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Abstract

Objectives: To evaluate the effectiveness of combined aerobic and resistance exercise on cognition, metabolic health, physical function, and
health-related quality of life (HRQoL) in middle-aged and older adults with type 2 diabetes mellitus (T2DM).

Data Source and Study Selection: Systematic search of CINAHL, Cochrane, EMBASE, Scopus, PubMed, ProQuest Dissertation and Thesis, Psy-
cINFO, Web of Science databases, and gray literature from Google Scholar. Pertinent randomized controlled trials (RCTs) were selected. The Pro-
tocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO CRD42023387336).

Data Extraction: The risk of bias was evaluated using the Cochrane Risk of Bias tool by 2 reviewers independently. Outcome data were extracted
in a fixed-effect model if heterogeneity test were not significant and 1’<50%; otherwise, the random-effects model was used.

Data Synthesis: Sixteen studies with 2426 participants were included in this review. Combined aerobic and resistance exercise had significant
positive effects on cognition (SMD=0.34, 95% CI: 0.13 to 0.55), metabolic health on HbAlc (SMD=-0.35, 95% CI: -0.48 to -0.22) and lipid pro-
file (total cholesterol SMD=-0.20, 95% CI: -0.34 to -0.07; low-density lipoprotein SMD=-0.19, 95% CI: -0.33 to -0.05; high-density lipoprotein
SMD=0.25, 95% CI: 0.12 to 0.39; and triglycerides SMD=-0.18, 95% CI: -0.31 to -0.04), physical function on aerobic oxygen uptake
(SMD=0.58, 95% CI: 0.21 to 0.95) and body mass index (MD=-1.33, 95% CI: -1.84 to -0.82), and physical HRQoL (MD=4.17, 95% CI: 0.86 to
7.48). Our results showed that clinically important effects on cognition may occur in combining the low-moderate intensity of aerobic exercise
and progressive intensity of resistance training, the total duration of the exercise needs to be at least 135 minutes per week, among which, resis-
tance training should be at least 60 minutes.

Conclusion: Combined aerobic and resistance exercise effectively improves cognition, ameliorates metabolic health, enhances physical function,
and increases physical HRQoL in middle-aged and older adults with T2DM. More RCTs and longitudinal follow-ups are required to provide
future evidence of structured combined aerobic and resistance exercise on other domains of cognition.
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The epidemic of diabetes mellitus and its complications poses a
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expected to increase to 783.2 million by 2045.% Out of all diabetes
cases, 90%-95% of diabetes is type 2 diabetes mellitus (T2DM).’
T2DM and metabolic syndrome are interrelated. Metabolic syn-
drome includes central obesity, high blood pressure, high fasting
glucose, high triglycerides, and low high-density lipoprotein
(HDL) cholesterol, which act as a cluster of risk factors for
T2DM.* T2DM causes inflammation in glucose metabolism-
responsible organs’ and impaired insulin action.® T2DM also indu-
ces secondary disorders such as cognitive impairment (CI) and car-
diovascular dysfunction,”® resulting in psychosocial burden and
quality of life limitation.” For example, previous studies showed
that adults with T2DM report a lower quality of life,'” including
domains of physical, emotional, and social aspects of well-being,
such as physical functioning, role limitations attributable to physi-
cal or emotional problems, bodily pain, and energy level."!

T2DM is recognized as one of the robust risk factors for CI in
the older population.”'? Specifically, individuals with T2DM
have an increased risk of progressive decline in cognition by insu-
lin resistance, impaired glucose metabolism, the production of
advanced glycosylation end-products, impairment in amyloid B
degradation, increased oxidative stress, and inflammation.'® The
global prevalence of CI among adults with T2DM averages around
45%, which ranges from 21.8% to 67.5% across various coun-
tries.'* The Doetinchem Cohort Study'’ found that the risk of
global cognitive function decline in middle-aged individuals with
T2DM is 2.6-fold more than in nondiabetic individuals. The study
by Strachan et al'® showed that T2DM is associated with a 1.5-
2.5-fold increased risk of dementia in the elderly population. The
Religious Orders Study'’ revealed that T2DM had a 1.6-fold
increase in the risk of developing dementia compared with nondia-
betics adjusted from age, sex, and educational level in the middle-
aged and older adult population. CI may exhibit deficits in single
or multiple cognitive domains.'® Among these, T2DM is most
interrelated to episodic memory and decreased executive function,
such as verbal fluency, working memory, processing speed, cogni-
tive flexibility, and cognitive control.'® Therefore, early detection
of CI and management of T2DM is crucial to decelerating the risk
of dementia.

Although there are multiple pharmacologic interventions to
improve T2DM, the durability and sustainability of these interven-
tions are often modest.”” Pharmacological treatment, such as vari-
ous antidiabetic therapies, increases the adverse effect of severe
hypoglycemia, which increases the likelihood of incident demen-
tia about twofold.”’ Non-pharmacologic interventions signifi-
cantly prevent the later development of dementia in midlife
T2DM.** As one of the most practical non-pharmacologic, exer-
cise intervention plays an important role in T2DM management.”
Aerobic exercise and resistance training are 2 distinct modalities
of exercise that have different effects on the body and offer unique

List of abbreviations:

BDNF brain-derived neurotrophic factor
BMI body mass index
CI cognitive impairment
HDL high-density lipoprotein
HRQoL health-related quality of life
LDL low-density lipoprotein
MoCA Montreal Cognitive Assessment
RCT randomized controlled trial
T2DM type 2 diabetes mellitus
Vo, aerobic oxygen uptake

benefits. Aerobic exercises have multiple metabolic benefits on
improving insulin sensitivity and lipid profile, increasing cardio-
vascular fitness by strengthening the heart muscle, increasing cir-
culation, enhancing the efficiency of oxygen delivery to working
muscles, and improving skeletal muscle capillary density.”**
Resistance training is considered a promising intervention for pro-
moting muscle hypertrophy and reversing the loss of muscle func-
tion and deterioration of muscle structure associated with
ageing.”® Resistance training also contributes to improved meta-
bolic rate, glucose metabolism, and insulin sensitivity, helping
manage body composition and reduce the risk of metabolic disor-
ders.”” Combining both modalities in an exercise program can pro-
vide comprehensive benefits and optimize overall physical fitness
and well-being. In recent years, an increasing interest has been in
implementing exercise intervention to improve cognitive function
among the diabetic population. Several studies reported that exer-
cise improves cognitive function in older adults by enhancing
executive control processes such as selective and divided atten-
tion, cognitive flexibility, and working memory in glucose-intoler-
ant patients.”®>" Aerobic and resistance exercise training
increases the brain regions’ activities and blood flow by improving
vascular insulin sensitivity during exercise.”’ Moreover, combined
aerobic and resistance exercise intervention is effectively decreas-
ing proinflammatory cytokines in middle-aged and older adults
with T2DM,** such as TNF-w, IFN-y, IL-18, and IL-12, which
correlated with cognitive dysfunction.’

