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Abstract

Background: Gestational diabetes mellitus (GDM) is the most common metabolic disorder occurring during pregnancy. It affects 14.8%
of pregnancies among Chinese women. Exercise can reduce insulin resistance and thus decrease the occurrence of adverse outcomes
for women with GDM. This study aimed to examine the effects of three modes of exercise intervention on glycemic control, various
pregnancy outcomes (including reduced incidence of preterm birth, gestational hypertension, and postpartum hemorrhage), and neonatal
outcomes (such as lower birth weight and reduced incidence of neonatal complications like macrosomia and respiratory distress syn-
drome). Additionally, the study aim to identity the most effective exercise patterns for women with GDM. Methods: A prospective
cohort study was conducted to examine the effect of three exercise interventions — aerobic exercise (AE), resistance training (RT), and
a combination of both (AE+RT) — on women with GDM. The primary outcomes measured were fasting blood glucose (FBG), 2-hour
postprandial blood glucose (2h-PBG), and glycated hemoglobin Alc (HbAlc). The secondary outcomes included maternal pregnancy
outcomes and neonatal birth outcomes. Results: A total of 184 participants were included in this study, with 145 completing all follow-
up assessments. Time exhibit a statistically significant effect on FBG (p < 0.001), whereas the different intervention methods did not
present a significant effect on FBG (p = 0.32). Furthermore, time exhibited a statistically significant effect on 2h-PBG (p < 0.001).
Following the interventions, all exercise groups exhibited significantly lower 2h-PBG levels compared to the control group (all p values
< 0.05). The three exercise interventions demonstrated significantly different effects on improving the maternal outcome of postpartum
hemorrhage (p =0.01). The combined AE+RT group exhibited the lowest volume of postpartum hemorrhage (254.09, standard deviation
(SD) = 103.57). Regarding neonatal outcomes, the macrosomia outcome has statistically significant differences (p = 0.04), and other
outcomes found no significant differences between the three exercise intervention groups and the control group (all p values > 0.05).
Conclusions: The combined AE+RT intervention demonstrated superior efficacy in reducing 2h-PBG, HbA 1c levels, as well as postpar-
tum bleeding, compared to the control group. Furthermore, a combination of AE+RT demonstrated greater efficacy in reducing 2h-PBG
and HbA 1c compared to single exercise groups. Therefore, combining AE+RT may be a more effective exercise regimen for managing of
GDM in pregnant women. Clinical Trial Registration: The study has been registered on https://www.isrctn.com/ (registration number:
ISRCTN40260907).
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1. Introduction Women with GDM may experience both short- and

Gestational diabetes mellitus (GDM) is the most com- long-term complications [4,9]. Short-term complications of

mon metabolic disorder during pregnancy [1,2]. GDM is =~ GDM may include an increased risk of high blood pressure
or preeclampsia, preterm delivery, induced labor, perineal

defined as glucose intolerance of varying severity with on-
trauma, and cesarean section delivery [9,10]. GDM also in-

set during pregnancy [3,4]. The global prevalence of GDM
ranges from 6.6% t0 45.3% [5,6]. According to a systematic ~ Cr€ases the risk of the fetus being born large for gestational
review and meta-analysis, GDM affects 14.8% of pregnan- g€ and experiencing birth injury [9]. Regarding long-term
cies among Chinese women [7]. Relevant risk factors for complications, nearly half of women with GDM are at an in-
developing GDM include being overweight, having a fam- creased risk of developing T2DM. Additionally, their chil-
ily history of type 2 diabetes mellitus (T2DM), advanced dren are more likely to develop metabolic syndrome during
maternal age, and physical inactivity [8]. childhood and continue to experience it into early adulthood

[10,11].
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Fig. 1. Study design diagram. AE, aerobic exercise; RT, resistance training.

