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Abstract

Background: The prevalence of type 2 diabetes mellitus increases with age, and people with type 2 diabetes are
more affected by reductions in functional performance. Although exercise interventions are recommended for peo-
ple with diabetes, it is relevant to assess the effects of different training modes on the available functional outcomes.
Therefore, our purpose was to systematically assess the effect of different physical exercise modalities in patients with
type 2 diabetes with an average age of 45 years or older on outcomes used to measure functional capacity.

Methods: A systematic review and meta-analysis of controlled trials was conducted. Seven databases were searched
from January 1987 to December 2021 (PubMed, Physiotherapy Evidence Database, Cochrane Library, SPORTDiscus,
and in grey literature: Open Grey and Google Scholar). Eligible studies should last 8 weeks or longer, comparing struc-
tured exercise training and non-exercise control for one out of six pre-specified functional capacity outcomes (Timed
Up and Go test, chair stands, walking performance, upper-limb muscle strength, lower-limb muscle strength, physical
fitness parameter), in patients with type 2 diabetes, aged > 45 years. The risk of bias was assessed with the Downs &
Black checklist. Pooled mean differences were calculated using a random-effects model, followed by sensitivity and
meta-regression analyses.

Results: Of 18,112 references retrieved, 29 trials (1557 patients) were included. Among these, 13 studies used aerobic
training, 6 studies used combined training, 4 studies used resistance training, 3 studies had multiple intervention arms
and 3 studies used other types of training. Exercise training was associated with an increase in functional capacity out-
comes, as reflected by changes in 6-min walk test (n=28) [51.6 m; 95% Cl 7.6% to 95.6%; 12 929%), one-repetition maxi-
mum leg-press (n=3) [18.0 kg; 95% Cl 4.0% to 31.9%; I 0%)], and maximum oxygen consumption (VO,,,,,) (n=20)
[2.41 mL/kg-min; 95% CI 1.89% to 2.92%; 1> 100%] compared with control groups. In sensitivity and subgroup analyses
using YO, as outcome and stratified by type of study (randomized and non-randomized controlled clinical trials),
duration of diabetes diagnosis, and sex, we observed overlapping confidence intervals. Meta-regression showed no
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quality of the included studies was mostly low.

association between glycated hemoglobin (HbA1C) levels and VO, .., [p=0.34; I 99.6%; R? = 2.6%]. In addition, the

Conclusion: The results indicate that structured physical exercise programs might improve functional capacity in
patients with type 2 diabetes, except for the upper-limb muscle strength. However, we could not identify potential
effect predictors associated with directional summary estimates.

Trial registration This systematic review was registered in the PROSPERO international prospective register of system-
atic reviews (CRD42020162467); date of registration: 12/15/2019. The review protocol is hosted at the Open Science
Framework (OSF) (Preprint https://doi.org/10.31219/0sf.io/kpg2m).
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Key Points

+ Structured physical exercise lasting 8 weeks or more
is associated with increases in functional capacity
in people at an average age of 45 years or older with
type 2 diabetes.

+ The additional analyses related to sex, duration of
disease diagnosis, and type of study were inconclu-
sive in this synthesis.

+ Future research is warranted investigating the effect
of structured exercise on younger populations as well
and in people with diabetes who are often excluded
from trials. Furthermore, studies with primary out-
comes of functional capacity are needed.

Background

Diabetes mellitus is an increasingly prevalent chronic-
degenerative disease, generating a burden on public
health. In 2019, the International Diabetes Federation
estimated that 1 out of 11 adults in the world popula-
tion aged 20 to 79 lived with diabetes, equivalent to 463
million people [1]. Notably, type 2 diabetes mellitus is a
common disease in older adults [1], who also experience
reductions in neuromuscular function, muscle mass,
muscle strength, and motor performance [2]. Compared
with non-diabetic individuals, older adults with diabetes
have accelerated loss of muscle mass, muscle strength,
muscle quality, and neural function [3-5], worsening the
performance in functional tests [3, 6], contributing to a
marked increase in physical disability and frailty risks in
this population [7, 8]. The risk of physical disability for
adult people with diabetes increases by about 50 to 80%
compared with age-matched individuals without diabetes
[8].

Functional capacity has multidimensional features
and is considered the individual’s ability to perform
instrumental activities in their daily lives, sustain-
ing their autonomy. Functional performance measures
reflect a particular aspect of physical functioning by
using mostly objective and predetermined criteria, that

is, in which individuals are asked to actually perform
specific tasks and are evaluated using standardized
criteria [9]. Observational studies in adults with diabe-
tes have identified a worsening of time to perform the
timed up and go and five times sit-to-stand tests [4],
walking speed [10], and greater strength deficit at high
movement speeds [11]. Furthermore, another impor-
tant point is the prediction in relation to physical per-
formance tests. Low walking speed [12], performance
on the Short Physical Performance Battery (SPPB) [13]
and the Timed Up and Go (TUG) [14] tests, low mus-
cle strength [15], and cardiorespiratory fitness [16], for
example, have been associated with mortality.

