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Objective: Physical exercise during pregnancy is beneficial to women with gestational 
diabetes mellitus (GDM), but evidence on the association between physical exercise and 
glycemic control among women with GDM is limited in China. We conducted this study to 
understand the total exercise times, the percentage of abnormal plasma glucose (PG), and to 
explore if longer physical exercise is positively associated with a lower percentage of 
abnormal PG among GDM women.
Methods: During 2019 and 2020, we established a prospective cohort with 1,050 GDM 
women recruited. GDM was confirmed by a diagnostic 75g OGTT, and plasma glucose in 
over 10 hours overnight fasting and 2-hour after breakfast was implemented during a routine 
antenatal checkup. Information for demographic features and physical exercises among 
GDM women were collected by questionnaire interviews, and abnormal PG percentage 
was calculated as abnormal PG times divided by total PG test times.
Results: Among 1,050 GDM women, the percentage of exercise times <150 minutes/week, 
<30 minutes/day and <60 minutes/day was 17.33%, 26.57%, and 54.10%, respectively. The 
median percentage of abnormal PG was 40% (IQR=20–70%). GDM women with less 
exercise had a higher abnormal PG percentage (y=0.0049x2-1.20x+88.96), ORs for women 
with exercise <150 minutes/week were 3.78 (95% CI=1.33–8.25), 6.97 (3.45–14.07), and 
6.39 (3.61–11.33) compared with ≥ 150 minutes/week, and ORs for women with exercise 
<60 minutes/day were 4.62 (2.71–8.14), 3.58 (2.60–4.93), and 7.28 (4.31–12.30) compared 
with ≥60 minutes/day in groups divided by quartiles of P25, P50 and P75, respectively.
Conclusion: This study indicated high physical exercise times and abnormal PG percentage 
among women with GDM in Shanghai, China. GDM women with more exercise times had 
a lower percentage of abnormal PG, especially when exercise times were ≥60 minutes/day, 
and supplementary treatments should be provided for women with over 70% abnormal 
plasma glucose.
Keywords: physical exercise, gestational diabetes mellitus, prospective cohort, association, 
glycemic control, abnormal plasma glucose

Introduction
Gestational diabetes mellitus (GDM), defined as any carbohydrate intolerance first 
recognized during pregnancy, is one of the most common medical conditions and 
associated with increased risk of adverse perinatal outcomes, both for mother and 
infant.1–4 The prevalence of GDM ranges from 2–32% around the world, 
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and 18.4 million live births are affected by GDM worldwide.5,6 

In China, the prevalence of GDM has recently increased from 
14.7% to 20.9%, which represents an epidemic proportion.2,7 

In recent years, lifestyle, imbalanced diet, and a growing num-
ber of women with advanced maternal age achieving second 
pregnancy due to the ‘two-child policy in China’ may increase 
the incidence of GDM, which has become a serious burden on 
public health in China.5

The successful management of GDM involving tight 
glycemic control,8 and achieving optimal glycemic control 
reduces the risk of premature rupture of membranes, pre-
eclampsia, fetal macrosomia, preterm birth, cesarean 
delivery,7,9 and diabetes following delivery as well.10 

Although both balanced diet and physical exercise are 
recommended widely to stabilize glucose level in preg-
nancy, physical exercise is more acceptable than diet sug-
gestion, due to limited nutrition intake being against the 
traditional perception that pregnancy is a state requiring 
extra nutrition and care.11 The updated physical activity 
guidelines from The American College of Obstetricians 
and Gynecologists (ACOG) and Canadian Society for 
Exercise Physiology (CSEP) recommend at least 150 min-
utes of moderate intensity physical activity each week for 
pregnant women without contraindications to achieve 
meaningful health benefits,12,13 but with weak 
recommendations for GDM women due to low quality 
evidence.12 Padayachee and Coomber 14 drafted the first 
guideline on physical exercise specifically for GDM 
women, which recommends 30–60 minutes of daily mod-
erate intensity exercise at a frequency of three times per 
week during pregnancy to curb elevated plasma glucose. 
The moderate intensity exercise is referred to as requiring 
a normal physical effort that make pregnant women 
breathe slightly harder and their heart beat a little faster, 
which can lower glucose levels in women with 
GDM.11,12,14

There has been a controversy about physical exercise 
in pregnancy,15 especially in China due to its traditional 
perceptions, where pregnancy is treated as a special state 
that requires extra rest and recuperation by Chinese 
women, so physical exercise such as riding a bicycle, 
soft gymnastics, oxygen dance, swimming, and even 
housework is unacceptable for the majority of women in 
China. For reasons of exercise controversy and antenatal 
taboos, around 80% of pregnant women worldwide are 
physically inactive, especially in the last trimester of 
pregnancy.11,15,16 In recent years, growing evidence in 
western countries has demonstrated that physical exercise 

during pregnancy is beneficial to women with GDM, and 
could lower the glucose level and reduce the risk of 
adverse perinatal outcome,1–4,11 but evidence on the asso-
ciation of physical exercise during pregnancy and glyce-
mic control among women with GDM is still limited in 
China.

In this paper, we implemented a descriptive analysis 
based on a cohort of GDM women in Shanghai, China. We 
aim to understand the total physical exercise times, as well as 
the percentage of abnormal plasma glucose (PG) during 
27–40 gestation weeks among women with GDM, and to 
explore if longer exercise times are positively associated with 
a lower percentage of abnormal PG among GDM women.

