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ABSTRACT

Introduction: Sarcopenia is defined as a pro-
gressive and generalized muscle disorder that
involves accelerated loss of muscle mass and
impaired function. It is believed to influence
the ability to carry out daily activities, muscle
strength, and physical capacity in the elderly.
Studies have shown that sarcopenia has been
implicated as both a cause and a consequence of
diabetes mellitus. In this analysis, we aimed to
systematically show the impact of exercise
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intervention as a therapy for patients with dia-
betes mellitus and sarcopenia.

Methods: Electronic  databases, including
PubMed, EMBASE, Web of Science, and the
Cochrane database, were searched from
November to December 2021 for publications
based on exercise intervention in patients with
sarcopenia. After the selection of studies for this
analysis, patients with diabetes mellitus were
retrieved. Since dichotomous data including
mean and standard deviation were reported,
weighted mean difference (MD) with 95% con-
fidence intervals (CI) were used to represent the
data following analysis.

Results: A total of 431 participants with dia-
betes mellitus and sarcopenia were included in
this meta-analysis. A statistical analysis was
carried out on patients with diabetes mellitus
who were assigned to the exercise interven-
tion group. Our analysis showed that “sit-to-
stand test” and “timed up and go” were sig-
nificantly in favor of exercise intervention:
MD —1.57, 95% confidence interval (CI) —2.26
to —0.87 (P =0.0001) versus MD —0.61, 95%
ClI -1.21 to —-0.01 (P =0.05), respectively.
Handgrip strength, walking speed and leg
strength were also assessed. Another statistical
analysis was carried out, this time on patients
with diabetes mellitus and sarcopenia who
were not assigned to an exercise intervention.
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The results showed no significant difference
among sit-to-stand test, timed up and go,
handgrip strength, and leg strength.

Conclusion: Exercise intervention significantly
improved the time taken to stand up from a
sitting position, and to “stand up and go” in
patients with diabetes mellitus and sarcopenia.
Therefore, exercise intervention should be
considered a relevant therapy for such patients.
Diabetes

Keywords: Exercise intervention;

mellitus; Sarcopenia; Frail elderly; Diabetes
therapy

Key Summary Points

Sarcopenia is defined as a progressive and
generalized muscle disorder that involves
accelerated loss of muscle mass and
impaired function.

It is believed to influence the ability to
carry out daily activities, muscle strength,
and physical capacity in the elderly.

Studies have shown that sarcopenia has
been implicated as both a cause and a
consequence of diabetes mellitus.

In this analysis, we aimed to
systematically show the impact of exercise
intervention as a therapy for patients with
diabetes mellitus and sarcopenia.

Exercise intervention significantly
improved the time taken to stand up from
a sitting position, and to “stand up and
go” in patients with diabetes mellitus and
sarcopenia.

Therefore, exercise intervention should be
considered a relevant therapy for such
patients.

INTRODUCTION

Sarcopenia is defined as a progressive and gen-
eralized muscle disorder that involves acceler-
ated loss of muscle mass and impaired function
that could result in serious adverse outcomes,
including functional decline and physical
incapability, falls and fractures, frailty, and
mortality [1]. With advanced age, there is an
inevitable decline in muscle mass, showing that
sarcopenia usually develops with increased age
[2]. Sarcopenia is believed to influence the
ability to carry out daily activities [3], muscle
strength, and physical capacity in the elderly
[4]. It has been estimated that 5-13% of the
elderly population aged between 60 and
70 years are affected by sarcopenia, and this
number increases up to 11-50% among elderly
people above 80 years of age [4]. Sarcopenia is
one of the main reasons for loss of muscle mass.
Several tests, including the short physical per-
formance battery test, the timed-up-and-go test,
and the chair-power climbing test could be used
to assess muscle strength in patients with sar-
copenia. Preventing or decreasing the intensity
of sarcopenia could prevent further problems
related to physical capacity [5]. Patients with
diabetes mellitus are at greater risk of such
physical incapability due to the impact of this
chronic disease on their health.