Among the several factors involved in the relation-
ship between diabetes and functional capacity, older
adults with diabetes, in addition to presenting the com-
mon impairments of aging (i.e., neuromuscular, body
composition, and metabolism changes), have added to
this, complications and comorbidities resulting from
the disease. Less is known about this relationship in
middle-aged individuals, in which the impact of dia-
betic complications associated with the disease is also
less known. However, exploratory evidence indicates
that diabetes was associated, to a small extent, with
physical disability in midlife [17]. Likewise, diabetes
contributes to explaining the variance in the age trajec-
tory of physical disability [18]. In this sense, socioeco-
nomic and behavioral elements may be associated with
the development and maintenance of diabetes. Results
suggest a link between socioeconomic status and risk
factors for type 2 diabetes, with an emphasis on soci-
odemographic factors, including age, ethnicity, fam-
ily history, low education, and socioeconomic status,
obesity, and unhealthy lifestyle behaviors (such as low
levels of physical activity, sedentary time, and nutrient-
poor diet) [19]. These effects are related throughout the
entire life course. Furthermore, models of the physical
disability process are longitudinal in nature and assume
that interactions between the individual and their
social, psychological, and physical environments are
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fundamental elements in the development of functional
limitations throughout life [20, 21].

Individuals with diabetes are less likely to engage in
regular physical exercise, even if this is one of the cor-
nerstones of management [22]. Clinical trials such as
the Look AHEAD Study [23] and Italian Diabetes and
Exercise Study [24] demonstrated that physical activity
interventions comprising lifestyle programs increased
physical performance in patients with type 2 diabetes
[23-26]. However, such findings are still inconsistent in
other exercise trials [27, 28]. Such divergent results could
be partly affected by several outcomes used in func-
tional capacity and training specificity leading to variable
degree of preparation for actual functional testing. In
addition to the divergent results in primary studies, there
is a strong focus on glycemic control in synthesis studies,
and we have not identified a previous synthesis for func-
tional capacity outcomes in this population.

Therefore, the purpose of this systematic review was to
systematically assess the effect of different physical exer-
cise modalities in patients with type 2 diabetes with an
average age of 45 years or older on several outcomes used
to measure functional capacity. Therefore, we conducted
a preregistered protocol to summarize randomized con-
trolled trials (RCTs) or non-randomized controlled stud-
ies (NRS) that assessed the changes (if any) of different
modes of exercise training in outcomes related to the
functional capacity of individuals with type 2 diabetes
undertaking structured physical exercise compared with
their non-training counterparts.

Methods

This systematic review and meta-analysis was reported
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [29]
and our methodological approach followed the recom-
mendations of the Cochrane Handbook for Systematic
Reviews of Interventions, Version 6.1, 2020 [30].

The study was registered in the PROSPERO Interna-
tional prospective register of systematic reviews (reg-
istration number CRD42020162467) and followed the
Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) [31]. The meth-
odological protocol was uploaded to the Open Science
Framework (OSF) (Preprint https://doi.org/10.31219/0sf.
io/kpg2m).

Search Strategy

Potential studies were identified by using a systematic
search process and were being conducted in the follow-
ing databases: PubMed (via website), PEDro Physiother-
apy Evidence Database (via website), Cochrane Library
(via website), SPORTDiscus (via Periédicos CAPES), and
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Lilacs (via BVS). To minimize the prospect of publication
bias, searches in Open Grey and Google Scholar were
undertaken. The searches were carried out from incep-
tion until December 10, 2021.

The search strategies were developed using medi-
cal subject headings (MeSH) and EXPLODE TREES for
terms: Aged, Exercise Therapy, Exercise Movement Tech-
niques, Exercise, associated with synonyms for identi-
fication in title and summary (TIAB). Terms with study
design different from clinical trials were used for identi-
fication in the title (TI) and exclusion. Search strategies
can be found in Additional file 1 (Appendix 1).

Study Selection

The review process was conducted by pairs of independ-
ent reviewers (eligibility process of titles and abstracts,
full-text reading, and data extraction). Any disagreement
in the study selection or extraction data processes was
solved by consensus, referring back to the original arti-
cles or, if needed, by a third external reviewer (DU).

Six reviewers independently (LOP and LXNS, ATD
and DMN, CEB and JLT) conducted a pilot of 400 arti-
cles, at the level of titles and abstracts, to standardize the
eligibility criteria among the reviewers. These reviewers
subsequently assessed titles and abstracts according to
eligibility criteria using the EndNote bibliographic refer-
ence management software) and finally read the remain-
ing full-text articles potentially eligible for inclusion.

Eligibility criteria were established based on the con-
cept of population, intervention, comparator/control,
outcome and study design (PICOS).

Type of Studies

We included randomized controlled trials (RCTs) or non-
randomized controlled studies (NRS) published between
January 1987 and January 2021. Although we did not
restrict searches for specific languages, only articles in
English, Spanish, or Portuguese were included.

Participants

Studies that included individuals (average age of 45 years
or older, both sexes) with a diagnosis of type 2 diabetes,
with or without comorbidities associated with the dis-
ease, were eligible for inclusion.

We excluded studies with patients who were diagnosed
with neurodegenerative diseases (ataxias, Alzheimer’s,
Parkinson’s); neuromuscular diseases (congenital/pro-
gressive, for example, dystrophies, myopathies), or mus-
culoskeletal problems, such as fractures in general (hip,
ankle, wrist, etc.) or any other injury that could inter-
fere with the predicted functional tests; severe cognitive
impairment (dementia, memory loss and confusion);
severe cardiovascular disease (congestive heart failure)
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or recent cardiovascular events (within the last 6 months,
such as acute myocardial infarction or stroke); and can-
cer in the treatment period.

Type of Interventions

We included all trials which reported the interventions
with structured physical exercise (e.g., resistance train-
ing, power training, aerobic training or combined train-
ing; pilates, functional training, etc.) lasting at least
eight weeks. We considered purely structured exercise
interventions. Studies were discarded if they presented
another co-intervention with physical exercise, for exam-
ple, diet, food supplements, health education, or behavior
change/lifestyle interventions.

