) 118 (30.0)
60-89 378 260 (68.8) 118 (31.2)
90-119 224 163 (72.8) 6l (27.2)
=120 89 73 (82.0) 16 (18.0)
BMI<25 kg/m* women (n=852) 621 (72.9) 231 (27.1) | 1117 | 0.025
<30 46 26 (56.5) 20 (43.5)
30-59 285 209 (73.3) 76 (26.7)
60-89 288 208 (72.2) 80 (27.8)
90-119 162 118 (72.8) 44 (27.2)
=120 71 60 (84.5) Il (15.5)
BMI=25 kg/m* women (n=287) 183 (63.8) 104 (36.2) | 5.12 0.276
<30 9 7(77.8) 2 (22.2)
30-59 108 66 (61.1) 42 (38.9)
60-89 90 52 (57.8) 38 (42.2)
90-119 62 45 (72.6) 17 (27.4)
=120 18 13 (72.2) 5(27.8)

Abbreviation: BMI, body mass index.
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—o— OR (95% CI)

Daily physical exercise time (min) OR (95% Cl)
Total women
>30 VS <30 Ot 1.28 (0.74-2.22)
>60 VS <60 O 1.22 (0.95-1.57)
>90 VS <90 O 1.32 (1.01-1.74)
>120 VS <120 Ot 1.64 (1.04-2.58)
Underweight or normal weight women (BMI<25 kg/m2)
>30 VS <30 Ot 1.34 (0.73-2.45)
>60 VS <60 O 1.07 (0.80-1.43)
>90 VS <90 «-O—» 1.30 (0.95-1.80)
>120 VS <120 «-o—» 1.33 (0.80-2.21)
Overweight or obese women (BMI>25 kg/m?)
>30 VS <30 ——C 1.73 (0.41-7.30)
>60 VS <60 —o— 1.74 (1.04-2.90)
>90 VS <90 «-o—» 1.46 (0.84-2.55)
120 VS <120 4.29 (1.42-13.00)
OR 0 1 10

Figure 2 The influence of moderate-intensity physical exercise time on plasma glucose control during pregnancy among GDM women with different BMI levels.
Notes: Adjusted covariates include age group, education level, and individual monthly income level. The bold values indicate the OR was statistically significant (P <0.05).
Abbreviation: BMI, body mass index.

In this study, the predicted percentage of abnormal plasma glucose increased gradually and was above 35% among
GDM women when physical exercise time was <60 min/day, while it continuously decreased once physical exercise time
exceeded 60 min/day. The percentage of abnormal plasma glucose was below 35% when physical exercise time was over
100 min/day (Figure 3A). Regarding the inverted U-shaped relationship between moderate-intensity physical exercise
time and the predicted percentage of abnormal plasma glucose in GDM women with BMI <25 kg/m* (Figure 3B),
a substantial increase in the abnormal plasma glucose (PG) percentage was associated with more moderate-intensity
physical exercise time within 60 min/day, and the percentage of abnormal PG decreased thereafter and reached
a satisfactory glycemic control standard (<35%) until the daily physical exercise time was over 90 min. For GDM
women with a BMI > of 25 kg/m?, the percentage of abnormal PG decreased substantially with an increase in daily
physical exercise time, which was initiated at a percentage of abnormal PG as high as 50%, and then reached
a satisfactory glycemic control standard until the daily physical exercise time was over 120 min (Figure 3C).
Therefore, overweight or obese women with GDM have a higher risk of poor plasma glucose control and require longer
physical exercise to achieve the same level of glycemic control (Figure 3).

Discussion

GDM can have severe consequences if left unmanaged and is characterized by high blood glucose levels during
pregnancy. The detrimental effects of GDM extend beyond the mother’s well-being; the developing fetus is also
vulnerable to its adverse effects.'®'” In addition, the number of elderly pregnant women has rapidly increased with
the implementation of the “3-child” policy, leading to a continuous increase in the prevalence of GDM in China.'®!"?
Therefore, it is crucial to address and mitigate the potential dangers associated with GDM to ensure the health of both
mother and infant in China.?>*' In our previous research based on the GDM cohort, we observed a negative correlation
between the duration of physical activity and the percentage of abnormal blood glucose levels in GDM women.'?

Furthermore, we found that multiparous women had a lower efficacy in controlling blood glucose levels through physical
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Percentage of abnormal plasma glucose (%)

5 100
Moderate-intensity physical exercise time (minutes/day)

part C

Percentage of abnormal plasma glucose (%)
Percentage of abnormal plasma glucose (%)

; 100 15 2 50 100
Moderate-intensity physical exercise time (minutes/day) Moderate-intensity physical exercise time (minutes/day)

Figure 3 The association between moderate-intensity physical exercise time and the percentage of abnormal plasma glucose among totally GDM women (A), underweight
or normal weight GDM women (B), overweight or obese GDM women (C).

Notes: Dashed vertical lines represent moderate-intensity physical exercise times of 60, 90, and 120 min/day. The dashed Horizontal lines represent the percentage of
abnormal plasma glucose levels at 35%.

exercise than primiparous women.'® In this study, is crucial to address and mitigate the potential dangers associated with
GDM women with overweight or obesity to ensure the health of both mother and baby in pregnancy.