A systematic review found that exercise intervention is benefi-
cial to cognitive function for middle-aged and older adults regard-
less of baseline cognitive status.** The effect of exercise on
cognition was statistically significant for all cognitive domains
except global cognition; however, the population is not specific
for T2DM, and the exercise modality varies. A previous review”>
indicated that physical exercise might minimize age-related cogni-
tive decline, including executive function, delayed memory, and
global cognitive scores; however, the review did not specify the
exercise modality, the study design was not limit to randomized
controlled trials (RCTs) and effect size is inconsistent. Another
recent systematic review revealed that multimodal and single-
modal exercise significantly improved global cognitive function
and reduced CI in the older population with T2DM.*® However,
the review included some therapeutic exercises, such as Baduan-
jin, which required professional skills or training on the interven-
tion that may not be feasible for all T2DM populations.
Furthermore, the variability in cognitive outcomes was notably
high, and subgroup analysis showed that single-modal exercises
(aerobic or resistance exercise alone) have a more significant
effect on cognition when compared with multimodal exercises
(combined exercise from aerobic exercise, resistance training,
functional exercise, flexibility training, and balance training).
Additionally, this review only focused on the older population,
not the middle-aged T2DM population. Contradictory to the previ-
ous review, one systematic review found that multi-modal training
(combined aerobic and resistance training) led to more remarkable
benefits than aerobic exercise and resistance training on several
cognitive domains but not executive functioning in the older popu-
lation.”’ However, the search was limited to 5 databases, and the
selected studies were not all RCTs. Currently, no systematic
review evaluated the combined aerobic and resistance exercise
intervention on cognitive function among the middle-aged T2DM
population. This systematic review examined and synthesized the
evidence of the combined aerobic and resistance exercise inter-
ventions on cognitive function among middle-aged and older
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adults diagnosed with T2DM and investigated other outcomes
such as metabolic health, physical function, and health-related
quality of life (HRQoL).

Methods

Design

The methodology used in this systematic review followed the rec-
ommendations of the Cochrane Handbook®® for Systematic
Reviews of Interventions and the Preferred Reporting Items for
Systematic Reviews and Meta-analyses checklist.”’ The Protocol
was registered in the International Prospective Register of System-
atic Reviews (PROSPERO reference number CRD42023387336).

Eligibility criteria

The studies only included RCTs published in peer-reviewed jour-
nals and written in English without year-of-publication restric-
tions. The eligibility criteria for full search strategies were
formulated according to the population, intervention, comparators,
outcomes, and study design framework™” (supplemental table S1).
The study population comprised middle-aged and older adults
with T2DM. The intervention consisted of structured combined
aerobic and resistance exercise, compared with the control group
receiving usual care.

Information sources and search strategy

Literature search was conducted from 8 databases, including
CINAHL, Cochrane, EMBASE, Scopus, PubMed, ProQuest Disser-
tation and Thesis, PsycINFO, and Web of Science, and gray litera-
ture was searched from Google Scholar. The search was conducted
from inception to June 15, 2023. The search matrix consists of a
combination of relevant keywords and MeSH/Thesaurus terms for
population (eg, “Diabetes Mellitus” OR “Diabetes Mellitus, Type
2”), intervention (eg, “Exercise” OR “Exercise Therapy”), and out-
comes (eg, “Cognitive Dysfunction” OR “Cognition”). The full
search strategy is illustrated in supplemental table S2.

Selection process

Results from literature searches were imported to EndNote20 (End-
note Version 20.4, Clarivate Analytics, 2022) for duplicate removal.
Rayyan®' was used for the article selection process. Two reviewers
(J.Z. and K.H.) independently screened the titles and abstracts.* In
addition, the 2 reviewers independently examined all full-text
articles against the eligibility criteria. Any disagreements between
the 2 reviewers were resolved by the third reviewer (V.W.).

Data extraction

According to Cochrane Handbook for Systematic Reviews, Micro-
soft Excel was used to develop an electronic data extraction.*® The
data extraction form was pilot tested with 3 included studies, mod-
ified from the Cochrane Data Collection form for RCTs. For each
dichotomous outcome, the event and sample size for each inter-
vention group were extracted. For each continuous outcome, the
mean, standard deviation, and sample size in each intervention
group were extracted. Otherwise, a mean difference or
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standardized mean difference with a 95% confidence interval or
an exact P value was extracted. Data were extracted by 2
reviewers (J.Z. and K.H.) independently. Discrepancies were
resolved through discussion with a third reviewer (V.W.). The cor-
responding authors of the relevant studies were contacted via e-
mail when additional information was required.

Risk of bias and quality appraisal

The risk of bias (RoB) was evaluated using the Cochrane Risk of
Bias tool version 1 (RoB1) by 2 reviewers independently.** The
domains assessed were random sequence generation (selection
bias), allocation concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (attrition
bias), selective reporting (report bias), and other bias.** For each
criterion, a judgment was made and assigned to one of the follow-
ing categories: “low risk,” “high risk,” or “unclear.” Disagreement
was resolved through discussion with the third reviewer. In addi-
tion, 2 reviewers independently assessed the quality of evidence
for each outcome using the Grading of Recommendations Assess-
ment, Development and Evaluation approach.”> Discrepancies
were resolved through discussion with the third reviewer.