Methods
Study Design and Participants
During 2019 and 2020, we established a prospective cohort 
of women with GDM in Songjiang District of Shanghai. 
The purpose of the GDM women cohort was to explore the 
influence of physical exercise on adverse perinatal out-
comes, the glycemic control during pregnancy, and the 
incidence rate of type 2 diabetes after the delivery. As 
reported by Zhang and Chen17 in 2018, the incidence rate 
of preterm birth among GDM women with physical exer-
cise ≥150 minutes/week was 10%, we assumed that GDM 
women with physical exercise <150 minutes/week had 
2-fold higher preterm birth incidence than those with phy-
sical exercise ≥150 minutes/week. In this study, considering 
the inspection level (α=0.01), and the test power (β=0.2), at 
least 834 GDM would be required by applying PASS 15.0 
for sample size calculation, and 1050 GDM women were 
finally recruited in this study. Eligible pregnant women 
were recruited in Songjiang Maternal and Children’s 
Health-care Hospital during their prenatal care visit in 
early pregnancy. Inclusion criteria were: 1) aged 18–45 
years; 2) resident living in Songjiang with no plan for 
migration in the following 2 years; 3) with gestation 
weeks of 24–28; 4) singleton pregnancy; 5) without preex-
isting health conditions such as diabetes, hypertension, can-
cers, ischemic heart diseases; 6) confirmed GDM by 
a diagnostic 75g OGTT (0-h (fasting) ≥5.10 mmol/L, 
1-h plasma glucose ≥10.00 mmol/L, and 2-h plasma glucose 
≥8.50 mmol/L); and 7) being able to read and sign the 
informed consent form. The participant recruitment initiated 
in August 2019 and ended in August 2020. The ethics 
approval was authorized by Songjiang Maternal and 
Children’s Health-care Hospital Institution Review Board 
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(IRB#-2019-12-003), an informed consent paper was signed 
by each GDM women before the questionnaire interview, 
and information that could identify individual participants 
during or after data collection could not be accessed by 
authors. This study was conducted following the 
Declaration of Helsinki, and registered in the Chinese 
Clinical Trial Registry.

Data Collection
The questionnaire for data collection includes four parts. 
Part A covered five questions of demographic information 
(age, education, occupation, residency status, and indivi-
dual monthly income). Part B covered 18 questions of the 
pregnancy and childbirth history, routine antenatal 
checkup information, the body height and weight before 
pregnancy, 75g OGTT in 24–28 gestation week, and morn-
ing plasma glucose (PG) in over 10 hours overnight fast-
ing state as well as 2 hour after a standard breakfast during 
routine antenatal checkup in gestational week 27–28, week 
29–30, week 31–32, week 33–34, week 35–36, week 
37–38, week 39–40, etc. Part C covered 10 questions of 
newborn delivery information (gestational week, mode of 
delivery, gender and birthweight of baby, postpartum 
hemorrhage, etc). Part D covered 20 types of physical 
exercise in pregnancy (walking, house cleaning, stationary 
riding, jogging, swimming, climbing stairs, Tai Chi, soft 
gymnastic, yoga, oxygen dance, etc), information of the 
frequency and duration for each physical exercise with 
moderate intensity during gestation week 27–40 on aver-
age before delivery was recorded.

In this study, information for Parts A, B, and C was 
extracted directly from the delivery records and antenatal 
checkup forms stored in the hospital, and information for 
Part D was collected through face-to-face interviews by 
nurses in the ward after delivery.

Definition and Co-Variate Calculation
In this study, GDM was confirmed by a diagnostic 75g 
OGTT at the gestational week of 24–28 when any one of 
the following values was met or exceeded: fasting plasma 
glucose (0 h) ≥5.10 mmol/L, 1-h plasma glucose ≥10.00 
mmol/L, and 2-h plasma glucose ≥8.50 mmol/L2. We 
defined an abnormal PG as the morning PG ≥5.10 mmol/ 
L in over 10 hours overnight fasting or (and) ≥8.5 mmol/L 
in 2-h after a standard breakfast in each routine antenatal 
checkup after the confirmation of GDM.2,18 The glycemic 
control during pregnancy was evaluated by the percentage 
of abnormal PG, which was calculated as times of 

abnormal PG test divided by the total times of PG test, 
then we classified GDM women into different groups 
according to the percentage of abnormal PG by quartile 
value of P25 (<20% and ≥20%), P50 (<40% and ≥40%), 
and P75 (<70% and ≥70%). In this study, we defined good 
glycemic control as <20% of abnormal PG percentage 
among all capillary glucose measurements.

Physical exercise with moderate intensity was assessed 
by the total daily exercise times as well as the total weekly 
exercise times. First, each physical exercise times was 
calculated by monthly exercise frequency multiplied with 
duration of each exercise on average and then divided by 
30 days, then we combined the 20 types of physical 
exercise times to provide the total daily exercise times 
for each participant, which was multiplied by 7 days to 
provide the total weekly exercise times as well. For exam-
ple, a woman with GDM reported two types of moderate 
intensity physical exercise (walking and oxygen dancing) 
during gestation weeks 27–40, the frequency and duration 
were 30 times/month and 20 minutes/time on average for 
walking, 10 times/month and 15 minutes/time on average 
for oxygen dancing, so the total daily exercise times was 
25 minutes [(30*20+10*15)/30], and the total monthly 
exercise time was 175 minutes (25 minutes*7 days) for 
this GDM women. We then classified GDM women 
according to the total daily exercise times into groups of 
“<150 minutes/week“ and “≥150 minutes/week“,12,13 “<30 
minutes/day“ and “≥30 minutes/day“, and “<60 minutes/ 
day“ and “≥60 minutes/day“.14 The “<30 minutes/day“ 
group was included in the “<60 minutes/day“.