The present study employed restricted cubic splines to investigate the association between the prevalence of abnormal
plasma glucose levels during pregnancy, varying BMI levels, and the duration of moderate-intensity physical activity
among GDM patients. By fitting relevant models, regarding the inverted U-shaped relationship between moderate-
intensity physical exercise time and the predicted percentage of abnormal plasma glucose in GDM women with
underweight or normal weight, they would achieve satisfactory glycemic control if moderate-intensity physical activity
exceeded 90 min/day. In addition, satisfactory glycemic control can be attained when daily physical activity is > 120 min
among GDM women with overweight or obese. Therefore, overweight or obese women have a higher risk of poor
plasma glucose control and require longer physical exercise times to achieve the same level of glycemic control. It is
advisable for underweight or normal weight GDM women and overweight or obese GDM women to engage in at least 90
or 120 minutes of daily moderate-intensity physical exercise, respectively. In this study, we noticed that the predicted
prevalence of abnormal plasma glucose among underweight or normal weight GDM women increased with more daily
moderate-intensity physical activity time within 60 min. This may be attributed to the fact that GDM women with worse
glycemic status are more likely to be advised by healthcare professionals to engage in physical activity; however, the
amount of physical activity of less than 60 min/day remains insufficient to achieve individual glycemic control, which
leads to a positive association between physical exercise time and the percentage of abnormal PG.

We discovered that, compared to women who were underweight or normal weight (46.8%), those who were
overweight or obese had a higher incidence of abnormal plasma glucose levels during pregnancy (57.1%). The increased
risk of poor glycemic control in overweight or obese women during the late stages of pregnancy may be attributed to the

impact of overweight and obesity on the secretion of insulin antagonists, resulting in reduced insulin activity and
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consequently affecting blood glucose levels during pregnancy.”” Furthermore, GDM women with overweight or obesity
have a higher risk of adverse pregnancy outcomes than women with underweight or normal weight in this study,
consistent with previous studies from different countries and regions.”> > In a meta-analysis conducted by Yu et al, it
was observed that pregnant women with overweight or obesity prior to conception have a 1.67 times higher risk of

delivering macrosomia infants compared to those with a normal pre-pregnancy BMI.?

We observed that engaging in
physical exercise during pregnancy can contribute to a reduction in the incidence of abnormal plasma glucose levels
during pregnancy among GDM women. Relevant research has shown that engaging in physical exercise during
pregnancy can increase glucose transporter 4 levels in muscle cells, enhance insulin sensitivity, improve glucose
utilization, and reduce insulin resistance, thereby fundamentally preventing and treating GDM. Through physical
exercise, the glucose utilization rate of muscles increases, fat accumulation decreases and muscle mass increases. The
increase of muscle mass helps to improve basal metabolic levels, and activating insulin-like enzymes and proteins,
improving glucose uptake and utilization.”” Meanwhile, due to the significant association between obesity and GDM,
engaging in physical activities can potentially mitigate the risk of abnormal plasma glucose levels by promoting weight
loss among GDM women.

Compared to the recommendations of the American College of Obstetricians and Gynecologists (ACOG) and the
Royal College of Obstetricians and Gynaecologists (RCOG) for pregnant women to engage in 150 min of moderate-
intensity physical activity per week,?*° the median value of moderate-intensity physical exercise time in this prospective
cohort of GDM women was 65 min per day. Although the physical activity time for GDM women in this study exceeded
that recommended by the RCOG, the effectiveness of glycemic control was still unsatisfactory. This may be attributed to
the fact that GDM patients originally had poor blood glucose control, necessitating more physical activity to achieve the
ideal glycemic control levels. Furthermore, this also may be related to the tendency of pregnant women to engage in low-
intensity forms of exercise such as walking in China, because pregnancy is considered a special state that necessitates
additional rest and nutritional supplementation in traditional Chinese beliefs.'> Additionally, this could also be associated
with other factors such as racial differences, dietary structure, and living environment. Available research on the impact
of physical exercise of diverse types, durations, and frequencies on the plasma glucose levels of pregnant women with
different racial backgrounds, geographical locations, and characteristics is still limited. Further studies are necessary to
provide appropriate sports guidance for pregnant women under different circumstances.

The major strength of the present study is that it was a prospective cohort study with a large population size of 1139
GDM women, based on real-world clinical data. Furthermore, this study conducted a quantitative assessment to
determine the impact of BMI on the relationship between physical activity duration and glycemic control among
GDM women based on this prospective cohort to offer valuable guidance regarding physical exercise for GDM
women with different BMI levels. In addition, the potential recall bias and measurement bias in this study was
substantially alleviated through direct extraction of information from routine prenatal examination forms and delivery
records of GDM women in the hospital.

In this study, there are several limitations that need to be considered. Firstly, the data analyzed in this study were
derived from a previously established GDM women cohort, and the sample size was not specifically calculated for the
current study. Meanwhile, the sample size of pregnant GDM women with overweight or obese engaging in moderate-
intensity physical activity for more than 120 minutes per day was limited in this study, which have potentially impacted
the reliability of the research findings to some degree. Secondly, the data on physical exercise time in GDM women were
collected through self-reported questionnaires interview, which might have induced reporting bias. Thirdly, this study
only recruited GDM women from Shanghai, which may limit the generalizability of the study findings to different
populations. Fourthly, not all potential confounding factors were collected, such as daily dietary information and other
environmental factors, indicating that this study may not have all potential confounders well controlled. Future research

should consider incorporating improvements in order to overcome these limitations.
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Conclusion

GDM women who are overweight or obese have a higher risk of poor glycemic control and require a longer duration of
physical exercise to achieve the same level of blood glucose control. It is advisable for overweight or obese women with
GDM to engage in at least 120 min of daily physical exercise to achieve good glycemic control during pregnancy.
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