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ABSTRACT

Introduction To date, the effects of resistance exercise
on diabetes-related parameters (blood glucose level

and insulin use) and pregnancy outcome in participants
with gestational diabetes mellitus (GDM) have not been
compared with those of aerobic exercise. To investigate
the effect of resistance exercise versus aerobic exercise on
blood glucose level, insulin utilization rate, and pregnancy
outcome in patients with GDM.

Research design and methods From December 2019
to December 2020, 100 pregnant women with GDM were
selected and divided into a resistance exercise group

(49 patients) and an aerobic exercise group (51 patients)
randomly. The aerobic exercise group received an aerobic
exercise intervention, while the resistance exercise group
received a resistance exercise intervention. Both groups
received exercise intervention for 50-60 min, 3 times

per week, lasting for 6 weeks. In addition, patients in
both groups received the same routine care, including
personalized dietary intervention, online education, and
school courses for pregnant women.

Results The blood glucose level in the resistance exercise
group and the aerobic exercise group was lower after the
intervention than before the intervention (p<0.05). After
the intervention, no significant differences were observed
in the fasting blood glucose level, insulin utilization rate,
and incidence of adverse pregnancy outcomes between
the two groups (p>0.05); however, significant differences
were noted in 2-hour postprandial blood glucose level and
exercise compliance between the two groups (p<0.05),
with the resistance exercise group showing better
outcomes than the aerobic exercise group.

Conclusions Resistance exercise is more compliant for
pregnant women with GDM than aerobic exercise; hence,
it is necessary to popularize resistance exercise in this
specific population group. Long-term effects of resistance
exercise should be evaluated in future studies.

Trial registration number ChiCTR 1900027929.

INTRODUCTION

Gestational diabetes mellitus (GDM) refers
to any degree of abnormal glucose toler-
ance first detected during pregnancy,’ and it
accounts for approximately 90%-95% of the
total number of women with hyperglycemia

,* Meijing Zhao,* Huibin Huang,® Chunhong Liu,°

Significance of this study

What is already known about this subject?

» Globally, gestational diabetes mellitus (GDM) inci-
dence is increasing each year.

» GDM can increase the risk of adverse outcomes and
type 2 diabetes mellitus (DM) in pregnant women
and their offspring.

» Comparison of the effects of aerobic exercise and
resistance exercise on improving hemoglobin Alc
levels in patients with type 2 DM has been reported;
however, such comparison in patients with GDM is
lacking.

What are the new findings?

» The effects of moderate intensity aerobic exercise
and resistance exercise on patients with GDM were
compared.

» The resistance exercise group showed better post-
prandial blood glucose and exercise compliance
than the aerobic exercise group.

» Resistance exercise is a feasible non-drug interven-
tion for patients with GDM.

How might these results change the focus of

research or clinical practice?

» Early intervention in pregnant women at high risk for
GDM can be used to determine whether resistance
exercise helps to prevent the development of GDM.

» Detailed studies on the form, intensity, and frequen-
cy of the best type of resistance exercise should
be conducted to determine effective prevention
strategies.

during pregnancy.® The incidence of GDM
is increasing each year worldwide, and the
prevalence in low-income and middle-income
countries has increased by >30% in the last
20 years.” GDM can lead to increased risk of
adverse pregnancy outcomes such as preterm
delivery, fetal respiratory distress, and fetal
macrosomia,’ ° and significantly increases
the risk of type 2 diabetes mellitus (DM) in
pregnant women at 5-10 years after delivery®
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and the risk of obesity and diabetes in offspring.” So, it
is critical to prevent the adverse outcomes of GDM on
pregnant women.

A Diabetes Prevention Program (DPP) study showed
that lifestyle intervention can reduce the incidence of
developing diabetes in patients with GDM by 35.2%.°
Dietary intervention is usually the most basic lifestyle
intervention for patients with GDM, and exercise inter-
vention includes aerobic and resistance exercise.’
Aerobic exercise is activity that raises your heart rate
by working large muscle groups for a certain amount
of time, including cycling, jogging, and brisk walking,'’
most of which require patients to conduct a wide range
of whole-body muscle activities outdoors. Researchs have
shown that aerobic exercise has an effective effect on
the blood glucose level, insulin dosage, and pregnancy
outcome of patients with GDM."!

Compared with aerobic exercise, resistance exercise
is a relatively new exercise intervention for patients with
GDM and has been used only recently in these patients.
Consequently, there are very few studies on the applica-
tion of this exercise in this population group in China
and abroad. Resistance exercise involves an autonomous
exercise in which large muscle groups are contracted by
overcoming external resistance in the resting state, which
helps to exercise skeletal muscle and reduce fat content,
and it is not subject to venue and seasonal restrictions.'?
At present, relevant studies" ™ have confirmed that
this exercise is helpful to promote insulin secretion and
reduce blood glucose level and the incidence of adverse
pregnancy outcomes in patients with GDM.

To date, the effects of aerobic exercise and resistance
exercise on improving hemoglobin Alc levels have been
compared in patients with type 2 DM'®; however, similar
comparison studies of the effects of these two types of
exercises on patients with GDM are lacking in China and
abroad. Aerobic exercise is currently more prevalent in
this population than resistance exercise; however, resis-
tance exercise might be easier to perform for patients
with GDM. Because women generally undergo GDM
screening at 24-28 weeks of gestation," the fetus in this
stage is growing continuously in the mother, and its phys-
ical load on the mother causes limited activity, this is
particularly true for pregnant women with GDM who
need to stay in bed to protect the fetus. Consequently,
it becomes difficult for these women to perform aerobic
exercise with a large range of activity at this time. Resis-
tance exercise can be performed at home or even in bed
by exerting force on the body to carry out basic move-
ment exercises. The movement process is relatively
stable, which helps to avoid the discomfort caused by the
forward shift of the center of gravity in late pregnancy;
thus, patients with GDM may find it more comfortable
and easier to adhere to a resistance exercise program.'’
The present study aimed to investigate the effect and
compliance difference between resistance exercise and
aerobic exercise for patients with GDM, so that these
patients can have a complete understanding of resistance

exercise and choose more different exercise methods;
it will also help to promote the application of resistance
exercise in patients with GDM. The hypothesis of this
study is that resistance exercise induces effects that are
comparable to those of aerobic exercise on blood glucose
level, insulin usage, and adverse pregnancy outcomes in
patients with GDM.

