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Abstract

Gestational diabetes mellitus (GDM) poses a significant health concern for both mother and
offspring. Exercise has emerged as a cornerstone of glycemic management in GDM. However,
most research regarding this topic examines aerobic training (AT), despite substantial evidence for
the effectiveness of resistance training (RT) in improving dysregulated glucose in other groups

of people with diabetes, such as in type 2 diabetes mellitus (T2DM). Thus, the purpose of this
paper is to review research that examined the impact of RT on markers of glucose management in
GDM, and to discuss future research directions to determine the benefits of RT in GDM. Based

on the current evidence, RT is effective in reducing insulin requirement, especially in overweight
women, reducing fasting glucose concentrations, and improving short-term postprandial glycemic
control. However, the number of studies and findings limit conclusions about the impact of RT on
risk of GDM, fasting insulin concentrations, insulin resistance, p-cell function, and intra-exercise
glucose management. Overall, current evidence is accumulating to suggest that RT is a promising
non-pharmacological tool to regulate circulating glucose concentrations in women with GDM, and
a potential alternative or supplement to AT.
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1 Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is first diagnosed
during pregnancy [1]. GDM is the most common metabolic disorder during gestation,
complicating nearly 10% of all pregnancies [2], and the prevalence of GDM is on the rise
in the US [3, 4]. Once diagnosed with GDM, the risk of GDM in subsequent pregnancies
increases by 35-50% [5, 6] and the risk of developing postpartum type 2 diabetes mellitus
(T2DM) increases by 40-60% [7, 8]. Furthermore, the development of GDM poses
significant health risks not only to the mother but also the offspring [9, 10]—a finding
supported by the Developmental Origins of Health and Disease (DOHaD) and Maternal
Resources Hypotheses [11], where fetal exposure to an altered intrauterine environment
(e.g., during GDM) impacts offspring health and long-term disease susceptibility (e.g.,
hypertension, dyslipidemia) [12-17]. Consequently, there is a pressing need for cost-
effective therapeutic interventions for GDM. Exercise is known to be effective for the
management of glucose in populations with dysregulated glucose levels, such as T2DM.
Although aerobic training (AT) is the most common modality used in exercise studies, other
forms of exercise, such as resistance training (RT), have emerged as promising tools with
which similar outcomes can be achieved. Like T2DM, GDM is characterized by insulin
resistance [18, 19]; therefore, RT may be just as beneficial as AT, although research in this
area is new. In addition, no review to date has focused exclusively on the impact of RT in
GDM, and available reviews lack analysis and discussion of the effect of RT on important
markers of glucose regulation in GDM. Thus, the purpose of this paper was to review the
impact of RT on markers of glucose management in GDM and discuss the directions for
future research to determine the benefits of RT in this population.

2 Current Treatment Strategies for Glucose Management in Women with
Gestational Diabetes Mellitus (GDM)

Current treatment for GDM per the American College of Obstetricians and Gynecologists
(ACOG) includes diet therapy, self-monitoring of postprandial capillary blood glucose
concentration, and exercise recommendations emphasizing aerobic (30 min of moderate-
intensity aerobic exercise at least 5 days/week, or a minimum of 150 min per week; walk
10-15 min after each meal) [20]. Others also include RT in their recommendations (at

least 2 days per week, 5-10 exercises at 8—15 repetitions at moderate intensity) [21]. If

these measures are ineffective at controlling blood glucose levels, then pharmacological
therapy (insulin, metformin) is prescribed [20]. Although effective in managing glucose
concentrations, pharmacological therapy is associated with increased incidence of adverse
outcomes, such as small-for-gestational-age offspring [22]. Moreover, glucose-lowering
drugs typically manage hyperglycemia without addressing the underlying metabolic
disturbance, which is the combination of a progressive reduction in peripheral and liver
insulin sensitivity and impaired insulin action at the post receptor level [22]. Since muscle
tissue is one of the primary sites for the reduction in insulin sensitivity throughout pregnancy
[23], and exercise improves peripheral glucose tolerance through both insulin-dependent and
insulin-independent mechanisms [24], several exercise and pregnancy organizations (e.g.,
ACOG [25] and the American College of Sports Medicine [ACSM] [26]) endorse the use
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of prenatal exercise as a non-pharmacological adjunctive therapy for regulating glucose.
Specifically, both ACOG and ACSM recommend that pregnant women with uncomplicated
pregnancies engage in not only AT but also RT [25, 26], with one of the benefits being

a reduction in the risk of GDM. The initial treatment guidelines for GDM diagnosis also
consist of recommendations for both AT and RT [20, 21]; however data on RT in this
population are still sparse [21], even though research has demonstrated potent benefits of
RT on glucose regulation in populations with similar complications in glucose management,
such as T2DM.

3 Support for the Effectiveness of Resistance Training (RT) in Individuals

with Type 2 Diabetes Mellitus

To support the use of RT in the management of glycemia in GDM, a discussion of the
effectiveness of RT in other diabetic populations is helpful. In individuals with T2DM,

the improvement in glucose regulation and insulin sensitivity as a result of RT can occur
independently of both (1) the incorporation of AT into an exercise regimen [27], and (2) any
change in maximal oxygen uptake [28]. Furthermore, the impact of RT on insulin sensitivity
and glucose control may be greater in RT compared with AT [29, 30], or, at a minimum,
may elicit the same effects on glycemic control [31] when matched for training units or
time. Thus, RT seems to be equally effective at managing glucose levels as the commonly
prescribed AT. In addition, many of the benefits of RT on measures of glucose control have
been found to occur independently of significant increases in muscle mass [32] and after
only one RT session or a single set of exercises [33]. Therefore, RT is a promising lifestyle
strategy to improve glycemia in T2DM (reviewed extensively by others [34, 35]) even in an
acute setting, and may be just as beneficial as AT for combatting insulin resistance [18, 19].

4 Use of Exercise to Manage Glucose in Women with GDM

AT has historically been the preferred exercise modality recommended by most pregnancy;,
exercise, and diabetes professional advisory bodies to attenuate GDM-related issues [21,
36-38]; however, other forms of exercise such as RT have also shown promise for glucose
control in women with GDM. For instance, in several studies, RT has been shown to

elicit similar improvements in glycemic control compared with AT [39-42], indicating that
RT alone may be an approach to achieving the same glycemic outcome using a different
stimulus. Furthermore, a recent meta-analysis determined that as long as the training (either
AT or RT) is performed for the proper frequency (three to four times per week), intensity
(moderate to vigorous), and time per session (20-30 min), similar glycemic outcomes in
women with GDM will occur [41]. Therefore, if the dosage of exercise (frequency, intensity,
time, and volume) is appropriate, the type of exercise is not as important with respect to
glucose regulation. These findings are critical and exciting for this growing field because
they allow for the personalization of exercise programs based on preference, without boxing
women into a one-size-fits-all approach to prenatal exercise. For example, women may
choose to participate in RT only in late gestation if they are unable to tolerate the joint and
pelvic floor impact and metabolic cost of steady-state AT, but still glean similar glycemic
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benefits. The remainder of this review will be focused on reviewing studies that have
explored this relationship and then reviewing considerations for future research.