Data synthesis

Review Manager version 5.4 was used for statistical analyses.”
Mean difference (MD) or standardized mean difference (SMD)
was used as the effect measure for the continuous outcome."
For each comparison, the direction and the size of the effect, the
consistency of the effect across studies, and the strength of the
evidence for the effect were described. Heterogeneity was
assessed using the chi-square test with statistical significance as
P<.10, and I? statistics were interpreted as might not be impor-
tant (0%-40%), moderate (30%-60%), substantial (50%-90%),
and considerable (75%-100%).*" If tests of heterogeneity were
not significant and 1’<50%, the fixed-effect model was used;
otherwise, the random-effects model was used. The inverse vari-
ance method was used as the weighting scheme for the meta-
analysis. All P values reported in the included studies were cal-
culated using a 2-sided distribution.

Results

Study selection

A total of 15,432 studies were identified from the electronic
search and imported to EndNote 20 for duplicate removal. After
removing the duplicates, 11,177 studies were screened for titles
and abstracts. After screening the title and abstract, 9884 stud-
ies were excluded. A total of 255 studies were screened for
full-text. Finally, 16 studies were included in the review. The
Preferred Reporting Items for Systematic Reviews and Meta-
analyses flowchart illustrates the study selection process at each
stage (fig 1).

Characteristics of the included studies

A total of 2426 participants were included in this review. Partic-
ipants’ mean age ranged from 51.4 to 87.0 years in the


http://www.archives-pmr.org

J. Zhang et al

[ Identification of studies via other methods ]

Reports not retrieved
(n=2)

\4

Reports excluded:
Wrong study design (n=107)
Non-English (n=2)

4
Identification of studies via databases and registers
—
Records identified from*:
= Databases (n=15317)
CINAHL n=1083 . y
"-9-.: Cochranen n=1070 Record.s removed before Records identified from:
i Embase n=1963 »| screening: Google Scholar (n =100 )
= ProQuest n=4487 Duplicate records removed Citation searching (n = 15)
5 PubMed n=2031 (n=4255) etc.
3 Scopus n=3451
Psyclinfo n=547
Web of Science n=685
)
~ I
Records screened Records excluded**
—
(n=11062) (n=10913)
o Reports sought for retrieval Reports not retrieved Reports sought for retrieval
£ (n =149) ™ (n=7) (n=115)
@
2
o
5 ] !
Reforts assessed for eligibility Re[)or!s assessed for eligibility
(n=142) > (n=113)
Reports excluded:
Wrong study design (n=113)
Non-English (n =17)
)
—
o Studies included in review
= (n=16) <
© Reports of included studied
c
S (n=16)
)

Fig. 1. PRISMA Flowchart

Fig 1

intervention group and 54.8 to 86.0 years in the control group. The
studies were conducted across 10 countries, including Turkey,*®
Australia,” the United States,”” > Iran,”* Thailand,”
Denmark,” %%’ Spain,S 8 Italy,5 %60 Canada,®"®? and Sweden.®’ The
studies were conducted between 2009 and 2023. The duration of
exercise intervention ranges from 8 days to 24 months, and the fre-
quency of the exercise ranges from 2 days per week to 5-7 days
per week. The characteristics of included studies are illustrated in
table 1.

Risk of bias assessment

Details of ROB assessment are presented in figure 2. Across the
sixteen studies, 5 studies®*"*°*% were graded with unclear
RoB for random sequence generation because of lacking or
unclear information about randomization methods. Eleven stud-
ies” 339792 were graded with a high RoB for blinding the partic-
ipants because of the nature of exercise intervention does not
allow concealment. Three studies’>***° were given a high RoB
about incomplete outcome data without imputation for missing
data. One study” showed a high RoB in selective reporting, as the
outcomes indicated in the protocol were not all reported in the
study. Almost perfect inter-rater agreement was observed with a
kappa®* value of 0.88.

Synthesis of the results

Global cognition (primary outcome)
Five studies®™'3*35% measured global cognition and were
included in the meta-analysis, which involved a total of 623

1

Preferred Reporting Items for Systematic Reviews and Meta-analyses flowchart.

participants. The effects of physical exercise on overall cognition
were assessed using the Mini-Mental State Examination, Modified
Mini-Mental State, Montreal Cognitive Assessment (MoCA), and
Cognitive Global Score. The meta-analysis demonstrated that
combined aerobic and resistance exercise had a significant effect
on global cognition (SMD=0.34, 95% CI: 0.13 to 0.55, P=.002),
with a small to medium effect size (fig 3). Heterogeneity might
not be important (Chi-square=4.99, I’=20%). Among these 5 stud-
ies, 2 studies*”® were conducted in hospital settings, and the
other 3 studies’'>*> were conducted in community settings. The
details of the exercise intensity were summarized in supplemental
table S3. The results showed that the aerobic exercise intensity
was focused on low or moderate-intensity exercises, among which
2 studies*””> were progressive to high intensity. All of these 5
studies applied progressive intensity to resistance exercises. The
total duration of the combined exercise ranged from 135 to 280
minutes per week.

Metabolic health in glycemic profile (HbA1c) and lipid profile
(total cholesterol, low-density lipoprotein, HDL, triglycerides)
The meta-analysis was conducted for HbAlc on 7
studies 070396263 with a total of 976 participants. The results
showed that combined aerobic and resistance exercise had a sig-
nificant effect on HbAlc (SMD=-0.35, 95% CI: -0.48 to -0.22,
P<.00001), with a small to medium effect size (fig 4). The hetero-
geneity might not be important (Chi-squared=8.32, ’=28%).