RESEARCH METHODS

Research design

In this study, from December 2019 to December 2020,
a convenience sampling method was used to enroll
patients with GDM who came for prenatal follow-up in
the high-risk obstetrics department and endocrinology
department in a class 3 firstlevel general hospital in
China. A randomized controlled trial was conducted to
compare the effects of resistance exercise and aerobic
exercise on patients with GDM. This research team is
mainly engaged in the exercise and diet research of GDM
and the methods of the study is similar to our previously
published work."”

Research subjects

Inclusion criteria for study subjects were as follows: (1)
those diagnosed with GDM on the basis of the oral glucose
tolerance test, which was published by the International
Association of Diabetes and Pregnancy Study Groups in
2010;"® (2) age between 20 and 40 years; (3) gestational
age between 24 and 31 weeks, with the upper limit of
gestational age at inclusion set at 31 weeks to allow for
at least 6 weeks of intervention; (4) single pregnancy;
(5) body mass index (BMI) <40 kg/mg; and (6) having
complete cognitive and behavioral abilities. Exclusion
criteria were as follows: (1) previous abortion history; (2)
participation in other planned and supervised exercise
programs or research activity during this research period;
and (3) patients with severe obstetric contraindications
and complications listed in the Canadian Guidelines for
the Activities of Pregnant Women. "

Non-members of the research group (who were
unaware of the research design) used the SPSS soft-
ware program to generate a set of random number
sequences. The research group members input the
random numbers into sequentially coded, opaque, and
sealed envelopes. The random numbers were arranged
in odd or even groups, with the odd number as the resis-
tance exercise group and the even number as the aerobic
exercise group. Finally, 49 patients were included in the
resistance exercise group, and 51 patients were included
in the aerobic exercise group.

Sample size

The present study referred to the study by Brankston et
al, whose intervention measures and outcome indicators
were similar to those of the present study, and the sample
size was calculated based on blood glucose indicators.'
The significance level 0=0.05and the test efficiency 1-
B=0.8 were set for bilateral test. So, 38 patients were
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required in each group. Assuming a 20% lost to follow-up
rate, 48 subjects would be needed for inclusion in each

group.

Intervention

Exercise intervention

The two groups of participants underwent different exer-
cise intervention measures: the resistance exercise group
adopted the resistance exercise intervention, while the
aerobic exercise group adopted the aerobic exercise
intervention. A face-to-face interview with the patients
was conducted in this study. Because the exercise plan
of the patients in this study requires them to visit the
maternity activity classroom of the hospital for exer-
cise, the interviews were conducted after each exercise
session. The two groups of patients received group exer-
cise intervention in different activity rooms for pregnant
participants. Each intervention was performed by three
members of this research group, and assisted by a sports
medicine expert. The intervention period was at least 6
weeks in duration, spanning from the diagnosis of GDM
to the delivery of child. To ensure that patients in the two
groups received equal attention, the frequency, interval,
intensity, timing and duration of exercise were as consis-
tent as possible."” '* Patients in both groups were required
to perform at least 18 activities 3 times per week for 6
weeks. In the research, the minimum acceptable number
of exercises during the period from enrollment to full-
term pregnancy (37 weeks gestation) was set as 70% of
the number of interventions, that is, at least 13 interven-
tions were completed.” The exercise intervention in the
aerobic exercise group was performed as aerobic exer-
cise, which mainly included step walking, neck stretching
exercise, arm stretching exercise, leg exercise, etc.? In
the resistance exercise group, resistance exercises for
upper and lower limb muscle training were adopted,
including elbow flexion exercise, ankle extension exer-
cise, resistance exercise of the upper limb, leg lift exercise,
upper limb dorsiflexion exercise, and leg abduction exer-
cise.”” '* On site, the sports medicine experts provided
organized exercise guidance to the patients and taught
the basic movements of this sport.”' The exercise session
was set to 50-60min in accordance with the guidelines
of the American College of Obstetricians and Gynecol-
ogists for exercise during pregnancy and post partum.1
At the end of each session, the patients were allowed to
stretch for 5min, followed by a short relaxation session to
completely relax all the muscles. During the first 2weeks
of the intervention, two sets of exercises were repeated
twice for each body part. In the third week, exercise
for each body part was repeated 3 times and two sets of
exercises were performed. From the fourth week to the
delivery, exercise for each body part was repeated 4 times
and two sets of exercises were performed.

Exercise guidelines for pregnant women in most
countries recommend moderate intensity exercise.! '
Therefore, in the intervention process, the heart rate
of patients was measured using an exercise bracelet.

Moderate exercise intensity was assessed using the subjec-
tive rating of perceived exertion (Borg Scale) combined
with the readings from the exercise bracelet.''”** Subjects
are required to monitor heart rate during exercise, then
ensure that the heart rate does not exceed 140 beats/
min to maintain moderate intensity."” In Borg Scale,
women’s score of moderate intensity during exercise
should reach 13-14, which corresponds to the percep-
tion of movement involving ‘a little exertion’.*’ During
the intervention process, the patients were observed for
any adverse events such as dyspnea, premature rupture of
membranes, vaginal bleeding and other uncomfortable
symptoms; if such adverse events occurred, the patients
were asked to stop exercising and received timely treat-
ment from gynecologists and endocrinologists in the
research team.

