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Abstract

Gestational diabetes mellitus is a pregnancy complication characterized by elevated blood glucose levels, which
can affect the health of both the mother and fetus. This study aims to evaluate the impact of physical exercise on
blood glucose levels in pregnant women with gestational diabetes mellitus. We reviewed studies published over
the past ten years from PubMed, Cochrane, and Science Direct. Our analysis includes randomized controlled trials
exploring the role of physical activity in blood glucose management among gestational diabetes mellitus patients,
examining both aerobic and anaerobic exercise interventions. We extracted data on maternal characteristics,
intervention details, and outcomes post-intervention. Fasting and postprandial blood glucose levels were our
primary results. Diabetes mellitus is a complication during pregnancy marked by high blood glucose levels, which
can impact both the mother and the unborn child. This study finds that physical exercise positively influences
metabolism in women with gestational diabetes mellitus, particularly in controlling and reducing blood glucose
levels. Exercise significantly affected postprandial blood glucose levels.

Keywords: Fasting Blood Glucose Level, Gestational Diabetes Mellitus, Insulin, Physical Activity, Postprandial
Glucose Level

1. Introduction

The hallmark of diabetes mellitus is high blood glucose levels due to either an insulin secretion deficiency or
biological dysfunction in humans (Xia et al., 2021). Diabetes complications are a significant contributor to the
high mortality rates of this illness, which is third on the list of "silent Killers" after cancer and cardiovascular
diseases (Kodikonda & Naik, 2017). Diabetes mellitus is a multifactorial metabolic disease defined by chronic
hyperglycemia and altered carbohydrate, lipid, and protein metabolism resulting from insulin production
abnormalities (Beyuo et al., 2015). According to their causes, diabetes mellitus can be divided into two main
categories: An immune system attack on the pancreatic islet cells' proteins causes type 1 diabetes. In addition to
genetics, which can cause members of the family to have issues with insulin secretion, type 2 diabetes is also a
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result of environmental factors like stress, obesity, overeating, and inactivity (Ozougwu, 2013). Another special
kind of diabetes that is different from Type 1 and Type 2 is gestational diabetes (GDM). GDM frequently improves
after birth, giving those affected optimism even though its symptoms and treatment approaches may be
comparable. This implies that diabetes mellitus can strike anyone, including expecting moms. Although its
symptoms and therapeutic strategies may be similar, GDM often improves after delivery, offering hope to those
affected. This suggests that anyone, including expectant mothers, can get diabetes mellitus. (Woodside &
Bradford, 2021).

Pregnancy involves normal physiological variations that lead to a pseudodiabetogenic state, marked by increased
insulin resistance and decreased insulin sensitivity. This mechanism helps ensure sufficient nutrient supply to the
fetus (Mottola & Artal, 2016). Consequently, the prevalence of diabetes mellitus, including Type 1, Type 2, and
GDM, increases during pregnancy (Murphy et al., 2017). GDM is a common complication during pregnhancy
(Ming et al., 2018), characterized by elevated glucose levels exceeding the normal range during pregnancy and
associated with high health risks for both mother and child (Kim et al., 2021).

With an estimated median prevalence of 12.9%, ranging from 8.4% to 24.5%, the Middle East and North Africa
have the most significant prevalence of gestational diabetes mellitus (GDM) worldwide. Southeast Asia and the
Western Pacific are next, with a median prevalence of 11.7%, then South and Central America (11.2%), Africa
(8.9%), North America, and the Caribbean (7.0%). The lowest prevalence is in Europe, where the median incidence
is 5.8% (1.8% to 22.3%) (Zhu et al., 2019).

Among the risk factors that contribute to the development of GDM include maternal age, obesity, a history of
GDM, a family history of diabetes, and a previous history of macrosomia (Kouhkan et al., 2021). Even though
diet and exercise are effective therapy and preventative strategies, being overweight or obese is a substantial risk
factor for GDM. Numerous studies have examined how well these medications manage or prevent GDM (Chiefari
etal., 2017).