The comparator could not practice any type of physical
activity/exercise component, nor could they participate
routinely during the period of study of groups with exer-
cise guidance or lifestyle changes.

Outcome Measures

To account for measures of functional capacity more
comprehensively, any of the following outcomes were
considered for inclusion:

1. Timed Up and Go test (TUG);

2. Chair stands (5-chair stand test; 30-s chair stand

test);

Walking performance (6-min walk, 400-m walk);

4. Upper-limb muscle strength evaluated by strength
isometric (handgrip);

5. Lower-limb muscle strength assessed by the test of
one repetition maximum (1RM), (knee extension or
leg-press);

6. Physical fitness parameter evaluated by maximal
oxygen consumption (VO,,..) or peak oxygen con-
sumption (VO,pe,)-

I

Data Extraction

The six reviewers mentioned above (LOP, LXNS, ATD,
DMN, CEB and JLT) performed data extraction in a sheet
that was designed and tested before use. The informa-
tion from the eligible studies was coded and grouped into
four categories: (1) general study descriptors (authors,
year of publication, journal, study design); (2) descrip-
tion of the study population (e.g., sex, age, total sample
size, health-related data); (3) details of interventions (e.g.,
type, duration, frequency, intensity); (4) and outcomes
(e.g., functional parameters, walking performance, mus-
cle strength parameters, physical fitness parameters). For
continuous outcomes, we extracted the results with raw
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data of means and standard deviations (SDs) and delta
values when available.

When data were not available, we contacted the cor-
responding author(s) to request the missing data. It was
not necessary to input any data. We only calculated, in
some cases, the delta to observe the difference between
the pre- and post-intervention moments of the outcomes
of interest.

Quality Assessment and of the Risk of Bias in Individual
Studies

Paired reviewers independently evaluated the risk of
bias for each selected study using the Downs & Black
checklist [32], which allows the assessment of both ran-
domized and non-randomized trials, in regard to the fol-
lowing items: reporting, external validity, internal validity
(bias), internal validity (confounding—selection bias),
and power. To determine the methodological quality
and risk of bias of a study, for each criterion, we evalu-
ated the presence of sufficient information. Disparities
were resolved by involving a third author. The last item
on the checklist (power of analysis) was used in a binary
approach with a score of “0” (no sample size calculation)
or “1” (reported sample size calculation) [33]. The check-
list is composed of 27 questions, with a total possible
score of 28 for randomized and 25 for non-randomized
studies, and the following scoring ranges: excellent (26—
28); good (20—25); fair (15-19); and poor (< 14).

Data Synthesis

Meta-analyses and the forest plots were performed in
R version 4.0.1 (R Project for Statistical Computing,
RRID:SCR_001905), using the metafor package, for the
outcomes of interest that presented at least two studies
and/or group combinations.

We used the inverse-variance method (DL — tau?),
under a random-effects model, to generate effect esti-
mates. Because our results are derived from continu-
ous outcomes with the same scale available, we used the
mean difference with 95% confidence intervals (95% CI)
[30]. We also calculated the prediction interval when at
least three studies were available in a given meta-analysis
[34]. The evaluation of heterogeneity across trials was
assessed by generating the I? statistic, which represents
the proportion of heterogeneity that is not due to chance
(rather, due to possible differences across studies, popula-
tions, and interventions).

Additional Analyses

As planned in our study protocol [35], when sufficient
data (at least 10 studies) were available, we performed
sex-stratified subgroup analysis and meta-regression
with glycated hemoglobin (HbAlc) values. We also
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conducted a sensitivity analysis stratifying for ran-
domized or non-randomized studies. Regarding the
duration of diabetes diagnosis, we split study sam-
ples by short- and long-term duration of the disease
(>8 years). In addition, we used the “leave-one-out”
approach to check whether removing a single study at
each time has had a major influence (e.g., change in
the direction of results) on meta-analytic estimates.
The publication bias was assessed by visual inspection
through the generation of a funnel plot.

It was not possible to carry out a sensitivity analy-
sis, as we had planned, with patients with neuropathy,
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as none of the studies reported a population with this
comorbidity.

Results

Description of Included Studies

From 18,112 articles retrieved from the electronic data-
base, 14,964 were excluded by titles and abstracts. Out
of 116 reviewed full-texts, 25 RCTs [36-60] and 4 NRS
[61-64] met the inclusion criteria (Fig. 1), representing a
total sample of 1,557 participants. Of these, 489 patients
were included in studies of aerobic exercise training, 193
in studies of resistance exercise training, 386 in combined
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Google Scholar (n=2) Language (n= 542)
Open Grey (n=0) Type of study (n=11,800)
Population (n=1,158)
v Health condition (n=165)
() Intervention (n=892)
Records screened Comparator (n=142)
(n=15,080) Duration of intervention (n=54)
Qutcomes (n=164)
Duplicate (n=47)
A 4
Reports sought for retrieval Reports not retrieved:
2 (n=116) Full-text not available (n=2)
o
g
3 v
0 Reports excluded (n=85):
Reports assessed for eligibility . Language (n=1)
(n=114) Type of study (n=15)
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Duration of intervention (n=1)
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Duplicate (n=12)
Duplicate study sample (n=6)
Studies included in review
(n=29)
Fig. 1 PRISMA flow diagram
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aerobic/resistance exercise training studies, 375 in stud-
ies with two or more intervention arms (aerobic/com-
bined or aerobic/resistance/combined), and 114 in others
(i.e., Pilates, Tai Chi, Whole-body vibration). The articles
were mostly published in English, except for 1 article in
Portuguese.