Routine nursing measures

Patients in both groups received the same routine
nursing measures, including personalized dietary
intervention, online education, and school courses for
pregnant women. Dietitians and nurses for patients
with diabetes developed individualized dietary inter-
vention plans according to the blood glucose level,
BMI, and other health conditions of the patients.
The patients were simultaneously educated on blood
glucose monitoring, weight control, maintenance
of food diary, and other dietary aspects. The basic
principles of the diet were in accordance with the
nutritional guidelines of the American Diabetes Asso-
ciation:” the diet consisted of 50% carbohydrates, 20%
protein, and 30% fat and was divided between three
main meals and three snacks per day. The research
group members established an online public account
for providing pregnancy-related knowledge and
formed WeChat groups for both groups of patients.
Open school courses for pregnant women included
scientific confinement, neonatal breast feeding, and
other details related to pregnancy and childbirth.

Observation indices

The observation data of the patients during the
study period were collected by the team members,
the medical staff in the obstetric clinic, and the ward
staff. The relevant personnel were trained before data
collection, and the data collectors were blinded to the
grouping and intervention of this study.

A self-designed questionnaire was used to collect
general information of participants before the
intervention, including basic information and
disease-related information. Among the observation
indicators during the intervention, blood glucose
level was the primary outcome, while other parame-
ters were secondary outcome. The following indica-
tors were monitored: (1) blood glucose level: fasting
blood glucose level and average blood glucose level
at 2hours after three meals were measured. The
glucose meter and the test strips were uniformly
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configured to measure the blood glucose level of
patients, and the technicians calibrated and main-
tained these glucose meter each month. During the
intervention, all patients were required to measure
blood glucose levels regularly, and each measurement
value included the fasting level and the 2-hour post-
prandial level after three meals; (2) patient compli-
ance: the number of visits to the hospital for exercise
intervention during the study period was recorded
to evaluate exercise compliance of the patients. To
ensure the optimal effect of the intervention, patients
were required to complete at least 13 interventions®;
(3) adverse events: the number of adverse events
that occurred during the exercise intervention was
recorded, particularly regarding whether the patients
experienced discomfort during the intervention;
(4) insulin use: the number of patients using insulin
during the intervention and the amount of insulin
used in the two groups were monitored. According
to Guidelines of the American Diabetes Associa-
tion,” insulin therapy was initiated for all patients
in the two groups if they consistently exceeded any
of the target blood glucose values during the exer-
cise and diet intervention program: fasting blood
glucose level did not exceed 5.3 mmol/L, and 2-hour
postprandial blood glucose level did not exceed 6.7
mmol/L. Insulin treatment was tailored by the team’s
endocrinologists and obstetricians. If patients are
still hyperglycemic 1 week after the intervention, they
are treated with insulin, usually with basal-bolus and
insulin dose is calculated based on blood glucose and
body weight. For the estimation of mean glucose, at
least seven determinations were considered. Patients
were required to continue monitoring their blood
glucose levels during insulin treatment. For patients
with exercise and diet control, if the blood glucose
level did not meet the standard, insulin treatment was
required throughout the pregnancy; and (5) preg-
nancy outcome: maternal and neonatal complications
during delivery were recorded.

Data analysis

Microsoft Excel 2013 and IBM SPSS Statistics V.22.0 soft-
ware were used for data entry and statistical analysis. First,
all variables of baseline data were statistically defined,
and measurement data were expressed as mean+SD or
median and IQR. Count data were expressed as frequency
and percentage. Paired ttests were used to compare
blood glucose levels before and after the intervention.
Comparison of baseline and intervention data between
the groups was performed as follows: for normally distrib-
uted measurement data such as blood glucose level
and insulin use, two independent samples t-tests were
performed. Count data related to adverse pregnancy
outcomes such as preterm delivery were analyzed using
the ” test or Fisher’s exact test. For all tests, p<0.05 was
considered to be statistically significant.

Total Recruitment
(n=152)
Refuse to participate in research
(n=32)
Do not meet the entry criteria
Meset the criteria for (n=20)

inclusion and sign the
informed consent (n=100)

Baseline measurement,
randomization (n=100)

| |

AE group (n=51) : RE group (n=49) :
Aerobic exercise + usual Resistance exercise + usual
care care

A4 v

Loss to follow-up (n=8) : Loss to follow-up (n=6) :

*poor exercise compliance Ppoor exercise compliance

(n=8) (n=1)

rout-of-hospital delivery lost
contact (n=3)

punknown reason (n=2)

}

Participation in the complete
study and follow-up: (n=43)

Participation in the complete
study and follow-up: (n=43)

Figure 1 Flow chart of patients included, grouped, and lost
to follow-up. AE, aerobic exercise; RE, resistance exercise.

RESULTS

Comparison of general data of patients with GDM between
the two groups

This study included 100 patients, of whom 49 patients
were included in the resistance exercise group and 51
patients in the aerobic exercise group. In the resistance
exercise group, one patient was lost to follow-up due
to poor intervention compliance, and five patients did
not deliver in this hospital or chose to withdraw from
the program midway. Eight patients in the aerobic exer-
cise group were lost to follow-up due to poor interven-
tion compliance. Therefore, 43 patients in each group
completed this study. The flow chart of patient inclusion
and grouping is shown in figure 1. No adverse events
such as vaginal bleeding occurred in both groups during
the intervention period. There was no significant differ-
ence in general data between the two groups (p>0.05)
(table 1). Forty-eight patients (97.96%) and 43 patients
(84.31%) satisfied the compliance standards in the resis-
tance exercise and aerobic exercise groups, respectively.
The difference in compliance between the two groups
was statistically significant (p=0.031).