Physical activity has several advantages for general well-being and is essential for maintaining a healthy lifestyle.
Numerous chronic diseases can be effectively prevented and treated with exercise (Hegde, 2018). Frequent
exercise is crucial for managing and maintaining metabolic syndrome, which is characterized by the co-occurrence
of many risk factors for atherosclerosis. Significant factors include glucose intolerance, impaired fasting glucose,
obesity, dyslipidemia, and hypertension (Ko et al., 2016). Exercise and other physical activity also have significant
positive health effects on expectant mothers.

2. Methods
2.1 Research Methodology

We presented the results of our systematic review and meta-analysis following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) standards.

2.2 Search Strategy

We looked for papers published between February 2014 and February 2024 using ScienceDirect, PubMed, and
the Cochrane Library. The search used a combination of the following keywords: (‘activit*" OR ‘exercise’ OR
‘physical activit*' OR 'physical exercise’) AND (‘pregnancy' OR ‘wom*") AND ('GDM' OR 'gestational diabetes
mellitus' OR 'Gestational diabetes’) AND ('insulin level' OR 'postprandial blood glucose level' OR ‘fasting blood
glucose level). To find further research that might have gone unnoticed, we also looked through the reference lists
of pertinent publications.

2.3 Study Selection
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These requirements had to be met by the included research: 1) they were randomized controlled trials (RCTs); 2)
the interventions involved at least one type of exercise; and 3) participants in both the intervention and control
groups were pregnant women with GDM. Publications were excluded if they: 1) were published more than 10
years ago; 2) were not in English; 3) were literature reviews, case reports, or protocols; 4) only published abstracts
or conference content; or 5) did not provide specific data.

2.4 Data Extraction

Each of the three authors searched the literature and retrieved information from relevant studies. All participating
writers conducted a thorough review and discussion to settle any differences in data extraction. The following
information was among the extracted data: 1) study attributes (authors, year of publication, nation, sample size,
and gestation period); 2) type, frequency, duration, and intensity of exercise intervention; and 3) blood glucose
and insulin change outcomes (fasting, postprandial, and insulin levels). A reduction in fasting blood glucose was
the primary result, with reductions in postprandial blood glucose and insulin levels being secondary results.

2.5 Risk of Bias Assessment

The Cochrane Guide for Systematic Reviews of Interventions. recommendations were adhered to during the
quality assessment process. We evaluated the selected RCTs' quality using the Risk of Bias Tool version 2 (RoB2)
for randomized trials, focusing on five areas: 1) bias in the process of randomization; 2) bias arising from
deviations from deliberate interventions; 3) bias arising from incomplete outcome data; 4) bias in the measurement
of outcomes; and 5) bias in the selection of results that were presented.

2.6 Data Synthesis

Review Manager version 5.4.1 (RevMan 5.4.1) was used for data analysis. To evaluate the total effect magnitude,
a 95% CI and a mean difference (MD) were computed. For continuous outcomes such as postprandial blood
glucose levels and fasting, the mean difference was provided. Heterogeneity was evaluated using Cochran's Q-
statistic (P < 0.1), and the level of heterogeneity was quantified using the Higgins I2 statistic. A p-value of less
than 0.05 in this two-tailed test indicated statistical significance.
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3. Results
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After conducting the literature search, we identified 44 studies relevant to the topic and filtered them based on the
publication date within the past ten years. As shown in Figure 1, the 44 studies were evaluated based on specific
inclusion and exclusion criteria, ultimately resulting in eight studies that met the inclusion criteria (Bo et al., 2014;
Dawn Coe, Scott Conger, Jo Kendrick, Bobby Howard, Dixie Thompson, David Bassett, 2017; Embaby et al.,
2016; 1. Sklempe Kokic et al., 2018; Iva Sklempe Kokic et al., 2018; Xie et al., 2022; Youngwanichsetha et al.,
2014). Of these eight studies, two were from Croatia, while the others originated from the United States, Saudi
Arabia, China, Thailand, Denmark, and Italy. The general characteristics of each included study are detailed in
Table 2.