5 Studies Examining the Use of RT to Regulate Glucose in GDM

This review was conducted using the PubMed and Google Scholar search engines in the
month of June 2021 for manuscripts with no date range. The keywords used to search
were ‘resistance training’, ‘GDM?’, “‘gestation diabetes mellitus’, ‘maternal’, ‘insulin’, and
‘glucose’. We considered all intervention and observational studies assessing the effects of
prenatal RT on maternal glycemia, whether RT was used as the sole training modality or
used in concert with AT. RT was defined as exercise that causes the muscles to exert force
against an external resistance, while AT was defined as exercises that cause large muscle
groups to move in a rhythmic manner for a sustained period of time. All classifications of
maternal BMI were accepted. Studies that provided dietary interventions in combination
with exercise interventions were also considered. Primary outcome measures included
risk of GDM, insulin requirement, fasting circulating insulin and glucose concentrations,
insulin resistance, insulin sensitivity, B-cell function, and postprandial, post-exercise, and
intra-exercise glycemia.

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of studies selected for analysis is shown in Fig. 1. There were 1012 records
identified using search engines (PubMed and Google Scholar) and five records were
identified using other sources (e.g., references in reviews, meta-analyses). Five records
were eliminated because of duplication, therefore 1012 records were screened. Overall, 911
records were excluded for not being full-text original articles specific to RT and pregnancy-
related outcomes, leaving 101 eligible full-text articles. A further 90 were excluded because
they were out of scope (e.g., physical activity, not glucose-related), leaving 11 articles for
evaluation. These studies and their primary outcome measures are reviewed below, and the
descriptions of these randomized controlled trials are outlined in Table 1.

Other reviews have focused on all forms of exercise (e.g., AT and RT) [41, 43-46] but

do not focus on the effectiveness of RT alone. Furthermore, a specific review by Yaping

et al. [47] focused exclusively on the effects of RT in pregnant women but not GDM
specifically, and further only discussed 3 of the 10 manuscripts reviewed in the current
study. In addition, Yaping et al. [47] focused on fasting blood sugar, average 2-h post-
meal blood glucose, insulin dosage, and rate of insulin injection as the main outcome
variables. The current review includes each of these outcomes, in addition to risk of GDM,
fasting insulin concentrations, insulin resistance, p-cell function, and intra-exercise glycemic
control. Therefore, the current review is novel by providing an up-to-date review of studies
that have assessed the impact of RT, exclusively, on numerous metabolic outcomes specific
to glucose regulation in GDM.

5.1 Long-Term Effects

5.1.1 Risk of GDM1—Three studies assessed the effect of RT on the risk of GDM (Table
1) [48-50], with two studies identifying a reduction in the risk of GDM in the RT/AT
groups compared with the control groups [48, 50], and one describing no difference in
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the risk of GDM between groups [49]. Garnzs et al. [50] exercised obese women with
GDM using a moderate-intensity RT/AT program, and noted a significant reduction in the
incidence of GDM in the RT/AT group compared with the control group {RT/AT: 2 cases,
6.1%; controls: 9 cases, 27.3%, with an odds ratio (OR) of 0.1 (95% confidence interval
[CI] 0.02-0.95; p=0.04)}. These findings were confirmed by Barakat and colleagues

[48] in healthy-weight women, but significance was lost after adjustment for maternal age
and pre-pregnancy bodyweight (OR 0.84, 95% CI 0.50-1.40, p = 0.496) [48]. Although

the participants in this study were compliant with the exercise protocol (> 95%), the RT
protocol performed three times per week for 25-30 min per session was termed ‘toning and
joint mobilization” and included the following exercises: shoulder shrugs and rotations, arm
elevations, leg lateral elevations, and pelvic tilts and rocks. These exercises are isolation
movements targeting very small muscle groups and were performed at what was described
as moderate intensity (Borg Scale Rating of Perceived Exertion [RPE]: 10-12). However,
exercises were performed with very small barbells (3 kg) and low-to-medium resistance
bands (1-3 kg of resistance). Therefore, although it may be speculated that the individual
RT sessions acutely improved glucose uptake, the ability of the RT program to create

a physiological stimulus large enough to evoke chronic adaptations (e.g., increased lean
mass) that would result in a reduced risk of GDM in otherwise healthy, lean women may
have been unlikely. Even so, another group (Stafne et al. [49]) confirmed that an RT/AT
intervention was insufficient in reducing the prevalence of GDM in both healthy weight and
overweight women (RT/AT: 25 of 375 [7%, 95% CI 4.3-9.7]; controls: 18 of 327 [6%, 95%
Cl 3.3-8.6]), even after conducting a subgroup analysis of women who were adherent to
the exercise program. However, this study did not examine the potential differences in GDM
prevalence between healthy weight and overweight women, and the women exercised less
than the recommended level (e.g., < 150 min/week). In summary, it is difficult to make
conclusions about the effectiveness of RT on the risk of GDM because the three studies
reviewed combined RT with AT and provided varying results. However, there may be an
effect of RT on the risk of GDM in women with obesity.

5.1.2 Insulin Requirement—The three studies that assessed how RT during pregnancy
in women with GDM impacted the use of insulin therapy throughout the intervention
showed conflicting results (Table 1) [51-53]. Whereas de Barros et al. [51] and Huifen et
al. [53] demonstrated a decrease in the number of women who required insulin in the RT
group compared with the control group, Brankston et al. [52] found no differences in the
number of women who required insulin between an RT-plus-diet group vs. diet alone). The
diet intervention in the Brankston et al. [52] study consisted of a standard diabetic diet, with
40% of total energy intake (TEI) from carbohydrates, 20% of TEI from protein, and 40% of
TEI from fat (24-30 kcal/kg/day), spread over three meals and three snacks. The details of
the Brankston et al. [52] and de Barros et al. [51] studies were nearly the same: participants
in both studies were overweight, started circuit RT using elastic bands around the same time
(de Barros et al. [51]: 31 weeks of gestation; Brankston et al. [52]: 29 weeks of gestation),
continued until birth, at a frequency of three times per week, with a similar progression (two
circuits in the first 2 weeks, three circuits thereafter until birth) and rest between exercises
(up to 1 min). However, intensity (de Barros et al. [51]: moderate to vigorous; Brankston

et al. [52]: moderate) and compliance (de Barros et al. [51]: 80%; Brankston et al. [52]:
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67%) were different. Therefore, higher intensity and compliance with a higher-intensity
program may be required to reduce insulin requirement in women with GDM. Differences
in findings may have also been attributed to extraneous variables such as body mass index
(BMI), because in a subgroup analysis of healthy weight and overweight participants,
Brankston et al. [52] determined that overweight women had a significantly lower incidence
of insulin therapy use in the RT-plus-diet group (3 of 10) compared with the diet-only
group (8 of 10). Therefore, it seems that women with obesity-related GDM have greater
improvements in peripheral insulin sensitivity when RT is incorporated as an intervention,
and thus RT plus diet may have additive or synergistic effects. These findings are not
surprising, considering the mechanical nature of skeletal muscle contractions facilitates the
improvement in insulin sensitivity, and thus reduces the requirement for insulin [54]. Aside
from the number of women requiring insulin, Brankston et al. [52] also demonstrated that
the women in the RT-plus-diet group were prescribed less insulin and commenced insulin
therapy later after diagnosis, compared with the diet-only group. Likewise, Huifen et al.
[53] determined that the use of insulin (units per day) was lower in RT compared with the
control groups. Therefore, it seems that RT in women with GDM may impact the necessity
of pharmacological insulin, the amount required, and when it is commenced.