Studies have shown that sarcopenia has been
implicated as both a cause and a consequence of
diabetes mellitus [6]. This chronic disease is
characterized by insulin resistance, oxidative
stress, increased advanced glycation end prod-
ucts, and a proinflammatory phenotype, which
could result in macro- and microvascular com-
plications and further interfere with normal
cellular functioning and cause cell death,
potentially leading to loss of skeletal muscle
mass, strength, and function, resulting in sar-
copenia [7]. Conversely, low muscle mass and
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function in sarcopenia could lead to weaker
glucose disposal and reduced metabolic rate and
physical activity, all of which might place
elderly with sarcopenia at higher risk for
developing diabetes mellitus [8].

Diabetes mellitus could worsen the condi-
tion, resulting in further impairment in daily
activities of patients with sarcopenia. Unfortu-
nately, treatment of sarcopenia could be chal-
lenging. Whether physical exercise could be a
therapy for patients with diabetes mellitus and
sarcopenia is not known. In this analysis, we
aimed to systematically show the impact of
exercise intervention as a therapy for patients
with diabetes mellitus and sarcopenia.

METHODS

Search Databases

Electronic  databases, including PubMed,
EMBASE, Web of Science and Cochrane data-
base, were searched from November to Decem-
ber 2021 for publications based on exercise
intervention in patients with sarcopenia. Ref-
erence lists of selective publications were also
searched for relevant publications.

Search Strategies

Our search strategies included the following
words or phrases:

— Exercise and sarcopenia;

— Exercise intervention and sarcopenia;

— Exercise intervention, diabetes mellitus and
sarcopenia;

— Exercise intervention and frail adults;

— Exercise and frail adults;

— Exercise, frail adults and diabetes mellitus;

— Physical exercise and sarcopenia;

— Physical exercise and frail adults.

Inclusion and Exclusion Criteria

Studies were included if:

— They were based on exercise intervention in
patients with sarcopenia or frail patients [9];

— They also included participants with dia-
betes mellitus;

— They reported endpoints;

— They were published in English.

Studies were excluded if:

— They were systematic reviews, meta-analy-
ses, or literature reviews;

— They were case studies;

— They did not include patients with diabetes
mellitus;

— They were duplicated studies that were
repeatedly obtained through different search
databases.

Outcomes and Exercise Interventions

The following endpoints were assessed:

(a) Handgrip strength: defined as the maxi-
mum static force that a hand can squeeze;

(b) Knee extension strength;

(c) Walking speed;

(d) Sit-to-stand test: defined as a way to assess
an individual’s leg strength and
endurance by having them stand up from
a sitting position repeatedly over the
course of 30s;

(e) Timed up and go: defined as a test where
subjects are asked to rise from a standard
armchair, walk to a marker 3 m away, turn,
walk back, and sit down again. Timed up
and go was reported on the basis of the
total time taken to carry out this specific
physical activity, and the lesser time taken
was considered as a success;

(f) Leg strength: defined as the ability of your
legs to hold a contraction over time.

The outcomes reported in each original
study are listed in Table 1.

Data Extraction and Quality Assessment

Six authors were involved in the data extraction
process. The authors independently extracted
data including the authors’ names, the
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Table 1 Outcomes reported