Overall, the bias assessment domains outlined in Table 1 showed that four studies had a low risk of bias (Andersen
et al., 2021; Bo et al., 2014; Embaby et al., 2016; 1. Sklempe Kokic et al., 2018), while the remaining four raised
some concerns but were not at high risk of bias (Dawn Coe, Scott Conger, Jo Kendrick, Bobby Howard, Dixie
Thompson, David Bassett, 2017; Iva Sklempe Kokic et al., 2018; Xie et al., 2022). Among the included studies,
none exhibited high risk in any specific bias domain. In the randomization process domain, five studies
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demonstrated a low risk of bias (Andersen et al., 2021; Bo et al., 2014; Embaby et al., 2016; Xie et al., 2022;
Youngwanichsetha et al., 2014). Likewise, five studies showed low risk for deviations from intended interventions
(15) (Andersen et al., 2021; Embaby et al., 2016; I. Sklempe Kokic et al., 2018; Xie et al., 2022). For missing
outcome data, two studies exhibited the lowest risk of bias (Bo et al., 2014; I. Sklempe Kokic et al., 2018). In the
outcome selection domain, five studies had a low risk of bias (Andersen et al., 2021; Bo et al., 2014; Dawn Coe,
Scott Conger, Jo Kendrick, Bobby Howard, Dixie Thompson, David Bassett, 2017; Embaby et al., 2016; I.
Sklempe Kokic et al., 2018). Finally, in the outcome measurement domain, six studies had a low risk of bias, with
two studies presenting some concerns (Andersen et al., 2021; Bo et al., 2014; Dawn Coe, Scott Conger, Jo
Kendrick, Bobby Howard, Dixie Thompson, David Bassett, 2017; Embaby et al., 2016; I. Sklempe Kokic et al.,
2018; Youngwanichsetha et al., 2014).

The included studies encompassed 488 participants in total, 244 in the intervention groups and 248 in the control
groups. One study utilized a crossover design, resulting in 14 participants in both intervention and control groups
(Andersen et al., 2021).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bo 2014 -0.28 0.64 51 -01 06 50 16.8%  -0.18[0.42 0.06] I
Ermbaby 2016 -219 0.8 20 -1.48 074 20 50% -0.71[1.18,-0.23] —
Huifen 2022 -0.32 0.43 43 -0.21 0.36 46 29.4%  -0.11 [0.28 0.06] —
Sklempe Kokic 2017 -0.88 0.33 18 -066 0.42 20 17.2%  -0.22 [F0.46,0.02] I
Sklempe Kokic 2018 -0.8 0.5 9 -08 045 9 B.E% 0.00 [-0.42,0.42] e E—
Youngwanichsetha 2014 -0.3 0.62 g5  -01 062 85 25.0% -0.20[0.38,-0.01] =
Total (95% CI) 226 230 100.0% -0.19 [-0.30, -0.08] <
Heterogeneity: Tau®= 0.00; ChiF=6.23, df=8(P=0.28); F= 20% t

.

\ \
1 05 0 05

Testfor overall effect Z= 3.29 (F = 0.001) Intervention  Control

Figure 2: Meta-Analysis of Changes in Fasting Blood Glucose Levels

This review and meta-analysis were divided into subgroups to obtain more specific data based on the desired
outcomes. Six of the eight studies were grouped in the first subgroup as they provided data on fasting blood glucose
levels (FBG) before and after the intervention (Bo et al., 2014; Embaby et al., 2016; I. Sklempe Kokic et al., 2018;
Iva Sklempe Kokic et al., 2018; Xie et al., 2022; Youngwanichsetha et al., 2014). The meta-analysis revealed a
more significant reduction in FBG in the intervention group (MD = -0.19; 95% CI [-0.30, -0.08]; P=0.28; 12=
20%) (Figure 2). In this subgroup, the study by Huifen et al. (Xie et al., 2022) held the most significant weight at
29.4%, though its FBG reduction (-0.11 [-0.28, 0.06]) was not more significant than those of other studies.