In this study, BMI before pregnancy was classified as 
<18.5, 18.5–24.9, 25–29.9, and ≥ 30[7, 9]. Weight gain 
(kg) in gestation was calculated as pre-birth body weight 
minus pre-pregnancy body weight. The age of GDM 
women was categorized into four groups (18–25, 26–30, 
31–35, and 36–45). Education of GDM women was 
recorded as completed years of schooling and classified 
into three categories of 6–9 years (primary or junior high 
school), 10–12 years (senior high school), and >12 years 
(college and above). Individual monthly income (RMB) 
was classified into four groups (<3,000 ‘3,000–5,000, 5,-
001–10,000, and >10,000).

Data Analysis
In this study, we performed data analysis by SAS software 
(version 9.4). We described the data by using frequency 
counts and proportions (percentage) for qualitative vari-
ables, mean and standard deviation or median and 
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interquartile range (IQR) for quantitative variables. We 
applied the Chi-square test to examine the percentage 
differences between physical exercises <150 minutes/ 
week and ≥150 minutes/week, <30 minutes/day and ≥30 
minutes/day, as well as <60 minutes/day and ≥60 minutes/ 
day among GDM women with different demographic char-
acteristics, we also applied Chi-square test to explore the 
percentage difference of abnormal PG classified by differ-
ent quartile (P25, P50, and P75) among GDM women with 
different demographic characteristics. The non-parametric 
rank-sum test was used to compare the difference between 
GDM women with <150 minutes/week and ≥150 minutes/ 
week, <30 minutes/day and ≥30 minutes/day, as well as 
<60 minutes/day and ≥60 minutes/day in gestation history, 
weight gain in gestation, types of physical exercise, and 
total daily exercise times. Chi-square test for trend was 
applied to explore the association between the percentage 
of abnormal PG and gestation weeks. Binomial regression 
was used to show the dose–response relationship between 
total daily physical exercise and the percentage of abnor-
mal PG. We applied logistic regression to calculate the 
odds ratios (OR) and 95% confidence interval (95% CI) to 
explore the association between physical exercise times 
and percentage of abnormal PG among different groups 
of GDM women classified by quartile values of P25, P50, 
and P75, with the adjustment of potential confounders. The 
potential confounders adjusted in logistic regression were 
identified by using the directed acyclic graphs (DAGs) 
method.19,20 Figures were produced to described the 
detailed information for the association between total exer-
cise times and percentage of abnormal PG within different 
groups, as well as the association between the percentage 
of abnormal PG and total exercise times among GDM 
women in different gestation weeks. In this study, 
a p-value of less than 0.05 (two-tailed) was considered as 
statistically significant.

Results
In this study, 1,050 GDM women included 344 local 
residents (32.76%), the age ranged from 18–45 with an 
average age of 30.53±3.95 years old; 59.71% of GDM 
women had an education of college and above (>12 
years), and the majority of GDM women had a monthly 
income over 5,000 RMB (802, 76.38%). Of the GDM 
women, 26.00% were overweight or obese before preg-
nancy, and 36.76% of them had a balanced diet with 
doctors’ suggestion after the GDM confirmation (Table 1).

Physical Exercise during Pregnancy among 
GDM Women
Among 1050 GDM women, the total daily exercise times 
ranged from 5–145 minutes, with a median value of 55 
(IQR=30–70) minutes. The percentage of exercise times 
<130 minutes per week among women with GDM was 
17.33% (95% CI=15.09–19.76%), The percentage of 
GDM women was 36.57% (23.92–29.35%) for exercise 
times<30 minutes per day, and 54.10% (51.03–57.14%) 
for exercise time <60 minutes per day.

Table 1 indicates that GDM women aged 36–45 years 
(24.82%) had a higher percentage of exercise time <150 
minutes/week than women aged 18–25 years (7.81%) and 
women aged 26–30 years (13.48%). GDM women with 
BMI value of 25–29.9 had a higher percentage of exercise 
times <150 minutes/week (22.41%) than women with BMI 
values <18.5 (4.55%), 18.5–24.9 (16.78%), and ≥30 (12.20%), 
the differences were statistically significant (P<0.05).

Table 1 demonstrates that elder GDM women had 
a higher percentage of daily exercise times <30 minutes 
(34.31% for GDM women aged 36–45 year). The percen-
tage of daily exercise times <30 minutes among GDM 
women with primary or junior high education (31.05%) 
was higher than GDM women with the education of senior 
high or college and above (27.45% and 24.72%). GDM 
women with lower monthly income (<3,000 RMB) or 
higher BMI value (≥25 for overweight or obesity), and 
with a balanced diet had a higher percentage of daily 
exercise times <30 minutes (32.65%, 36.26%, and 
30.57%, respectively), the differences were statistically 
significant (P<0.05).

