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ABSTRACT

Introduction: Exercise is considered a corner-

stone in achieving an optimized blood glucose

level and reducing body weight, body mass

index (BMI), and waist circumference. This

study aimed to investigate and quantitatively

summarize the literature regarding the thera-

peutic effects of exercise and general physical

activity on glycemic control.

Methods: A systematic review and meta-analy-

sis of the literature on the therapeutic effects of

exercise on glycemic control in patients with

type 2 diabetes mellitus (type 2 DM) were con-

ducted using electronic databases. Studies with

an exercise intervention lasting more than

8 weeks were included. Both qualitative and

quantitative analyses were performed. Qualita-

tive data were presented narratively in

table form. Quantitative analysis was performed

using a random-effects model with a 95% con-

fidence interval and a significance level of 0.05.

The Physiotherapy Evidence Database (PEDro)

scale and the Cochrane Risk of Bias 2 (RoB2)

tool were used to assess the quality of evidence

and the risk of bias.

Results: A total of 21,559 articles were identi-

fied through different databases. Out of 21559

studies, only 32 randomized controlled trials

were deemed eligible for inclusion in this study.

The average exercise session was 45.15 min,

while the average follow-up duration was

21.94 weeks. The mean exercise frequency

according to our findings was 3.25 days/week.

Almost all the studies reported decreases in

glycated hemoglobin (HbA1c; P\ 0.0001),

fasting blood glucose (P = 0.03), BMI (P = 0.04),

and waist circumference (P = 0.007) after the

exercise intervention.
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Conclusion: Exercise plays an important role in

optimizing glycemic control and improving

quality of life (QoL), BMI, and waist circumfer-

ence in type 2 DM patients. Exercise could be a

safe adjunct therapy to medical treatments in

these patients.

Registration: PROSPERO: CRD42020210816

Keywords: Diabetes mellitus, type 2; Exercise;

Fasting blood glucose; Glycated hemoglobin;

Meta-analysis; Physical activity; Systematic

review

Key Summary Points

Why carry out this study?

Exercise is considered a cornerstone in type 2

DM management, but diabetes patients are

increasingly likely to lead a sedentary

lifestyle.

This study investigated the effects of

different exercise regimens on glycemic

control, anthropometric parameters, and

quality of life for type 2 DM patients.

What was learned from the study?

Exercise significantly affects glycemic

control, induces beneficial anthropometric

changes, and enhances quality of life.

General physical activity and walking are

considered low-impact activities, but they

can still benefit type 2 DM patients.

DIGITAL FEATURES

This article is published with digital features,

including a summary slide, to facilitate under-

standing of the article. To view digital features

for this article go to https://doi.org/10.6084/

m9.figshare.13574684.

INTRODUCTION

Diabetes mellitus (DM), a very common medi-

cal condition, is associated with decreased

production of insulin or an inability of the body

to utilize it properly (types 1 and 2 DM,

respectively) [1]. Type 2 DM is the most preva-

lent form of diabetes, accounting for nearly

90% of all cases of diabetes [2, 3]. According to

statistics from the International Diabetes Fed-

eration (IDF), the estimated combined global

prevalence of type 1 and type 2 DM, both

diagnosed and undiagnosed, was 463.0 million

adults aged 20–79 years in 2019. Based on this

2019 estimation, a prevalence of 578.4 million

is projected by the year 2030, and if the present

trend continues, 700.2 million adults aged

20–79 years will be diabetic by 2045 [4]. The

reason behind this escalation of the prevalence

of diabetes could be sedentary lifestyles,

increasing levels of obesity, aging populations,

and diets that are high in calories and fat [5].