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andersen 2021 0.1 0.29 14 016 0.24 14 19.2%  -0.06[0.26,0.14] T

Bo 2014 -0.97 042 51 -0.1 086 50 17.8% -0.87 [1.13,-0.61] —

Coe 2017 -1.35 034 4  -06 026 4 158% -0.75[1.10,-0.40] s —

Huifen 2022 -0.47 037 43 -0.33 048 46 19.6%  -0.14 [0.32,0.04] ]

Sklernpe Kokic 2017 -2.63 1.36 18 -1.78 1.07 20 TF8% -085[1.63-007] -
Youngwanichsetha 2014 -0.64 0.48 a5 -016 062 85 198% -048[0E5-0.31] -

Total (95% CI) 215 219 100.0% -0.47 [-0.75, -0.20] -
Heterogeneity: Tau®= 0.09; Chi®= 37.20, df= & (P = 0.00001); *=87% t t
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Figure 3: Meta-Analysis of Changes in Postprandial Blood Glucose Levels

The following subgroup analysis focused on the impact of exercise on changes in postprandial blood glucose levels
(PPBG). Six studies provided PPBG data (Andersen et al., 2021; Bo et al., 2014; Dawn Coe et al., 2017; Iva
Sklempe Kokic et al., 2018; Xie et al., 2022; Youngwanichsetha et al., 2014). The meta-analysis showed a
significant reduction in PPBG, with the intervention group exhibiting a more significant decrease compared to the
control group (MD = -0.47; 95% CI [-0.75, -0.20]; P < 0.00001; 12 = 87%) (Figure 3). Study weights in this
subgroup ranged from 15.8% to 19.8%, with the study by Sklempe Kokic et al. (Iva Sklempe Kokic et al., 2018)
in 2017 holding the most negligible weight at 7.8% yet yielding the second-largest significant reduction at -0.85
[-1.63, 0.07].
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In the second half of pregnancy, skeletal muscle and adipose tissue become insulin-resistant. Given the metabolic
effects of exercise, it proves to be an effective approach to preventing or managing GDM (Hamidreza Sheikhi,
Mojtaba Jahromi, Alireza Sheikhi, 2017). Both aerobic exercise and resistance training, or a combination of the
two, can be effective in improving fitness (Laredo-Aguilera et al., 2020). Physical activity increases glucose uptake
by muscles, thereby requiring less insulin, which can help reduce PPBG (ACOG Practice Bulletins, 2018).
Additionally, exercise improves insulin sensitivity by modifying adipokine parameters or lowering intermediate
intramuscular lipid concentrations, such as various ceramides and diacylglycerols, which otherwise disrupt insulin
signaling (Gu et al., 2022).

Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
Bo 2014 -1.2 5124 a1 -08 6.2 a0 41.3% -0.40 [-2.64,1.84] —
Embaby 2016 -572 0488 20 -282 188 X0 ABT%  -280[-3.83,-1.97] ——
Total (95% CI) 71 70 100.0%  -1.87[-4.28, 0.55] -*'-
Heterogeneity: Tau?= 2.36; Chi®= 4.07, df=1 (P = 0.04); F= 75% 54 52 f j‘

Test for overall effect Z=1.52 (F=0.13) Intemvention Control

Figure 4: Meta-Analysis of Changes in Insulin Levels in the Blood

The final subgroup meta-analysis assessed the effect of exercise on insulin levels in the blood, comparing the
intervention and control groups. Only two studies provided eligible data for this outcome (Bo et al., 2014; Embaby
et al., 2016). Results showed a reduction in insulin usage as a metabolic function, particularly in the intervention
group (MD = -1.87; 95% CI [-4.28, 0.55]; P = 0.04; 12= 75%) (Figure 4). Of the two studies, Embaby et al.
(Embaby et al., 2016) had the largest weight at 58.7% and reported a change of -2.90 [-3.83, -1.97], which had a
substantial impact on the overall results.

