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Abstract
Objective To systematically evaluate the efficacy of different training modes in patients with diabetes decline.

Methods PubMed, Cochrane Library, EMbase, Web of Science, CNKI, VIP, WANFANG, SinoMed were searched in com-
puter to collect randomized controlled trials (RCTs) of training intervention in patients with diabetes and frailty,

and the search time was as of May 21, 2023. After two review authors independently screened studies, extracted data,
and assessed the risk of bias of included studies, network meta-analysis was performed using Stata14.0 and R4.3.1
software. Fasting blood glucose (FGB), glycosylated haemoglobin (HbA1c), two-hour postprandial blood glucose
(PBG), total cholesterol (TCH), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), Short Physical Perfor-
mance Battery (SPPB), and body mass index (BMI) were used as outcome measures.

Results A total of 15 RCTs were included, including 1550 patients. The results of the network meta-analysis showed
that integrated training reduced FBG compared with the control group; integrated training, Pilates training, resistance
training can reduce HbA1¢; Pilates training and resistance training can reduce PBG; integrated training, Pilates training,
resistance training can reduce TCH; Pilates training and resistance training can reduce TG; resistance training improves
BMI. The results of the best probability ranking showed that multi-group training had the most significant effect

on improving PBG and SPPB scores.

Conclusion The current evidence suggests that multi-group training is the best way to reduce fasting blood glucose
and improve physical activity before meals, and Pilates training may be the best way to reduce glycated hemoglobin,
blood glucose two hours after meals, improve blood lipid level and BMI in patients with diabetes in China.

Trial registration: PROSPERO registration number for this study: CRD42023427868.
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Introduction

Diabetes is a worldwide health problem. The latest
data from the International Diabetes Federation (IDF)
in 2021 showed that the number of people with diabe-
tes in the world was 537 million, which is expected to
increase to 643 million by 2030 [1]. In China, the preva-
lence of diabetes in the adult population increased from
10.4% in 2013 to 11.2% in 2015 —-2017 [2], and the num-
ber of patients ranks first in the world. In 2021, there
were more than 140 million diabetics in China, and 30%
of them were elderly [3]. The combination of factors
such as aging, urbanization, and the increasing preva-
lence of overweight and obesity will further increase
the pressure on diabetic patients in China, which will
put tremendous pressure on Chinese healthcare sys-
tem. The health problems of elderly diabetic patients
will become more prominent in the future.

Older people with diabetes are prone to frailty. Frailty
is a clinical syndrome independent of normal aging,
the core of which is the cumulative decline of mul-
tiple physiological systems, resulting in insufficient
physiological reserves and reduced ability to resist
adverse stimuli, making a lesser number of stimuli suf-
ficient to cause adverse events [4]. The health of the
elderly declines with age, but there are certain differ-
ences in the health status of different elderly patients
of the same age, and frailty is thought to be the cause
of this difference [5]. At the same time, the importance
of frailty is also recognized by guidelines on diabetes
management [6].

Compared with people without diabetes, people with
diabetes have a higher risk of frailty. Some studies [7]
have pointed out that the incidence of frailty in elderly
diabetic patients is about 3—5 times higher than that in
non-diabetic patients. A longitudinal study conducted by
Chhetri et al. [8] showed that the prevalence of frailty in
diabetic patients (19.32%) was much higher than that in
pre-diabetic patients (11.92%) and non-diabetic patients
(11.43%), and the prevalence of frailty increased with age,
reaching 42.31% over the age of 85. Although the mecha-
nism between frailty and diabetes is not fully understood,
researchers believe that inflammatory states, oxidative
stress, mitochondrial dysfunction, malnutrition, and dif-
ferent energy imbalances are the bridges between the
two [9, 10], with sarcopenia playing an important role in
this process. Diabetes-related hormone deficiency [11],
neuropathy [12], chronic inflammation [13] and insu-
lin resistance [14] can slow down protein synthesis and
increase muscle loss, which will increase the incidence
of sarcopenia in patients, and accelerate the occurrence
of frailty [7]. In addition, patients with diabetes are often
at risk of malnutrition, which will lead to the decline of
muscle and bone quality, weaken the body’s immunity,
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reduce the body’s activity, and make patients prone to
frailty symptoms [15].

Patients with diabetes and frailty are more likely to
have adverse health outcomes such as fractures, falls, dis-
ability, readmission to hospital and reduced daily activi-
ties, and even death [5, 16—19]. At the same time, frailty
may increase the risk of complications and hypoglycemia
[19, 20], which can be dangerous for the long-term health
of people with diabetes. For the patient’s family, frailty
can increase financial stress and the burden of home care.
Therefore, the health problems of patients with diabetes
mellitus and frailty need to be paid attention to.

Frailty is considered reversible by the investigators,
which makes it important for early intervention in frail
patients [21]. Among the various interventions, exercise
interventions are one way that is valued. Exercise is an
important cornerstone in the treatment of frailty, and
people with diabetes have the need to control their blood
sugar through exercise. Therefore, for diabetic patients
with frailty at the same time, exercise is an important
measure to improve their health. It can help to control
blood glucose fluctuations by increasing insulin sensitiv-
ity, improve the level of body function, enhance muscle
mass, improve flexibility and balance, which is condu-
cive to the improvement and treatment of frailty. Studies
have shown that regular training is a protective factor for
diabetic patients with frailty [8], Morley et al. [22] found
that diabetic patients who adhered to aerobic program
for a long time were more likely to improve their frailty.
At present, some studies have proved that exercise inter-
ventions are effective for patients with frailty and patients
with diabetes [23-25]. Various medical organizations
have provided their advice on the choice of exercise for
diabetic patients [26—29]. When it comes to exercise rec-
ommendations for frail patients, there seems to be no
universal answer to the recommended best form of exer-
cise [30, 31].