The percentage of daily exercise times <60 minutes 
among GDM women with primary or junior high educa-
tion (62.56%) was higher than GDM women with the 
education of senior high or college and above (55.39% 
and 50.72%). GDM women with monthly income over 
10,000 RMB had a lower percentage of daily exercise 
time <60 minutes (46.40%), and GDM women with 
a higher BMI value (≥25 for overweight or obesity) had 
a higher percentage of daily exercise times <60 minutes 
(65.57%), the differences were statistically significant 
(P<0.05) (Table 1).

Abnormal PG Test Times among GDM 
Women
In this study, the percentage of abnormal PG among GDM 
women ranged from 0–100%, with a median value of 40% 
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Table 1 The Demographic Feature and Moderate-Intensity Exercise Condition during Pregnancy among Women with Gestational 
Diabetes Mellitus (GDM) in a Rural Region of Shanghai, China

Variables GDM 
Women 

(n=1,050)

Women with Exercise <30 
Minutes/Day

Women with Exercise <60 
Minutes/Day

Women with Exercise 
<150 Minutes /Week

Yes (n=279) No (n=771) Yes (n=568) No (n=482) Yes (n=182) No (n=868)

Age (years)†§, n (%)

18–25 128 (12.19) 27 (21.09) 101 (78.91) 86 (67.19) 42 (32.81) 10 (7.81) 118 (92.19)

26–30 408 (38.86) 93 (22.79) 315 (77.21) 209 (51.23) 199 (48.77) 55 (13.48) 353 (86.52)
31–35 377 (35.90) 112 (29.71) 265 (70.29) 197 (52.25) 180 (47.75) 83 (22.02) 294 (77.98)

36–45 137 (13.05) 47 (34.31) 90 (65.69) 76 (55.47) 61 (44.53) 34 (24.82) 103 (75.18)

Education†‡, n (%)

Primary/Junior High 219 (20.86) 68 (31.05) 151 (68.95) 137 (62.56) 82 (37.44) 41 (18.72) 178 (81.28)

Senior High 204 (19.43) 56 (27.45) 148 (72.55) 113 (55.39) 91 (44.61) 36 (17.65) 168 (82.35)
College and above 627 (59.71) 155 (24.72) 472 (75.28) 318 (50.72) 309 (49.28) 105 (16.75) 522 (83.25)

Individual monthly income 
(RMB)†‡, n (%)

Less than 3,000 49 (4.67) 16 (32.65) 33 (67.35) 28 (57.14) 21 (42.86) 8 (16.33) 41 (83.67)

3,000–5,000 199 (18.95) 61 (30.65) 138 (69.35) 121 (60.80) 78 (39.20) 38 (19.10) 161 (80.90)
5,001–10,000 552 (52.57) 148 (26.81) 404 (73.19) 303 (54.89) 249 (45.11) 100 (18.12) 452 (81.88)

Over 10,000 250 (23.81) 54 (21.60) 196 (78.40) 116 (46.40) 134 (53.60) 36 (14.40) 214 (85.60)

Residency status, n (%)

Local resident 344 (32.76) 96 (27.91) 248 (72.09) 191 (55.52) 153 (44.48) 63 (18.31) 281 (81.69)

Non-local resident 706 (67.24) 183 (25.92) 523 (74.08) 377 (53.40) 329 (46.60) 119 (16.86) 587 (83.14)

BMI before pregnancy†‡§, 
n (%)

<18.5 (lower body 

weight)

44 (4.19) 7 (15.91) 37 (84.09) 25 (56.82) 19 (43.18) 2 (4.55) 42 (95.45)

18.5–24.9 (normal body 

weight)

733 (69.81) 173 (23.60) 560 (76.40) 364 (49.66) 369 (50.34) 123 (16.78) 610 (83.22)

25–29.9 (overweight) 232 (22.10) 85 (36.64) 147 (63.36) 153 (65.95) 79 (34.05) 52 (22.41) 180 (77.59)
≥30 (obesity) 41 (3.90) 14 (34.15) 27 (65.85) 26 (63.41) 15 (36.59) 5 (12.20) 36 (87.80)

Balanced diet with doctor’s 
suggestion†, n (%)

Yes 386 (36.76) 118 (30.57) 268 (69.43) 216 (55.96) 170 (44.04) 77 (19.95) 309 (80.05)

No 664 (63.24) 161 (24.25) 503 (75.75) 352 (53.01) 312 (46.99) 105 (15.81) 559 (84.19)

Times of gestation (G), 

Median (IQR)

2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3)

Times of Production (P), 

Median (IQR)

2 (1–2) 2 (1–2) 2 (1–2) 2 (1–2) 2 (1–2) 2 (1–2) 2 (1–2)

Times of abortion (A), 

Median (IQR)

0 (0–1) 1 (0–1) 0 (0–1) 0 (0–1) 1 (0–1) 0.50 (0–1) 0 (0–1)

Weight gain in gestation 

(kg)†§, Median (IQR)

9.40 

(7.00–12.30)

9 

(6.20–11.50)

9.70 

(7.20–12.60)

9.30 

(7.00–12.10)

9.55 

(6.90–12.70)

8.40 

(5.60–11.20)

9.70 

(7.20–12.50)

Types of exercise engaged 

in, Median (IQR)

3 (2–4) 3 (1–5) 3 (2–4) 3 (2–4) 4 (2–5) 4 (2–5) 3 (2–4)

(Continued)
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(IQR=20–70%). We then classified GDM women into 
three different groups according to the percentage of 
abnormal PG by quartile value of P25 (<20% and ≥20%), 
P50 (<40% and ≥40%), and P75 (<70% and ≥70%) 
(Table 2).