Body mass index (BMI) and waist hip ratio

(WHR) are independent risk factors for type 2

DM [6]. In developed countries, diabetes mostly

occurs in the elderly, while in developing

countries, diabetes mostly affects people aged

34–65 years [7]. It is often reported that a high

proportion of patients with diabetes perform

only a small amount of physical activity,

including structured exercises [3]. Type 2 DM is

a major cause of premature morbidity and

mortality associated with cardiovascular disor-

ders, kidney diseases, neuropathies, retinopa-

thy, and amputation [5]. Along with other

complications, diabetic patients may also suffer

from depression, anxiety, denial, worries, and

frustration [1]. Poor health management ser-

vices and a lack of awareness of diabetes can

increase diabetes-related mortality [8]. Diabetes

mellitus has increased the socioeconomic bur-

den on developing countries [9], and is consid-

ered to be a prime reason for increasing

healthcare costs worldwide [10]. Diabetes drugs

are expensive, and most patients fail to get

high-quality treatment due to the expensive

nature of the treatment, the poor allocation of

funds for healthcare, and the lack of medical

reimbursement in developing countries [11].

Studies have shown that regular exercise can

delay diabetes and associated complications,

but it has been observed that most diabetic

patients are inactive. Generally speaking, dia-

betic patients can attain a controlled level of
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blood sugar by adopting a healthy nutritional

plan, exercising regularly, and reducing body

weight, although some may need to use

exogenous insulin [12].

According to Gabriel and Zierath [13], the

acute effects of exercise include enhanced glu-

cose metabolism and improved insulin sensi-

tivity. Blood glucose was found to be an

important substrate in the skeletal muscle oxi-

dation process during strenuous exercise, and

exercising increases glucose utilization without

affecting blood insulin levels. Exercise also

increases certain protein levels that are impor-

tant for glucose homeostasis. The increase in

the level of glucose transporter type 4 protein

(GLUT4) induced by exercise training enhances

skeletal muscle glucose uptake. This strategy

could regulate blood glucose levels in the case of

insulin resistance. Gabriel and Zierath also

noted that performing exercise training for

longer increases the aerobic threshold and the

concentration of mitochondria in skeletal

muscles [13]. Exercise has long been considered

the cornerstone of diabetes mellitus manage-

ment, along with diet adjustment and drug

treatment. Aerobic exercise, which consists of

exercising large groups of muscles in a rhyth-

mic, repeated, and continuous manner for at

least 10 min, is used in diabetes management.

In strenuous short-duration exercise, muscles

mainly use energy from the glycogen stores, but

the muscle glycogen stores are gradually deple-

ted during long-duration exercise, so energy is

mainly provided by glucose and free fatty acids

from adipose tissues [13, 14]. High-intensity

exercise consumes glucose at a higher rate than

it is produced by the liver, so the blood sugar

level drops [14]. It has been proven that exercise

increases the sensitivity of muscle cells to

insulin and increases the activity of oxidative

enzymes [5]. Moreover, the overall effects of

exercise on carbohydrate metabolism are asso-

ciated with improved insulin sensitivity [15].

The results of a randomized controlled trial

of adults with type 2 diabetes that explored the

benefits of aerobic or resistance training alone

or combined indicated that both types of exer-

cise training alone improved glycemic control,

but the improvement was greatest with com-

bined resistance and aerobic training [16].

The increase in glucose uptake by skeletal

muscles, enhanced insulin sensitivity, and

improved oxidative enzyme activity during exer-

cise are the rationale for incorporating exercise as

a therapeutic adjunct into the management of

type 2 DM. The purpose of this systematic review

and meta-analysis was to investigate and quanti-

tatively summarize the literature regarding the

therapeutic effects of exercise and general physi-

cal activity on glycemic control, exercise-associ-

ated anthropometric changes, and the quality of

life of type 2 DM patients.

METHODS

A systematic review and meta-analysis of ran-

domized controlled trials was conducted

according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses

(PRISMA) 2009 guidelines [17]. This study was

registered with PROSPERO (registration ID:

CRD42020210816).

Study Objective

To explore and quantitatively summarize the

literature regarding the therapeutic effects of

exercise and general physical activity on gly-

cemic control, exercise-associated anthropo-

metric changes, and quality of life of type 2 DM

patients.