First-line therapies for GDM include physical activity
and dietary modifications [12]. Physical activity can reduce
insulin resistance and thereby decrease the risk of adverse
outcomes for women with GDM [13]. Previous research
has reported that aerobic exercise (AE) and resistance train-
ing (RT) are commonly used interventions for managing
GDM [14-16]. Regular AE and RT can increase muscle
glucose uptake and improve the oxidative capacity of glu-
cose in tissues. This improvement enhances insulin sensi-
tivity and vascular function, lowers blood sugar levels, and
reduces systemic inflammation [13,17].

Although several reviews and recent trials have re-
ported the benefits of AE or RT for GDM [14-16,18,19], no
studies have explored the effects of combining of AE with

RT (AE+RT) for women with GDM. Therefore, this study
aimed to examine the effects of three different exercise in-
terventions on glycemic control, pregnancy outcomes (in-
cluding reduced incidence of preterm birth, gestational hy-
pertension, and postpartum hemorrhage), and neonatal out-
comes (such as lower birth weight and reduced incidence
of neonatal complications like macrosomia and respiratory
distress syndrome). Additionally, the study sought to iden-
tify the most effective exercise patterns for women with
GDM.

This study hypothesized that exercise interventions —
AE, RT, and a combination of both (AE+RT) — would sig-
nificantly improve glycemic control, reduce the incidence
of preterm birth, gestational hypertension, and postpartum
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Table 1. Baseline sociodemographic and clinical characteristics of participants.

AE group RT group AE+RT group  Control group F/x2  p-value

Age (years) 30.14 (2.24)  29.67(2.75)  30.21(2.36) 30.06 (2.08) 0.40 0.75
Gestational age (weeks) 24.58 (0.55) 24.64(0.48)  24.45(0.56) 24.44 (0.50) 1.62 0.18
BMI (gestational age of 24 weeks)  25.16 (3.07) 2547 (3.17)  23.56 (2.95) 23.99 (3.06) 4.10 0.01
Primipara (%) 23 (50.00) 20 (43.48) 32 (69.56) 22 (47.83) 7.39 0.06
Occupation 6.62 0.68

Physical labor worker 4 (8.69) 3(6.52) 5(10.87) 6 (13.04)

Clerk 30 (65.22) 26 (56.52) 24 (52.17) 20 (43.48)

Self-employed 4 (8.69) 8(17.39) 7 (15.22) 6(13.04)

Others 8(17.39) 9 (19.57) 10 (21.74) 14 (30.43)
Education 7.68 0.57

Primary school 5(10.87) 6 (13.04) 5(10.87) 4 (8.69)

High school 8(17.39) 12 (26.09) 4 (8.69) 9 (19.57)

College/university 26 (56.52) 25 (54.35) 31(67.39) 25 (54.35)

Master or above 7 (15.22) 3(6.52) 6 (13.04) 8(17.39)

Abbreviations: AE, aerobic exercise; BMI, body mass index; RT, resistance training.

Notes: data analysis at baseline were included all participants of 46 per group.

Table 2. Effects of exercise intervention on FBG levels.

Time point AE group RT group AE+RT group Control group
Baseline 4.56 (0.35) 4.64 (0.37) 4.60 (0.62) 4.74 (0.48)
1-month after intervention 4.40 (0.31) 4.35(0.31) 4.28 (0.53) 4.43 (0.38)
3-month after intervention 4.24 (0.39) 4.22(0.37) 4.19 (0.46) 4.26 (0.42)
F Fineraction = 042 Fiime =39.12 Fpetweengroup = 1.19 Fpageline = 1.04
p-value Dinteraction = 087 prime < 0.001  Prenveen group =032 Ppageline = 0.38

Abbreviations: AE, aerobic exercise; RT, resistance training; FBG, fasting blood glucose.

Notes: the total number of participants among each group at baseline was 46, and the total number of

participants at 1-month and 3-month after intervention was 36 for AE group, 42 for RT group, 33 for

AEART group, and 34 for the control group.

hemorrhage, and improve neonatal outcomes in women
with GDM compared to those who do not participate in
structured exercise programs.