Studies Outcomes Exercise Exercise Diagnostic criteria for sarcopenia
intervention intervention
period
Binder Leg press, knee flexion, knee Progressive 3 months At least two of the three criteria:
(2005) extension, seated row resistance (1) modified physical
[13] exercise performance test score between
training 18 and 32, (2) report of difficulty
and/or assistance with up to two
instrumental activities of daily
living and/or one basic activity of
daily living, (3) peak aerobic
power between 10 and 18 ml/kg/
min
Brovold Physical functioning, mental health, High intensity 3 months (to
(2013) vitality, bodily pain, social aerobic exercise once
[14] functioning, general health, interval weekly at
senior fitness test, chair stands, exercise home)
arm curls, back scratch, chair sit-
and-reach test, 6-min walk test,
physical activity scale for the
elderly
Diaz Time to walk 4.6 m, handgrip Strength 6 months Patients over 70 years of age with a
(2019) strength, stand-up-from-chair test ~ exercise with (walking Barthel score > 80 points and a
[15] elastic bands 30 min a Global Deterioration Scale-
and aerobic day; 5 days Functional Assessment Staging
exercise per week) score < 3 points
Hsieh Handgrip strength, 10-m gait speed, Home-based 6 months Individuals aged > 65 years of age
(2019) upper-body flexibility, lower-body  exercise were invited to participate in this
[16] flexibility, lower-extremity study. Trained case managers
strength, geriatrics depression screened the frail or pre-frail
scale older adults by using the
Cardiovascular Health Study
Criteria
Javier Walking, sitting time, vigorous Power training 11 weeks
(2021) physical activity, moderate physical
[17] physical activity activity
Kanda Timed up and go test, one leg Low-intensity 3 months
(2018) balanced with an open eye, CS-30  body weight (once or
[18] count training, twice per
week)
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Table 1 continued

Studies Outcomes Exercise Exercise Diagnostic criteria for sarcopenia
intervention intervention
period
Kemmler  Grip strength, trunk extension Multipurpose 18 months -
(2010) strength, leg strength, leg power, exercise
[19] timed up and go strength, acrobic  program
fitness: time under load
Kim Usual walking speed, maximum Physical activity 3 months Selection based on categorization
(2012) walking speed, knee extension into one or more of the following
[20] strength inclusion criteria groups:
appendicular skeletal muscle
mass/ height2 less than 6.42 kg/
m” and knee extension strength
less than 1.01 Nm/kg,
appendicular skeletal muscle
mass/height2 less than 6.42 kg/
m” and usual walking speed less
than 1.22 m/s, body mass index
(BMI) less than 22.0 kg/m* and
knee extension strength less than
1.01 Nm/kg, and BMI less than
22.0 kg/ m” and usual walking
speed less than 1.22 m/s
Kim Grip strength, knee extension Physical activity 3 months Sarcopenic obesity was
(2016) strength, usual walking speed, operationally defined as body fat
[21] right step length, right walking percentage of 32% or greater,
angle, left walking angle, stride measured by dual X-ray energy
absorptiometry (DXA, Hologic
QDR 4500A), combined with
skeletal muscle mass index less
than 5.67 kg/m* body fat
percent of 32% or greater and
grip strength less than 17.0 kg;
and body fat percent of 32% or
greater and walking speed under
1.0 m/s
Lai (2021) Quadriceps femoris muscle Lower limb 3 months -
[22] strength, 6-min walking test, 30-s resistance
sit-to-stand test, 8-foot up-and-go exercise

test, daily activity energy

expenditure
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Table 1 continued

Studies Outcomes Exercise Exercise Diagnostic criteria for sarcopenia
intervention intervention
period
Maria Ball kick time, kick 8 m, total time Functional 3 months -
(2010) kick, gait normal speed, tandem, circuit
[23] single leg, balance semi-tandem, training
rapid gait test, stand up test,
Barthel index
Sanchis All-cause mortality Exercise 3 months
(2020) intervention (three times
[24] per week)
Seino Geriatrics depression scale, hand- Resistance 3 months -
(2017) grip strength, usual gait speed, exercise
[25] timed up and go
Suikkanen  Health-related quality of life Home-based 12 months -
(2020) physical
[26] exercise

publication year, the type of study, the total
number of patients with diabetes mellitus and
sarcopenia who were assigned to the exercise
intervention group and the control group, and
the mean and standard deviation of the end-
points at baseline and during follow-up, pre-
and post-exercise. If any disagreement occurred,
it was carefully discussed among all the authors
and a consensus was reached.

Quality assessment of the randomized trials
was calculated on the basis of the recommen-
dations by the Cochrane collaboration [10],
whereas quality assessment of the observational
studies was calculated on the basis of the criteria
recommended by the Newcastle Ottawa Scale
(NOS) [11].