Study Question

Do exercise and general physical activity have

beneficial therapeutic effects on the glycemic

control, anthropometric parameters, and qual-

ity of life of type 2 DM patients?

PICO

P (Population): Type 2 DM patients

I (Intervention): Exercise and general physical

activity or combinations of exercise with other

therapies

C (Comparison): Nonexercise/standard treat-

ment/placebo, or different exercise regimen

groups of type 2 DM patients

Diabetes Ther (2021) 12:707–732 709



O (Outcomes): HbA1c, fasting blood glucose

(FBG), quality of life (QOL), BMI, weight, waist

circumference.

Search Strategy

The electronic databases AMED, Embase, HMIC,

BNI, MEDLINE, PsycInfo, CINAHL, HEALTH

BUSINESS, PubMed, Web of Science (WoS), and

EBSCO were used to conduct a systematic liter-

ature search. The limits applied were publica-

tion year (2011–2020), English language studies,

and human studies. Another method of identi-

fying relevant studies was to screen the refer-

ence lists of studies retrieved from the

databases. We included studies up to the year

2000 identified through screening the reference

lists of the studies retrieved from the databases.

A search alert was created for Web of Science

and EBSCO to retrieve recently published stud-

ies. The following keywords and MeSH terms

were identified for every database individually

and used during the searches: ‘‘physical activ-

ity,’’ ‘‘exercise,’’ ‘‘diabetes mellitus,’’ ‘‘type 2.’’

Another method of identifying relevant studies

was to screen the reference lists of the studies

retrieved from the databases.

Study Selection

Inclusion and Exclusion Criteria

The study inclusion criteria were as follows: (1)

randomized controlled trials (RCTs) that stud-

ied the effects of exercise on glycemic control in

patients with type 2 DM and had a follow-up

period of C 8 weeks; (2) participants of any age

and gender; and (3) quantitative measurement

of glycemic control or anthropometric changes.

The following studies were excluded: studies

with a diabetes mellitus type 1 population,

single-arm studies, animal studies, ex vivo/

in vitro studies, review studies, retrospective

studies, and case studies.

Types of Intervention

Exercise, walking, or general physical activity

compared with the nonexercise control group

or the use of other treatments or exercise

interventions. Studies combining other

therapies with exercise, walking, or physical

activity were also included.

Types of Participants

Studies with type 2 DM patients were included;

studies where all subjects were only at risk of

diabetes were excluded.

Types of Outcome Measures

The primary study variable was HbA1c, and

secondary outcomes were FBG, QOL, BMI,

bodyweight, and waist circumference.

Study Selection Process

The study selection process comprised three

screening phases: study title screening, abstract

screening, and, finally, full-text screening.

There were two independent reviewers at each

screening phase. The corresponding author

resolved any conflicts or disagreements between

the two reviewers. The search results were

uploaded to Rayyan QCRI (https://www.rayyan.

qcri.org: Data Analytics, Qatar Computing

Research Institute) for citation screening by two

independent reviewers [18]. After screening the

titles, the abstracts of the selected titles were

screened. Finally, the full texts of the selected

studies were screened in detail for relevancy.

Study Quality and Risk of Bias Assessment

Data extracted for external validity and report-

ing quality assessment included study ID (first

author’s name along with the year and refer-

ence), study design characteristics (data regard-

ing experimental design and study groups,

number of participants per group), participant

details, intervention (types of exercise, inten-

sity, frequency, and follow-up), control (control

type and control intervention details), primary

and secondary outcome measures, and infor-

mation regarding adverse events.

The Physiotherapy Evidence Database

(PEDro) scale was used for study quality assess-

ment [19]. Two independent reviewers per-

formed the study quality evaluation; any

conflicts/disagreements were resolved by com-

paring the recorded data and through
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discussion with the corresponding author. The

PEDro scale has 11 quality assessment items (yes

or no), of which 10 are used to calculate the

final PEDro score (0–10). Sackett’s levels of evi-

dence were used to simplify the study quality

levels, and a study was considered to be level 1

(higher quality) if it scored C 6 on the PEDro

scale and level 2 if it scored\6 [20].