In addition, we cite some studies that might appear
to meet the inclusion criteria but were excluded due to
the control group [65, 66] (received thematic sessions
with topics on nutrition and physical activity, for exam-
ple, participated in a 12-session health promotion edu-
cational training), an apparently duplicated sample with
included study [67], and because of the intervention (diet
plus supervised exercise) [68].

Overall, the median age from participants’ samples
was 60 (minimum and maximum: 52-73) years old. No
studies included participants with peripheral neuropa-
thy. Regarding the sexes of participants enrolled in the
included studies, 20 study samples consisted of both
women and men, six studies included only men, whereas
three studies included only women (Table 1).

Intervention Characteristics

Among the 29 studies included, 13 studies used aero-
bic training [38, 39, 47-49, 52-54, 56, 58, 60, 63, 64], six
used combined training (aerobic and resistance) [40, 43,
46, 51, 55, 61], four studies used resistance training [36,
37, 57, 62], three studies used more intervention arms
[44, 50, 59] (two studies with aerobic training groups
and combined training, and one with aerobic, resistance
and combined training groups) and three studies with
another type of training (Pilates, Tai Chi, Whole-body
vibration) [41, 42, 45] (Table 2).

The mean training duration was 27.9 weeks (range: 8 to
104 weeks). Training frequency ranged from one to seven
days per week, with three days a week the most employed
training frequency (n=14). The exercise sessions dura-
tion ranged from 8 to 90 min/exercise/session.

In aerobic training, the most used measures were
maximal oxygen uptake (VO,,..), peak oxygen uptake
(VOypeqar), maximum heart rate (HR,,,,), and heart rate
reserve (HRR), and for those of resistance training were
one repetition maximum (1RM) and repetitions maxi-
mum (RM). In studies that used HRmax or peak heart
rate (HR,,,) to quantify aerobic exercise intensity, pro-
grams ranged from 50 to 90% intensity, whereas they
ranged from 40 to 80% when HRR was used as an inten-
sity variable. VO, ranged from 50 to 90% VOy,e,s
VO,.« ranged from 65 to 80% VO, ... IRM ranged
from 50 to 80% 1RM and RM ranged from 8 to 15 RM.

The intensity measures less commonly used in the
studies were: heart rate (HR%); peak energy-expenditure
rate (55 to 70%); maximum pulse (60 to 75%); rating of
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perceived exertion (RPE) (12 to 15/11(1) to 12(1) RPE
Borg Scale); maximum voluntary contraction (MVC) (60
to 80 MVC); 1.3 to 3.3 kg; 12 to 16 Hz. Only two studies
did not report intensity of interventions.

Functional Capacity

Among the outcomes prespecified in the study proto-
col, the 400-m walk test was not assessed in the included
studies. The results of the remaining outcomes of interest
are presented below.

Walking Performance

Out of the 29 included studies, eight articles [38, 40,
42, 43, 45, 47-49] with 441 patients demonstrated that
structured physical exercise interventions were associ-
ated with an increase of 51.59 m in walking performance
evaluated by the 6-min walk test (6MWT) (95% CI 7.55%
to 95.63%; 12 92%; p for heterogeneity <0.01) as compared
with control (Fig. 2a).

Chair Stands

Three articles (296 patients) [40, 42, 47] demonstrated
that structured physical exercise interventions were asso-
ciated with an increase of 4.66 times in 30-s chair stand
test (95% CI 1.79% to 7.52%; 1> 68%; p for heterogene-
ity=0.05) as compared with control (Fig. 2b).

One study reported the 5-chair support test [41], and
there were significant improvements for the Pilates inter-
vention group compared with the control (A mean: inter-
vention group -4 s; control group 1.3 s).

Timed Up and Go Test

Two articles (88 patients) [42, 47] demonstrated that
structured physical exercise interventions were associ-
ated with a decrease of 0.16 s in the performance of the
timed up and go test (95% CI—1.07% to 0.74%; I* 0%;
p for heterogeneity=0.67) as compared with controls
(Fig. 2¢).

Lower-Limb Muscle Strength

Out of the 29 included studies, three articles (95 patients)
[36, 57, 61] demonstrated that structured physical exer-
cise interventions were associated with an increase of
17.97 kg in the strength measures of lower-limb muscle
evaluated by 1RM of leg-press (95% CI 4.08% to 31.87%;
I> 0%; p for heterogeneity =0.62) as compared with con-
trol (Fig. 3). Another study [62] showed an increase in
muscle strength evaluated by the 1RM of knee extension
test for the intervention group in relation to control [62]
(A mean: intervention group 5.03; control group 0.8).
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Table 2 Characteristics of studies'interventions

Page 13 of 22

Authors Intervention setup Frequency, Intensity, range or mean (SD) Time for intervention, Average
times per minutes per session, length,
week range weeks

Jiang et al. [47] Aerobic 3 41.3(3.2) t0 46.1(10.3)% VO, . 20to 60 16

Yamamoto et al. [37] Resistance 7 1.3t03.3kg NR 48

Shabkhiz et al. [36] Resistance 3 70% 1RM NR 12

Hwang et al. [39] Aerobic 4 70 t0 90% HRex 40to 47 8

Wilson et al. [60] Aerobic 3 90% HR e 20 13

Scheer et al. [61] Combined 3 60 to 80% HR .. 60 8

12 to 15 RPE Borg Scale

Conners et al. [38] Aerobic 3 40 to 70% HRR 10to 20 12

Szilagyi et al. [40] Combined 4 60 to 75% Max. pulse 60 24

Melo et al. [41] Pilates 3 11(1) to 12(1) RPE Borg Scale 60 12

Banitalebi et al. [59]  Aerobic, Combined 3 10to 15 RM; 50 10

50 to 70% HR .y

Santos et al. [62] Resistance 3 50to 70% 1RM 50 16

Pozo-Cruzetal.[42]  Whole-body vibration 3 12to 16 Hz 8to 16 12

Yan et al. [58] Aerobic 3t05 5010 75% VOypesk 45 12

Tan et al. [43] Combined 3 5510 70% HR,,.x 60 26

50 to 70% 1RM

Labrunée et al. [48] Aerobic 7 HR% (the first ventilatory threshold 30 13

measured the test of effort)