Figure 1 indicates that GDM women with less physical 
exercise times had a higher percentage of abnormal PG 
test (y=0.0049x2-1.20x+88.96, R2=0.46, P<0.001). In all 
three groups of GDM women divided by abnormal PG 
percentage with quartile of P25, P50, and P75, GDM women 
with exercise times <30 minutes/day, <60 minutes/day, 
and <150 minutes/week had a higher proportion of abnor-
mal PG percentage, the proportions were 96.06%, 90.67%, 
and 100.00% for abnormal PG percentage ≥20%, the 
proportions were 83.51%, 68.49%, and 92.31% for abnor-
mal PG percentage ≥40%, as well as 50.18%, 37.15%, and 
64.29% for abnormal PG percentage ≥70%, respectively, 
the differences were statistically significant (P<0.05). 
GDM women with the education of college and above 
had a lower proportion of abnormal PG percentage 
(71.77%, 41.95%, and 19.78% for quartile of P25, P50, and 
P75, respectively) than women with primary school, junior 
high or senior high, the differences were statistically sig-
nificant (P<0.05). The percentage of abnormal PG was 
higher among GDM women with BMI of 25–29.9 
(81.90%, 59.50%, and 30.60% for quartile of P25, P50, and 
P75, respectively) and BMI of ≥30 (92.68%, 70.73%, and 
31.71% for quartile of P25, P50, and P75, respectively) than 
women with BMI of 18.5–24.9, or BMI less than 18.5, the 
differences were statistically significant (P<0.05) 
(Table 2).

For GDM women divided by the cut-off value of P50 

(<40% and ≥40%), the proportion of abnormal PG percen-
tage was higher among GDM women aged 18–25 years 
(52.34%) or 36–45 years (56.20%), and GDM women 
with monthly income over 10,000 RMB had a lower 

proportion of abnormal PG percentage (38.40%), the dif-
ferences were statistically significant (P<0.05) (Table 2).

Figure 2 indicates that the percentage of abnormal PG 
decreased gradually with the gestational weeks among 
GDM women (χ2 for trend between 8 gestational 
weeks and percentage of abnormal PG among all GDM 
women was 37.30, P<0.001). In each gestational week 
after the confirmation of GDM, women with exercise 
time <150 minutes/week (Figure 2A), <30 minutes/day 
(Figure 2B), and <60 minutes/day (Figure 2C) had 
a higher percentage of abnormal PG than women with 
≥150 minutes/week, ≥30 minutes/day, and ≥60 minutes/ 
day, correspondingly. The differences were all statistically 
significant (P<0.05).

Association between Daily Exercise 
Times and Abnormal PG Test among 
GDM Women
In this study, GDM women with exercise time <150 min-
utes/week had higher prevalence of abnormal PG, even 
after the adjustment of potential confounders, the OR was 
3.78 (95% CI=1.33–8.25) in groups divided by quartile of 
P25, 6.97 (3.45–14.07) in groups divided by quartile P50, 
and 6.39 (3.61–11.33) in groups divided by quartile of P75, 
respectively. Similarly, GDM women with daily exercise 
time <30 minutes had a higher prevalence of abnormal PG, 
the OR was 3.53 (1.64–7.67) in groups divided by quartile 
of P25, 1.56 (1.04–2.55) in groups divided by quartile P50, 
and 2.86 (1.50–3.66) in groups divided by quartile of P75, 
respectively. GDM women with daily exercise time <60 
minutes also had a higher prevalence of abnormal PG with 
the adjustment of potential confounders, the OR was 4.62 
(2.71–8.14) in groups divided by quartile of P25, 3.58 
(2.60–4.93) in groups divided by quartile of P50, and 
7.28 (4.31–12.30) in groups divided by quartile of P75, 
respectively (Table 3).

Table 1 (Continued). 

Variables GDM 
Women 

(n=1,050)

Women with Exercise <30 
Minutes/Day

Women with Exercise <60 
Minutes/Day

Women with Exercise 
<150 Minutes /Week

Yes (n=279) No (n=771) Yes (n=568) No (n=482) Yes (n=182) No (n=868)

Daily exercise times 

(minutes)†‡§, Median (IQR)

55 (30–70) 20 (15–30) 60 (50–80) 34.50 

(20.00–45.00)

73.50 

(60.00–80.00)

15 (10–20) 60 (45–75)

Notes: †The differences between group on proportion of daily moderate intensity exercise time less than 30 minutes among women with GDM was statistically significant 
(P<0.05). ‡The differences between group on proportion of daily exercise time less than 60 minutes among women with GDM was statistically significant (P<0.05). §The 
differences between group on proportion of weekly moderate intensity exercise time less than 150 minutes among women with GDM was statistically significant (P<0.05).
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Figure 3 demonstrates that the percentage of abnormal 
PG was statistically higher in GDM women with exercise 
time <150 minutes/week than women with ≥150 minutes/ 
week, and higher in GDM women with daily exercise 

times <30 minutes than ≥30 minutes, as well as higher in 
daily exercise times <60 minutes than ≥60 minutes, in all 
groups classified by interquartile P0 to P25 (0–20%), P25 to 
P50 (21–40%) and P50 to P75 (41–70%), the differences 