The risk of study bias was assessed by two

independent reviewers using the Cochrane risk

of bias (RoB 2) tool [21]. Every study was rated

with the RoB 2 tool for selection bias, detection

bias, performance bias, outcome assessment,

incomplete data, outcome reporting, and other

threats to study validity identified by two

reviewers. The risk of bias was categorized as

either a low risk of bias (the domain was con-

sidered adequate), a high risk of bias (the

domain was considered inadequate), or an

unclear risk of bias (not enough information to

make a judgment about the bias). The RoB 2

Excel tool was filled for individual studies, and

the results were entered into Cochrane Review

Manager 5.3 [22].

Data Extraction

For the study of primary and secondary vari-

ables, postintervention means and standard

deviations (SD) as well as sample size details

were retrieved by two independent reviewers.

Any conflicts/disagreements were resolved

through discussion with the corresponding

author and by comparing the recorded data.

The Microsoft data extraction form included

the following details of the included studies:

study design, population details, target vari-

ables, interventional procedures (study groups,

exercise type, volume, and intensities), and

study findings. The authors prepiloted the data

extraction form in some studies. Data were

extracted from the texts, tables, and figures of

the included studies.

Data Synthesis

We performed both qualitative and quantitative

analyses. The data extracted were summarized

in table form to effectively present the

characteristics and results of the included stud-

ies. To study the primary and secondary vari-

ables, a meta-analysis was performed using a

random-effects model.

Meta-Analysis

Quantitative analysis was performed for the

study’s primary outcome measure (HbA1c) and

the secondary outcome measures (FBGs, BMI,

weight, and waist circumference). The means

and standard deviations of outcomes from the

exercise and control groups were compared

using mean differences and a random-effects

model with a 95% confidence interval. The time

points for data extraction regarding the primary

and secondary variables were not specified, but

we preferred time points of 8 weeks and above.

For some studies where the standard deviations

(SD) were not provided, we calculated SDs with

an online calculator using the formula provided

by Hozo et al. [23].

Effect sizes of 0.2, 0.5, and 0.8 were consid-

ered small, moderate, and large, respectively

[24]. I2 and the chi-square test were used to

evaluate heterogeneity among the studies. We

considered an I2 value of 25% to indicate low

heterogeneity, 50% to represent moderate

heterogeneity, and 75% to indicate high

heterogeneity [25]. All the analyses were per-

formed in Cochrane Review Manager 5.3 [22],

and p\0.05 was taken to indicate statistical

significance.

Compliance with Ethics Guidelines

This study is based on previous studies; the

authors did not perform any clinical or pre-

clinical experiment involving humans or

animals.

RESULTS

Study Selection

The research databases AMED, Embase, HMIC,

BNI, MEDLINE, PsycInfo, CINAHL, HEALTH

BUSINESS, PubMed, Web of Science (WoS), and

Diabetes Ther (2021) 12:707–732 711



EBSCO were used to conduct a systematic liter-

ature search. The search retrieved 21,559 arti-

cles. A total of 32 articles were also identified

from the reference lists of other studies. 1448

duplicates were identified using Rayyan QCRI

and EndNote. Title and abstract screening by

two independent reviewers resulted in the

exclusion of a further 20,063 studies. Eighty

articles were deemed eligible for full-text

screening, while 48 were excluded for particular

reasons. Finally, 32 articles were eligible for

inclusion in the systematic review, and 26 in

the meta-analysis (see the PRISMA flow diagram

in Fig. 1).

Study Characteristics

The average age calculated from 26 studies was

57.36 years. Two studies recruited participants

in the age ranges 30–80 years [26] and 40–65

years [27], respectively; another recruited

elderly patients above 50 years [28]. The average

exercise session was 45.15 min, while the aver-

age follow-up duration was 21.94 weeks. The

mean exercise frequency according to our find-

ings was 3.25 days/week.