Table 2: Data Extraction

Author, Country Subject Description of Intervention Results
Year
Total Pregnancy | Intervention Interval | Duration | Frequency | Intensity
Duration Type (minutes (days
Intervention | Control | (Weeks) /day) /weeks)
Anderson Denmark | 14 14 30.5-33.1 Interval 4 days 3x20 4 Moderate | Postprandial
etal., walking after interval walking
2021 meals effectively
controls

postprandial
blood glucose

Bo et al., Italy 51 50 24-26 Brisk walking | Up to 38 20 7 Moderate | Exercise can
2014 weeks of reduce
gestation postprandial
blood glucose
but is not

significant for
fasting blood

glucose
Coeetal., | United 4 4 24-35 Walkingona | Once 30 1 Moderate | The reduction in
2017 States treadmill postprandial

blood glucose
levels is greater

in the
intervention
group
Embaby et | Saudi 20 20 20-24 Walkingona | Upto37 | 45 3 Moderate | Fasting blood
al., 2016 Arabia treadmill weeks of glucose levels
gestation decreased

significantly in
the intervention
group
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Huifen et
al., 2022

China

46

46

24-31

Resistance
training

Upto 37
weeks of
gestation

50-60

Moderate

After the
exercise period,
blood glucose
levels in the
intervention
group were
lower than in
the control

group

Skelmpe
Kokic et
al., 2017

Croasia

20

20

<30

Resistance,
aerobic, and
stretching
exercises

6 weeks

50-55

Moderate

Postprandial
blood glucose in
the intervention
group was
lower, while the
difference in
fasting blood
glucose was not
significant

Skelmpe
Kokic et
al., 2018

Croasia

Not stated

Resistance,
aerobic, and
stretching
exercises

Up to 36
weeks of
gestation

50-55

Moderate

There was a
reduction in
blood glucose
levels in both
groups with a
less significant
difference

Youngwan
ichsetha et
al., 2014

Thailand

85

85

24-30

Yoga
exercises

8 weeks

15-20

Mild

The
intervention
group showed a
significant
reduction in
both fasting and
postprandial
blood glucose
levels

4, Discussion

These findings are consistent with several studies indicating that women who tend to be less active at the beginning
of pregnancy may increase their risk of developing gestational diabetes mellitus (GDM) (do Nascimento et al.,
2019). Research in China also showed that increased physical activity during pregnancy is associated with a
reduced risk of GDM, whereas a sedentary lifestyle is associated with an increased risk of GDM among pregnant
women (Leng et al., 2016).

For more than a decade, healthcare professionals have focused on exercise for overweight/obese women during
pregnancy in relation to GDM, although a substantial proportion of women with GDM have a normal pre-
pregnancy BMI (Ming et al., 2018). Moderate-intensity physical activity can lower fasting blood glucose levels in
mothers with GDM and is recommended as part of the treatment plan for GDM patients. Common activities such
as walking for 10-15 minutes are also recommended to control fasting blood glucose (ACOG Practice Bulletins,
2018).

Exercise may influence adipokine profiles by increasing adiponectin, a protein that enhances cellular sensitivity
to insulin (Wang et al., 2016). It also raises the expression of GLUT4, a glucose transporter that moves glucose
from the bloodstream into cells, lowering blood glucose and reducing insulin resistance, thus alleviating pancreatic
strain on the mother. Additionally, exercise boosts antioxidant levels, countering oxidative stress, a contributor to
GDM, and decreases inflammatory markers linked to insulin resistance, potentially reducing GDM risk by
decreasing maternal insulin resistance (Wang et al., 2016).

Based on data extraction results, the study by Youngwanichsetha et al. (Youngwanichsetha et al., 2014), with the
highest sample size of 85 participants in both groups, showed significant reductions in FBG and PPBG. This
study’s intervention involved exercise sessions of 15-20 minutes, five times a week, over eight weeks, resulting
in a longer intervention period than other studies. Conversely, Bo et al. (Bo et al., 2014) provided a 20-minute
daily exercise session until 38 weeks of gestation. Although this study showed a significant reduction in PPBG in
the intervention group, the FBG reduction was less pronounced.
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5. Conclusion

This study demonstrates that pregnant women with gestational diabetes mellitus (GDM) can engage in light to
moderate-intensity physical exercise, including resistance training, aerobic exercises, or yoga. Physical exercise
positively influences metabolism in women with GDM, particularly in controlling and reducing blood glucose
levels. Exercise significantly affected postprandial blood glucose levels (PPBG) compared to fasting blood glucose
levels (FBG). Additionally, it may help regulate insulin levels, further supporting glucose control.