This meta-analysis of lipid profile was conducted in 5
studies %0253 with a total of 838 participants, which consists
of 4 components: total cholesterol, low-density lipoprotein (LDL),
HDL, and triglycerides. The results showed that combined aerobic
and resistance exercise had a significant effect on decreasing the
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Table 1 Characteristics of included studies
Author (Year)/ Study Sample Assessment
Country Design Age, Mean =+ SD Size Intervention Endpoints Comparison Outcomes
Aylin et al, 2009%®/ 2armRCT I N=36 Aerobic: walking at a place near home. At least 8 weeks Regular glycemic Decreased levels of
Turkey Age: 51.3942.02 I. 18 twice a week, starting with 15 minutes up to 45 medication, no HbA1c and BMI.
Women: 16.7% C: 18 minutes per session. changes in Improved lipid profile.
C: Resistance: using free weights twice a week, 8-10 medications or
Age: 56.06+1.48 repetitions in 2 sets. lifestyle during study
Women: 33.3% Duration: 8 weeks period.
Balducci et al, 2armRCT I N=563 Aerobic: treadmill, step, elliptical, arm or cycle- 12 months Standard care: consisted  Decreased levels of
2010°%/ Age: 58.8 (8.5) I: 288 ergometer. of a treatment HbA1c and BMI.
Italy Women: 40.9% C: 275 Resistance: chest press, lateral pull-down, leg regimen aimed at Improved lipid profile.
C: press and abdominal flexion, or equivalent achieving optimal Increased Vo,max.
Age: 58.8 (8.6) exercises targeting the same muscles. glycemic, lipid, blood
Women: 43.2% Combined 150 minutes per week, twice a week. pressure, and body
Duration: 12 months weight targets.
Callisaya et al, 2armRCT I N= 47 Aerobic: twice a week, 30 minutes of stationary 6 months Sham exercise: A Increased cognitive
20174/ Age: 65.3 (5) I: 24 cycling, cross trainer, rower, or treadmill stretching/gentle global score from
Australia Women: 57.7% C: 23 walking. movement. neuropsychological
C: Resistance: progressive resistance training using tests
Age: 67.1 (4.8) body weight twice a week, machine or free
Women: 37.5% weights 30 minutes, 8-12 repetitions in 3 sets.
Duration: 6 months
Church et al, 2010°°/ 4 arm RCT I (Combined N=117 Aerobic: 50%-80% of maximal oxygen 9 months Sham exercise: Weekly Decreased levels of
United States exercise): 1.76 consumption. stretching and HbA1lc.
Age: 55.4 (8.3) C: 41 Resistance: 2 resistance training sessions per relaxation classes. Increased peak Vo,.
Women: 64.5% week.
C: Combined exercise 3 times per week, 150 minutes
Age:58.6 (8.2) per week of moderate intensity exercise.
Women: 68.3% Duration: 9 months
Espeland et al, 4arm RCT I (Physical activity N=415 Aerobic: 3-4 times per week, 30 minutes of 24 months Health education Increased Modified
2017°Y/ with diabetes): I: 199 walking. without physical Mini-Mental State
United States Age: 56.0 C: 216 Resistance: Borg's scale progressive intensity. 3- activity. score.
Women: 63.3% 4 times per week, 10 minutes of primarily lower
C (Health education extremity strength training with ankle weights,
with diabetes): 10 repetitions in 2 sets, 10 minutes of balance
Age: 55.2 training, and large muscle group flexibility
Women: 70.3% exercises.
Duration: 24 months
Ghodrati et al, 2armRCT I N=21 Aerobic: 20 minutes for aerobic exercise, 12 weeks Participants in the Increased MoCA score.
2023°%/ Age: 58.8 (1.5) I:12 Resistance: 30 minutes for resistance workouts control group did not ~ Decreased levels of
Iran Women: 100% C:9 included leg and chest presses and latissimus, receive an exercise HbA1c and BMI.

(continued on next page)
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Table 1 (Continued)

Author (Year)/ Study Sample Assessment
Country Design Age, Mean =+ SD Size Intervention Endpoints Comparison Outcomes
C: forearm, and hamstring exercises in 3 sets. intervention and were
Age: 55.8 (1.5) Combined exercise 3 times per week. instructed not to
Women: 100% Duration: 12 weeks begin a structured
exercise program
during the 12-week
intervention period.
Johansen et al, 2armRCT I N=98 Aerobic: 30-60 minutes, 5-6 times per week. 12 months Standard care: consisted  Decreased levels of
2017°°/ Age: 53.6 (9.12) I: 64 Resistance: resistance training 2-3 session per of medical counseling, HbA1c and BMI.
Denmark Women: 48% C: 34 week. lifestyle advice, and Improved lipid profile.
C: Duration: 12 months type 2 diabetes Increase Vomax.
Age: 56.6 (8.1) education.
Women: 47%
Kraiwong et al, 2armRCT I N=37 Aerobic: 9 squares stepping exercise. 4 weeks Health education Increased MoCA score.
2021°°/ Age: 70.09+4.45 I. 22 Resistance: strengthening exercises. 8 weeks
Thailand Women: 68% C: 15 Combined exercise 3 times per week, 45-60 12 months
C: minutes per session. Low intensity, Borg
Age: 72.87+6.42 Rating progression pattern.
Women: 93% Duration: 8 weeks
MacDonald et al, 2armRCT I N=98 Aerobic: 30-60 minutes, 5-6 times per week. 12 months Standard care: consisted  Increased PCS.
2021°7/ Age: 53.6 (9.12) I. 64 Resistance: resistance training 2-3 session per of medical counseling,  There was no
Denmark Women: 48% C: 34 week. lifestyle advice, and improvement in MCS.
C: Duration: 12 months type 2 diabetes
Age: 56.6 (8.1) education.
Women: 47%
Martinez-Velilla et 2armRCT I N=103 Aerobic: balance and gait retraining exercises, Change Usual care: receive Increased Mini-Mental
al, 2021°%/ Age: 87+4 I: 54 and walking exercise along the corridor (light functional habitual hospital care, State Examination
Spain Women: 46.3% C: 49 aerobic). status or which include physical score.
C: Resistance: supervised progressive resistance until rehabilitation when
Age: 865 exercise. Involving mainly lower limb muscles discharge. needed.
Women: 57.1% and upper body musculature. 3 months
5-7 days per week, 20-minute training sessions after
twice daily (morning and evening). discharge.
Duration: 8 days (median length of stay)
Myers et al, 2013°?/  4arm RCT I (Combined N=77 Aerobic: 50%-80% of maximal oxygen 9 months Sham exercise: weekly Increased PCS and MCS.
United States exercise): I: 49 consumption. stretching and
Age: 56.9 (7.9) C: 28 Resistance: 2 resistance training sessions per relaxation classes.

Women: 28%
C:

Age: 58.1 (8.3)
Women: 19%

week.