Karstoft et al. [52] Aerobic 5 55 to 70% peak energy-expenditure 60 17

rate

Kadoglou et al. [54]  Aerobic 4 50 10 80% VO, 451060 52

Plotnikoff et al. [57] Resistance 3 50 to 85% 1RM NR 16

Balducci et al. [44] Aerobic, Combined 2 7010 80% VO, 10 60 52

80% 1RM

Larose et al. [50] Aerobic, Resistance, Combined 210 3 60 to 75% HR .. 20t0 45 22

8to 15RM

Loimaala et al. [55] Combined 4 65 t0 75% VO, a0 30 104

60 to 80 MVC

Lam et al. [45] Tai Chi 1to2 NR 60 26

Brun et al. [49] Aerobic 2 HR% (level of the ventilatory thresh- 45 52

old)

Kadoglouetal.[53]  Aerobic 4 5010 75% VO, 451060 26

Bjorgaas et al. [46] Combined 2 50 t0 85% HR,,, 90 12

Fritz et al. [63] Aerobic 3 NR 45 17

Loimaala et al. [51] Combined 2 6510 75% VO, 1.0 >30 52

70 to 80% 1RM
Verity et al. [56] Aerobic 3 65 to 80% HRR 60 to 90 16
Skarfors et al. [64] Aerobic 3 Up 10 75% VO,,x 45 104

NR not reported; VO, maximum oxygen volume; VO, peak oxygen consumption; HR,,.,, maximum heart rate; HRR heart rate reserve; HR heart rate; HR .o peak
heart rate; Max. pulse maximum pulse; TRM one maximum repetition; RM maximum repetition; MVC maximal voluntary contraction; kg kilogram; Hz hertz; RPE rating

of perceived exertion

Upper-Limb Muscle Strength

Physical Fitness

Out of the 29 included studies, 20 articles [39, 43, 44,
46-56, 58-61, 63, 64] with 27 groups of comparison
(932 patients) demonstrated that structured physical

One study [37] reported isometric strength assessed by
handgrip and showed no differences (A mean: inter-
vention group 0.3; control group — 0.03).
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a Exercise Training Control
Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl Weight
Conners et al, 2018 [38] 13 9508 5684 13 077 1356 P 9431 [62.54;126.08] 14.1%
Szilagyi et al, 2018 [40] 103 11120 136.17 105 -560 88.17 i —— 116.80 [85.56;148.04] 14.2%
Pozo-Cruz etal, 2014 [42] 19 24.00 147.71 20 -26.00 108.37 —T—=—— 50.00 [-31.65; 131.65] 10.0%
Tan et al, 2012 [43] 15 5800 3900 10 -11.00 30.00 . 69.00 [4188; 96.12] 14.4%
Lam et al, 2008 [45] 24 060 175 22 550 2552 = -490 [-1559; 579] 15.1%
Jiang et al, 2020 [47] 25 3050 8604 24 150 10194 —1 29.00 [-23.92; 81.92] 125%
Labrunée et al, 2012 [48] 11 3630 8991 12 3.80 115.19 —_— 32.50 [-51.59; 116.59] 9.8%
Brun et al, 2008 [49] 13 400 8927 12 -3.00 120.20 —_— 7.00 [-76.55; 90.55] 9.8%
Random effects model 223 218 —_— 51.59 [ 7.55; 95.63] 100.0%
Prediction interval [-99.52; 202.70]
Heterogeneity: /> = 92%, 7° = 3308.9723, p < 0.01 T T
Test for overall effect: z =230 (p = 0.02) -150-100 -50 0 50 100 150

6-minute-walk test (meters)
b Exercise Training Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Szilagyi et al, 2018 [40] 103 296 490 105 -0.60 3.98 - 356 [ 235 477] 46.0%
Pozo-Cruzetal, 2014[42] 19 300 547 20 0.10 503 may 290 [-040; 6.20] 30.1%
Jiang et al, 2020 [47] 25 400778 24 -5.00 743 —— 9.00 [ 4.74;1326] 23.8%
Random effects model 147 149 > 466 [ 1.79; 7.52] 100.0%
Prediction interval [-27.50; 36.81]
Heterogeneity: /2 = 68%, T2 =4.2644, p = 0.05 f T T !
Test for overall effect: z =3.18 (p < 0.01) -40 -20 0 20 40

30-second chair stand test (times)
Cc . .
Exercise Training Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Pozo-Cruz etal, 2014 [42] 19 -0.50 232 20 -0.10 2.19 —+|— -0.40 [-1.82;1.02] 41.0%
Jiang et al, 2020 [47] 25 035180 24 035237 —a— 0.00 [-1.18;1.18] 59.0%
Random effects model 44 44 : -0.16 [-1.07; 0.74] 100.0%
Heterogeneity: /2 = 0%, > =0, p = 0.67 f f I I '
Test for overall effect: z = -0.35 (p = 0.72) -4 =2 0 2 4

Timed Up and Go test (seconds)