Comparison of fasting and 2-hour postprandial blood glucose
levels between the two groups

Blood glucose levels before and after the intervention between the
two groups

A paired t-test was used to compare the average periph-
eral fasting blood glucose level (t=2.090, p=0.043) and
the average 2-hour postprandial blood glucose level
(t=4.758, p<0.001) in the resistance exercise group
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Table 1 Comparison of general characteristics of patients with GDM between the two groups
RE group AE group
Project n=43 n=43 Test value P value
Age (years, X+s) 31.84+5.19 31.47+4.06 0.370" 0.712
Education (n, % ) Primary school 2 (4.6) Primary school 0 (0.0) -t 0.229
Junior high school 6 Junior high school 5
(14.0) (11.6)
Technical secondary Technical secondary
school to high school 7 school to high school 3
(16.3) (7.0)
College and above 28 College and above 35
(65.1) (81.4)
Parity number (parity, M, 1(1-2) 2(1-2) 0.501* 0.617
IQR)
Family history of diabetes 1.833% 0.176
(n, %)
Yes 11 (25.6) 6 (14.0)
No 32 (74.4) 37 (86.0)
History of cesarean section 1.042% 0.307
(n, %)
Yes 12 (27.9) 8 (18.6)
No 31 (72.1) 35 (81.4)
Current gestational age 28.02+2.01 28.14+2.00 -0.270" 0.788
(weeks, X+s)
Height (m, X+s) 1.60+0.05 1.60+0.05 -0.023* 0.982
Weight before pregnancy 59.43+15.78 59.25+11.42 0.061* 0.951
(kg, Xxs)
BMI before pregnancy (kg/ 23.03+5.22 23.08+3.68 —-0.050" 0.960
2 —
m°<, X£s)
Gestational age at diagnosis 25.30+1.61 25.05+1.33 0.804* 0.424
of GDM (weeks, X+s)
Weight at diagnosis of GDM 65.67+12.57 65.11+13.67 0.196* 0.845
(kg, X=s)
OGTT: fasting blood glucose 5.05+0.51 4.93+0.46 1.167* 0.247
(mmol/L, X+s)
OGTT: 1-hour postprandial 10.09+1.40 10.01+1.28 0.283* 0.778
blood glucose (mmol/L, X+s)
OGTT: 2-hour postprandial 8.48+1.28 8.56+1.17 -0.291* 0.772
blood glucose (mmol/L, X+s)
Pre-intervention fasting 5.29+0.65 5.28+0.61 0.063* 0.950
blood glucose (mmol/L, X+s)
Pre-intervention 2-hour 6.53+0.51 6.48+0.41 0.527* 0.599

postprandial blood glucose
(mmol/L, X+s)

*t-value.

tFisher’s exact test.

X2 value.

AE, aerobic exercise; BMI, body mass index; GDM, gestational diabetes mellitus; OGTT, glucose tolerance test; RE, resistance exercise.

before and after the intervention, and the differences
were statistically significant. And a paired t-test was also
used to compare the fasting blood glucose level (t=2.236,
p=0.031) and the 2-hour postprandial blood glucose
level (t=3.789, p<0.001) of the aerobic exercise group
before and after the intervention, and the difference was

statistically significant. The results for both groups are
shown in table 2.

Blood glucose level after the intervention between the two groups
Two independent samples t-tests were performed to
compare the average peripheral fasting blood glucose

BMJ Open Diab Res Care 2022;10:¢002622. doi:10.1136/bmjdrc-2021-002622
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Table 2 Comparison of blood glucose levels in the two groups before and after intervention

Parameter RE group n=43 t-test P value AE group n=43 t-test P value
Mean fasting Before intervention 2.090 0.043 Before intervention 2.236 0.031
glucose (mmol/L, 5.29+0.65 5.28+0.61
X) After intervention After intervention

5.08+0.29 5.05+0.31
Mean 2-hour Before intervention 4.758 0.000 Before intervention 3.789 0.000
postprandial blood  6.53+0.51 6.48+0.41
glucose (mmol/L,  After intervention After intervention
X+$) 6.03+0.34 6.19+0.31

The number of determinations of the mean fasting glucose levels in the RE group and the AE group before intervention was 43 and 49,

respectively. The number of determinations of 2-hour postprandial blood glucose level in the RE group and the AE group was 128 and 135,
respectively. The number of determinations of the mean fasting glucose levels in the RE group and the AE group after intervention was 301
and 295, respectively. The number of determinations of 2-hour postprandial blood glucose level in the RE group and the AE group was 900

and 888, respectively.
AE, aerobic exercise; RE, resistance exercise.

level of patients in two groups after the intervention, and
the difference was not statistically significant (t=0.506,
p=0.614); however, the difference in the average 2-hour
postprandial blood glucose level between the two groups
was statistically significant (t=-2.384, p=0.019). The
results are shown in table 3.

Insulin use in the two groups during the intervention

Fisher’s exact test was used to compare the number of
patients using insulin between the two groups during the
intervention. The results showed no statistically signif-
icant difference in insulin use between the two groups
during the intervention (p=1.000), with one patient in
each group (2.3%) using insulin during the interven-
tion. The mean insulin use was 14.19 and 12.04 U/day
in the resistance exercise and aerobic exercise groups,
respectively.

Comparison of pregnancy outcomes between the two groups
In the present study, the x2 test, Fisher’s exact test, and
two independent samples t-tests were used to compare
adverse pregnancy outcomes of patients in the two
groups after the intervention and after loss to follow-up.
The results showed no significant difference in preg-
nancy outcomes between the two groups (p>0.05). The
10 min Apgar score for newborns was 10 in both groups.
The results are shown in table 4.