2. Materials and Methods
2.1 Study Design

A prospective cohort study was conducted to examine
the effects of exercise interventions on women with GDM
from August 2019 to March 2021. As this study was not
a randomized controlled trial (RCT), randomization was
not conducted; however, the outcome assessor was blinded.
Participants were allowed to self-select the group in which
they wished to participate. An in-depth explanation of the
counseling was provided to ensure they ensure they under-
stood the group they were joining. By comparing groups
with different exercise interventions, researchers can better
identify the most effective intervention for improving out-
comes. Additionally, including a control group helps to iso-
late the effects of each intervention by comparing them to
participants who receive no intervention. Ethical approval
for the study was obtained from the Medical and Health Re-
search Ethics Committee of The Second Affiliated Hospital
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of Guangxi Medical University (2020-KY-E-117). All par-
ticipants provided informed consent before participating in
the study. This study was registered under the registration
number ISRCTN40260907.

2.2 Study Sample

The sample comprised pregnant women with GDM at
24-28 weeks of gestation. A diagnosis of GDM is made
using the one-step approach of a 75-g oral glucose toler-
ance test. The diagnosis is confirmed if the plasma glucose
values are abnormal: fasting blood glucose (FBG) >5.1
mmol/L, 1-hour >10.0 mmol/L, 2-hour >8.5 mmol/L, by
the obstetricians [12]. Inclusion criteria: (1) single preg-
nancy; (2) body mass index (BMI) <40 kg/m?; (3) muscle
strength at level IV or above. Exclusion criteria: (1) severe
obstetric complications and contraindications listed in the
public health guidelines for physical activity during preg-
nancy [20]; (2) severe damage to the heart, liver, lungs, or
kidneys; (3) acute or chronic complications caused by dia-
betes, such as ketoacidosis or diabetic foot.

The significance level (o) was set at 0.05, and the test
efficiency (1 — ) was set at 0.8 for the two-tailed test. Ac-
cording to the study by Xie et al. [21], the average blood
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Table 3a. Effects of exercise intervention on 2h-PBG levels.

Time point AE group RT group AEA+RT group Control group
Baseline 9.27(0.97) 9.38 (1.18) 9.12 (1.48) 9.12 (0.92)
1-month after intervention 5.98 (0.81) 5.84 (0.66) 5.56 (1.11) 6.28 (0.39)
3-month after intervention 5.91(0.72) 5.78 (0.55) 5.37 (0.58) 6.21 (0.90)
F Finteraction = 1.85  Fiime = 698.34  Fpetween group = 5-33 Foaseline = 0.45
p-value Dinteraction = 0.10 prime < 0001 Ppenveen group = 0.002 ppagetine = 0.72

Abbreviations: AE, aerobic exercise; RT, resistance training; 2h-PBG, 2-hour postprandial blood glucose.

Notes: the total number of participants among each group at baseline was 46, and the total number of par-

ticipants at 1-month and 3-month after intervention was 36 for AE group, 42 for RT group, 33 for AE+RT

group, and 34 for the control group.

Table 3b. Post-hoc Tukey’s analysis of 2h-PBG at 3-month
after intervention.

(I) group  (J) group Mean difference (I-J)  p-value
AE 0.50 0.010
Control RT 0.37 0.020
AE+RT 0.74 <0.001
Control -0.50 0.010
AE RT -0.13 0.730
AE+RT 0.23 0.270
Control -0.37 0.020
RT AE 0.13 0.730
AE+RT 0.36 0.030
Control -0.74 <0.001
AE+RT AE -0.23 0.270
RT -0.36 0.030

Abbreviations: AE, aerobic exercise; RT, resistance train-
ing; 2h-PBG, 2-hour postprandial blood glucose.

glucose level 2 hours after three meals in the exercise group
was 6.0 == 0.29 mmol/L, which was lower than the con-
trol group’s level of 6.4 £ 0.81 mmol/L. Thus, 38 partici-
pants were needed for each group. Considering a 15% loss
to follow-up rate, at least 45 participants were needed in
each group. Consequently, 46 participants were recruited
for each group.