Moderate-intensity exercises, such as walking, and low-intensity activities like yoga, yielded notable benefits.
Exercises that do not strain the mother excessively and promote relaxation are well-suited for managing blood
glucose levels. An essential factor in exercising for pregnant women with GDM is to engage in regular, well-
measured activity under supervision to ensure both safety and effectiveness.

Author Contributions: Conceptualization, F.A., D.A.R.D., G.B.N.K.T.S., and A.K.M.; Methodology, F.A.,
D.A.R.D.; Software, G.B.N.K.T.S., and A.K.M.; Validation, F.A., G.B.N.K.T.S., and A.K.M..; Formal Analysis,
F.A., G.B.N.K.T.S., and A.K.M.; Resources, F.A., G.B.N.K.T.S., and A.K.M.; Data Curation, F.A., G.B.N.K.T.S,,
and A.K.M.; Writing — Original Draft Preparation, F.A., G.B.N.K.T.S., and A.K.M.; Writing — Review & Editing,
R.S., D.A.R.D.; Visualization, A.A., F.U., and A.R.; Supervision, D.A.R.D., L.I.T.W.; Project Administration,
R.S., AA.

Funding: This research received no external funding
Conflicts of Interest: The authors declare no conflict of interest

Informed Consent Statement/Ethics approval: Not applicable

References

ACOG Practice Bulletins. (2018). Gestational diabetes mellitus. ACOG Practice Bulletin No. 190. American
College of Obstetricians and Gynecologists. Obstetrics and Gynecology, 131(180), e49—64.

Andersen, M. B., Fuglsang, J., Ostenfeld, E. B., Poulsen, C. W., Daugaard, M., & Ovesen, P. G. (2021).
Postprandial interval walking—effect on blood glucose in pregnant women with gestational diabetes.
American Journal of Obstetrics and Gynecology MFM, 3(6), 100440.
https://doi.org/10.1016/j.ajogmf.2021.100440

Beyuo, T., Obed, S. A., Adjepong-Yamoah, K. K., Bugyei, K. A., Oppong, S. A., & Marfoh, K. (2015). Metformin
versus insulin in the management of pre-gestational diabetes mellitus in pregnancy and gestational diabetes
mellitus at the Korle Bu Teaching Hospital:A randomized clinical trial. PLoS ONE, 10(5), 1-10.
https://doi.org/10.1371/journal.pone.0125712

Bo, S., Rosato, R., Ciccone, G., Canil, S., Gambino, R., Poala, C. B., Leone, F., Valla, A., Grassi, G., Ghigo, E.,
Cassader, M., & Menato, G. (2014). Simple lifestyle recommendations and the outcomes of gestational
diabetes. A 2x2 factorial randomized trial. Diabetes, Obesity and Metabolism, 16(10), 1032-1035.
https://doi.org/10.1111/dom.12289

Chiefari, E., Arcidiacono, B., Foti, D., & Brunetti, A. (2017). Gestational diabetes mellitus: an updated overview.
Journal of Endocrinological Investigation, 40(9), 899-909. https://doi.org/10.1007/s40618-016-0607-5

Dawn Coe, Scott Conger, Jo Kendrick, Bobby Howard, Dixie Thompson, David Bassett, J. W. (2017).
Postprandial Walking Reduces Glucose Levels in Women with Gestational Diabetes Mellitus. Applied
Physiology, Nutrition, and Metabolism.

do Nascimento, G. R., Borges, M. do C., Figueiroa, J. N., Alves, L. V., & Alves, J. G. (2019). Physical activity
pattern in early pregnancy and gestational diabetes mellitus risk among low-income women: A prospective
cross-sectional study. SAGE Open Medicine, 7. https://doi.org/10.1177/2050312119875922

Embaby, H., Elsayed, E., & Fawzy, M. (2016). Insulin Sensitivity and Plasma Glucose Response to Aerobic
Exercise in Pregnant Women at Risk for Gestational Diabetes Mellitus. Ethiopian Journal of Health Sciences,
26(5), 409-414. https://doi.org/10.4314/ejhs.v26i5.2