DISCUSSION
Moderate intensity exercise is safe for patients with GDM,
and compliance to resistance exercise is higher than that to
aerobic exercise
In the present study, nine patients showed low exercise
compliance, including one patient in the resistance exer-
cise group and eight patients in the aerobic exercise
group. The results showed that exercise compliance in
the resistance exercise group was better than that in the
aerobic exercise group (p=0.031). According to previous
studies, the main exercise methods for patients with GDM
are still aerobic and resistance exercise. However, for
patients with GDM in late pregnancy, the physical load
caused by the fetus to the mother limits their activities,
thereby making it difficult for them to perform aerobic
exercise, whereas resistance exercise can be carried
out in sitting position or even while lying on the bed
through basic movement exercises. Thus, resistance exer-
cise might be a better option for patients with GDM to
perform exercise.® Therefore, it is necessary to promote
the use of resistance exercise in future clinical practice.
In this study, no adverse events such as dyspnea
occurred in the two groups of patients during the exer-
cise intervention period; this also indicates that moderate
intensity exercise is safe for women with GDM. Presently,
there is no evidence that resistance exercise or aerobic
exercise causes adverse effects on women with GDM and

Table 3 Comparison of blood glucose levels after intervention between the two groups of patients with GDM

Glycemic levels within

Parameter RE group n=43 AE group n=43 t-test P value the targets
Mean fasting glucose 5.08+0.29 5.05+0.31 0.506 0.614 97.67%
(mmol/L, X+s)

Mean 2-hour 6.03+0.34 6.19+0.31 -2.384 0.019 97.67%

postprandial blood
glucose (mmol/L, X+s)

AE, aerobic exercise; GDM, gestational diabetes mellitus; RE, resistance exercise.
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Table 4 Comparison of pregnancy outcomes between the two groups of patients with GDM

Parameter RE group, n=43 AE group, n=43 Test value P value
Premature rupture of membranes (n, %) 6 (14.0) 9 (20.9) 0.727* 0.394
Preterm birth (n, %) 7 (16.3) 1(2.3) -t 0.058
Prolonged labor (n, %) 2 (4.7) 1(2.3) -t 1.000
Instrumental labor (n, %) 1(2.3) 0 -t 1.000
Cesarean section (n, %) 21 (48.8) 16 (37.2) 1.186* 0.276
Macrosomia (n, %) 2(4.7) 3(7.0) -t 1.000
Newborn weight (g, X+s) 3112.79+420.52 3237.91+419.05 -1.382% 0.171
Newborn body length (cm, X+s) 49.79+1.06 49.88+0.66 -0.488% 0.627
Neonatal BMI (kg/m?, X+s) 12.52+1.29 12.99+1.47 -1.582% 0.117
Neonatal 1 min Apgar (points, X+s) 9.84+0.75 9.72+1.18 0.544% 0.588
Neonatal 5min Apgar (points, X+s) 9.95+0.21 9.93+0.34 0.382% 0.704
Fetal distress (n, %) 1(2.3) 0 -t 1.000
Neonatal asphyxia (n, %) 1(2.3) 1(2.3) -t 1.000
Neonatal jaundice 1(2.3) 0 ol 1.000
*¥2 value.

tFisher’s exact test.

Ft-value.

AE, aerobic exercise; BMI, body mass index; RE, resistance exercise.

their infants, and it does not increase the incidence of
adverse pregnancy outcomes such as neonatal hyperbil-
irubinemia, macrosomia, and cesarean section,!* 15 2426
Previous studies have also shown that a lack of exercise
during pregnancy can increase the incidence of depres-
sion, anxiety, etc,27_29 indicating that exercise for women
with GDM is safe to a certain extent and conducive to

their happiness.

Compared with aerobic exercise, resistance exercise has a
better effect on reducing 2-hour postprandial blood glucose
level in women with GDM

The results of this study showed that both aerobic exer-
cise and resistance exercise were helpful to reduce the
average fasting and 2-hour postprandial blood glucose
levels of patients with GDM (p<0.05, see table 2), and resis-
tance exercise showed a better effect on reducing 2-hour
postprandial blood glucose level (p<0.05, see table 3).
There was no significant difference in the fasting blood
glucose level and number of insulin users between the
two groups after the intervention (p>0.05). In addition,
the difference in the mean insulin use between the two
groups was very small. Because only one person in each
group took insulin, more samples are needed to verify
the results in the future. Thus far, studies have reported
relatively consistent findings on the positive effects of
resistance exercise and aerobic exercise on blood glucose
level and insulin use, respectively,” ** and the findings of
the present study agreed with those of previous studies.
Resistance exercise can promote skeletal muscle cells to
increase the utilization and uptake of glucose, enhance
glucose phosphorylation in muscle cells, promote the
conversion of blood glucose to monosaccharide, maintain

the insulin secretion and balance of glucose, and ulti-
mately reduce blood glucose level.” ** Aerobic exercise
may enhance the muscle’s glucose uptake by enhancing
its insulin secreting activity, thereby improving blood
glucose level and insulin use.*’

The effects of resistance exercise and aerobic exercise
on blood glucose levels have been compared in patients
with type 2 DM; however, no consistent results were
obtained.'” These differences may be related to the length
of exercise intervention cycle and different forms of orga-
nizational exercise. For women with GDM, however, there
are no previous studies on the effect of different forms of
exercise on insulin use and blood glucose level. In the
present study, the difference in the 2-hour postprandial
blood glucose level between the two groups of patients
after the intervention showed that resistance exercise is
more effective than aerobic exercise to reduce postpran-
dial blood sugar level. In this study, the patients under-
went the exercise program at the hospital. To reduce the
incidence of hypoglycemia during exercise, the patients
performed exercise after meals, which may have a greater
impact on postprandial blood glucose level in the two
groups. This might be because in patients with GDM,
the enlarged belly before labor restricts the body move-
ment due to the fetus load.'” This largely makes it diffi-
cult to perform aerobics; in contrast, resistance exercise
through basic movements is easier to perform. Thus, the
compliance of the resistance exercise group was higher
than that of the aerobic exercise group, leading to the
difference in results. Because the sample size of this study
was small and the study was limited to only one hospital,
a multicenter randomized controlled trial should be
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conducted for further verification of this result. Specific
resistance exercise programs can be chosen according
to the physical characteristics of each individual; thus,
clinical staff can develop and recommend safe and indi-
vidualized specific resistance exercise programs to meet
the exercise preferences and musculoskeletal limitations
of patients with GDM, including intensity, timing, mode,
and frequency. This may be more helpful to improve
exercise compliance of pregnant women.”