2.3 Study Intervention

The participants were assigned into four groups. The
study intervention began at the participants’ gestational age
of 24 weeks and concluded at 36 weeks. The frequency
of intervention for all exercise groups was 3—4 times per
week. All the exercise intervention groups were supervised
by a midwife with certified fitness training, and wearable
electronic bracelet were used to monitor the intensity of ex-
ercise.

(1) The AE group participated in a moderate-intensity
walking intervention at a speed of 3—6 km/h or 100-200
steps/min. Exercise was recommended every other day.
Participants were advised to start exercising 1 hour after a
meal and continue for 40 minutes, with a family member
present to ensure safety, provide motivation, and increase

adherence to the exercise routine. (2) The RT group re-
ceived an exercise intervention involving seated bicep curls
with a 1-kg dumbbell. The routine targeted the major mus-
cle groups and provided a general synopsis of the resistance
exercises. This was performed every other day, 1 hour af-
ter a meal, for a duration of 40 minutes. (3) The combined
AE+RT group performed a 20-minute moderate-intensity
walk followed by seated bicep curls with a 1-kg dumbbell.
This routine was performed once every other day, with the
exercise session occurring 1 hour after a meal. The walk-
ing duration was 40 minutes, and the resistance training in-
cluded five repetitions of each of the five different exer-
cises, for a total of three sets. Participants were given a 15-
second rest between each exercise and a 1-minute rest pe-
riod between each set. (4) The control group received only
routine prenatal care, personalized diabetes diet guidance,
and online education guidance on weight control, blood glu-
cose monitoring, and maintaining a food diary.

2.4 Outcome Measures

Outcome measures were based on previous similar
research [22]. The primary outcome measures included
FBG and 2-hour postprandial blood glucose (2h-PBG), both
measured by Glucose Oxidase Method. Additionally, gly-
cated hemoglobin Alc (HbAlc) was measured using High-
Performance Liquid Chromatography. The secondary out-
come measures included maternal pregnancy and neonatal
birth outcomes, which were assessed using patients’ medi-
cal records. The pregnancy outcomes included: (1) mater-
nal outcomes: gestational age, preterm birth, mode of de-
livery, gestational hypertension syndrome, insulin use, late
pregnancy weight gain, postpartum hemorrhage; and (2)
neonatal outcomes: birth weight, length at birth, 1-minute
Apgar score, and incidence of neonatal complications such
as respiratory distress syndrome. Data collection was con-
ducted at baseline before the intervention, 1 and 3 months
after the intervention, and 2 hours after delivery.

2.5 Data Analysis

The data analysis was performed with SPSS version
25.0 software (IBM Corp., Armonk, NY, USA). Categori-
cal and continuous variables are presented as n (%) or mean
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Table 4a. Effects of exercise intervention on HbAlc levels.

Time point AE group RT group ~ AE+RT group  Control group F p-value
Baseline 5.63(0.44) 576 (0.41) 5.70 (0.24) 5.70 (0.36) 0.63 0.590
3-month after intervention ~ 5.52 (0.43)  5.50 (0.22) 5.34(0.33) 5.70 (0.26) 820  <0.001

Abbreviations: AE, aerobic exercise; RT, resistance training; HbAlc, glycated hemoglobin Alc.

Note: HbAlc measures average blood glucose levels; therefore, this study only assessed at the end of 3-month

after intervention. The total number of participants among each group at baseline was 46, and the total number
of participants at 1-month and 3-month after intervention was 36 for AE group, 42 for RT group, 33 for AE+RT

group, and 34 for the control group.

Table 4b. Post-hoc Tukey’s test of HbAlc at 3-month after
intervention.