5.1.3 Fasting Circulating Glucose and Insulin Concentrations—Current
available studies suggest that RT during pregnancy in women with GDM is associated

with lower fasting glucose concentration (Table 1). While de Barros et al. [51] found a
non-significant tendency to lower glucose levels throughout the day in an RT group versus
a control group, three other studies found that RT significantly lowers circulating glucose
concentration [53, 55, 56]. Huifen et al. [53] determined that mean fasting glucose after an
intervention was lower in RT (RT 3 x /week for at least 6 weeks) compared with the control
group. Refaye et al. [55] found that not only was there a decrease in fasting circulating
glucose levels in RT but a decrease was also observed in AT. However, they found a
significantly greater decrease in fasting glucose levels in the RT group (22%) compared
with the AT group (5%) when matched for exercise time [55]. In two papers on the same
cohort, Kazemi and Ali Hosseini [56] and Kasraeian et al. [57] reported no significant
difference in fasting glucose concentrations between aqua RT, aqua AT, and control groups.
The aqua AT group consisted of slow walking and moderate-intensity aerobic exercises in
water, while the aqua RT group consisted of circuit training using an elastic band focusing
on the main muscle groups in a circuit of eight exercises performed 15 times with 30-60 s
of rest between circuits. After comparing the longitudinal change in glucose concentrations
in groups individually, glucose concentrations significantly decreased after 6 weeks of aqua
RT but not with aqua AT [56, 57]. Although it is difficult to compare the volume of exercise
between RT and AT, it is important to note that the volume of work completed in the aqua
RT group was likely greater than the volume of work completed in the aqua AT group from
these studies and this should be considered. Overall, studies support that RT in women with
GDM may improve fasting glucose concentrations.

Reports of an effect of RT on fasting insulin concentrations are more variable. For instance,
Kazemi and Ali Hosseini [56] found no differences in fasting insulin concentrations between
the aqua RT, aqua AT, and control groups, while Kasraeinan et al. [57] demonstrated a
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significant difference between groups (RT, AT, controls) in the same cohort. Discrepancies
in results between these two reports of the same study (Kazemi and Ali Hosseini [56] and
Kasraeinan et al. [57]) are unclear but are likely due to the statistical approach used (Kazemi
and Ali Hosseini [56] using Kruskal-Wallis: 0.031; Kasraeinan et al. [57] using ANCOVA:
0.31). Regardless of differences in the reported significance level, within-group changes

in insulin concentrations were the same, with a non-significant increase in insulin levels
throughout the RT intervention and a non-significant reduction in insulin levels throughout
the AT intervention. On the other hand, Stafne et al. [49] showed significantly lower fasting
insulin levels with a combination of RT (20-25 min) and AT (performed for 30-35 min with
low impact) compared with a standard antenatal care control group; however, the differences
were halved after adjusting for baseline levels. Each of the mentioned studies included
healthy weight/overweight women who exercised at a moderate intensity three times per
week until late gestation (compliance and progression could not be compared because of
missing data). Stafne et al. [49] differed from Kazemi and Ali Hosseini [56]/Kasraeinan

et al. [57] in that participants performed RT for less time (Stafne et al. [49]: 20-25 min

per session; Kazemi and Ali Hosseini [56]/Kasraeinan et al. [57]: 30-45 min per session),
although total session length was longer in the study by Stafne et al. [49] with the additional
AT (total RT + AT ~ 50-60 min per session) and the use of different modalities (Stafne et
al. [49]: bodyweight; Kazemi and Ali Hosseini [56]/Kasraeinan et al. [57]: elastic bands). As
mentioned above, comparison of exercise volume (repetitions x sets x resistance) between
studies may enhance overall comparisons of outcomes; however, these studies used either
bodyweight or elastic bands, which do not allow for the precise calculation of volume
because weight and/or resistance are largely unknown. Furthermore, participants in the
Stafne et al. [49] study were not compliant with the exercise program (55% compliance),
which consisted of a mix of in-person and at-home workouts. Therefore, compliance with
the training program could have impacted the responsiveness of women with regard to
exercise-induced improvements in circulating insulin concentrations. Thus, although it is
difficult to deduce why differences were noted in insulin concentrations between the Kazemi
and Ali Hosseini [56]/Kasraeinan et al. [57] and Stafne et al. [49] studies, it may be that the
cumulative effect of RT plus AT is more beneficial than RT alone with respect to circulating
insulin concentrations, and compliance and volume of the exercise program should be taken
into account. Due to the discrepancies in findings, conclusions on the effectiveness of RT in
GDM on fasting insulin concentrations cannot be made.

5.1.4 Insulin Resistance and B-Cell Function—The Kazemi and Ali Hosseini [56]/
Kasraeinan et al. [57] and Stafne [49] studies also used the homeostatic model assessment
(HOMA) of insulin resistance (HOMA-IR) to estimate insulin resistance (Table 1); however
each publication reported different effects of RT on insulin sensitivity that exactly match the
respective findings with insulin concentrations (see Sect. 5.1.3). For example, Kazemi and
Ali Hosseini [56] noted that HOMA-IR was not different between groups (aqua RT, aqua
AT, controls), while Kasraeinan et al. [57], using the same cohort, showed that there was

a significant difference in HOMA-IR between groups, and Stafne et al. [49] showed that
HOMA-IR was lower in the RT plus AT group but differences disappeared after adjusting
for baseline HOMA-IR. Importantly, the argument of discrepancy of findings between
Kazemi and Ali Hosseini [56] and Kasraeinan et al. [57] are the same as noted in Sect. 5.1.3
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(i.e., reported values are the same but statistical methods to compare groups slightly differ),
and it is likely that the same variables need to be taken into account when considering the
impact of an exercise program on markers of insulin resistance (e.g., compliance, length of
time spent on RT, combination of RT and AT). Similarly, discrepancies in results preclude
definitive conclusions about the effectiveness of RT in GDM on HOMA-IR.

HOMA-B, an estimate of steady-state p-cell function, was not significantly different
between the aqua RT, aqua AT, and control groups in the publications by Kazemi and Ali
Hosseini [56] and Kasraeinan et al. [57] but increased significantly throughout the program
within the aqua RT group, although not in the other groups (aqua AT, controls). These
discrepancies occurred even though aqua RT and aqua AT were performed at the same
intensity (50-70% maximal heart rate [HRmax]). In summary, conclusions cannot be made
about the impact of RT in GDM on HOMA-B.