Fig. 2 Functional capacity outcomes. Meta-analysis of included studies comparing changes in walking performance (a), chair stands (b), and timed
up and go test (c) by structured physical exercise vs control. Cl indicates confidence interval. Changes in 6-min walk test, 30-s chair stand test, and
timed up and go test of individual studies included in the meta-analysis of structured physical exercise vs no intervention in patients with type 2
diabetes

Exercise Training Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Plotnikoff et al, 2010 [57] 27 46.90 165.58 21 -5.70 88.33 —1—+——+— 52,60 [-20.39;125.59] 3.6%
Shabkhizetal, 2020[36] 10 1850 1859 10 1.01 17.10 LN 1749 [ 1.83; 33.15] 78.8%
Scheer et al, 2019 [61] 13 1190 4060 14 -1.10 47.12 — 13.00 [-20.11; 46.11] 17.6%
Random effects model 50 45 < 17.97 [ 4.08; 31.87] 100.0%
Prediction interval [-72.10; 108.05]
Heterogeneity: /2 = 0%, ? =0, p = 0.62 I I I I
Test for overall effect: z =254 (p =0.01) -100 -50 0 50 100
1RM of leg-press (kg)
Fig. 3 Meta-analysis of included studies comparing changes in one repetition maximum by structured physical exercise vs control. Cl indicates
confidence interval. Changes in the strength of lower-limb muscle evaluated by 1RM of leg-press test of individual studies included in the
meta-analysis of structured physical exercise vs no intervention in patients with type 2 diabetes
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Exercise Training Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Hwang et al, 2019 [39] 18 230 164 9 -050 1.77 i5 280 [142; 418] 6.1%
Hwang et al, 2019 [39] 16 1.60 1.70 7 -050 1.77 &= 210 [055; 365 55%
Tan et al, 2012 [43] 15 310890 10 030 270 e 280 [-2.00; 760] 1.0%
Kadoglouetal, 2010[54] 22 230 361 21 -030 347 —— 260 [048; 472] 38%
Loimaalaetal, 2009[55] 24 3.00 525 24 -080 644 —+— 380 [048; 712] 20%
Skarfors et al, 1987 [64] 6 422512 8 -355 454 — 7.77 [260;1294] 09%
Verity et al, 1989 [56] 5 550 3.80 5-030 447 —_— 580 [066;1094] 09%
Yan et al, 2014 [58] 31 190913 10 090 1235 e 1.00 [-7.30; 9.30] 04%
Wilson et al, 2019 [60] 11 3.50 9.38 5 -040 6.50 —_—T— 390 [-4.05;1185] 04%
Bjergaas et al, 2005 [46] 10 261350 10 030 200 e 231 [-0.19; 481] 3.1%
Fritz et al, 2006 [63] 26 000026 26 000 0.26 0.00 [-0.14; 0.14] 10.8%
Balducci et al, 2010 [44] 20 1.20 9.78 6 -020 963 N b 140 [-7.42;1022] 0.3%
Balducci et al, 2010 [44] 20 6.50 7.70 7 -020 963 e B — 6.70 [-1.19; 1459] 04%
Balducci et al, 2010 [44] 22 6.50 9.12 7 -020 963 T— 6.70 [-1.39;1479] 04%
Banitalebi etal, 2018 [59] 14 744 7.73 7 207 866 S 537 [-2.22;1296] 04%
Banitalebi et al, 2018 [59] 14 3.72 8.08 7 207 866 — T 165 [-6.04; 934] 04%
Jiang et al, 2020 [47] 25 330755 24 -060 5.99 s 390 [009; 7.71] 16%
Labrunée etal, 2012[48] 11 0.70 383 12 -0.30 5.16 —— 1.00 [-269; 469] 16%
Brun et al, 2008 [49] 13 -1.80 841 12 -2.80 8.08 —— 1.00 [-547; 747] 06%
Larose et al, 2010 [50] 54 160008 19 -034 005 194 [191; 1.97] 109%
Larose et al, 2010 [50] 60 1.36 0.07 22 -0.34 0.05 1.70 [167; 1.73] 109%
Larose et al, 2010 [50] 54 0.16 0.06 19 -0.34 0.05 0.50 [047; 0.53] 10.9%
Loimaalaetal, 2003[51] 24 190079 25-080 9.19 T 270 [-092; 632] 1.7%
Karstoft et al, 2012 [52] 12 445118 4 044 087 : 401 [293; 509 73%
Karstoft et al, 2012 [52] 12 445118 4 044 087 401 [293; 509] 73%
Kadoglou etal, 2007 [53] 29 3.66 1.68 27 -0.73 0.35 439 [376; 502] 94%
Scheer et al, 2019 [61] 13 300690 14 -080 574 T 380 [-1.01; 861] 1.0%
Random effects model 581 351 0 2.41 [1.89; 2.92] 100.0%
Prediction interval — [0.68; 4.14]
Heterogeneity: /> = 100%, * =0.6352, p =0 f T T !
Test for overall effect: z=9.17 (p <0.01) -20 -10 0 10 20
VO2max (mL/kg-min)
Fig. 4 Meta-analysis of included studies comparing changes in maximal oxygen consumption by structured physical exercise vs control. Cl
indicates confidence interval. Changes in physical fitness evaluated by VO,,, ., of individual studies included in the meta-analysis of structured
physical exercise vs no intervention in patients with type 2 diabetes. Studies that included more than 1 modality or different training protocols
within the same type of structured physical exercise were evaluated as separate observations

exercise interventions were associated with an increase  body weight presented by each of the studies. The other
of 2.41 mL/kg-min in VO, (95% CI 1.89% to 2.92%; I*  eight studies [39, 48, 50, 53, 54, 59-61] had the measure
100%; p for heterogeneity=0) as compared with control  of oxygen consumption in VO, and all of them with
(Fig. 4). the unit of measure in mL/kg-min. The results of VO, ..
Of these, 12 studies [43, 44, 46, 47, 49, 51, 52, 55, 56,  and VO, were combined in the same meta-analysis.