Statistical Analysis

Statistical analysis was carried out by the Rev-
Man 5.4 software. Heterogeneity was assessed
by the Q statistic test, whereas a P value less or
equal to 0.05 was considered statistically sig-
nificant. Heterogeneity was also assessed by the
I? statistic test. A lower I* value was considered

to represent low heterogeneity, whereas a
higher I* value was considered to represent
higher heterogeneity. A fixed statistical effect
was used in this analysis.

Mean and standard deviation were reported
in the original studies. The data analysis was
represented by weighted mean difference (MD)
with 95% confidence intervals (CI). Publication
bias was visually represented through funnel
plots. In addition, sensitivity analysis was also
carried out by an exclusion method, whereas
each study was excluded one by one and a new
analysis was carried out each time to compare
with the main one.

Compliance with Ethical Guidelines

This analysis included data that were previously
published. None of the authors carried out
experiments on animals or human beings.
Therefore, ethical or board review approval was
not required for this analysis.
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RESULTS

Search Outcomes

The Preferred Reporting Items in Systematic
Reviews and Meta-analyses (PRISMA) guideline
was followed [12]. Our search resulted in a total
of 3128 publications. Over 3000 publications
were eliminated after careful assessment of the
titles and abstracts since they were not related
to the scope of this analysis. Eighty four (84)
full-text studies were assessed for eligibility.
Following further eliminations based on the
inclusion and exclusion criteria, only 14 studies
[13-26] were finally included in this analysis. A
flow diagram of the study selection is shown in
Fig. 1.

General Features of the Studies

The general features of the studies are listed in
Table 2. A total of 431 participants with diabetes
mellitus and sarcopenia were included in this
meta-analysis. The majority of the studies were
randomized trials, whereas only three studies
were observational studies. An assessment of
the randomized controlled trials with the
Cochrane risk assessment tool is demonstrated

Records identified through PubMed,
EMBASE,
http://www.ClinicalTrials.gov, Web of
Science, and Cochrane database
(n =3128)

v

Records which were irrelevant and directly
eliminated Full-text articles were excluded
(n=3044) because they were:
Systematic reviews,
meta-analyses, and
literature reviews
(n=5)
- Case studies and letters
A of correspondence

Full-text articles which were (n=14)

assessed for eligibility - Pre EXercise Versus post
(n=284) exercise were not

reported (n = 7)

- Did not include
participants with diabetes
mellitus (n = 12)

A, - Duplicated studies

(n=32)

Studies finally included in
this meta-analysis (n = 14)

Fig. 1 Flow diagram showing the selection of studies to be
included in this meta-analysis

in Fig. 2. An assessment of the nonrandomized
studies by the NOS was also carried out, and a
grade B was allotted to the studies.

Baseline Features of the Studies

The baseline features are listed in Table 3. The
mean age of the participants ranged from 65.3
to 84.1years. Three studies included only
female participants. The percentage of male
participants ranged from 0.00% to 74.4%. The
percentages of participants with comorbidities
including hypertension and those who were
smokers are listed in Table 3.

Main Results of this Analysis

A statistical analysis was carried out on patients
with diabetes mellitus who were assigned to the
exercise intervention group. Our analysis
showed that the sit-to-stand test and timed up
and go were significantly in favor of exercise
intervention with MD: —1.57, 95% CI —2.26 to
—0.87 (P=0.0001) and MD -0.61, 95% CI
—-1.21 to —0.01 (P=0.05), respectively, as
shown in Fig. 3. Handgrip strength (MD 0.56,
95% CI —1.28 to 2.40, P = 0.55), walking speed
(MD 79.44, 95% CI 14.06-144.82, P = 0.02), and
leg strength (MD 2.41, 95% CI 1.40-3.42,
P =0.00001) were also assessed as shown in
Fig. 3.