5.2 Short-Term Effects: Postprandial and Intra-Exercise Glycemic Control

Several studies have shown that glycemic control is improved with RT during pregnancy

in women with GDM (Table 1). de Barros et al. [51] measured capillary blood glucose

in pregnant women four times per day—after an overnight fast, 2 h after breakfast, 2

h after lunch, and 2 h after dinner. Investigators then quantified how often participants
maintained fasting glucose levels of < 95 mg/dL and postprandial glucose levels of < 120
mg/dL throughout the study, based on American Diabetes Association (ADA) guidelines
[58]. These researchers found that women who participated in RT demonstrated better
glycemic control, reflected in a greater percentage of weeks spent within the target glucose
range when compared with the control group (RT: 63 £ 30%; control: 41 + 31%) [51].
Furthermore, women in the RT group who used insulin therapy also had more weeks of
adequate glycemic control compared with women in the control group using insulin therapy
[51]. Likewise, Huifen et al. [53] found that mean 2-h postprandial glucose (average blood
glucose 2 h after three meals) was lower in RT compared with the control group. In addition,
Sklempe Kokic and colleagues [59] found that although there was no difference in the levels
of fasting glucose between experimental groups (RT + AT vs. controls), postprandial glucose
levels at the end of pregnancy were lower in the exercise group compared with the control
group. Furthermore, Refaye and co-workers [55] reported a decrease in 2-h postprandial
circulating glucose levels after both RT and AT interventions. However, these researchers
found that there was a significantly greater decrease in 2-h (33%) glucose levels in the RT
group compared with the AT group (4%) [55]. Therefore, study findings suggest that RT in
GDM likely improves postprandial glycemic control.

Regarding intra-exercise glycemic control, it seems that exercise training during pregnancy
does not negatively impact glycemia during exercise sessions. For instance, Sklempe Kokic
et al. [60] measured glucose levels before and after an acute RT session and found that
glucose levels decreased from baseline; however, there were no differences between the
exercise (RT + AT) and non-exercise control groups [60]. In summary, it seems that RT

in GDM neither benefits nor negatively impacts the handling of carbohydrate nutrients
post-exercise.
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6 Considerations for Future Research Regarding the Use of RT in Women

with GDM

6.1 Muscular Performance Testing and Modality

The goal of most RT programs is to improve muscular performance (e.g., strength,
endurance, power), and RT programs often improve performance in tandem with insulin
sensitivity [61]. However, none of the available studies tested muscular performance and
therefore there is no way to confirm that the RT program improved these measures. Because
a moderate level of muscular strength is associated with a lower risk of T2DM compared
with low levels of muscular strength [62], it will be important that future research in women
with GDM examines the extent to which the prescribed RT programs actually improve
muscular strength. In addition, the modality of RT should be considered. For example, in
the available studies, most RT programs used elastic bands that applied anywhere from 0.5
to 5 kg of external resistance, dumbbells no greater than 3 kg, or bodyweight with virtually
no increases in external resistance throughout the program. Under such conditions, with no
strategic progression, marginal improvements in muscular strength are expected and would
plateau in a population that has minimal strength and is new to exercise, such as sedentary
pregnant women and the elderly [63]. Furthermore, the studies reviewed in this report and
studies in other populations (e.g., aging) employ the use of therapeutic elastic bands with
minimal resistance, unlike the heavy resistance elastic bands used to supplement traditional
RT in populations such as fit individuals. Since the strength- and hypertrophy-related
progression potential of elastic bands varies [64], it may be more optimal for improvements
in muscular performance to (1) start a program with resistance bands and progress to other
forms of RT, such as free weights or machines; (2) more strategically progress resistance
band-based programs; or 3) use resistance bands as a supplement to traditional RT programs.

6.2 Supervision of the Program

Direct, in-person supervision of exercise sessions, or at a minimum, regular contact and
accountability throughout the RT intervention, seems to be critical to maintain compliance
with the exercise protocol and thus the potential RT effect on glycemic regulation in the
prevention and/or management of GDM. One study involving individuals with T2DM
noted reduced adherence to the frequency (number of weekly sessions) and intensity of
the exercise sessions with home-based RT programs (which had limited supervision) that
ultimately led to a lower magnitude of effect on glycemic control [65]. In another study in
women with GDM, findings were similar [49], underscoring the importance of adherence
to RT protocols in order to test efficacy in terms of improving glycemic control during
pregnancy. In support of these findings, women with GDM who participated in supervised
exercise sessions at least three times per week for at least 40 min/session had more optimal
glycemic outcomes compared with participants who were not supervised [52]. Therefore,
there is convincing evidence that supervision of exercise sessions is critical to achieve
acceptable adherence to an exercise program, and yet it is uncommon to have qualified
exercise physiologists or prenatal exercise specialists available on site at antenatal centers.
Thus, exercise recommendations fall in the hands of the obstetric provider. However, these
professionals may not be aware of the current research literature or the recommended

Sports Med. Author manuscript; available in PMC 2023 March 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Allman et al.

Page 10

exercise guidelines for pregnancy or have time to share [66, 67]. Accordingly, it will be
important for future community research to focus on how prenatal exercise specialists

can be involved in the dayto-day prenatal exercise program in a fitness facility or home
setting. Additionally, exercise adherence could be improved by developing programs that are
assisted by medical health insurance providers, such as Silver Sneakers®. Development of
more randomized controlled trials and multicenter studies that describe the benefit of RT on
improvement of maternal outcomes, labor and delivery, and other outcomes may eventually
lead to the development of prenatal exercise programs covered by health insurance that
focus on supervised one-on-one training. In that way, several barriers to consistent exercise
participation (e.qg., fitness, professional supervision, financial, personal support) could be
removed and exercise adherence could be improved in a setting that is conducive to direct
supervision by certified prenatal exercise professionals.

6.3 Exercise Intensity

Currently, the general consensus is that moderate-intensity exercise is safe for pregnant
women who are otherwise healthy and have a healthy pregnancy [68]. Furthermore, ACOG
reports that exercise does not increase the risk of miscarriage, low birth weight, or early
delivery, which were common concerns in the past [68]. However, exercise should always
be discussed with the obstetric provider during prenatal visits and women should receive
medical clearance prior to initiating or continuing exercise when pregnant [68].

To date, light- and moderate-intensity RT are deemed safe during pregnancy; however,
research has not examined the safety of higher intensities of RT for pregnant women. Of the
RT studies that were discussed in Sect. 5, none reported adverse events caused by the RT
program. These findings may help shape current perceptions around RT during pregnancy.
Indeed, there may be a negative stigma associated with pregnant women participating in
intense RT, such as CrossFit. For example, pregnant women who participate in this type of
training note that overcoming judgments and stereotypes was a large part of their experience
[69]. While it is likely that women participating in vigorous RT such as CrossFit were
already vigorously active prior to pregnancy, little is known about implementing higher-
intensity RT programs in GDM. Therefore, future research should examine higher-intensity
RT programs in GDM populations.