Combined exercise 3 times per week, 150 minutes

per week of moderate intensity exercise.
Duration: 9 months

(continued on next page)
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Table 1 (Continued)

Author (Year)/ Study Sample Assessment
Country Design Age, Mean =+ SD Size Intervention Endpoints Comparison Outcomes
Nicolucci et al, 2armRCT I N=538 Aerobic: treadmill, step, elliptical, arm or cycle- 12 months Standard care: consisted  Increased PCS and MCS.
2012°°/ Age: <60, n=150; I: 278 ergometer. of a treatment
Italy >60, =128 C: 260 Resistance: chest press, lateral pull- down, leg regimen aimed at
Women: 39% press and abdominal flexion, or equivalent achieving optimal
C: exercises targeting the same muscles. glycemic, lipid, blood
Age: <60, n=139; Combined training 150 minutes per week, twice a pressure, and body
>60, n=121 week. weight targets.
Women: 44% Duration: 12 months
Reid et al, 2010°*/ 4arm RCT I (Combined N=109 Aerobic: treadmills and/or bicycle ergometers. 3 months No exercise (waiting- Increased PCS.
Canada exercise): I. 57 15-20 minutes per session, 3 times per week. 6 months list) There was no
Age: 53.3 (7.2) C: 52 Resistance: 8 different exercises on weight improvement in MCS.
Women: 33.3% machines each session, maximum of 8
C: repetitions, 3 times per week.
Age: 55.2 (6.9) Duration: 22 weeks
Women: 37%
Sigal et al, 2007%%/ 4arm RCT I (Combined N=127 Aerobic: treadmills and/or bicycle ergometers. 3 months No exercise (waiting- Decreased levels of
Canada exercise): I: 64 15-20 minutes per session, 3 times per week. 6 months list) HbA1c and BMI.
Age: 53.5 (7.3) C: 63 Resistance: 8 different exercises on weight Improved lipid profile.
Women: 37.5% machines each session, maximum of 8
C: repetitions, 3 times per week.
Age: 54.8 (7.2) Duration: 22 weeks
Women: 34.9%
Stomby et al, 2armRCT  I: N=24 Aerobic: moderate exercise (eg, brisk walking) 12 weeks Usual care: Paleolithic Improved lipid profile.
2017/ Age: 61 (58-69) I.12 for at least 30 min every day. diet include a high There was no
Sweden Women: 33% C: 12 Resistance: both upper and lower body exercises, intake of unsaturated improvement in
C: 10-15 repetitions in 2-4 sets fatty acids and HbA1c, peak Vo, and
Age: 59 (44-66) Combined aerobic and resistance exercise 60 protein. BMI.
Women: 25% minutes per session, 3 times per week.
Duration: 12 weeks
Stubbs, Jr et al, 4arm RCT I (Combined N=16 Aerobic: treadmill exercise. 12 weeks Standard care: regular Increased PCS and peak
20193/ exercise): I.7 Resistance: isokinetic strength training. clinical visit to Vo,.
United States Age: 63.016.6 C:9 Combined exercise 3 times per week. monitor vitals, non- There was no
Women: 9% Duration: 12 weeks fasting blood sugar, improvement in MCS.
C (Sedentary): and foot examination.
Age: 61.0£7.0
Women: 0%

Abbreviations: C, control; I, intervention; MCS, mental component score; PCS, physical component score.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Callisaya 2017 0.2 0.5389 24 -0.08 0.5755 23 11.6% 0.49 [-0.09, 1.08]
Espeland 2017 0.028 0.663 199 -0.121 0.6614 216 51.9% 0.22[0.03, 0.42] ——
Ghodrati 2023 21.1 5.4 12 19.9 5.3 9 5.6% 0.22 [-0.65, 1.08] E—
Kraiwong 2021 22.18 44.6919 22 19.02 17.7913 15 9.3% 0.08 [-0.57, 0.74] ]
Martinez-Velilla 2021 1.7 2.3274 54 0.1 2.3274 49  21.6% 0.68[0.28, 1.08] —_—
Total (95% CI) 311 312 100.0% 0.34 [0.13, 0.55] <
Heterogeneity: Tau? = 0.01; Chi? = 4.99, df = 4 (P = 0.29); I* = 20% 5_2 _=1 23 i 24

Test for overall effect: Z = 3.16 (P = 0.002)

Fig 3

Experimental Control

Std. Mean Difference

Favours [control] Favours [experimental]

Forest plot of the effect of combined aerobic and resistance exercise on global cognition.

Std. Mean Difference

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

Aylin 2009 6.38 0.7637 18 6.88 1.2304 18 3.7%  -0.48[-1.14, 0.19] — =

Balducci 2010 6.7 1.1 288 7.02 1.2 275 59.5% -0.28[-0.44,-0.11] —

Church 2010 7.36 0.6974 76 7.74 0.6403 41 11.0% -0.56 [-0.94, -0.17] _—

Ghodrati 2023 71 1.5 12 6.7 1.1 9 2.2% 0.29 [-0.58, 1.15] ——

Johansen 2017 -0.31 0.5605 64 -0.04 0.6019 34 9.2% -0.47 [-0.89, -0.04]

Sigal 2007 6.56 1.55 58 7.51 1.47 59 11.9% -0.62[-1.00, -0.25] e —

Stomby 2017 42 6 12 41 2 12 2.5% 0.22 [-0.59, 1.02] —

Total (95% CI) 528 448 100.0% -0.35[-0.48, -0.22] <&

Heterogeneity: Chi? = 8.32, df = 6 (P = 0.22); I> = 28% 5_2 _51 o i 2?

Test for overall effect: Z = 5.35 (P < 0.00001)

Fig 4

serum total cholesterol without heterogeneity (SMD=-0.20, 95%
CI: -0.34 to -0.07, P=.004; Chi-squared=1.60, IZ=0%) (fig 5a),
decreasing the serum LDL without heterogeneity (SMD=-0.19,
95% CI: -0.33 to -0.05, P=.006; Chi-squared=3.46, I°=0%) (fig
5b), improving the serum HDL without heterogeneity
(SMD=0.25, 95% CI: 0.12 to 0.39, P=.0003; Chi-squared=3.98,
’=0%) (fig 5c), and decreasing the serum triglycerides without
heterogeneity (SMD=-0.18, 95% CI: -0.31 to -0.04, P=.01; Chi-
squared=3.10, I’=0%) (fig 5d).