Gu, C., He, G., & Lin, C. (2022). Evaluation of High Levels of Sports Activity and the Beneficial Effect on

86



Asian Institute of Research Journal of Health and Medical Sciences Vol.7, No.4, 2024

Postprandial Blood Glucose Profiles. Revista Brasileira de Medicina Do Esporte, 28(5), 465-468.
https://doi.org/10.1590/1517-8692202228052022_127

Hamidreza Sheikhi, Mojtaba Jahromi, Alireza Sheikhi, hadis M. (2017). The Effect of Physical Activity Training
Through Focused Group Discussions on Fasting Blood Glucose Level on Pregnant Women with Gestational
Diabetes. Revista QUID, 2830-2834.

Hegde, B. M. (2018). Health benefits of exercise. Kuwait Medical Journal, 50(2), 143-145.
https://doi.org/10.1249/01.mss.0000477455.85942.2f

Kim, K. S., Hong, S., Han, K., & Park, C. Y. (2021). The Clinical Characteristics of Gestational Diabetes Mellitus
in Korea: A National Health Information Database Study. Endocrinology and Metabolism, 36(3), 628-636.
https://doi.org/10.3803/ENM.2020.948

Ko, K. J., Kim, E. H., Baek, U. H., Gang, Z., & Kang, S. J. (2016). The relationship between physical activity
levels and metabolic syndrome in male white-collar workers. Journal of Physical Therapy Science, 28(11),
3041-3046. https://doi.org/10.1589/jpts.28.3041

Kodikonda, M., & Naik, P. R. (2017). Ameliorative effect of borneol, a natural bycyclic monoterpene against
hyperglycemia, hyperlipidemia and oxidative stress in streptozotocin-induced diabetic Wistar rats.
Biomedicine and Pharmacotherapy, 96(September), 336-347. https://doi.org/10.1016/j.biopha.2017.09.122

Kouhkan, A., Najafi, L., Malek, M., Baradaran, H. R., Hosseini, R., Khajavi, A., & Khamseh, M. E. (2021).
Gestational diabetes mellitus: Major risk factors and pregnancy-related outcomes: A cohort study.
International Journal of Reproductive BioMedicine, 19(9), 827-836.
https://doi.org/10.18502/ijrm.v19i9.9715

Laredo-Aguilera, J. A., Gallardo-Bravo, M., Rabanales-Sotos, J. A., Cobo-Cuenca, A. ., & Carmona-Torres, J.
M. (2020). Physical activity programs during pregnancy are effective for the control of gestational diabetes
mellitus. International Journal of Environmental Research and Public Health, 17(17), 1-14.
https://doi.org/10.3390/ijerph17176151

Leng, J., Liu, G., Zhang, C., Xin, S., Chen, F., Li, B., Tian, H., Yu, Z., Tuomilehto, J., Hu, G., & Yang, X. (2016).
Physical activity, sedentary behaviors and risk of gestational diabetes mellitus: A population-based cross-
sectional study in Tianjin, China. European Journal of Endocrinology, 174(6), 763-773.
https://doi.org/10.1530/EJE-15-1103

Ming, W. K., Ding, W., Zhang, C. J. P., Zhong, L., Long, Y., Li, Z., Sun, C., Wu, Y., Chen, H., Chen, H., & Wang,
Z.(2018). The effect of exercise during pregnancy on gestational diabetes mellitus in normal-weight women:
A systematic review and meta-analysis. BMC Pregnancy and Childbirth, 18(1), 1-9.
https://doi.org/10.1186/s12884-018-2068-7

Mottola, M. F., & Artal, R. (2016). Role of exercise in reducing gestational diabetes mellitus. Clinical Obstetrics
and Gynecology, 59(3), 620-628. https://doi.org/10.1097/GRF.0000000000000211