(I) group  (J) group  Mean Difference (I-J)  p-value
AE 0.21 0.010
Control RT 0.20 0.020
AE+RT 0.38 <0.001
Control -0.21 0.010
AE RT —0.01 0.990
AE+RT 0.17 0.020
Control -0.20 0.010
RT AE 0.01 0.990
AEART 0.18 0.010
Control -0.38 <0.001
AE+RT AE -0.17 0.020
RT -0.18 0.010

Abbreviations: AE, aerobic exercise; RT, resistance train-
ing; HbAlc, glycated hemoglobin Alc.

= standard deviation (SD). Fisher’s least significant differ-
ence (LSD) method was employed for post-hoc multiple
comparisons. If the assumption of homogeneity of variance
was violated, Welch’s approximate F-test was used. For the
comparison of changes in FBG, 2h-PBG, and blood pres-
sure among the four groups before the intervention, 1 month
after the intervention, and 3 months after the intervention,
repeated-measures analysis of variance (ANOVA) was em-
ployed. Pos-hoc pairwise comparisons were performed us-
ing the LSD method. Mauchly’s test was conducted for the
sphericity assumption, and the Greenhouse—Geisser correc-
tion was applied if the assumption was violated. To com-
pare changes in HbA 1c levels among the four groups before
and 3 months after the intervention, the paired #-test was
used. This revised manuscript additionally includes a post-
hoc analysis using Tukey’s test to determine which groups
differed from one another. The results of this analysis were
added to the results section accordingly. Post-hoc analy-
sis using Tukey’s test was conducted to determine which
groups differed from each other. A two-sided p-value of
<0.05 was considered statistically significant.
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3. Results

A total of 280 participants were screened, of which
184 were included in the study. Each group comprised 46
participants (Fig. 1). The sociodemographic and clinical
characteristics of the participants at baseline are presented
in Table 1. No significant differences were observed among
the four groups in terms of age, gestational weeks, BMI,
proportion of primiparous individuals, occupation, or edu-
cation level.

3.1 Effects of Exercise Interventions on Glycemic Control

At baseline, no significant difference in FBG levels
was observed (p = 0.38). Repeated-measures ANOVA indi-
cated no significant interaction between different interven-
tion times and methods (p = 0.87). Time had a significant
main effect on FBG (p < 0.001), whereas different inter-
vention methods did not exhibit a significant main effect
on FBG (p = 0.32; Table 2).

At baseline, no significant difference was observed in
2h-PBG levels (p = 0.72). Repeated-measures ANOVA in-
dicated no significant interaction between different inter-
vention times and methods (p = 0.10). Time had a signifi-
cant main effect on 2h-PBG levels (p < 0.001). Both differ-
ent exercise interventions and time factors had significant
independent effects on 2h-PBG (p = 0.002). After the inter-
vention, all exercise groups exhibited lower 2h-PBG levels
compared to the control group (Table 3a). Table 3b presents
the results of the post-hoc Tukey’s test for 2h-PBG levels at
3-month after intervention (F = 11.29, p < 0.001).

As shown in Table 3b, all three exercise intervention
groups had significantly different 2h-PBG levels compared
to the control group (all p values < 0.05). Additionally, of
the combined AE+RT group was more effective than RT
alone (p =0.03).

As shown in Table 4a, no significant difference in
HbAlc levels was observed at baseline. However, a signif-
icant difference was detected at 3 months after the interven-
tion (p < 0.001). Table 4b presents the results pf post-hoc
Tukey’s test for HbAlc levels. The AE+RT group was sta-
tistically significantly different from other three group (F =
14.88, p < 0.001).

As shown in Table 4b, the three exercise intervention
groups had significantly different HbAlc levels compared
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Table 5. Effects of exercise intervention on maternal outcomes.