Physical function in aerobic oxygen uptake and body mass
index

This meta-analysis was conducted for aerobic oxygen uptake
(Vo,. Voymax or peak Vo,) in 5 studies®*>*95%93 with a total of
816 participants. The results demonstrated that combined aerobic
and resistance exercise had a significant effect on increasing Vo,
(SMD=0.58, 95% CI: 0.21 to 0.95, P=.002) (supplemental fig S1).
However, the heterogeneity was considerable (Chi-squared=13.45,
’=70%).

This meta-analysis was conducted for body mass index (BMI)
in 6 studies®>*%3%6%5 with a total of 869 participants. The
result revealed that combined aerobic and resistance exercise had
a significant effect on decreasing BMI without heterogeneity
(MD=-1.33, 95% CI: -1.84 to -0.82, P<.00001; Chi-squared=3.46,
I’=0%) (supplemental fig S2).

Health-related quality of life in physical component score and
mental component score

This meta-analysis was conducted on 5 studies with a
total of 867 participants for physical component score and mental
component score of HRQoL SF-36 measurement. The results
showed that combined aerobic and resistance exercise had a sig-
nificant effect on increasing the physical HRQoL (MD=4.17, 95%
CI: 0.86 to 7.48, P=.01) (supplemental fig S3). The heterogeneity
was considerable (Chi-squared=24.42, I’= 84%). The finding
reported that combined aerobic and resistance exercise did not
result in a significant improvement in mental HRQoL (MD=1.74,

52,53,57,60,61
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Favours [experimental] Favours [control]

Forest plot of the effect of combined aerobic and resistance exercise on HbA1c.

95% CI: -3.46 to 6.94, P=.51) (supplemental fig S4). The results
showed high heterogeneity of mental HRQoL (Chi-
squared=41.05, 1>’=90%). Sensitivity analysis was not performed
because of the small number of studies.

Certainty of evidence

Based on the Grading of Recommendations Assessment, Develop-
ment and Evaluation summary (supplemental table S4), low level
of certainty were revealed in outcomes of the global cognitive
score, mental component score, physical component score, and
Vo,; moderate levels of certainty were revealed in outcomes of
metabolic profiles (HbAlc, total cholesterol, HDL, LDL, trigly-
cerides) and BMI. The domains on inconsistency, indirectness,
and publication bias were lowered because of substantial heteroge-
neity, different populations or exercise intensity, and extremely
few studies. The RCTs with combined exercise training consis-
tently showed a statistically significant increasing global cognition
score compared with the control group. Small to medium effect
size on global cognition was reported in this review. The meta-
analysis showed clinical significance on the combined exercise
consistently increasing the participant’s global cognition among
middle-aged and older adults with T2DM. However, the decision
to apply combined exercise should consider patients’ values and
preferences, exercise intensity, years of diabetes, medication con-
suming, and different settings, and so on.

Discussion

The results of this review indicated that combined aerobic and resis-
tance exercise had a statistically significant effect on cognition, met-
abolic health, physical functioning, and physical HRQoL in people
with T2DM. However, a non-significant effect was found on mental
HRQoL. This systematic review demonstrated that combined aero-
bic and resistance exercise significantly improves cognitive function.
Exercise-induced reduction in insulin resistance restored
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Aylin 2009 164 22.6981 18 180.55 43.5719 18 4.2%  -0.47[-1.13,0.20] —
Balducci 2010 181 35 288 188 36 275 68.0% -0.20[-0.36,-0.03] i
Johansen 2017 19.29 29.7847 64 19.68 31.7268 34  10.8% -0.01 [-0.43, 0.40] T
Sigal 2007 4.28 2.24 58 4.86 2.06 59 14.1% -0.27 [-0.63, 0.10] —
Stomby 2017 3.8 0.9 12 4.2 1.5 12 2.9%  -0.31[-1.12,0.49] —
Total (95% CI) 440 398 100.0% -0.20 [-0.34, -0.07] L 2
Heterogeneity: Chi? = 1.60, df = 4 (P = 0.81); I* = 0% =—2 _51 'i 2!
Test for overall effect: Z = 2.89 (P = 0.004) Favours [experimental] Favours [control]
a | total cholesterol
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Aylin 2009 99.83 22.8254 18 157.22 237.8424 18 4.3% -0.33 [-0.99, 0.33]
Balducci 2010 106 29 288 114 33 275 67.8% -0.26[-0.42,-0.09] -
Johansen 2017 12.76 26.1817 64 11.18 27.4278 34 10.8% 0.06 [-0.36, 0.47] ——
Sigal 2007 2.98 1.44 58 2.97 1.34 59 14.2% 0.01 [-0.36, 0.37] —
Stomby 2017 2.2 0.8 12 2.6 1.4 12 2.9% -0.34 [-1.15, 0.47] T
Total (95% CI) 440 398 100.0% -0.19 [-0.33, -0.05] L 2
Heterogeneity: Chi? = 3.46, df = 4 (P = 0.48); I> = 0% 5_2 _51 5 i 21
Test for overall effect: Z = 2.74 (P = 0.006) Favours [experimental] Favours [control]
b | low-density lipoprotein
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Aylin 2009 47.77 8.8247 18 50.72 17.1403 18 4.4% -0.21 [-0.87, 0.44]
Balducci 2010 48.4 11.9 288 45.6 10 275 68.1% 0.25 [0.09, 0.42] -
Johansen 2017 8.27 8.2468 64 5.38 8.77 34 10.7% 0.34 [-0.08, 0.76] T &5
Sigal 2007 1.15 0.4 58 1.06 0.4 59 14.2% 0.22 [-0.14, 0.59] T
Stomby 2017 1.1 0.22 12 0.9 0.24 12 2.6% 0.84 [-0.00, 1.68]
Total (95% CI) 440 398 100.0% 0.25 [0.12, 0.39] &
Heterogeneity: Chi? = 3.98, df = 4 (P = 0.41); I> = 0% 5_2 _51 ) i J
Test for overall effect: Z = 3.64 (P = 0.0003) Favours [control] Favours [experimental]
¢ | high-density lipoprotein
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Aylin 2009 126 43.0204 18 152.61 60.4152 18 4.2% -0.50 [-1.16, 0.17] —
Balducci 2010 132 82 288 141 74 275 68.2%  -0.11[-0.28,0.05] -
Johansen 2017 -8.45 22.3385 64 -2.61 23.53 34 10.7%  -0.25[-0.67, 0.16] —
Sigal 2007 1.35 1.2 58 1.89 1.59 59 13.9% -0.38[-0.75, -0.01] |
Stomby 2017 1.1 0.4 12 1.04 1.2 12 2.9% 0.06 [-0.74, 0.87]
Total (95% Cl) 440 398 100.0% -0.18 [-0.31, -0.04] @
Heterogeneity: Chi? = 3.10, df = 4 (P = 0.54); I> = 0% :_2 _:1 ) 1 2:

Test for overall effect: Z = 2.55 (P = 0.01)
d | triglyceride

Fig 5
high-density lipoprotein; (d) triglyceride.

hippocampal mitochondrial function and regulated the apoptosis pro-
cess resulting in memory enhancement,”” hence, improving cogni-
tion, especially in executive function among the T2DM
population.”® Moreover, improved cognition due to the combined
aerobic and resistance exercise may also be attributed to modulating
the hypothalamic-pituitary-adrenal®” in short-term (less than 52
hours) structured exercise, which increases brain volume,”® and
enhances neuroplasticity and growth factors®® in long-term (at least
52 hours) structured exercise.

Short-term combined aerobic and resistance exercise might
improve cognition by modulating the hypothalamic-pituitary-
adrenal axis through regulating and releasing catecholamines and
cortisol.”” One study”® found that combined light aerobic (ie, cor-
ridor walking exercise, balancing, and gait retaining exercise) and
strength training (ie, lower limbs and upper body musculature)
improved global cognition among older adults based on Mini-
Mental State Examination, with a short-term intervention (median
length of 8 days, 2 sessions per day, and 20 minutes for each ses-
sion) in acute hospital settings. The possible explanation is that

Favours [experimental] Favours [control]

Forest plot of the effect of combined aerobic and resistance exercise on lipid profile: (a) total cholesterol; (b) low-density lipoprotein; (c)

short aerobic and resistance exercise programs release acute stress
during hospitalization. Acute stress refers to a recent, transient
occurrence of a single stressor, which has detrimental effects on
working memory, interference control, and cognitive flexibility in
adults.”! Therefore, aerobic and resistance exercise could be a
promising safe and effective short-term intervention to improve
cognition in the T2DM population. Consistent with our finding,
another study™ reported that combined aerobic and resistance
exercise training significantly improved the MoCA score after an
8-week exercise intervention in the community-dwelling older
population; moreover, it showed a greater improvement in MoCA
score in the exercise intervention group after a 1-year follow-up.
Long-term combined aerobic and resistance exercise might
improve cognition by increasing brain volume. It was studied that
the duration of the exercise needs to be at least 52 hours in total to
improve cognition effectively in a long-term exercise program.’”
The study by Colcombe et al’* found that 6-month exercise inter-
vention increased the frontal and parietal lobes of the attentional
network, corresponding to improving the attention of the cognitive
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domains in older adults. Exercise also increases regional brain vol-
ume, which may improve long-term memory function.”” This
result is consistent with the feasibility RCT conducted by Callis-
aya et al,” which reported that 6-month combined aerobic and
resistance exercise program benefits cognition on the global cogni-
tive score, processing speed (The Digit Symbol Coding Test),
memory (Hopkins Verbal Learning Test-Delay, Hopkins Verbal
Learning Test-Recall, Controlled Oral Word Association Test),
and attention (Trails A-B, Stroop C-D) in the middle-aged and
older adults with T2DM. Espeland et al’' elaborated that the phys-
ical activity (aerobic walking session and strength training, further
with large muscle flexible exercise) intervention significantly
improves global cognition and memory among individuals with
diabetes in the community. The mechanism is that aerobic exer-
cise increases the volume of gray matter and white matter regions
in the frontal and temporal lobes,”*”> which improves the func-
tional connectivity in regions that support the default mode and
frontal executive networks.”® Those regions are associated with
effective long-term memory function; therefore, losses in these
areas of the cortex have been a hallmark of Alzheimer’s disease in
the ageing population.”*””-®

Notably, combined aerobic and resistance exercise improves spa-
tial memory by enhancing neuroplasticity and growth factors. Aero-
bic exercise modulates the hippocampal brain-derived neurotrophic
factor (BDNF), which plays an important role in positive neuroplas-
ticity to enhance verbal fluency, information processing speed, and
better ability to attend, concentrate, think flexibly, and resist
distraction.””*” Resistance training had more pronounced effects on
the central insulin-like growth factor 1,% which plays a significant
role in exercise-induced improvements in cognitive performance
among older adults.®' Additionally, exercise increases functional
brain response in the right anterior hippocampus, strongly associated
with increased circulating the serum BDNF levels in T2DM.*
Therefore, the levels of insulin-like growth factor 1 and BDNF may
be potential biomarkers that can estimate the benefits of exercise in
T2DM-related cognitive dysfunction.

This review showed that combined aerobic and resistance
exercise improved metabolic health through significant deduc-
tion in HbAlc level and improved lipid profile in middle-aged
and older adults with T2DM. It is well-studied that structured
aerobic or resistance exercises decrease HbA1c® and increase
glucose uptake to enhance insulin sensitivity.**~*° Interestingly,
a study by Umpierrez et al*° reported that combined exercise
treatment, without any change of diet or pharmaceutical inter-
vention, has a similar effect to metformin medical treatment in
reducing HbAlc in T2DM. A study by Chen et al*’ found that
moderate and vigorous aerobic exercise could prevent incidental
diabetes by improving HbAlc, and participants in the aerobic
exercise groups tend to have longer leisure time physical activity
to maintain metabolic health compared with the control group in
a 10-year follow-up. The mechanism is that exercise imitates
muscle contraction and increases muscle mass, activating the
AMPK signaling and GLUT4 vesicle translocation to GLUT4
(supplemental fig S5).%**° This further increases glucose trans-
port and results in glycogen synthesis and glycolysis,”” hence
regulates glucose uptake, increases glucose sensitivity,?>%>"!
and further prevents diabetes complications.”” A systematic
review revealed that combined aerobic and resistance training
showed the most powerful and efficacious exercise in reducing
HbAlc, fasting glucose, and triacylglycerols compared with sin-
gle aerobic exercise or resistance training.”’ The improvement
of metabolic syndrome likely includes maintenance of muscle

www.archives-pmr.org

mass, higher resting metabolic rate, better insulin control, and
increased fat metabolism.”* Furthermore, exercise increases the
production of apolipoprotein A1, which is required for the for-
mation of HDL particles,g5 and HDL then functions in the
reverse cholesterol pathway, which removes cholesterol from
the circulation and distributes it to the peripheral tissues and the
liver,”® hence, improves the lipid profile.