6.4 Longitudinal Follow-Up of Children Born to Mothers Who Performed Gestational RT

The DOHabD theory states that environmental insults in early life may contribute to the long-
term risk of disease in the offspring [70]. Lifestyle factors such as exercise, or lack thereof,
during pregnancy can significantly affect the programming of metabolism and disease risk
in the offspring in the short- and long-term. Several studies have examined the impact of
prenatal exercise in maternal obesity on offspring metabolism [71-92]; however only six of
these reports were in humans [71-76], while the remaining 16 of 22 studies used rodent
models [77-92]. Importantly, each of these studies assessed the impact of AT, while none
assessed the impact of RT. Furthermore, there are no studies that examined this relationship
in women with GDM. Thus, data regarding the effect of RT on metabolic programming of
offspring born to women with GDM are lacking.
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7 Conclusions

Funding

Based on the current evidence, findings suggest that RT in women with GDM has
therapeutic potential to reduce insulin requirement especially in overweight women, reduce
fasting glucose concentrations, and improve short-term postprandial glycemic control. Based
on the limitations of the current studies, definitive conclusions about the impact of RT

on the risk of GDM, fasting insulin concentrations, insulin resistance, p-cell function, and
intra-exercise glucose management cannot be made. Furthermore, future research should
address these gaps, including the degree of increased muscular strength, the impact of
supervision on session and intensity compliance, and the impact of RT intensity on glucose
regulation. Overall, current evidence is accumulating to suggest that RT may be a promising
non-pharmacological tool to regulate circulating glucose concentrations in women with
GDM, and a potential alternative or supplement to AT. Furthermore, the data from future
studies addressing these gaps will be important for informing professional advisory bodies
on exercise guidelines during pregnancy, especially those complicated by GDM.

This study was supported by funding from The Arkansas Children’s Research Institute and Arkansas Biosciences
Institute Postgraduate Grant (to BRA), United States Department of Agriculture—Agricultural Research Service
Project 6026-51000-012-06S (to BRA and EB), NIH/NIGMS 1P20GM109096-01A1 (to EB), and NIH/NCATS
UL1 TR003107 and KL2 TR003108 (to EB). The Arkansas Children’s Research Institute and Arkansas
Biosciences Institute Postgraduate Grant sponsored the open access fee.
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Key Points

Resistance training (RT) may be an effective tool in women with gestational diabetes
mellitus (GDM) to reduce insulin requirement, reduce fasting glucose concentrations, and
improve short-term postprandial glycemic control; however, the impact of RT on other
outcomes (e.g., risk of GDM, fasting insulin concentrations, insulin resistance, p-cell
function, and intra-exercise glucose management) is still unknown

To determine the true efficacy of RT in GDM, future research should determine the
degree to which RT increases muscular strength, the impact of supervision by a fitness
professional on session and intensity compliance, and the impact of RT intensity on
glycemic outcomes of interest, such as risk of GDM, fasting insulin concentrations,
insulin resistance, p-cell function, and intra-exercise glucose management
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(n=1,012)

!

Records screened
(n=1,012)

Records excluded (not full-text
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Fig. 1.

PRISMA flow diagram of studies selected for analysis. PR/ISMA Preferred Reporting Items
for Systematic Reviews and Meta-Analyses, R7 resistance training

Sports Med. Author manuscript; available in PMC 2023 March 28.




Page 19

Allman et al.

(ST5°0 =d A/10ww 9°0 F O't 24818 PAIYY ST/joWww 9°0

F 9°C 1191S3WILI} PU02aS) SJ8lsaWL y1og Burinp pasioexa 1ey) dnoibigns e ul sI21sawiL}
PJIY) pue pPUOISS By} USaMIa( 8s1919Xa 0} asuodsal N9 21Nk Ul soUaIaIp ON
(8720 = d) sdnoib usamiaq s[ans] N9 as1d1axa-1sod Ul adualaip ON

(1000 >d J/joWW °0 ¥ 6°€

sajosnw AJlwaxa 1amoj pue Jaddn

pue un. 8y Joj sasiolaxa Buipnjoul
'SUOISSaS 8S10J9Xa Usamlag pabueyalaiul
$]02030.d 9S1219X3 dIULISISAI 98IY |
"yoes sdal GT-0T x €4