AE group RT group AE+RT group Control group F/x?2  p-values
Gestational age (weeks) 38.31(1.92) 38.24 (1.62) 38.82 (1.10) 38.65 (0.81) 1.42 0.24
Preterm birth, n (%) 2 (5.56) 4(9.52) 3(9.10) 0(0.00) 3.54 0.32
Cesarean section delivery, n (%) 13 (36.11) 11 (26.19) 9(27.27) 17 (50.00) 5.70 0.13
Gestational hypertension, n (%) 2 (5.56) 5(11.90) 0(0.00) 5(14.71) 591 0.12
Polyhydramnios, n (%) 0 (0.00) 0 (0.00) 0(0.00) 2(5.89) 6.62 0.09
Insulin use, n (%) 3(8.33) 3(7.14) 1(3.03) 1(2.94) 1.59 0.66
Postpartum hemorrhage (mL) 276.16 (129.14)  260.35 (113.97)  254.09 (103.57)  345.94 (131.73)  4.29 0.01

Abbreviations: AE, aerobic exercise; RT, resistance training.

Notes: the total number of participants among each group at baseline was 46, and the total number of participants at 1-month and

3-month after intervention was 36 for AE group, 42 for RT group, 33 for AE+RT group, and 34 for the control group.

Table 6. Effects of exercise intervention on neonatal outcomes.

AE group RT group AE+RT group Control group F/x?  p-values
Birth weight (g) 3140.75 (556.97) 324238 (513.80)  3257.73 (471.45)  3332.06 (453.53)  0.86 0.46
Length at birth (cm) 50.72 (2.68) 50.81 (2.44) 50.69 (1.68) 50.88 (1.27) 0.10 0.96
1-minute Apgar score 9.81 (0.66) 9.95(0.21) 9.94 (0.24) 9.91(0.37) 0.58 0.63
Macrosomia, n (%) 1(2.78) 1(2.38) 2 (6.006) 6 (17.65) 8.44 0.04
Hypoglycemia, n (%) 2(5.56) 1(2.38) 1(3.03) 4 (11.76) 3.73 0.29
Respiratory distress syndrome, n (%) 3(8.33) 2 (4.76) 0(0.00) 0(0.00) 5.19 0.16

Abbreviations: AE, aerobic exercise; RT, resistance training.

Notes: the total number of participants among each group at baseline was 46, and the total number of participants at 1-month and 3-month

after intervention was 36 for AE group, 42 for RT group, 33 for AE+RT group, and 34 for the control group.

to the control group (all p values < 0.05). Additionally, the
combined AE+RT group was more effective than AE alone
(p =0.02) or RT alone (p = 0.01).

3.2 Effects of Exercise Interventions on Maternal
Outcomes

As shown in Table 5, the exercise interventions signif-
icantly differed in their effect on postpartum hemorrhage
(p = 0.01), with the combined AE+RT group resulting in
the lowest volume of postpartum hemorrhage. However,
no significant differences were observed for other maternal
outcomes (all p-values > 0.05).

3.3 Effects of Exercise Interventions on Neonatal
Outcomes

As shown in Table 6, there were no significant differ-
ences in neonatal outcomes, including birth weight, length
at birth, 1-minute Apgar score, neonatal hypoglycemia,
or respiratory distress syndrome. The macrosomia out-
come has statistically significant differences (p = 0.04), and
other outcomes found no significant differences between
the three exercise intervention groups and the control group
(all p values > 0.05).

4. Discussion

This study aimed to examine the effects of various ex-
ercise interventions on pregnancy and neonatal outcomes.
AE alone, RT alone, and combined AE+RT had significant
effects in reducing FBG, 2h-PBG, and HbA1c levels com-

pared to the control group, which did not receive any ex-
ercise intervention. Among these three exercise interven-
tions, combined AE+RT had a more significant effect on
glycemic control compared to AE or RT alone. This finding
is consistent with previous research in pregnant populations
[23].