58, 63, 64] presented the results of oxygen consumption

in VO,,.,» being 10 studies [43, 44, 46, 47, 49, 51, 52, 55,  Additional Analyses

56, 58] with the unit of measure in mL/kg-min, one study  In sensitivity analysis, RCT studies [39, 43, 44, 4656,
[64] in mL/min and another study in L/min [63]. The last  58-60] (17 studies, 24 comparisons, 839 patients) were
two studies were transformed to mL/kg-min using the associated with an increment of 2.63 mL/kg-min in the

(See figure on next page.)

Fig. 5 Sensitivity analysis for the type of study (a) and duration of diabetes diagnosis (b). Cl indicates confidence interval. Changes in physical
fitness evaluated by VO2max of individual studies included in the meta-analysis of structured physical exercise vs no intervention in patients with
type 2 diabetes. Studies that included more than 1 modality or different training protocols within the same type of structured physical exercise
were evaluated as separate observations. Structured physical exercise and control group in the randomized clinical trials (RCT) and non-randomized
controlled studies (NRS). Structured physical exercise and control group with studies showing short and longer (> 8 years of diabetes) duration of
type 2 diabetes
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VO, (95% CI 2.08 to 3.18; I* 100%, p for heterogene-
ity=0) as compared with control. The NRS studies [61,
63, 64] (3 studies, 93 patients) were associated with
an increment of 3.34 mL/kg-min in the VO, (95%
CI—1.52 to 8.19; I* 82%, p for heterogeneity<0.01) as
compared with control (Fig. 5a). Regarding the duration
of diabetes, we split study samples by short- and long-
term duration of the disease (>8 years). The studies that
included diabetes of short duration [39, 50, 52—-54, 56,
60, 63, 64] (9 studies, 13 comparisons, 501 patients) were
associated with an increment of 2.32 mL/kg-min in the
VO, (95% CI 1.76 to 2.88; I* 100%, p for heterogene-
ity=0) as compared to control. Studies that included
diabetes with longer duration [43, 44, 47, 49] (4 studies,
6 comparisons, 181 patients) were associated with an
increment of 3.56 mL/kg-min in the VO, ,, (95% CI 1.21
to 5.91; I? 0%, p for heterogeneity =0.83) as compared to
control (Fig. 5b).

When studies were individually omitted from the meta-
analysis, heterogeneity was unchanged. A table with the
values of the heterogeneity from each study can be found
in Additional file 1 (Appendix 2).

In the subgroup analysis (Fig. 6), studies with women
[47, 56, 59] (3 studies, 4 comparisons, 76 patients)
showed that interventions were associated with an
increase of 4.43 mL/kg-min in VO, ., (95% CI 1.44 to
7.42; 12 0%, p for heterogeneity = 0.83) and studies with
men [46, 47, 51, 55, 58, 64] (6 studies, 197 patients)
showed that interventions were associated with an
increase of 3.31 mL/kg-min in VO, ., (95% CI 1.71 to
4.90; I 0%, p for heterogeneity=0.55), compared to
control.

Meta-regression showed no association between
HbAlc levels and VO, .. (p=0.34; I* 99.6%; R> =2.6%;
p for heterogeneity <0.0001). Publication bias was
assessed using a contour-enhanced funnel plot of each
trial’s effect size against the standard error. We did not
find any publication bias (p=0.76), and the funnel plot
is presented in Additional file 1 (Appendix 3).

Quality Assessment and Risk of Bias in Individual Studies

The following items were evaluated with respect to
reporting, external validity, internal validity (bias), inter-
nal validity (confusion—selection bias), and power. For
item 14, we answered yes to all of the studies, because
these are studies with exercise interventions, so the blind-
ing of the participants generally does not occur. As noted
previously, the checklist consists of 27 questions, with
RCTs scoring up to 28 and NRS at most 25. Four studies
[39, 42, 57, 61] scored good (20-25), 10 studies [37, 38,
40, 41, 44-46, 54, 59, 60] fair (15-19) and 15 studies [36,
43, 47-53, 55, 56, 58, 62—64] poor (< 14), with available
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data in Additional file 1 (Appendix 4). In Fig. 7, we rep-
resent the evaluation of the studies for each of the items
present in the Downs & Black checklist [32].

Discussion

This systematic review with meta-analysis summarizes
the effects of exercise training on functional outcomes of
people with type 2 diabetes. Although several syntheses
have addressed exercise for patients with type 2 diabe-
tes, the present study used a comprehensive assessment
by including different functional outcomes. We observed
in the current systematic review and meta-analysis that
structured exercise programs might improve functional
capacity as indicated by walking performance, chair
stands, time up and go tests, 1IRM of leg-press, and
VO,,..x in people with type 2 diabetes. In additional sen-
sitivity and meta-regression analyses, we could not iden-
tify isolated factors or studies that may had a differential
influence on summary estimates. Most studies’ scores
indicate a high risk of bias, which underscores the impor-
tance of careful interpretation regarding the summarized
evidence. Most of the studies included participants with
an average age close to 60 years or more; therefore, our
results are more widely generalizable to patients with
type 2 diabetes over 45 years old.