No significant difference was observed between resistance
exercise and aerobic exercise in reducing the incidence of
adverse pregnancy outcomes in women with GDM

In this study, the pregnancy outcome of the two groups
was compared. The results showed no difference in the
effect of aerobic exercise and resistance exercise on
pregnancy outcome (p>0.05, see table 4). The number
of patients who underwent cesarean section in the two
groups was 37, among which 20 patients had a history
of cesarean section (scar uterus) before participating in
the study, thus, they had to undergo cesarean section
again in this delivery (the research team also chose to
perform cesarean section again for pregnant women with
scar uterus to reduce the risk of uterine rupture). The
main reasons for cesarean section in other patients are:
macrosomia occurred in five patients; two patients had
prolonged labor; fetal malposition was observed in eight
patients and two patients had neonatal asphyxia. Seven
patients were performed for loss of fetal well-being. Two
patients were emergency and 33 were scheduled. One
patient underwent instrumental delivery because of
prolonged labor. The number of tears in the two groups
was 10, with two due to large fetal head, three due to
narrow pelvic outlet, three due to perineal inflammation
and two due to acute labor. Chen and Yang performed a
meta-analysis to determine the effects of different forms
of exercise intervention on patients with GDM, and the
results showed that both aerobic exercise and resistance
exercise could reduce the incidence of macrosomia and
cesarean section in patients with GDM.”® However, the
study by Chen and Yang lacked a comparative investiga-
tion of the effects of the two exercise programs on adverse
pregnancy outcomes in patients with GDM. The results
of the present study showed that resistance exercise did
not contribute more to adverse pregnancy outcomes in
patients with GDM than aerobic exercise. Although the
results of this study showed no significant difference in
the incidence of pregnancy outcomes between the two
groups, the results were based on a small sample size;
hence, future multicenter studies will be beneficial to
further verify the results. However, considering the phys-
ical characteristics of patients with GDM in late preg-
nancy and their high compliance, resistance exercise can
still be promoted in the future to provide a reference
for medical staff to develop a feasible exercise program.
GDM pregnancy health management centers can also
be established in the communities to improve the preg-
nancy outcome of patients with GDM. In addition, the

follow-up of postpartum women and newborns can be
prolonged in the future to evaluate the difference in the
effect of aerobic and resistance exercise on patients with
GDM after long-term intervention.

LIMITATIONS

At present, the compliance of pregnant women with
GDM to exercise is still low globally; hence, it was diffi-
cult to ensure that the two groups of patients received
exactly the same number of exercise interventions in
this study, and further studies are required to determine
whether this issue affects study results. Although the
exercise intervention program was carried out only in the
hospital, the researchers did not organize the exercise
program again after the patients went home; therefore,
itis hard to make a statistical comparison on whether the
participants performed exercise autonomously after they
going home. Moreover, the study was voluntary; thus, it
was likely to be limited to patients who were more aware
of their conditions and more willing to adhere to lifestyle
changes. Moreover, many patients expressed that they
did not want to undergo more invasive tests. In addition,
doctors in this study did not consider the detection of
insulin level and homeostasis model assessment-insulin
resistance as routine examination items for patients with
GDM,; thus, this is a limitation that these indicators were
not detected in the study patients considering that phys-
ical exercise improves insulin resistance. The research
team also gave the same dietary intervention guidance
to the two groups of patients. Although there was no
significant difference in the nutritional compliance of
the two groups of patients, the patients’ compliance with
dietary intervention at home was evaluated on the basis
of only the self-reported data of patients during face-to-
face interviews conducted in the hospital each time. This
study measured the body weight of the two groups before
pregnancy and at the time of diagnosis of GDM, but
did not measure the body weight of all patients before
delivery.

FUTURE DIRECTIONS

Postpartum follow-up studies should be conducted to
further prove the long-term effects of resistance exer-
cise and aerobic exercise intervention on mothers, and
infants in the future. Early intervention in pregnant
women at high risk for GDM can also be used to deter-
mine whether resistance exercise helps to prevent the
development of GDM. Because of the lack of relevant
studies on resistance exercise in women with GDM and
the lack of a unified global guideline for GDM exercise,
no research studies have been conducted to determine
the best resistance exercise scheme. Therefore, detailed
studies on the form, intensity, and frequency of the best
type of resistance exercise should be conducted to deter-
mine effective prevention strategies and reduce national
healthcare costs.
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CONCLUSIONS

Resistance exercise is easier to perform, has better
compliance, and is conducive to adherence during preg-
nancy and even in the postpartum period. It is partic-
ularly important that non-drug interventions control
blood sugar levels in pregnancy, and there is a need to
attend to this issue in the case of patients with GDM in
the future.

Author affiliations

"Nursing Department, Second Affiliated Hospital of Fujian Medical University,
Quanzhou, Fujian, China

2School of Nursing, Fujian Medical University, Fuzhou, China

%Clinical Nursing Teaching and Research Department, Second Affiliated Hospital of
Fujian Medical University, Quanzhou, Fujian, China

*Gynaecology and Obstetrics Department, Second Affiliated Hospital of Fujian
Medical University, Quanzhou, Fujian, China

SEndocrinology Department, Second Affiliated Hospital of Fujian Medical University,
Quanzhou, Fujian, China

6Outpatient Department, Second Affiliated Hospital of Fujian Medical University,
Quanzhou, Fujian, China

Contributors Study concept and guidance: HZ. Research design: YX, HZ, MZ, HH,
CL, FH, JW. Data collection and statistical analysis: YX, HZ, MZ, HH, CL, FH, JW.
Writing manuscript: HZ, YX. Critical revision of the manuscript and guidance: HZ,
YX. Guarantor : HZ.