Table 2 The Percentage of Abnormal PG (Plasma Glucose) Test Times with Different Cutoff Values among GDM Women in a Rural 
Area of Shanghai, China

Variables Percentage of Abnormal PG 
Test Times with Cutoff 

Value of P25

Percentage of Abnormal PG 
Test Times with Cutoff 

Value of P50

Percentage of Abnormal PG 
Test Times with Cutoff 

Value of P75

≥20%, n (%) <20%, n (%) ≥40%, n (%) <40%, n (%) ≥70%, n (%) <70%, n (%)

Exercise time <30 minutes/day ⱡ‡†

Yes (n=279) 268 (96.06) 11 (3.94) 233 (83.51) 46 (16.49) 140 (50.18) 139 (49.82)
No (n=771) 531 (68.87) 240 (31.13) 273 (35.41) 498 (64.59) 91 (11.80) 680 (88.20)

Exercise time <60 minutes/day ⱡ‡†

Yes (n=568) 515 (90.67) 53 (9.33) 389 (68.49) 179 (31.51) 211 (37.15) 357 (62.85)

No (n=482) 284 (58.92) 198 (41.08) 117 (24.27) 365 (75.73) 20 (4.15) 462 (95.85)

Exercise time <150 minutes/week ⱡ‡†

Yes (n=182) 182 (100.00) 0 (0.00) 168 (92.31) 14 (7.69) 117 (64.29) 65 (35.71)

No (n=868) 617 (71.08) 251 (28.92) 338 (38.94) 530 (61.04) 114 (13.13) 754 (86.87)

Age (years) ‡

18–25 101 (78.91) 27 (21.09) 67 (52.34) 61 (47.66) 25 (19.53) 103 (80.47)
26–30 298 (73.04) 110 (26.96) 177 (43.38) 231 (56.62) 83 (20.34) 325 (79.66)

31–35 291 (77.19) 86 (22.81) 185 (49.07) 192 (50.93) 87 (23.08) 290 (76.92)

36–45 109 (79.56) 28 (20.44) 77 (56.20) 60 (43.80) 36 (26.28) 101 (73.72)

Education ⱡ‡†

Primary/Junior High 180 (82.19) 39 (17.81) 125 (57.08) 94 (42.92) 59 (26.94) 160 (73.06)

Senior High 169 (82.84) 35 (17.16) 118 (57.84) 86 (42.16) 48 (23.53) 156 (76.47)

College and above 450 (71.77) 177 (28.23) 263 (41.95) 364 (58.05) 124 (19.78) 503 (80.22)

Individual monthly income (RMB)‡

Less than 3,000 40 (81.63) 9 (18.37) 29 (59.18) 20 (40.82) 8 (16.33) 41 (83.67)
3,000–5,000 160 (80.40) 39 (19.60) 103 (51.76) 96 (48.24) 48 (24.12) 151 (75.88)

5,001–10,000 416 (75.36) 136 (24.64) 278 (50.36) 274 (49.64) 131 (23.73) 421 (76.27)

Over 10,000 183 (73.20) 67 (26.80) 96 (38.40) 154 (61.60) 44 (17.60) 206 (82.40)

BMI before pregnancy ⱡ‡†

<18.5 (lower body weight) 30 (68.18) 14 (31.82) 18 (40.91) 26 (59.09) 5 (11.36) 39 (88.64)
18.5–24.9 (normal body weight) 541 (73.81) 192 (26.19) 322 (43.93) 411 (56.07) 142 (19.37) 591 (80.63)

25–29.9 (overweight) 190 (81.90) 42 (18.10) 137 (59.50) 95 (40.95) 71 (30.60) 161 (69.40)

≥30 (obesity) 38 (92.68) 3 (7.32) 29 (70.73) 12 (29.27) 13 (31.71) 28 (68.29)

Residency status

Local resident 270 (78.49) 74 (21.51) 164 (47.67) 180 (52.33) 71 (20.64) 273 (79.36)
Non-local resident 529 (74.93) 177 (25.07) 342 (48.44) 364 (51.56) 160 (22.66) 546 (77.34)

Balanced diet with doctor’s suggestion
Yes 288 (74.61) 98 (25.39) 185 (47.93) 201 (52.07) 86 (22.28) 300 (77.72)

No 511 (76.96) 153 (23.04) 321 (48.34) 343 (51.66) 145 (21.84) 519 (78.16)

Notes: ⱠThe percentage of abnormal PG test times with P25 cutoff value among different groups of women with GDM was statistically significant (P<0.05). ‡The percentage 
of abnormal PG test times with P50 cutoff value among different groups of women with GDM was statistically significant (P<0.05). †The percentage of abnormal PG test times 
with P75 cutoff value among different groups of women with GDM was statistically significant (P<0.05).
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were statistically significant (P<0.05), but not in groups 
classified as P75 to P100 (71–100%) (Figure 3).