The present meta-analysis demonstrated that car-
diorespiratory fitness, measured by VO, ... can be
improved with structured physical exercise interven-
tions in people with type 2 diabetes, supporting previous
observations in this population [69, 70]. We emphasize
that the number of studies included in the present meta-
analysis was greater than in the other outcomes. Consid-
ering that low cardiorespiratory fitness has been explored
as a predictor of cardiovascular mortality in people with
diabetes [16], the present findings may reflect major
clinical benefits. A cohort study, including non-diabetic
and diabetic individuals, showed that increments equiva-
lent to 1.44 ml/kg/min in VO, were associated with a
7.9% reduction in overall mortality [71]. Moreover, sub-
jects with type 1 and 2 diabetes mellitus present lower
walking capacity compared with non-diabetic controls
[72]. Of note, we observed that in the present synthesis
supervised interventions from included studies show an
increase of 11% (51.59 m) in the 6MW T, which is con-
sidered a reliable, validated, and clinically meaningful test
for patients with diabetes [73].

Low muscle strength has been shown to be associ-
ated with an increased risk of all-cause mortality [15,
74]. Furthermore, in patients with type 2 diabetes, there
is a pronounced decline in muscle mass and strength,
in agreement with a worsening in functional perfor-
mance [4]. Therefore, we can highlight the importance
of increases in muscle strength, in addition to the fact
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due to their negative predictive capacity in relation to the
use of health care and adverse events (i.e., institutionali-
zation, falls, disability, mortality) [76—78]. However, it is
important to emphasize that the results from our meta-
analysis and its estimates related to muscle strength
should be interpreted with caution due to the low num-
ber of included studies.

To explore the expected methodological and statisti-
cal heterogeneity, we used a prespecified strategy based
on sensitivity and meta-regression analyses and did not
detect associated factors. In addition, the quality of the
studies was mostly low, which may have contributed to
heterogeneity in the present meta-analyses [30]. Due to
the low number of studies available, exploratory analy-
ses were not performed for five of the six intended out-
comes, which would require at least 10 studies [30], and
for peripheral neuropathy which was not present in any
sample. As for analyses with VO, .., it was not possible
to demonstrate conclusive results due to the occurrence
of overlapping confidence intervals, and we did not iden-
tify any association between HbAlc and VO,,,,..

Regarding the quality and risk of bias of individual
studies, in general, the reporting and internal valid-
ity items, the studies obtained good scores on questions
such as description of hypothesis/aim, clear description
of outcomes and main results, description of variability
estimates, number of lost participants, follow-up period
for groups. Items of external validity, internal validity—
confounding (selection bias) and power were identified
as more prone to bias. We emphasize that characteristics
contemplating the generalization to the population from
which the study participants were derived, adjustment of
confounding factors in the analyses, loss of patients in the
course of the study and sample size calculation should
be considered for the interpretation of results and future
studies.

Limitations

This study has some limitations. Although the search was
not limited by language, the studies included were only
in Portuguese, English, and Spanish. The clinical condi-
tions that we used as exclusion criteria for the studies
were chosen because they strongly influence the func-
tional results, which would end up being a confounding
factor and difficult to control for methodologically. We
tried to broadly address the functional outcomes in this
population; however, within the criteria used to select
the studies, some ended up being identified in a low
number, thus not being explored as planned. In addition,
balance is an important physical parameter and strongly
associated with falls; however, we did not evaluate this
parameter. We also recognize that our results are based
on performance-based measures, which ultimately limit
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inferences and correlations with self-reported instru-
ments [79]. Finally, we analyzed only structured physical
exercise interventions, which may not be feasible for all
patients with type 2 diabetes. Therefore, the results pre-
sented cannot be generalized to all exercise programs in
this population.

Moreover, high heterogeneity was identified in the
meta-analyses, especially in the walking performance
(6MWT) and physical fitness (VO,,,,,) meta-analysis,
and although we did try to explore it, no additional infor-
mation was retrieved with this strategy. However, we
did not investigate exercise variables, which could have
contributed to a reduction in heterogeneity. Therefore,
exploring the types of physical exercise and its specific
components (FITT principles—frequency, intensity,
time, and type) would be relevant. In addition, the over-
all quality of the studies was low, increasing the risk of
bias in the studies, which may limit the interpretation of
results.

Future Directions

Because many comorbidities are associated with type 2
diabetes, future trials should consider minimizing eligi-
bility criteria to allow more representative samples for
this clinical population. Of great is diabetic neuropathy,
which is a major comorbidity and a common product of
diabetes progression; therefore, we emphasize the impor-
tance of future studies clarifying the health status of the
participants, thus contributing to the performance of
deeper analysis. In addition, establishing common out-
comes, such as implementing the use of Core Outcome
Set (COS), would be beneficial to increase the number of
comparable studies in future reviews [80].

This systematic review demonstrates that structured
physical exercise is associated with improvements in
functional outcomes with clinical relevance for peo-
ple with diabetes. This highlights the need and impor-
tance of a recommendation for physical exercise in order
to preserve and/or improve physical function in this
population.

Conclusions

In conclusion, the current meta-analysis indicates that
structured physical exercise programs might improve
functional capacity (i.e., cardiorespiratory fitness, walking
performance, lower-limb muscle strength, sit and stand
up and walk tests) in people with type 2 diabetes. Such
increments are more clearly perceived in the VO, ,, and
6MWT outcomes (as compared to the other outcomes
assessed, these two outcomes were the ones that grouped
the largest number of studies). However, subgroup and
sensitivity analyses were inconclusive due to the small
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number of studies in some comparison groups and the
high variability observed in confidence interval values.
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