For all studies, the study population com-

prised type 2 DM patients. Depending on the

study, the participants were also obese [29],

hypertensive [30], adults with coronary artery

Fig. 1 PRISMA flow diagram depicting the study selection process
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disease (CAD) [31], or newly diagnosed type 2

DM patients [32], had received their diagnosis

5–8 months earlier [26] or\5 years earlier [33],

or were female participants only [34], sedentary

patients with 5 years of diagnosis [35], elderly

patients with peripheral neuropathy [28], or

overweight, dysregulated, and sedentary

patients [36]. Most of the studies recruited par-

ticipants with HbA1c levels of 6.4–7.0

[26, 30, 32, 37–44], followed by levels of C 6.5

[27, 45, 46], 7.0–10.0 [34], 7.2–9.0 [28, 31,

33, 47], 10.0–11.0 [48, 49], or 7.0–11.0 [36].

A variety of exercise interventions were uti-

lized in the studies, but aerobic training (12

studies) [27, 28, 30, 32, 39, 41, 44, 45, 49–52]

and resistance training (RT) (14 studies)

[27, 31, 36, 39–41, 44, 45, 47, 48, 52–55] were

the most common. More specifically, the exer-

cises used in the studies were as follows: aerobic

exercises: moderate-intensity continuous (MIC)

training [30, 32], supervised structured aerobic

exercise training (SSAET) [51]; anaerobic train-

ing: 5 studies [32, 37, 55–57], high-intensity

interval training (HIIT) [30, 32, 37, 56], sprint

interval training (SIT) [32]; resistance training

(RT): biodensity resistance exercise [40], pro-

gressive resistance training (PRT) [53, 54];

endurance training: 1 study [37]; combined

exercise training: combined exercise regimen

[38, 44, 45, 47]; walking: [29, 31, 39, 43, 45, 46];

general physical activity: [26, 31, 33, 42, 44];

nonlocomotive physical activity [42]; yoga:

[34, 43]; and nonspecific exercises [35].

The common outcome measures used by

most of the studies were as follows: HbA1c (all

studies), FBG (20 studies) [26–29, 32, 35–37,

40, 42–44, 47, 48, 50–52, 56–58], BMI (17

studies) [27, 29, 30, 34–38, 44, 45, 48, 50,

51, 54–57], bodyweight (13 studies)

[26, 27, 31, 33, 35, 36, 42, 44, 45, 48, 54, 56, 57],

waist circumference (11 studies) [26, 29, 33,

35, 41, 44, 45, 47, 48, 53, 54, 56], and QoL (5

studies) [33, 36, 43, 48, 54].

The durations of interventions reported by

the included studies were as follows: 8–12 weeks

[27, 28, 30, 35, 37, 38, 42, 43, 48, 55–57], 16–-

25 weeks [36, 37, 44, 50, 51, 53], and 6 months

to 1 year [26, 29, 31, 39–41, 46, 52]. Three days

per week (3d/wk) [30, 32, 35–38, 41, 45–48,

51, 53–55, 57] was the most common exercise

frequency, followed by 5d/wk, [39, 50, 56], 1d/

wk [59], and 2d/wk [31, 34, 43], daily [29], 7

visits/3 month [44], and 1d/5 weeks [44]. Most

of the studies were consistent in the duration of

an exercise session: 5–10 min [40], 20–45 min

[30, 32, 35, 37, 38, 44, 47, 49, 50], 45–60 min

[27, 31, 34, 36, 39, 43, 51, 55, 56], 270 min/wk

[41], or 150 min/wk [33, 45, 52].