This review suggested that combined aerobic and resistance
exercise enhanced physical function by improving Vo, and reduc-
ing BML. Studies™”'"*>? showed a higher mean of oxygen uptake
in exercise intervention groups. Exercises improve mitochondrial
function in T2DM, increasing adenosine triphosphate energy pro-
duction and leading to a higher oxygen demand for the energy pro-
duction process.”’ Therefore, exercise improves muscle oxygen
uptake. Studies**~*7%%? also showed a reduction in BMI among
middle-aged and older adults with T2DM in the exercise interven-
tion group. It is evident that exercise reduces adipose tissue, subse-
quently losing weight and decreasing BMI, reducing the risk of
metabolic dysregulation and functional decline in diabetes.”®

Interestingly, this review found that combined aerobic and
resistance exercise improves physical HRQoL but not mental
HRQoL. Physical exercise helps T2DM participants maintain met-
abolic health, which includes glycemic control and lipid profile,
improve fitness by improving oxygen uptake,” reduce diabetic-
related complications,”” and enhance cardiovascular function.’
These physical function improvements are important to increase
physical HRQoL. However, this review demonstrated no signifi-
cant effect on mental HRQoL in T2DM. The fear and fatigue of
exercise-induced hypoglycemia, hypertension, diabetic complica-
tions (such as neuropathy), and lack of knowledge of diabetes
management on exercise may decrease the mental HRQoL.'%
Moreover, a higher dose of exercise may have a larger effect on
improving HRQoL among T2DM.'®" Furthermore, the low level
of mental HRQoL might be due to the short length of the post-
intervention assessment, and mental HRQoL is highly associated
with time.®" Concur with this notion, Nicolucci et al® reported
improving mental HRQoL after a 12-month intervention. It illus-
trates that combined exercise may bring long-term benefits instead
of short-term effects on mental HRQoL.

Strengths and limitations

This review conducted a comprehensive analysis of combined aer-
obic and resistance exercise on cognition, metabolic health, physi-
cal function, and HRQoL in T2DM across hospital and
community settings. The studies selected for the review are all
RCTs. However, this review had several limitations. First, the
number of studies on cognition was low, which may require cau-
tion when applying this review results to the broader population.
Second, the meta-analysis on Vo, and HRQoL showed consider-
able heterogeneity. However, subgroup analysis was not con-
ducted because of the small number of studies that could not
identify the exact confounding factors that affect the outcome (ie,
exercise intensity, intervention period, follow-up time, different
settings, years of diabetes, or other confounding factors). Addi-
tionally, the selected RCTs were all in the English-language,
which may pose potential publication bias.

Implications for future practice and research

This synthesis study is an improvement and advancement to the met-
abolic health and ageing field. This review provided evidence that
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combined aerobic and resistance exercise is an achievable, low-cost
physical medicine in the management of type 2 diabetes, which bene-
fits middle-aged and older adults with T2DM in improving metabolic
health, cognition, physical and psychosocial health. Moreover, this
synthesis study showed that combined aerobic and resistance exercise
could be potentially implemented in the acute setting or community
setting for the diabetes population to provide a sustained achievable
physical medicine in an ageing society. The potential effect and value
of appropriate prescription for each modality can help tailor exercise
programs to individual needs and goals. The results of narrative syn-
thesis showed clinically important effects on cognition in middle-
aged and older adults with T2DM when combining the low-moderate
intensity of aerobic exercise and progressive intensity of resistance
training. The total duration of the exercise should be at least 135
minutes per week, among which the resistance training should be at
least 60 minutes per week. According to the American College of
Sports Medicine guideline for older adults,'*” it recommended engag-
ing in moderate-intensity aerobic exercise for 150-300 minutes per
week or more of vigorous-intensity exercise for 75-150 minutes per
week, in combination with at least 2 days per week of progressive
resistance training that use the major muscle groups. However, the
appropriate prescription for aerobic exercise might include various
factors such as age, exercise intensity, duration, frequency, and
mode.'” The appropriate prescription for resistance training involves
factors like exercise selection, load or resistance level, sets and repeti-
tions, rest intervals, and progression over time.'*

Therefore, more evidence on the intensity and frequency of
aerobic or resistance exercise in a combined exercise mode is nec-
essary for future studies to create an effective exercise protocol
for T2DM middle-aged and older adults in improving cognition
and other aspects, such as HRQoL. Future studies could explore
the effect of aerobic and resistance exercise on specific domains
of cognition. In addition, they could consider measuring the long-
term effect of exercise on cognition and mental HRQoL, as this
review showed that combined exercise brought positive effects on
cognition through both short and long-term intervention, and com-
bined exercise might bring long-term effects on mental HRQoL.
Therefore, future studies might need to conduct longitudinal fol-
low-ups as our findings suggested that the beneficial effect of com-
bined exercise for cognition and mental HRQoL in T2DM is
associated with time.

Conclusion

This meta-analysis demonstrated that combined aerobic and resis-
tance exercise intervention effectively improves cognition, ameli-
orates metabolic health, enhances physical function, and increases
physical HRQoL among middle-aged and older adults with T2DM
in hospital or community settings. The outcomes may differ based
on exercise intensity, setting, time, or other variables. Hence, evi-
dence on the best exercise practices for T2DM management in
hospitals or communities is still scarce. RCTs with longitudinal
follow-ups are required to provide further evidence of structured
combined aerobic and resistance exercise on other domains of
cognition and mental HRQoL.
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a Review Manager Version 5.4; The Cochrane Collaboration.
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