Discussion
GDM is one of the most common complications of preg-
nancy, the hyperglycemia status of GDM lays health 
hazards both for mother and infant,21 and women with 
a history of GDM have elevated cardiovascular disease 
risk factors including triglyceride levels, lower HDL, high 
blood pressure, and 7-fold risk of type 2 diabetes as 
well.22,23 So glycemic control by physical exercise and 
balanced diet is critical for women with GDM, which 
can reduce the capillary glucose level and adverse perina-
tal outcomes.11,15,23 In this study, we identified that mod-
erate intensity physical exercise times were associated 
with the percentage of abnormal plasma glucose (PG), 
GDM women with more physical exercise times had 
a lower percentage of abnormal PG. Moreover, GDM 
women with weekly exercise time <150 minutes had 
a 3.78–6.97-fold higher abnormal PG percentage than 
those with weekly exercise time ≥150 minutes, and 
GDM women with daily exercise time <30 minutes had 
a 1.56–3.53-fold higher abnormal PG percentage than 
those with daily exercise time ≥30 minutes, and GDM 
women with daily exercise time <60 minutes had a 3.58– 
7.28-fold higher abnormal PG percentage than those with 

daily exercise time ≥60 minutes, these findings were con-
sistent with previous studies.24 The association between 
more physical exercise times and lower percentage of 
abnormal plasma glucose among GDM women might be 
explained by the fact that physical exercise may actively 
affect insulin resistance in patients with GDM.24 The 
insulin resistance can increase energy supply for lipid 
oxidation, promote glucose phosphorylation in muscle 
cells, and transformblood sugar to myosin to make glucose 
more stable so as to maintain the balance between glucose 
and insulin secretion.25

Pregnancy is a unique period that can affect a woman’s 
health and her fetus as well. Although 
guidelines recommend women without 
contraindications engage in prenatal physical 
activities,13,26 less than 15% of pregnant women perform 
the minimum amount of exercise recommended by global 
pregnancy exercise and diabetes guidelines, which is 150 
minutes of moderate intensity exercise per week.12,27,28 In 
this study, the median value of total daily exercise times 
among women with GDM in Shanghai was 55 minutes, 
and over 80% of GDM women performed at least 150 
minutes of moderate intensity exercise per week, which 
was higher than findings among women with GDM in the 
United States (575 Metabolic Equivalent Task (MET) min/ 
week),24 Vietnam (12.6 Metabolic Equivalent Task [MET] 
hours/week) and India (15 MET hours/week).23,29 In 
China, pregnancy is treated as a special state that requires 
extra attention and recuperation by Chinese women. When 
pregnant women were diagnosed with GDM in gestation 
week 24–28, the obstetrician would prescribe them with 
more times of routine antenatal checkup, and provide 
detailed information on physical exercise for plasma glu-
cose control. Moreover, most of the Chinese pregnant 
women lived with their parents who would supervise and 
accompany them to perform physical exercise according to 
the suggestion from the obstetricians, this might be the 
explanation for the high percentage of Chinese women 
with GDM who perform 150 minutes physical exercise 
per week.

In this study, we observed a high percentage of abnor-
mal PG among GDM women, the percentage of abnormal 
PG ranged from 39.65–47.81% in gestation week 27–40. 
According to the standard of glycemic control in GEM 
(GDM’s Effects on Moms) in the United States, which 
defined glycemic control as ≥80% of all capillary glucose 
measurements meeting the targets recommended across 
Kaiser Permanente Northern California,24,30 the percentage 

Figure 1 The association between moderate intensity physical exercise times and 
the percentage of abnormal plasma glucose among GDM women, with the analysis 
of binomial regression.
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Figure 2 The percentage of abnormal plasma glucose in gestational week 27–40 after the confirmation of GDM, among GDM women with physical exercise <150 minutes/ 
week and ≥150 minutes/week (A), <30 minutes/day and ≥30 minutes/day (B), as well as <60 minutes/day and ≥60 minutes/day (C).
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of glycemic control was only 23.90% among women with 
GDM in Shanghai, which was lower than the findings in 
GEM. The lower glycemic control percentage and higher 
physical exercise over 150 minutes per week among GDM 
women in Shanghai indicated that physical exercise recom-
mendations for pregnant women without contraindication in 
CSEP and ACOG might be not proper for women with 
GDM.12,13 As stated in the 2019 Canadian guideline for 
physical activity throughout pregnancy, at least 150 minutes 
moderate intensity physical exercise per week was a weak 
recommendation with low quality evidence, because the net 
benefit between GDM women who were physically active 
and those who were not was small.12 In this study, we 
identified that GDM women with daily exercise time ≥60 

minutes (about ≥420 minutes/week) had a lower percentage 
of abnormal PG, which ranged from 18.03% to 34.02% 
with an average of 21.55%, and almost 90% of them 
met the targets of glycemic control, so GDM women 
might need more moderate intensity physical exercise to 
achieve the goal of glycemic control.