The potential mechanism by which exercise interven-
tions reduce blood glucose levels may involve increased
insulin sensitivity [24,25]. The pathways through which
exercise increases insulin sensitivity include elevated con-
centrations of glucose transporter proteins in skeletal mus-
cle, changes in muscle fiber types, and increased glyco-
gen synthase activity. Studies have found that long-term
AE can increase capillary density, improving the efficiency
of glucose delivery to muscles and enhancing insulin ac-
tivity to boost muscle glucose uptake [23-25]. RT can
enhance muscle capillary networks, increase muscle vol-
ume, reduce body fat, actively stimulate signaling path-
ways, lower inflammation levels, improve antioxidant ca-
pacity, and increase adiponectin levels. These effects con-
tribute to enhancement of the adiponectin pathway, which
helps to effectively improve blood glucose levels [23,24].
Combined AE+RT leverages different physiological mech-
anisms by activating both metabolic pathways, potentially
offering greater physiological benefits than using either ap-
proach alone [23,25].

Existing studies comparing different exercise methods
for patients with T2DM have similarly shown that the com-
bined AE+RT results in better glycemic control compared
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to other exercise approaches [26,27]. One study conducted
a 26-week exercise study on adult patients with T2DM and
found that combined AE+RT led to the greatest improve-
ment in blood glucose control compared to the groups re-
ceiving AE or RT alone [26]. Xu et al. [27] also re-
ported that among elderly patients with T2DM undergoing
24 weeks of combined AE+RT, blood glucose levels were
better controlled compared to those undergoing only AE
or RT alone. Given that the combination of AE and RT
shows superior glycemic control in both pregnant women
with GDM and adult patients with T2DM, this combined
intervention should be recommended for pregnant women
with GDM.

Postpartum hemorrhage is a common complication
following childbirth and is a leading cause of maternal mor-
tality. This study found that women with GDM in the three
exercise intervention groups experienced lower postpartum
bleeding volumes compared to the control group. In par-
ticular, the combined AE+RT group had the lowest post-
partum bleeding volume, which is consistent with previous
research by Zhong et al. [23]. Regarding neonatal out-
comes, this study found no statistically significant differ-
ences among the three exercise intervention groups com-
pared with the control group. However, a higher occur-
rence of macrosomia was observed in the control group.
Recent research suggests that glycemic variability may sig-
nificantly influence the relationship between GDM and
excessive neonatal birth weight, indicating that improved
glycemic control can effectively reduce the risk of macro-
somia [28].

Overall, this study’s strengths include the implemen-
tation of multiple exercise interventions and the demonstra-
tion of positive effects on both maternal and neonatal out-
comes. (1) The study examined the effects of comprehen-
sive interventions of AE, RT, and their combined effect on
glycemic control, pregnancy, and neonatal outcomes, pro-
viding insights into the most effective exercise regimen for
managing GDM. (2) The study demonstrated that the com-
bined exercise intervention not only improved glycemic
control but also significantly reduced postpartum hemor-
rhage volume, highlighting that the combined AE+RT in-
tervention could be considered as the most effective man-
agement strategy for GDM.

This study has several limitations. (1) It focused ex-
clusively on the effects of exercise in pregnant women with
GDM and did not include pregnant women with type 1
or 2 diabetes. (2) The study did not include postpartum
follow-up assessments to evaluate the risk of diabetes in
participants or the risk of diabetes and other diseases in
their offspring. Future research should focus on long-term
follow-up to assess the sustained effects of exercise inter-
ventions on both maternal and infant health. (3) The study
monitored the effects of exercise interventions on glycemic
control using traditional methods administered by health-
care providers. With advancements in digital technologies,
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future research should utilize fitness trackers and smart-
watches to monitor the blood glucose control in women
with GDM [15]. (4) This study did not collect detailed in-
formation on medication use for all participants.

5. Conclusions

The combined AE+RT intervention was more effec-
tive than the control group in reducing FBG, 2h-PBG,
HbAlc levels, and postpartum bleeding. Additionally, of
the combined AE+RT intervention demonstrated greater
effect on 2h-PBG and HbAlc levels than single exercise
groups. Therefore, combined AE+RT interventions may be
a more effective for managing GDM in pregnant women.
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