Funding This research was funded from the Quanzhou Science and Technology
Plan Project in China (2018N036S).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval Informed consent was obtained from the study subjects, and
the study was approved by the ethics committee of the Second Affiliated Hospital
of Fujian Medical University (approval number: No. 54, 2019). Participants gave
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Huifen Zhao http://orcid.org/0000-0001-6943-1181

REFERENCES

1 American College of Obstetricians and Gynecologists. Practice
bulletin No. 180 summary: gestational diabetes mellitus. Obstet
Gynecol 2017;130:244-6.

2 Sklempe Kokic I, Ivanisevic M, Biolo G, et al. Combination
of a structured aerobic and resistance exercise improves
glycaemic control in pregnant women diagnosed with gestational
diabetes mellitus. A randomised controlled trial. Women Birth
2018;31:€232-8.

3 ZhuY, Zhang C. Prevalence of gestational diabetes and risk of
progression to type 2 diabetes: a global perspective. Curr Diab Rep
2016;16:7.

4 American Diabetes Association. 13. Management of Diabetes in
Pregnancy: Standards of Medical Care in Diabetes-2018. Diabetes
Care 2018;41:5137-43.

5 Mottola MF, Artal R. Role of exercise in reducing gestational diabetes
mellitus. Clin Obstet Gynecol 2016;59:620-8.

6 Chiefari E, Arcidiacono B, Foti D, et al. Gestational diabetes mellitus:
an updated overview. J Endocrinol Invest 2017;40:899-909.

7 Damm P, Houshmand-Oeregaard A, Kelstrup L, et al. Gestational
diabetes mellitus and long-term consequences for mother and
offspring: a view from Denmark. Diabetologia 2016;59:1396-9.

20

21

22

23

24

25

26

27

28

29

30

31

32

Aroda VR, Christophi CA, Edelstein SL, et al. The effect of lifestyle
intervention and metformin on preventing or delaying diabetes
among women with and without gestational diabetes: the diabetes
prevention program outcomes study 10-year follow-up. J Clin
Endocrinol Metab 2015;100:1646-53.

Ceysens G, Rouiller D, Boulvain M. Exercise for diabetic pregnant
women. Cochrane Database Syst Rev 2006:CD004225.

Wu Z, Wang Z, Song Y. Meta-Analysis of the improvement effect

of different exercise prescription on patients with type 2 diabetes.
China Sport Science and Technology 2017;53:73-82.

Bgeginski R, Ribeiro PAB, Mottola MF, et al. Effects of Weekly
supervised exercise or physical activity counseling on fasting blood
glucose in women diagnosed with gestational diabetes mellitus:

a systematic review and meta-analysis of randomized trials. J
Diabetes 2017;9:1023-32.

Kraemer WJ, Ratamess NA, Flanagan SD, et al. Understanding the
science of resistance training: an evolutionary perspective. Sports
Med 2017;47:2415-35.

Brankston GN, Mitchell BF, Ryan EA, et al. Resistance exercise
decreases the need for insulin in overweight women with gestational
diabetes mellitus. Am J Obstet Gynecol 2004;190:188-93.

de Barros MC, Lopes MAB, Francisco RPV, et al. Resistance
exercise and glycemic control in women with gestational diabetes
mellitus. Am J Obstet Gynecol 2010;203:556.e1-556.€6.

Huang X. Effects of isometric resistance exercise combined with
psychological nursing on blood glucose control and maternal and
infant prognosis in patients with gestational diabetes mellitus.
Diabetes New World 2017;20:86-7.

Yang Z, Scott CA, Mao C, et al. Resistance exercise versus aerobic
exercise for type 2 diabetes: a systematic review and meta-analysis.
Sports Med 2014;44:487-99.

Yaping X, Huifen Z, Meijing Z, et al. Effects of moderate-intensity
aerobic exercise on blood glucose levels and pregnancy outcomes
in patients with gestational diabetes mellitus: a randomized
controlled trial. Diabetes Ther 2021;12:2585-98.

Huynh J, Ratnaike S, Bartalotta C, et al. Challenging the glucose
challenge test. Aust N Z J Obstet Gynaecol 2011;51:22-5.

Mottola MF, Davenport MH, Ruchat S-M, et al. 2019 Canadian
guideline for physical activity throughout pregnancy. Br J Sports
Med 2018;52:1339-46.

Mao L, Zhao M, Wang J. Effect of resistance training combined
with aerobic training on low back pain during pregnancy. Chinese
Rehabilitation Theory & Practice 2016;22:848-51.

Borg GA. Psychophysical bases of perceived exertion. Med Sci
Sports Exerc 1982;14:377-81.

Royal College of Obstetricians and Gynaecologists. Exercise in
pregnancy [EB/OL]. Available: http://www.Rcog.org.uk/womens-
health/clinical-guidance/ exercise-pregnancy [Accessed 20 Jun
2014].

Yaping X, Huifen Z, Chunhong L, et al. A meta-analysis of the effects
of resistance training on blood sugar and pregnancy outcomes.
Midwifery 2020;91:102839.

Bo S, Rosato R, Ciccone G, et al. Simple lifestyle recommendations
and the outcomes of gestational diabetes. A 2 x 2 factorial
randomized trial. Diabetes Obes Metab 2014;16:1032-5.

Halse RE, Wallman KE, Dimmock JA, et al. Home-Based exercise
improves fitness and exercise attitude and intention in women with
GDM. Med Sci Sports Exerc 2015;47:1698-704.

Artal R, Catanzaro RB, Gavard JA, et al. A lifestyle intervention

of weight-gain restriction: diet and exercise in obese women

with gestational diabetes mellitus. App/ Physiol Nutr Metab
2007;32:596-601.

Huang X, Huang J, Wu J, et al. Different exercises for pregnant
women with gestational diabetes: a meta-analysis of randomized
controlled trials. J Sports Med Phys Fitness 2020;60:464-71.
Davenport MH, McCurdy AP, Mottola MF, et al. Impact of prenatal
exercise on both prenatal and postnatal anxiety and depressive
symptoms: a systematic review and meta-analysis. Br J Sports Med
2018;52:1376-85.