In GDM women with abnormal PG percentage ≥70%, 
differences of abnormal PG percentage was not statisti-
cally significant between GDM women with weekly exer-
cise time <150 minutes and ≥150 minutes, and between 
GDM women with daily exercise time <30 minutes and 
≥30 minutes, even between GDM women with daily exer-
cise time <60 minutes and ≥60 minutes. This indicated that 
moderate intensity physical exercise alone even with over 

Table 3 The Association between Exercise Times and Abnormal Percentage of PG Test Times with Different Cutoff Values among 
GDM Women in a Rural Area of Shanghai, China

Variables LR (a) LR (b) LR(c)

OR 95% CI OR 95% CI OR 95% CI

Exercise time <30 minutes/day
Yes (n=279) 3.53 1.64–7.67 1.56 1.04–2.55 2.86 1.50–3.66

No (n=771) 1.00 – 1.00 – 1.00 –

Exercise time <60 minutes/day

Yes (n=568) 4.62 2.71–8.14 3.58 2.60–4.93 7.28 4.31–12.30

No (n=482) 1.00 – 1.00 – 1.00 –

Exercise time <150 minutes/week

Yes (n=182) 3.78 1.33–8.25 6.97 3.45–14.07 6.39 3.61–11.33
No (n=868) 1.00 – 1.00 – 1.00

Education
Primary/Junior High 1.47 0.97–2.24 1.64 1.07–2.51 1.24 0.81–1.89

Senior High 1.38 1.22–2.88 2.07 1.39–3.07 1.18 0.76–1.85

College and above 1.00 – 1.00 – 1.00 –

BMI before pregnancy

<18.5 (lower body weight) 1.00 – 1.00 – 1.00 –
18.5–24.9 (normal body weight) 1.58 0.76–3.26 0.99 0.50–1.96 1.55 0.56–4.30

25–29.9 (overweight) 1.87 0.85–4.13 1.46 0.70–3.02 2.31 0.81–6.59
≥30 (obesity) 5.86 1.43–24.10 2.86 1.05–7.80 3.25 0.93–11.37

Individual monthly income (RMB)
Less than 3,000 – – 1.00 – – –

3,000–5,000 – – 0.54 0.26–1.14 – –

5,001–10,000 – – 0.76 0.37–1.54 – –
Over 10,000 – – 0.59 0.28–1.26 – –

Notes: LR(a): Multi-variate logistic regression for percentage of abnormal PG test times with P25 cutoff values among GDM women, with the adjustment of education and 
BMI before pregnancy (covariates adjusted during the logistic regression were selected by Directed Acyclic Graph (DAG) method). LR(b): Multi-variate logistic regression 
for percentage of abnormal PG test times with P50 cutoff values among GDM women, with the adjustment of education, BMI before pregnancy and individual monthly 
income (covariates adjusted during the logistic regression were selected by Directed Acyclic Graph (DAG) method). LR(c): Multivariate logistic regression for percentage of 
abnormal PG test times with P75 cutoff values among GDM women, with the adjustment of education and BMI before pregnancy (covariates adjusted during the logistic 
regression were selected by Directed Acyclic Graph (DAG) method).
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60 minutes per day (480 minutes/week) might not be 
enough for good glycemic control among GDM women 
with over 70% abnormal plasma glucose. So supplemented 
measures such as insulin and glucose control drugs should 
be provided for GDM women with high abnormal plasma 
glucose, and obstetrician, gynecologist and other obstetric 
care provider should evaluate their medical and obstetric 
complications carefully before making recommendations 
and adjusted as medically indicated.13,26

This study is the first attempt to estimate the associa-
tion of the total moderate intensity physical exercise times 
and the percentage of abnormal PG (glycemic control) 
among women with GDM in Shanghai, China. 
A strength of this study is the GDM women cohort with 
a large population size. We included 1,050 women with 
GDM, accounting for around 70% of total GDM women in 
a year in Songjiang District, Shanghai. In this study, infor-
mation for pregnancy and childbirth history, morning 

plasma glucose in fasting state as well as 2-hour after 
breakfast during routine antenatal checkup were extracted 
directly from the delivery records and routine antenatal 
checkup forms in hospital, which contributed to 
a relatively lower recall bias. Meanwhile, we 
used directed acyclic graphs (DAGs) to identify potential 
confounders and then adjusted them in the logistic regres-
sion analysis,19,20 which ensures a relatively unbiased 
association between physical exercise times and the per-
centage of abnormal PG, which is another strength of this 
study.

Our study also has limitations. First, physical exer-
cise was evaluated by a self-designed form covering 20 
types of physical exercise, the finding of moderate phy-
sical exercise times in this study has limited direct 
comparability with MET (hour/week or minutes/week) 
produced by The Pregnancy Physical Activity 
Questionnaire (PPAQ) in previous studies. Therefore, 

Figure 3 The difference of abnormal plasma glucose percentage among GDM women between physical exercise <150 minutes/week and ≥150 minutes/week, <30 minutes/ 
day and ≥30 minutes/day, as well as <60 minutes/day and ≥60 minutes/day, in four groups with abnormal PG percentage classified by interquartiles of P25, P50, and P75.
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future studies with the incorporation of a compendium 
of physical activities could improve the in-depth data 
analysis and the comparability with previous studies.31 

Second, information of physical exercise among GDM 
women was self-reported, which might result in over- 
reporting, and equal proportion misclassification of 
women in quartile from inactive to active level due to 
the prospective cohort study design, leading to 
a potential risk of underestimating the odds ratios.32 

Third, a detailed diet assessment of women with GDM 
was not performed in this study, the combined effort of 
diet and physical exercise could not be investigated. So 
the incorporation of some improvements should be con-
sidered in further follow-up studies.

Conclusions
This study indicated high physical exercise times as well 
as a high abnormal PG percentage among women with 
GDM in Shanghai, China. GDM women with more phy-
sical exercise times had a lower percentage of abnormal 
PG, especially among GDM women with exercise times 
≥60 minutes per day, and supplementary treatments should 
be provided for GDM women with over 70% abnormal 
plasma glucose.
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