Progression and increasing intensity of

exercise were reported by 12 studies as follows:

based on an increasing number of steps at each

visit [29]; based on monitoring body weight and

maximum oxygen uptake (VO2 max) every

three months, progression from 70% to 80%

HRR was observed [47]; based on increased

exercise intensity with every session [32]; based

on increasing the mean treadmill grade and

METs progressively [41]; based on a progressive

increase in resistance [53, 56]; based on an

individualized elevation of exercise intensity

(14–16 on the Borg scale) at week 12 [48]; based

on a 30-min increase in each phase of a five-

phase program [51]; based on increasing non-

locomotive physical activity [42]; based on

progression in the completion of 12 repetitions

during the final set of exercises in two consec-

utive sessions [45]; and based on the progres-

sion of low-volume HIIT to high-volume HIIT

over 6–12 weeks [55]. A detailed description of

the study characteristics is available in Table 1.

Study Quality and Risk of Bias

The selection, performance, and detection bia-

ses were similar for most of the studies (Fig. 2,

3). The quality and level of evidence of each

study are summarized in Table 2. The majority

(26) of the studies were of high quality (level 1),

but 6 studies were of lower quality (level 2)

[33, 39, 42, 44, 45, 57].
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META-ANALYSIS

Outcomes

Effects of Exercise Intervention on Glycemic

Control

Postexercise Improvements in Glycated Hemo-

globin (HbA1c) A total of 26 studies were

analyzed in this segment. There were significant

differences between the exercise and control

groups regarding HbA1c improvement after

exercise intervention (Fig. 4a, P\0.0001,

z = 4.28, I2 = 81%) [26–34, 37–42, 44, 46–49,

51, 53, 54, 56, 57, 60]. Similarly, when the four

studies [29, 32, 38, 49] with no nonexercise

groups were excluded, significant improve-

ments in HbA1c were observed after exercise

intervention (Fig. 4b, P\ 0.0001, z = 3.81,

I2 = 83%).

Postexercise Improvements in Fasting Blood

Glucose (FBG) Fasting blood glucose was

reported by 13 studies. Analysis of FBG showed

a significant difference between the exercise

and nonexercise groups (Fig. 4c, P = 0.03,

z = 2.21, I2 = 99%) [26, 27, 34, 35, 37, 42, 44,

47, 48, 51, 56, 57].

Anthropometric Changes

Effect of Exercise Intervention on Body Mass

Index (BMI) A comparison of 13 studies that

reported BMI changes after exercise interven-

tion showed that BMI improved significantly

with exercise (Fig. 5a, P = 0.04, z = 2.04,

I2 = 91%) [26, 29, 30, 34, 35, 41, 44, 47, 51, 54,

56, 57, 60].

Effect of Exercise Intervention on Body

Weight A total of 11 studies were analyzed to

assess the weight reduction after exercise inter-

vention. No significant improvement in weight

reduction was achieved following exercise

intervention, according to random-effects

models (Fig. 5b, P = 0.11, z = 1.60, I2 = 78%),

but significant improvement was seen with a

fixed-effects model (P = 0.02) [26, 29, 31, 33,

35, 42, 44, 48, 54, 56, 57].

Effect of Exercise Intervention on Waist Cir-

cumference Ten studies reported waist cir-

cumference changes following exercise

Fig. 2 Risk of bias graph. The review authors’ judgments about each risk of bias item are presented as percentages across all
included studies
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intervention. A significant difference was

observed among the studies regarding

improvement in waist circumference after

exercise intervention (Fig. 5c, P = 0.007,

z = 2.71, I2 = 91%) [26, 29, 33, 35, 41, 44,

47, 48, 53, 56].

DISCUSSION

This systematic review and meta-analysis aimed

to quantitatively examine the evidence regard-

ing the therapeutic effects of exercise and gen-

eral physical activity on glycemic control,

exercise-associated anthropometric changes,

and QoL in type 2 DM patients. Thirty-two

studies with 2140 participants who underwent a

wide variety of exercise interventions were

included in this systematic review and meta-

analysis. The main findings of this study are

that various types of exercise can improve gly-

cemic control and quality of life and can induce

significant anthropometric changes in type 2

DM patients.