YN uoissaiboid
wbremApog
‘s|[eqquinp ‘spueg
ulw g2-0¢

1951219X3 4O pus paulqwod sdnoif yjoq ‘/joww 9'0 F L' :auljaseq paulquiod sdnoih auljoul (029 J0 9[e2s) ¥T SY9aM 98 (8T =V)
410q) ajdwies [e101 8y} Ul S|aA3] BUI|aseq “SA S|aAs] N9 8S124axa-1s0d Ul asealdaq pue paads paisnlpe-4|as 40 ulw 0z /v —€T 3dY ‘POIN-MOT] —zzwiash - MO [09] 8102 ‘IR 19
%¥8 :9ouel|dwod as1919x3 awoy e Buryjjem esxa pue uosiad-u| 0IM] WPIP/IV/IY  MN 9oy adwss
sa1osnw AJwanxa 1amo| pue Jaddn
pue un.y ay} 1o} sastaiaxa Buipnjoul N uoissalboid
[100°0 > dT (I/10ww %0 F 0£°'S) NOD 'SA (/]0WW 9'0 ¥ 99'7)  'SUOISSaS 8s101aXd Usamiaq pabueydlsiul wb1amApog
1Vv/14 ul Aoueubaid Jo pus ay) Je (Jauulp Jaije Y z pue younj Jale Y g ‘1sesyeslq Jae $]02030.d 8S1219X3 9IUR)SISAI 91y ‘s|laqquinp ‘spueg
y z :sajdwes poojq Arejjides jeipuesdisod saiy jo abeiane) N9 [eipuridisod Jemo] "yoea sdal GT—0T x £ /& Ui Gz-0z
(29€°0 =0 1/10WW 9%°0 F vt 331 1/I0UIW 9Z°0 F ZEY aulfou (0z-9J08e3s) yT ~ HoaM 922 (9e =v)
191p/1v/1d) sdnouf usemiag AoueuBaid yo pus ays ye N9 Bunsey ul souaIaYIp ON pue paads pajsnlpe-yjas Jo Ul 0z LY —€T 3dd ‘PON-MOT wIp'sh - MO [68] 8TOZ "R 10
%8 :99uel|dwod 8s101exg awoy Je Bupjiem eiixa pue uosiad-u| 90IM | WBIP/LV/LY  MN  9Doy adwiss
yoea sdas gT—0T 40 39S T 10} pawLiogiad
(suolsuslxa pue UoIXa]} apjue ‘s|nd
Burswiey ‘suoisuaixa asuy| ‘saja.id B3| N uoissalboid
(967°0 =0 ‘0¥’ T-05°0 1D %S6 ‘780 HO) [9pow sy ur  ‘suonens| Ba] [etare] ‘Mol [elale| pajess s||aqueq ‘spueg
1yb1amApoq Aoueubaid-aid pue abe [eussyew Buippe usym 1so| sem diysuonre|al iy ‘ssald youaq ‘suoleAs|s JapInoys ‘su| ulw Ge-Gz S)o9aM BE
(tv00=d 3pIS WL ‘SUOISUSIXa WLk ‘s|und sdaoiq (0z2—9 Jo aJeds) —8€ 01 ZT-0T (0TS
'86°0-0°0 1D %G6 '29'0 HO) 1v/L1d ut INaD Buidojansp Jo xsi Jamo| Apuedyiubls  ‘syn o1Ajad) sestolexa uopezijigow juiof 2T-0T 3dd ‘PO NOD =u) [gy] €102
0556 < :9ouel|dwod 8s1919X3 pue Buiuol G Jo 3NA1D “uosiad-u| 20Uy L SAIV/1Y MN “le 19 Jexeseg
(100 =0 ‘%6eY "1V ‘10000 =¢ XBUYH pajotpaid-afie 4o 909
‘%PT'SS 114D ‘sabueyd abejuadiad feipuesdisod Y-z ‘10°0 =@ ‘%9%'S 11V ‘T000°0 Je |]1Wwpeas] e uo Buryjem Jo ulw oy Ly
=d ‘%EG'TZ : 18D ‘sabueyd abejuaalad N9 Bunsey) 14D Ul asealdap J81eal S1INJJID UBaMIB] 1S3 JO
SUOIIUBAJBIUI 8Y} JO 3NSal e se s[ans] N 19 (Tp/bw ulw g yum ‘yoea sdai 0T e pawogiad
T'OT ¥ 2°29T 11V Ip/BW Z'LT F #'STT 14O ‘suonusAsiul-isod Tp/Bwi 6'TT F 9'69T (uorxayy seyue|d dpjue ‘UOISUBIXE 33U
AV CIp/BW G'0T F 92/ T 14D :uonusaidul-aid) [eipuesdisod y-g ul suononpay ‘uonanpge diy ‘uoisusIxe Mog|e ‘UoIXal) N uoissalbold
SUOIUSAIBIUI B} JO 1|NSal B Se S|aAs| MOQ9 ‘UOIIINPAR JBPINOYS ‘UOIX3IS spueg
N9 (Ip/Bw 8'8 F §'98 1V Ip/Bw T'TT F ¥'TL :14D ‘suonusnssjul-isod p/Bw Japnoys ‘find 1sayo) uonisod pajess e ul ulw og (05
6'0T ¥ G'T6 :1V :1p/Bw Z'TT ¥ 0'T6 ;14D :uonusnisiui-aid) Bunsey ul suononpey pawIopad $8s1018X8 § 40 UNOND LMD PON  $§8M LE—€Z =u) [g8] 9102
N :9oueldwod as1949x3 uosJad-u| 901y L 1V SA 14D a0 “le 10 akejoy
sdnoib usamiaq (¥80°0 =¢
“Ip/Bw £€°6 F 0€°00T :NOD ‘882 F 68'20T -LHD) S[aAs] N9 10 ‘(STL'0 = 'Hjsam
T2'T ¥ S8'T:NOD W9'T ¥ TT'Z ‘14D) uswaiinbal SNJ 01 Aousie] ‘(TOr0 =4 :By/N SHNAIID
TT°0  #'0 :NOD :7T°0 F 67°0 14D) palinbal SNI 40 JUNOWe 8y3 Ul 80UBISHIP ON € “YUIg—€ 199\
[900°0 =1 (%TEF T¥) NOD 'SA (%0€ F £9) L4 Ul SOSI0JaXa  SHNAUID T 1Z—T SHIM
(aseasip ayy 1oy paysijgeise-aid sywi| 8yl Mojaq SjuaaINSeaw A[3asm JO 0408 1ses| 18 U99M18( 1534 O S 09—0E YIIM ‘Uyoes spueg
se paulyap) abues N9 19b.1e) pasodoid ayy ulyym Juads syaam Jo abejusalad aybiH sdai GT 1e pawJoyiad (Sajosnwi Jea pue ulw v—0¢g
[S000 =01  ‘ybiys ‘sdestipenb ‘ployjap ‘sdadLi ‘sdadlq (0T-T Jo 3]eds) yuIg (9
(%€'95) NOD 'S (%6°'T2) 14D Ul SNI paiinbas sjuedioned Joma {0Bq ‘}$342) S31913%3 8 JO HNAIID 9-G 3dY ‘BIN-PON 0} S338M TE =u) [18] 0TOZ
9608 :9ouel|dwod as1919x3 99/ xZ dWOY-1e ‘Yaam/x T uosiad-uj UYL NOD'SALYD MO “leldsollegap
uoissaiboad  uoneanp pue ,
$aWO02INO 3s1949xa Jo uondiiosag pUe 1114 adA1 asi01axg 1ING Jeak ‘Apms
sniljjsw

Ssal1aqeIp [euoileisab ylim uawom ul eiwadA|6 uo Aoueubaid Burinp Bulurel) aouelsisal Jo 1oedwi ay) Buissasse S[eLl) pajj04u0d paziwopuel Jo uondiiassq

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

PMC 2023 March 28.

in

available

Sports Med. Author manuscript



Page 20

Allman et al.

‘NOD "SA [090304d 1//1¥ 8U3 0} paJaype oym uswom Jo sisAjeue dnoibans e uj
(0T'0=0:90'0 ¥ 822 :NOD 1900 F

€9°7 'LV/1H “HI-VYINOH :€0°0 =¢ W /N1 €0 F 97T :NOD :€°0 F 9°€T -Lv/1d :SNI)
sanjen auljaseq Joy Bunsnlpe usym paonpaiisol sem SN Bunsey yim souesiyiubis
NOD 'SA 1v/14 Ut (9000 =¢ :60°0 ¥ £8'Z *NOD :90°0 ¥ 95°Z *1V¥/14) HI-VINOH