Another statistical analysis was carried out,
this time on patients with diabetes mellitus and
sarcopenia who were not assigned to an exercise
intervention. The results showed sit-to-stand
test (MD 0.41, 95% CI —0.70 to 1.53, P = 0.47),
timed up and go (MD —0.10, 95% CI —0.74 to
0.53, P =0.75), handgrip strength (MD —0.16,
95% CI —3.00 to 2.68, P=0.91), and leg
strength (MD 0.01, 95% CI —1.05 to 1.06,
P =0.99) not to be significantly different, as
shown in Fig. 4.

Publication bias was assessed through funnel
plot as shown in Fig. S.
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Table 2 General properties of the studies

Studies Type of study ~ Number of participants in Number of participants in the
experimental group () control group ()
Binder (2005) [13]  RCT 4 4
Brovold (2013) [14] RCT 8 4
Diaz (2019) [15] Prospective 44 44
Hsieh (2019) [16] RCT 39 28
Javier (2021) [17]  Nonrandomized 21 14
study
Kanda (2018) [18] Prospective 7 3
Kemmler (2010) [19] RCT 10 11
Kim (2012) [20] RCT 2 2
Kim (2016) [21] RCT 2
Lai (2021) [22] RCT 5 4
Maria (2010) [23]  RCT 7 6
Sanchis (2020) [24] RCT 29 38
Seino (2017) [25] RCT 7 9
Suikkanen (2020)  RCT 31 45
[26]
Total number of 216 215

patients (n)

RCT Randomized controlled trials

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias |

0% 25% 50% 75%  100%

. Low risk of bias Ij Unclear risk of bias . High risk of bias

Fig. 2 Graph representing the risk of bias among the randomized trials
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Table 3 Baseline features of the studies

Studies Age (years)  Males (%) HTN (%)  Smoker (%) BMI (kg/m”)  Type of DM
Exp/Con Exp/Con Exp/Con Exp/Con Exp/Con

Binder (2005) [13] 83.0/83.0 47.0/450  53.0/450  45.0/47.0 27.0/26.0 NM

Brovold (2013) [14] 77.7/78.3 373,411 272,232 - - T2DM

Diaz (2019) [15] - - - - - T2DM

Hsich (2019) [16] 72.0/72.5 582/63.7  64.6/650 - 25.1/25.1 NM

Javier (2021) [17] 74.7/73.1 33.3/42.9 - - 30.0/28.3 T2DM

Kanda (2018) [18] 80.6/80.4 23.1/194 338,387  1.50/6.40 - NM

Kemmler (2010) [19]  68.9/69.2 0.00/0.00  54.4/61.0  3.30/3.30 - NM

Kim (2012) [20] 79.0/79.2 0.00/0.00 - - 18.9/18.8 NM

Kim (2016) [21] 81.4/81.2 0.00/0.00  80.0/57.6 - 25.1/25.3 NM

Lai (2021) [22] 65.3/67.6 56.7/50.0 - - - NM

Maria (2010) [23] 83.9/84.1 409/368  59.1/737 - - NM

Sanchis (2020) [24] 79.6/80.4 58.0/66.0  89.0/840  15.0/18.0 - NM

Seino (2017) [25] 74.9/74.3 63.2/744  526/641 - 23.3/233 NM

Suikkanen (2020) [26]  82.2/82.7 24.0/260  73.0/740 - 28.4/28.6 NM

Exp experimental group, Con control group, HTN hypertension, BMI body mass index, DM diabetes mellitus, 72DM type

2 diabetes mellitus, NM not mentioned

DISCUSSION

Our analysis showed that physical exercise sig-
nificantly improved the time taken to stand up
from a sitting position and the time taken to
stand up and go. However, our results did not
show any improvement in handgrip strength,
walking speed, or leg strength in these patients
with diabetes mellitus.

It has been shown that physical exercise
might help to increase muscle strength in older
adults, and improve brain volume, including
gray and white matter regions, and help frail
people to maintain stability while walking, thus
preventing falls [4]. Similarly, in our analysis,
physical exercise significantly improved the
time taken to stand up from a sitting position
and the time taken to stand up and go. This
assessment was considered successful on the
basis of the duration required to carry out those
tasks pre- and post-exercise interventions in
these patients with diabetes mellitus. Our

analysis showed walking speed to significantly
favor participants at baseline. However, only
two studies were used to assess this outcome,
and the level of standard deviation in both
studies was high, which might have contributed
to this significantly different result supporting
patients at baseline.