Glycemic Control

Our meta-analysis of 26 studies [26–31, 33, 34,

38–42, 44, 46–49, 51, 53, 54, 56, 57, 60] that

reported patient HbA1c levels revealed that

exercise intervention significantly improved

patient HbA1c levels. However, these findings

could be limited by variation in the HbA1c level

set as an enrollment criterion in the included

studies. This enrollment criterion was either

HbA1c C 6.5 [27, 43–45], HbA1c 7–10 [34],

HbA1c 6.4–7 [26, 30, 32, 37–44], HbA1c 7.2–9

[28, 31, 33, 47], HbA1c 10–11 [36, 48, 49], or

HbA1c 6.5–11 [27, 36, 45]. We can assume that

there is a greater chance of a decrease in HbA1c

in a population with higher HbA1c levels than

in a population with lower HbA1c levels. Simi-

larly, a significant reduction in FBG was

observed in this study, further verifying the

therapeutic efficacy of exercise.

Anthropometric Changes

In this study, significant improvements in BMI

[26, 29, 30, 34, 35, 41, 44, 47, 50, 51, 54, 56, 57]

and waist circumference [26, 29, 33, 35, 41, 44,

47, 48, 53, 56] were observed with exercise

intervention. These anthropometric changes

Fig. 3 Risk of bias summary table that presents the
authors’ judgments about each risk of bias item for each
included study
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could maximize the wellbeing of diabetes

patients and reduce the likelihood of obesity- or

weight-gain-associated complications. Most of

the studies reported a decrease in body weight

after the intervention; however, the findings of

the meta-analysis were nonsignificant. We

hypothesize that weight reduction needs vig-

orous exercises and long-term follow-up.

Quality of Life

Exercise improves wellbeing and enhances the

quality of life. Two studies showed that exercise

led to improved psychological functioning [33],

significant improvements in overall QoL, sexu-

ality, mobility, anxiety and worry, diabetes

control, and severity, and no significant change

bFig. 4 Glycemic control. a HbA1c exercise vs control
groups. b HbA1c exercise vs nonexercise control groups.
c Fasting blood glucose (FBG) exercise vs control groups

Fig. 5 Anthropometric changes due to exercise intervention. a Improvements in BMI (body mass index). b Improvements
in body weight. c Reduction in waist circumference
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in the social burden domain (D-39) [54]. A study

reported similar increases in QoL in two groups,

one receiving liraglutide and exercise interven-

tion and the other receiving placebo and exer-

cise intervention. Despite some liraglutide

treatment-associated side effects, the QoL in the

exercise plus liraglutide group was not inferior.

These findings indicate the importance of

exercise in improving QoL [36]. Another study

reported that yoga led to a greater increase in

QoL than standard exercise, but there was no

significant between-group difference in QoL

[43]. One study reported that the change in QoL

following exercise intervention was nonsignifi-

cant; it was argued that this result was obtained

because the QoL questionnaire—the Audit of

Diabetes Dependent Quality of Life

(ADDQoL)—may not have been appropriate for

the population studied [48]. However, only

three of the studies that reported QoL had a

nonexercise group. When the study only com-

pares exercise groups, all of the participants

may undergo similar improvements in QoL. A

comparison between nonexercise and exercise

groups could offer greater insight into the

effects of exercise on QoL [33, 48, 54].

Different Exercise Regimens and Their

Effects on Blood Sugar and Body

Composition

Nutrition Plus Exercise

Interestingly, it was observed that nutritional

status (fasted overnight or fed) is not an

important factor in exercise interventions to

improve glycemic control in type 2 DM patients

[38]. Diet plus exercise leads to a significant

weight reduction [54]; moreover, glucose levels

can be strongly controlled by following an

intensive diet plan after being diagnosed with

type 2 DM, such that the addition of physical

activity (PA) may produce no additional bene-

fits [26]. The GEM (glycemic load, exercise, and

monitoring blood glucose) program is unique

and effective at modifying lifestyle and con-

trolling HbA1c in diabetic patients [33].