Murphy, H. R., Bell, R., Cartwright, C., Curnow, P., Maresh, M., Morgan, M., Sylvester, C., Young, B., & Lewis-
Barned, N. (2017). Improved pregnancy outcomes in women with type 1 and type 2 diabetes but substantial
clinic-to-clinic  variations: a prospective nationwide study. Diabetologia, 60(9), 1668-1677.
https://doi.org/10.1007/s00125-017-4314-3

Ozougwu, O. (2013). The pathogenesis and pathophysiology of type 1 and type 2 diabetes mellitus. Journal of
Physiology and Pathophysiology, 4(4), 46-57. https://doi.org/10.5897/jpap2013.0001

Sklempe Kokic, I., lvanisevic, M., Kokic, T., Simunic, B., & Pisot, R. (2018). Acute responses to structured
aerobic and resistance exercise in women with gestational diabetes mellitus. Scandinavian Journal of
Medicine and Science in Sports, 28(7), 1793-1800. https://doi.org/10.1111/sms.13076

Sklempe Kokic, Iva, Ivanisevic, M., Biolo, G., Simunic, B., Kokic, T., & Pisot, R. (2018). Combination of a
structured aerobic and resistance exercise improves glycaemic control in pregnant women diagnosed with
gestational diabetes mellitus. A randomised controlled trial. Women and Birth, 31(4), e232-e238.
https://doi.org/10.1016/j.wombi.2017.10.004

Wang, C., Guelfi, K. J., & Yang, H. (2016). Exercise and its role in gestational diabetes mellitus. Chronic Diseases
and Translational Medicine, 2(4), 208-214. https://doi.org/10.1016/j.cdtm.2016.11.006

Woodside, A., & Bradford, H. (2021). Exercise and the Prevention of Gestational Diabetes Mellitus. Nursing for
Women'’s Health, 25(4), 304-311. https://doi.org/10.1016/j.nwh.2021.05.009

Xia, Z., Jiang, Y. Y., Shang, W. J., Guo, H. J., Mao, F., Dong, W. L., & Dong, J. Q. (2021). Long-term
effectiveness of group-based diabetes self-management on glycosylated haemoglobin for people with type 2
diabetes in community: a protocol of systematic review and meta-analysis. BMJ Open, 11(6), 1-7.
https://doi.org/10.1136/bmjopen-2020-046692

Xie, Y., Zhao, H., Zhao, M., Huang, H., Liu, C., Huang, F., & Wu, J. (2022). Effects of resistance exercise on
blood glucose level and pregnancy outcome in patients with gestational diabetes mellitus: A randomized
controlled trial. BMJ Open Diabetes Research and Care, 10(2), 1-10. https://doi.org/10.1136/bmjdrc-2021-
002622

Youngwanichsetha, S., Phumdoung, S., & Ingkathawornwong, T. (2014). The effects of mindfulness eating and
yoga exercise on blood sugar levels of pregnant women with gestational diabetes mellitus. Applied Nursing

87



Asian Institute of Research Journal of Health and Medical Sciences Vol.7, No.4, 2024

Research, 27(4), 227-230. https://doi.org/10.1016/j.apnr.2014.02.002

Zhu, Y., Zhang, C., & Kennedy, E. (2019). Prevalence of Gestational Diabetes and Risk of Progression to Type 2
Diabetes: a Global Perspective. Current Diabetes, 16(1), 1-19. https://doi.org/10.1007/s11892-015-0699-
x.Prevalence

88



	1. Introduction
	2. Methods
	2.1 Research Methodology
	2.2 Search Strategy
	2.3 Study Selection
	2.4 Data Extraction
	2.5 Risk of Bias Assessment
	2.6 Data Synthesis
	3. Results
	4. Discussion
	5. Conclusion
	Author Contributions: Conceptualization, F.A., D.A.R.D., G.B.N.K.T.S., and A.K.M.; Methodology, F.A., D.A.R.D.; Software, G.B.N.K.T.S., and A.K.M.; Validation, F.A., G.B.N.K.T.S., and A.K.M..; Formal Analysis, F.A., G.B.N.K.T.S., and A.K.M.; Resources...
	Funding: This research received no external funding
	Conflicts of Interest: The authors declare no conflict of interest
	Informed Consent Statement/Ethics approval: Not applicable
	References