1e weiboud as1919xa WOy UIW-Gy e 0S|y
10edWI-MO] JO UIW GE-0E LV

$919snwW 100}

J1Ajad pue ‘sajasnw [eulwiopae dasp

YN uoissaiboid

pue (#00°0 =d “TW/NI ¥'0 F 6'7T :NOD ‘€0 F ¥'€T :1v/Ld) SNI Bunsey 1amo 's10sU8IXa X0eq ‘squil| Jamo| pue saddn wbremApog $89M 9E
(2z50=0:[%9] 2z2c 40 8T Bunabie) sas1oJexa Jo sdal QT x €.1&/ ulw Gz—02 —Z€ 012281 (zoL
NOD :[%£] GL€ 40 G2 :1v/1H) INQD Jo 3ousenad Ui sdnouf ussmiag sdusIayIp ON pEEN pon NODO MO  =u)levlzioz
054G :9ouel|dwod as1oexg / x  9WOY-1e pue ‘Yaam/ x T uosiad-u| 90Uy L ‘SA 1/ 1 MN “le 18 auyeIS
sdnoiB NOD 10 1V 8y3 1ou Ing 14D U1 (890°0
'NOD ‘765°0 :1V ‘Z€0°0 1D :SanfeA-d ‘snoge se sanjeA awes) pasealoul g-vINOH
sdnoib NOD J0 1V ay110u Ing 14D ul (66€°0 :NOD
”HHm.o NAv4 ”NHo.o 140 “mm:_m>.§ »m>oam Se san|eA mEcmv padnpal sem N9 m:_ummn_
sdnoif usamiaq Jualagip 1ou alam (8ey'0 =d
‘0T'€9T F LT'¥zg =1s0d ‘'86°62T ¥6€°0T¢ = 81d :NOD ‘06'0LT F ¥9°08T =1s0d ‘6"
F26°99T = ad 11V ‘0266 F ££°22T =150d ‘i’ 02 F TT°62T = 31d :14D) 9-VINOH
sdnoif usamiaq Jualayip Jou a1dam (G20°0
=d 7Ip/Bw 05°0T ¥ 00'68 = 150d ‘€2°0T F ¥5'68 = 81d :NOD :68'9 ¥ G/ 'T8 = 1sod
‘278 F 0v'eg =81d 1V (LT'8 ¥ 60°28 =150d ‘6T1'8 ¥ 18'€6 = 81d :140) N9 Bunseq
sdnouf usamiaq Jualayip o SN2
sem (8000 =4 :09°0 ¥ TO'E = 1s0d '69°0F 9.°¢ = a4d :NOD '¥5'0 F LG T=lsod ) dH € 1YMIG—E Y3
‘850 ¥ 69'T = 84d 11V '85°0 ¥ 8T'Z =150d ‘TG0 ¥ 92 = 81d :14D) HI-VINOH %0L—0S "3SI2J3X3 YIBS  s)indu1d 7 1z—T SYI9M
sdnoib U33MJ3( 1531 JO S 09—0€ UNM ‘Yoea sdau spueg
U3aMIa( JUBJayIp Sem GT JO S8S1018X8 8 JO UNJUID L&D &by ulw gy—0¢ N uoneing
(T€0°0 =d W/NIN 06'Z ¥ T8'ET =180d ‘¥T'€ F ¥5'ZT = 81d INOD ‘¥SCF I8'L = XUYH (0z-9 40 8Jes) NOD (ve=v)
1s0d ‘282 F ¥T'8 = 8ld 1V :9/°2¥F ¢2'0T =)s0d ‘2€'Z ¥ 18'6 = 84d :14D) SNI Bunsed %0.-0G ¥e ulw G—0g LV enby ¥1-2T 3dY ‘PO SA 1y enby MO [26] 2102 12
N :9oueldwod as1949x3 uosJad-u| UYL  'SAl1¥Denby AN 19 UelaRISEY]
1593-150d 03 -24d wouy sdnob NOD J0 1 8y ou Ing ‘18D Ul (90°0 =€ ‘%S9 = V%
‘NOD 650 =0 ‘%28 = V% :1V ‘€0'0 =0 '%6°8€ = V% 140) 9-VINOH Ul 8seaiou]
1581-350d 01 -8.d wioly sdnolb NOD 40 1V 30U Ing ‘14D Ul (6€°0 = ‘%0 = V% :NOD
€0 =0 '%6'T- =V% 1V ‘T0°0 =0 ‘%T"L- = V% :14D) N9 Bulisey ur uononpay
sdnouf usamiaq (70 =
d T'e9T ¥ T'ge =150d ‘6°62T ¥ £0TZ = 81d :NOD :6°0LT ¥9°08T =1s0d ‘€"// F 6'99T
=aid:1v 266 F ££.T =150d ‘0L F T'62T = 81d :140) J-VINOH Ul 80uaIayyip ON
sdnouf usamiaq (zg'0 =d ‘90 F0'€ =1s0d ‘9’0 F 2’z = ald :NOD :5'0 F §'T =isod
‘G079 T=28ld 1V 50 F T'Z =150d ‘G'0F¢'Z = 8ld :14D) HI-VINOH Ul 8dusiayip oN SHNDIID
sdnoJf usamiag (200 CHIH € :YMIg—€ YoM
=d ‘1p/bw §0T F0'68 =150d ‘Z°0TF §'68 = a4d :NOD :89 F 2'T8 =1s0d ‘'8 F ¥'E€8 %0/—0G ‘9S1048Xd YdBd  s)nou1d Z :z—T SH99M
=ald 1V ‘18 F 028 =1s0d ‘T'8 F 8'€6 = aid :14D) N9 Bunses ul sdualayip ON U333 1581 4O S 09—0F UMM ‘Yoes sdai spueg
sdno.b usamiaq GT 4O S8S1019X3 § JO UNJND 1D &nby ulw G—-0¢g YN uoneing
(Te'0=0 p/Bw 62 ¥ 8°€T =150d '7'¢F G'¢T = a1d :NOD :G'z¥ 8'2 =1s0d ‘'ZF T'8 XRUYH (02-9 Jo 3Je28) NOO (ve =v) [9g]
=a1d 1V :2'2F 20T =1s0d ‘€2 ¥ 8'6 = 8ld :14D) SNI Bunsey ur sousiayip oN %0/-0S 18 Ul G-0g LV enby ¥T-2T 3dY ‘PO 'sAlvenby MO ZT0Z ‘lUIessoH
4N :9oueljdwiod as194ex3 uosiad-u| UYL SA1YDenby AN IV pue lwazed)
3UOJe 181P "SA 1BIP/1HD Ul (§0'0 >d ‘sfeam 80 sdas
F TT'T :3UOJe 19IP '$499M T°€ F T/'€ '181p/1H4D) Juswalinbal SN 03 Aousie| JaybiH 02 x € JYMIg— %33
8UO[E 13IP "SA 13IP/ 1D Ut (500 > 'B/N sdaJ GTx € '€ Y93
€'0F 877°0 :8uoje 181p :BX/N 2'0 F 22'0 :191p/1HD) paiinbal SN 40 JUnowe Jamo] SUOI1BIS UBaM1aQ 1Sal Jo ulw sdal GT x Z :Z M99\
(50°0 >d ‘uawom QT JO 8 :8UOJe 13IP ‘UBWOM QT JO T ~ Yum ‘yoea sdas 0z—GT 1e pawogiad sdal GTx Z 1T YoM a|qissod
€ 181p/1L4D) dUOje 13IP "SA 1BIP/1HD YNM USWOM ANO Ul 3SN SN 4O 82UapIdUl JAMOT] (ssaud sdaoniy ‘Mo pareas ‘umop |jnd spueg se Buoj se
(87°0 =0 [%¢€'95] 6 :auoe 1a1p :[%8'€r] £ 191Q/14D) sdnoib usamiaq [eJaye] ‘ssaud youaq ‘und Buriswiey N 0} $X99M 67 (ze=v)
Adelayl SN palinbas uonIpuod 8SOYM USWIOM JO Jaquunu 8y} Ul 33UaIayjlp ON ‘uoisualxa aauy ‘ssaid Asenjiw ‘syenbs POIN 181p [zs] v00z ‘e
0529 :90uel|dwod as1919x3 a11d) sas1919xa 8 J0 UNaIID "uosiad-uj 90Uy L SARIP/IED MO 19 UoISURIg
$aW091NO 951949%a J0 uondiiosaqg uoissaifioud  uoneunp pue 1NG Jeak ‘Apnis

pue 1114

adA1 as1o49x3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Sports Med. Author manuscript; available in PMC 2023 March 28.