Physical function usually declines with age,
along with the ability to do physical activity.
Muscle strength relates to the ability to move
and lift objects, and it is measured by the
power/force a person can exert and the amount
of weight a person can bear or lift. Physical
exercise has always contributed to good health.
A recent study assessing the effect of home-
based physical exercise on days at home in pre-
frail and frail persons showed exercise inter-
vention to prevent the deterioration of health-
related quality of life [26]. Another randomized
trial demonstrating the effect of resistance
exercise on frailty and functional health in
community-dwelling older adults showed a
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Post exercise Baseline Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFG
1.1.1 Handgrip strength
Diaz2019 211 6.8 44 213 6.7 44 2.0% -0.20 [-3.02, 2.62]
Hsieh2019 26.7 8.7 39 245 T 39 1.2% 2.20[-1.45,5.85] ™
Kemmler2010 27.7 39 10 27.6 4.2 10 1.3% 0.10 [-3.45, 3.65] T
Seino2017 30.2 7.8 7 29 7.8 7 0.2% 1.20 [-6.97, 9.37] T
Subtotal (95% CI) 100 100 4.8% 0.56 [-1.28, 2.40]
Heterogeneity: Chi? = 1.14, df = 3 (P = 0.77); 12 = 0%
Test for overall effect: Z = 0.60 (P = 0.55)
1.1.2 Walking speed
Brovold2013 486.4 111.1 8 4513 1111 8 0.0% 35.10[-73.78, 143.98] 4
Lai2021 653.18 56.79 5 54874 74 5 0.0% 104.44 [22.68, 186.20] _—
Subtotal (95% CI) 13 13 0.0% 79.44[14.06, 144.82] ——e
Heterogeneity: Chi? = 1.00, df = 1 (P = 0.32); 1= 0%
Test for overall effect: Z = 2.38 (P = 0.02)
1.1.3 Sit to stand test
Brovold2013 8 3.7 8 9.7 3.7 8 1.2% -1.70 [-5.33, 1.93] 7
Diaz2019 159 116 44 166 83 44 0.9% -0.70 [-4.91, 3.51] T
Lai2021 17.21 3.95 5 1287 3.31 5 0.8% 4.34[-0.18, 8.86] il
Maria2010 17.81 0.68 7 1955 071 7 30.7% -1.74 [-2.47, -1.01] o
Subtotal (95% CI) 64 64 33.7% -1.57 [-2.26, -0.87] |
Heterogeneity: Chi? = 6.95, df = 3 (P = 0.07); 1> = 57%
Test for overall effect: Z = 4.41 (P < 0.0001)
1.1.4 Time up and go
Brovold2013 66 22 8 7 22 8 35% -0.40 [-2.56, 1.76]
Kanda2018 13.7 5.7 7 14.7 6.4 7 0.4% -1.00 [-7.35, 5.35] T
Kemmler2010 73 1.04 10 766 1.09 10 18.7% -0.36 [-1.29, 0.57]
Lai2021 4.71 0.8 5 58 0.83 5 16.0% -1.09 [-2.10, -0.08] L
Seino2017 5.77 1.3 7 6.04 1.6 74 7.0% -0.27 [-1.80, 1.26]
Subtotal (95% CI) 37 37 45.6% -0.61 [-1.21, -0.01]
Heterogeneity: Chi? = 1.38, df = 4 (P = 0.85); 12 = 0%
Test for overall effect: Z =2.00 (P = 0.05)
1.1.5 Leg strength
Hsieh2019 6.9 6.7 39 39 5.2 39 2.3% 3.00 [0.34, 5.66] '
Kemmler2010 814 199 10 71.69 18.15 10 0.1% 9.71[-6.98, 26.40] 3 i
Lai2021 8.04 0.96 5 5.76 0.8 5 13.6% 2.28[1.18, 3.38] o
Subtotal (95% CI) 54 54  15.9% 2.41[1.40, 3.42] |
Heterogeneity: Chi* = 0.98, df = 2 (P = 0.61); I = 0%
Test for overall effect: Z = 4.67 (P < 0.00001)
Total (95% Cl) 268 268 100.0% -0.39 [-0.79, 0.01]
Heterogeneity: Chi? = 59.20, df = 17 (P < 0.00001); I = 71% :-100 _5=0 5 5=0 100=