Davenport MH, Ruchat S-M, Poitras VJ, et al. Prenatal exercise for
the prevention of gestational diabetes mellitus and hypertensive
disorders of pregnancy: a systematic review and meta-analysis. Br J
Sports Med 2018;52:1367-75.

Laredo-Aguilera JA, Gallardo-Bravo M, Rabanales-Sotos JA, et al.
Physical activity programs during pregnancy are effective for the
control of gestational diabetes mellitus. Int J Environ Res Public
Health 2020;17:6151.

Pan B, Luo M. Research progress of anti-resistance exercise therapy
and nursing of diabetes. Nurs Pract and Res 2016;13:27-9.

Wang C, Guelfi KJ, Yang H-X. Exercise and its role in gestational
diabetes mellitus. Chronic Dis Transl Med 2016;2:208-14.

BMJ Open Diab Res Care 2022;10:€002622. doi:10.1136/bmjdrc-2021-002622


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6943-1181
http://dx.doi.org/10.1097/AOG.0000000000002152
http://dx.doi.org/10.1097/AOG.0000000000002152
http://dx.doi.org/10.1016/j.wombi.2017.10.004
http://dx.doi.org/10.1007/s11892-015-0699-x
http://dx.doi.org/10.2337/dc18-S013
http://dx.doi.org/10.2337/dc18-S013
http://dx.doi.org/10.1097/GRF.0000000000000211
http://dx.doi.org/10.1007/s40618-016-0607-5
http://dx.doi.org/10.1007/s00125-016-3985-5
http://dx.doi.org/10.1210/jc.2014-3761
http://dx.doi.org/10.1210/jc.2014-3761
http://dx.doi.org/10.1002/14651858.CD004225.pub2
http://dx.doi.org/10.1111/1753-0407.12519
http://dx.doi.org/10.1111/1753-0407.12519
http://dx.doi.org/10.1007/s40279-017-0779-y
http://dx.doi.org/10.1007/s40279-017-0779-y
http://dx.doi.org/10.1016/S0002-9378(03)00951-7
http://dx.doi.org/10.1016/j.ajog.2010.07.015
http://dx.doi.org/10.1007/s40279-013-0128-8
http://dx.doi.org/10.1007/s13300-021-01135-6
http://dx.doi.org/10.1111/j.1479-828X.2010.01247.x
http://dx.doi.org/10.1136/bjsports-2018-100056
http://dx.doi.org/10.1136/bjsports-2018-100056
http://dx.doi.org/10.1249/00005768-198205000-00012
http://dx.doi.org/10.1249/00005768-198205000-00012
http://www.Rcog.org.uk/womens-health/clinical-guidance/%20exercise-pregnancy
http://www.Rcog.org.uk/womens-health/clinical-guidance/%20exercise-pregnancy
http://dx.doi.org/10.1016/j.midw.2020.102839
http://dx.doi.org/10.1111/dom.12289
http://dx.doi.org/10.1249/MSS.0000000000000587
http://dx.doi.org/10.1139/H07-024
http://dx.doi.org/10.23736/S0022-4707.19.10131-4
http://dx.doi.org/10.1136/bjsports-2018-099697
http://dx.doi.org/10.1136/bjsports-2018-099355
http://dx.doi.org/10.1136/bjsports-2018-099355
http://dx.doi.org/10.3390/ijerph17176151
http://dx.doi.org/10.3390/ijerph17176151
http://dx.doi.org/10.1016/j.cdtm.2016.11.006

Clinical care/Education/Nutrition

33 Cuff DJ, Meneilly GS, Martin A, et al. Effective exercise modality to with gestational diabetes mellitus [commentary]. J Physiother
reduce insulin resistance in women with type 2 diabetes. Diabetes 2018;64:124.
Care 2003;26:2977-82. 36 Chen L, Yang Z. Meta-analysis of the effect of exercise intervention
34 Church TS, Blair SN, Cocreham S, et al. Effects of aerobic and in gestational diabetes mellitus [C]. Chinese Association of Sports
resistance training on hemoglobin A1c levels in patients with type 2 Science. The 11th National Sports Science Conference, Nanjing,
diabetes: a randomized controlled trial. JAMA 2010;304:892. Jiangsu province, 2019:2.

35 Harrison A. Critically Appraised Papers: An aerobic and resistance
exercise program can improve glycaemic control in women

10 BMJ Open Diab Res Care 2022;10:¢002622. doi:10.1136/bmjdrc-2021-002622


http://dx.doi.org/10.2337/diacare.26.11.2977
http://dx.doi.org/10.2337/diacare.26.11.2977
http://dx.doi.org/10.1001/jama.2010.1710
http://dx.doi.org/10.1016/j.jphys.2018.01.005

	Effects of resistance exercise on blood glucose level and pregnancy outcome in patients with gestational diabetes mellitus: a randomized controlled trial
	Abstract
	Introduction﻿﻿
	Research methods
	Research design
	Research subjects
	Sample size
	Intervention
	Exercise intervention
	Routine nursing measures

	Observation indices
	Data analysis

	Results
	Comparison of general data of patients with GDM between the two groups
	Comparison of fasting and 2-hour postprandial blood glucose levels between the two groups
	Blood glucose levels before and after the intervention between the two groups
	Blood glucose level after the intervention between the two groups

	Insulin use in the two groups during the intervention
	Comparison of pregnancy outcomes between the two groups

	Discussion
	Moderate intensity exercise is safe for patients with GDM, and compliance to resistance exercise is higher than that to aerobic exercise
	Compared with aerobic exercise, resistance exercise has a better effect on reducing 2-hour postprandial blood glucose level in women with GDM
	No significant difference was observed between resistance exercise and aerobic exercise in reducing the incidence of adverse pregnancy outcomes in women with GDM

	Limitations
	Future directions
	Conclusions
	References