Page 21

Allman et al.

[eAJ81UI B0UBPIIUOI /D ‘OlFR] SPPO MO ‘SnujaW Salaqelp [euoiieisab yy@go ‘uigojboway pa1edA|b o7 /gH ‘uonouny |129-g J0 JUBWISSASSEe [apoW J11eIS0aWOY g-/OH ‘9oUelSISal Uuljnsul JO
JUBLLISSASSE [9POLU J17RIS08WOY &/-YWOH ‘9s00Nn|B 779 ‘ulinsul SA// ‘81el Leay [ewixew XBUyry ‘suonnadal saas ‘pariodal 10u ¢ ‘snolobIA G4 ‘B1elapowl popy ‘as194axa o adAy ‘awin ‘Alisusiul ‘Aousnbaly
{1 /4 ‘uolaxa panadiad Jo ajel F4& ‘Bulurely 8ouBlSISal 3N /&0 ‘Buluten d1qoiae £ ‘Bulurel) souelsisal ¢/ ‘dnoib [01U0d VOO 95900 GO ‘WB1aMIano MO ‘WBiam [ewlou M ‘Xapul ssew Apoq /g

(z00=d ‘Aep

/SUUN $0°G F G0'Z *NOD ‘¥T°Z F €£°0 L4) NOO "SA 1y Ul JaMO] SeM UNsul JO 8sn)
(100 =0 {(%¥'LT)

8 :NOD (%€£°2) T 1) NOD 'SA LY ul 1amo| sem [(9) ¢] 81l uorrezijnn urnsuy
(T00°0 >d /loWw 2Z'0F G2'9

‘NOD ‘220 90°9 ‘1) NOD "SA LY Ul Jamo| sem N9 [eipueldisod Y-z uesiy
(60070 = 1/10WW

LT'0¥80°G :NOD ‘TZ'0 F 6% :14) NOD "SA 1H Ul Jamo| sem N9 Bunsey uesy
dN ”wucc__QEoo 9S1249X3

sdnoJb usamiag sjans|

(T7°0 =0 '%[5'6-€'G] 'S :NOD ‘[6'6-¢€'G] ¥'G '1V/.LH) ITWVAH Ul 8dudIal41p ON
sdnoub usamiaq sjens|

(06'0=0[zv=2€] 2°€ :NOOD ‘[T7-2'€] 9°€ 1/ 1H) HI-ZVINOH Ul 80UBI8H4IP ON
sdnouf usamiaq sjans) (L6'0 =4 ‘1/1owd [6'8€2

=1°2.T]1 802 :NOD :[¢'8€2-6'6.T] 0°60Z ‘1v/.LH) SNI Bunsey ui sdusiayip oN
sdnoJb usamiag sjans) (070 =

d jloww [7'9-¢'6] 8'G INOD ‘[2°9-9'G] 2'9 :1v/1d) N1 UIW-0ZT Ul 30UaJaIP ON
sdnouf usamiag sjans| (950 =4 ‘/joww [ y-€'v]

G :NOD :[8'7—1'¥] 9 :1w/1Y) [10 %S6 ‘Uesw [euly] N9 Bunsey ur sousIsyIp ON
(TT'0 =0 :%€22 NOD :%6°S :1V/1d) NOD "SA 1V/1¥ Ul INQD JO 9dU3pIoUl JaMOT]
N :9oueldwod as1948x3

sdnoub usamiag INQD JO doudjeAald By} Ul 8OUBIBIP OU SeM aJay}
([eoo=dT0-01€2-12T0

—) 1v/1¥ ul Jamoj [11s sem SN ybnoufe ‘sanfen auljaseq Jo4 Bunsnipe usym panjey
a1am saousIap 8sayl Ing ‘([T00°0 =¢"69°0 — 01 LT°0 -] €7°0 —) HI-VINOH J8MO|
pue ‘([T00°0=d :20'T - 01 87°€ -]

€2 - [1D %S6] seoualayip ueaw palewsa) SN Bulses 18Mo| :pey UsWOoM jualaype

3S1018Xd
uononpae Ba| pue ‘as1918X8 UOIX|4ISIOP
quuij Jaddn ‘asiosaxa Yij Ba) ‘quuiy
J1addn Jo as191ax8 douBlSISal ‘as1019%d
UOISUBIXa 3[){Ue ‘8S1013X8 UOIXa])

MOQ|3 :suoibal Apoq XIS JO 1Y /&
SY98M 9 10} 93M/ x € uosiad-u|

$3S1019X9 8]9snL
Jooy4 a1njad Ajrep op 03 pue (14 Jo uiw
GT pue 1V Jo ulw Gg) Apjaam aouo

15B3] 1B 8S1049X8 AWOY UIW-0G € ‘0S|
UYH 9608 ~ Je

Buibbol/Buryem [j1wpeas Jo ulw G ./
(as101axa yueyd, Jo s

0€ x € PUB ‘8S1219X3 UIed Usamiad 1sal Jo
ulw T yum ‘sjpbay] ‘sayounio [euiwiopge
anbi|qo ‘sinoy |fe uo syi| [euobeip
‘sdn-ysnd ‘syenbs Jo sdal 0T x €78/
aam

/ x T aWoy-Je pue ‘}aam/ x g uosiad-uj

(sas1018%@ doURIRY PUB ‘M JO UIW
GT PUB 1V JO Ul OE) 83/ x Z 1sed]

YN uoissalbold
4N Aurepon
ulw 09-0s
¥T-€T 3dY ‘PON
UYL

YN uoissaiboid
wbremApog
ulw gg

PON

UYL

Saw021NQO

8s1048xa 40 uondiiosaq

uoissasboad
pue 1114

adA1 as1o49x3

g0 (66

sgem ze—v¢ MO =v) [es] zzoz

NOOsSA1ld  MN e 18 usjinH
SY9aM /€

—pg 01 81-ZT (16

NOO =v) [os] 9102

SA IV/1YH d0 ““|e 19 seeules)

uoneanp pue NG 120K Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Sports Med. Author manuscript; available in PMC 2023 March 28.



	Abstract
	Introduction
	Current Treatment Strategies for Glucose Management in Women with Gestational Diabetes Mellitus GDM
	Support for the Effectiveness of Resistance Training (RT) in Individuals with Type 2 Diabetes Mellitus
	Use of Exercise to Manage Glucose in Women with GDM
	Studies Examining the Use of RT to Regulate Glucose in GDM
	Long-Term Effects
	Risk of GDM1
	Insulin Requirement
	Fasting Circulating Glucose and Insulin Concentrations
	Insulin Resistance and β-Cell Function

	Short-Term Effects: Postprandial and Intra-Exercise Glycemic Control

	Considerations for Future Research Regarding the Use of RT in Women with GDM
	Muscular Performance Testing and Modality
	Supervision of the Program
	Exercise Intensity
	Longitudinal Follow-Up of Children Born to Mothers Who Performed Gestational RT

	Conclusions
	References
	Fig. 1
	Table 1