Test for overall effect: Z = 1.90 (P = 0.06)

Test for subgroup differences: Chi? = 47.75, df = 4 (P < 0.00001), 2= 91.6%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

D) Blinding of outcome assessment (detection bias)

E) Incomplete outcome data (attrition bias)

F) Selective reporting (reporting bias)

(
(
(
(G) Other bias

Favours [post exercise] Favours [baseline]

Fig. 3 Progress in the exercise intervention group at baseline compared with follow-up in patients with diabetes mellitus

and sarcopenia

3-month multifactorial intervention to have
reduced frailty and improved functional health,
and these effects persisted for at least 3 more
months after the exercise intervention [25].

Moreover, a prospective observational study
involving 97 elderly men and women aged
65 years and older showed that low-intensity
body weight training with slow movement on
motor function resulted in improvements in
ambulatory function and lower limb muscle
strength within a short time [18].

In a narrative review, based on the 14 studies
focusing on the effects of physical activity

interventions in frail and pre-frail community-
dwelling people on frailty status, muscle
strength, physical performance, and muscle
mass, the authors concluded and supported the
fact that physical exercise intervention has been
effective at reducing frailty and increasing
muscle strength and physical performance [27].
Resistance training has shown to be an effective
way of increasing muscle mass and strength
regardless of protein supplementation, leading
to improvement in activities such as bench
press and walking speed, as demonstrated by a
recent study carried out by Maltais et al. based
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Follow up Baseline

Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI

Risk of Bias
ABCDEFG

Mean Difference
IV, Fixed, 95% CI

1.2.1 Handgrip strength

Hsieh2019 253 77 28 25 7.8 28 14% 0.30[-3.76, 4.36] T
Kemmler2010 264 47 11 27 48 11 15% -0.60[-4.57,3.37] T
Subtotal (95% CI) 39 39 29% -0.16 [-3.00, 2.68] [

Heterogeneity: Chi? = 0.10, df =1 (P = 0.76); I? = 0%
Test for overall effect: Z=0.11 (P = 0.91)

1.2.3 Sit to stand Test

Lai2021 1343 4.22 4 13.16 4.1 4 0.7%  0.27 [-5.50, 6.04] T
Maria2010 17.47 1.08 6 17.05 0.93 6 17.8% 0.42[-0.72, 1.56]
Subtotal (95% Cl) 10 10 18.5% 0.41[-0.70, 1.53]

Heterogeneity: Chi? = 0.00, df = 1 (P = 0.96); I> = 0%
Test for overall effect: Z=0.73 (P = 0.47)

1.2.4 Time up and go

Kanda2018 137 57 3 147 64 3 02% -1.00[-10.70, 8.70] ==
Kemmler2010 76 124 11 751 119 11 225%  0.09[0.93, 1.11]
Lai2021 529 067 4 551 049 4 350% -0.22[-1.03,0.59] n
Subtotal (95% CI) 18 18 57.8% -0.10[-0.74, 0.53]

Heterogeneity: Chi? = 0.25, df =2 (P = 0.88); I = 0%
Test for overall effect: Z = 0.32 (P = 0.75)

1.2.5 Leg strength

Hsieh2019 1.7 29 28 1.6 3 28 9.7%  0.10[-1.45, 1.65]
Lai2021 6.04 0.92 4 611 115 4 11.1% -0.07[-1.51,1.37]
Subtotal (95% CI) 32 32 20.8% 0.01[-1.05, 1.06]