Anaerobic Training

Evidence has shown that HIIT significantly

improves glycemic control (HbA1c) [30, 55, 57]

and BMI [30]. Unsupervised HIIT [57] and HIIT

even in lower training volume than endurance

exercise, has better effects than endurance

exercise on fitness and glycemic control [37].

However, one study reported that SIT may be

less beneficial for a diabetic heart than MICT,

but MICT may reduce the HbA1c level more

than SIT [32]. Another study added that HIIT

with RT did not affect glycemic control; how-

ever, a year of combined MCIT and RT inter-

vention improved body composition [47].

Aerobic Training

Aerobic exercise plays a key role in optimizing

blood glucose and inducing anthropometric

changes. Different types of aerobic training

have been shown to be effective in type 2 DM

patients. MICT significantly improves HbA1c

[28, 30, 56], BMI [30], and body composition

[47], and assists with weight loss [56]. Super-

vised structured aerobic exercise training

(SSAET) is effective at reducing BMI, FBG, and

HbA1c [51]. Additionally, a study reported that

the full benefits of aerobic exercise could be

achieved with an energy expenditure of more

than 20 METs/hr/week [44].

Resistance Training

Resistance exercises are of paramount impor-

tance to weight loss and glycemic control.

Studies included in this review revealed signifi-

cant glycemic control and anthropometric

changes [48] with resistance training (RT)

interventions such as bioDensity resistance

training [59], progressive resistance training

(PRT) [53], and supervised and structured RT

[48].

Combined Exercise Training

Combining different exercise regimens could

result in additional benefits. A combined aero-

bic and RT approach was found to be better for

HbA1c control than aerobic or resistance train-

ing alone [41]. Moreover, aerobic and resistance

training with exercise counseling significantly

improved fitness, HbA1c, and weight loss [52].
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Supervised RT with HIIT exercise training and

liraglutide induced major improvements in

glycemic control along with robust weight loss

[36]. Another study showed that a year of MCT

with RT improved body composition [47].

Yoga

A limited number of studies used yoga as an

intervention for type 2 DM. Findings regarding

the effects of yoga on glycemic control are not

conclusive due to the limited number of studies

that included yoga. In one of the studies, yoga

significantly improved HbA1c as compared to

standard exercise [43], while it had incremental

effects on glycemic control in another study

[34]. Long-term studies of the benefit of yoga in

type 2 DM are warranted.

Walking and Physical Activity (PA)

General physical activity is generally considered

to be of less value than exercise intervention

when it comes to weight loss and glycemic

control in type 2 DM patients. However, the

findings of the studies in the present review in

relation to general physical activity are inter-

esting, with most of them showing that such

activity improved glycemic control [29, 31, 39].

Miyamoto et al. reported that nonlocomotive

physical activity (N-LPA) did not affect glucose

and fat levels [42].

A study reported that rebound exercise could

be beneficial in type 2 DM [35]. Moreover, a

supervised group-based or Internet-based exer-

cise is more beneficial than simple counseling

for achieving glycemic control, reducing the

waist circumference, and improving quality of

life [27].

Limitations

A limitation of this study is the inability to

group the findings of different studies according

to the exercise regimes used, such as resistance

training, aerobic training, high-intensity inter-

val training, and moderate-intensity continu-

ous training. An ability to group the findings in

this manner would provide readers with a better

understating of the effects of a variety of exer-

cise regimens. However, we have partly

mitigated this limitation by discussing each

exercise regimen separately.

CONCLUSIONS

Exercise is the cornerstone to good Glycemic

control in type 2 DM patients. Exercise training

can lead to significant anthropometric changes

and enhance the quality of life. An exercise plan

involving 40- to 60-min sessions 3–5 days per

week or 150 min of exercise per week can sig-

nificantly improve glycemic control, BMI, and

waist circumference. However, according to our

findings, structured exercise performed as rarely

as 1–2 days per week can also reduce blood

glucose. Although considered to be less intense

activities, general physical activity and walking

could still help to reduce blood glucose.
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