Heterogeneity: Chi? = 0.02, df =1 (P = 0.87); I? = 0%
Test for overall effect: Z = 0.02 (P = 0.99)

Total (95% Cl) 99
Heterogeneity: Chi? = 1.01, df = 8 (P = 1.00); I? = 0%
Test for overall effect: Z = 0.06 (P = 0.95)

Test for subgroup differences: Chi? = 0.64, df =3 (P = 0.89), I?=0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

99 100.0% 0.01[-0.47, 0.50]

2100 -50 0 50 100
Favours [Follow up] Favours [Baseline]

Fig. 4 Comparing the outcomes at baseline versus follow-up in patients with diabetes mellitus and sarcopenia in the

absence of exercise intervention (control group)

on elderly men with sarcopenia [28]. However,
the percentage or number of participants with
diabetes mellitus was not given. In another
study, a randomized trial, focusing on the
optimal frequency/time combination of whole-
body vibration training for improving muscle
size and strength of 80 people with age-related
muscle loss (sarcopenia), the authors showed
that vibration training exercise improved and
maintained knee extension performance during
a 12-week follow-up time period, further sup-
porting the benefits of exercise intervention in
patients with sarcopenia [29].

Even though our results showed no
improvement in handgrip strength, walking
speed, or leg strength in these patients with
diabetes mellitus, the very low number of par-
ticipants, different criteria for defining sar-
copenia, the inclusion of frail participants, a

low number of studies assessing the respective
outcomes, and missing information (duration
of diabetes mellitus, glycemic control, racial
status of the participants) may explain this
result.

Limitations

Our study has several limitations. First of all, a
limited number of original studies based on this
idea were published. Therefore, retrieving par-
ticipants with diabetes mellitus led to a low
number of participants for this analysis. Sec-
ondly, although we included many relevant
publications in this analysis, those with out-
comes reported in percentages instead of sec-
onds could not be included in statistical
analysis. Another limitation was the fact that
the follow-up time periods from baseline varied
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Fig. 5 Funnel plot showing publication bias

across studies. The duration of intervention was
therefore not taken into consideration in this
analysis. Moreover, we could not use data from
all of the relevant studies because few studies
reported outcomes that were unique and not
reported in other studies for comparison. Hence,
even though included in this study, we could
not use their data for statistical analysis. In
addition, among those studies included in this
analysis, the diagnostic criteria for sarcopenia
were unclear in some of the studies, which could
have had an impact on the results of this anal-
ysis. We have also included both patients with
sarcopenia and those with frailty in this analysis,
which could also affect have affected the results
of this analysis. Physical function impairment is
common in both sarcopenia and frailty, and
these two conditions are highly similar and have
therefore not yet received a unique operational
definition. Therefore, we included frail patients
with diabetes mellitus and patients with dia-
betes mellitus and sarcopenia in this analysis.
Another limitation could be that exercise fre-
quency per week and intensity of exercise were
not taken into consideration since these data

were not regularly reported in the original
studies. Also, as endpoints including skeletal
muscle mass, skeletal muscle mass index, and
lean body mass were not reported in most of the
original studies, we could not assess these out-
comes in our analysis. In addition, features such
as duration of diabetes mellitus, glycosylated
hemoglobin (HbAlc), patients with micro- and
macrovascular complications, number of
patients on insulin therapy, and number of
patients on oral hypoglycemic drugs were not
reported, and were therefore ignored in this
analysis. Even though racial differences could
have had an impact on the outcomes, for
example, body mass index of the Asian popula-
tion was lower compared with people from
Western countries, we could not conduct this
comparison in our analysis, demonstrating
another limitation of this study.

CONCLUSION

Exercise intervention significantly improved
the time taken to stand up from a sitting
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position, and to “stand up and go” in patients
with diabetes mellitus and sarcopenia. There-
fore, exercise intervention should be considered
a relevant therapy for such patients. Further
research with a larger population of participants
with diabetes mellitus and sarcopenia is
required to confirm our hypothesis.
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