Therefore, current studies have not yet indicated which
exercise provides the best training method for the crosso-
ver of patients with diabetes mellitus and frailty. Network
Meta-analysis can evaluate the effect of each intervention
by comparing the effect of research. Therefore, this study
uses the method of network meta-analysis to evaluate the
effect of each training intervention and summarize the
best training mode.

Methods

Search strategy

PubMed, Cochrane Library, Embase, Web of Science,
CNKI, WANFANG, VIP and SinoMed were searched
by computer. Randomized controlled trials (RCTs) in
patients with both diabetes and frailty were collected.
The search time limit was from the establishment of the
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database to May 21, 2023, and the language type was
Chinese or English. In addition, the references of the
included literature were traced back to supplement the
acquisition of relevant literature. The search was con-
ducted by combining subject words and free words.
(Additional file 1: Annexes 1).

Inclusion and exclusion criteria

Study Type:

Randomized controlled trials (RCTs) involving patients
with both diabetes and frailty were considered eligible

Subjects:

Individuals meeting the following criteria were included
(1) Diagnosed with diabetes;
(2) Diagnosed with frailty;
(3) Research conducted in China.

Interventions:
All combined or individual exercise interventions were
eligible for inclusion

Outcome Measures
(1) Blood Glucose: Fasting blood glucose (FBG); glyco-
sylated haemoglobin (HbAlc), 2-h postprandial blood
glucose(PBG);

(2) Blood Lipids: Total cholesterol (TCH), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C);

(3) Physical Activity: Short Physical Performance Bat-
tery (SPPB);

(4) Physical Status: Body Mass Index (BMI).

Exclusion criteria
(1) The language of the article is not in English or
Chinese;

(2) Studies for which data could not be extracted for
analysis;

(3) Duplicate published studies;

(4) Review, conference, letter type articles.

Data extraction

Study selection and data extraction records identified
from databases and manual searches were imported into
Endnote X9.0. According to the inclusion and exclusion
criteria, two investigators respectively evaluated and
screened the titles and abstracts recorded in Endnote
X9.0 to finally determine the included literature. Analy-
ses were resolved by discussion between the two authors,
and a third author was invited to adjudicate when nec-
essary. Data extraction included: (1) RCT characteristics
(e.g., authors, year of publication, study location, sample
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size, intervention and control measures); (2) character-
istics of the participants (e.g., gender, age); And (3) out-
comes (e.g., FBG, HbAlc, PBG). For multiple articles
with data from the same RCT, the article with the longest
follow-up period was selected, and the remaining articles
were supplemented. For multiple sets of experiments,
each set of data will be extracted.

The risk of bias of the included studies

The Cochrane risk of bias tool for randomised trials (RoB
2) was used to assess the inexpensive risk of RCTs [32].
Two researchers independently evaluate the quality of
the article, and when there is a disagreement between the
two researchers, a third researcher participates in the dis-
cussion and helps to resolve the disagreement.

Statistical analysis

The network package of Stata 14.0 and the netmeta pack-
age of version 2.8-2 of R4.3.1 were used in this study. If
the outcome was a continuous variable, the mean differ-
ence (MD) was used as the effect size indicator and the
95% confidence interval (CI) was provided. In R4.3.1
software, the netmeta package of 2.8-2 is used for data
analysis. The level of heterogeneity between studies was
assessed using the I statistic, and when I?>50%, the het-
erogeneity between studies was considered statistically
significant, in which case a random-effects model was
used; otherwise, a fixed-effect model was used [33]. In the
stata 14.0 software, the network package is used for data
analysis. Heterogeneity between studies was assessed by
calculating Cochran’s Q statistic, and a fixed-effect model
was chosen when the P value of the Q statistic was > 0.05;
otherwise a random-effects model was used [34].

For data expressed in quartiles and medians, conver-
sion to the format of mean and standard deviation [35,
36].When P <0.05, the difference was considered statis-
tically significant. Node analysis was used for inconsist-
ency test, and if P>0.05, the consistency model was used
for analysis. Otherwise, the inconsistency model was
used. The effect of exercise intervention was ranked by
the best probability ranking chart.

Sensitivity analysis and consistency tests

Pooled data using fixed-effect and random-effects mod-
els were used to assess the robustness of network meta-
analysis. We use the global inconsistency method for
inconsistency testing, and the node-splitting method for
local inconsistency. If the P>0.05, there is no significant
difference in the results, and the consistency model is
used, otherwise, the inconsistency model is used.
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Publication bias
Funnel plots were used to test the included literature for
publication bias for each outcome [37].

Results

Literature selection

The search revealed a total of 1067 studies in various
databases. These included PubMed (257), Cochrane
Library (198), Embase (192), Web of Science (80),
CNKI (132), VIP (69), WANFANG (84), SinoMed (49),
and 6 articles retrieved by other sources. After screen-
ing, 415 duplicate studies were excluded, 251 studies
were excluded because their content did not match this
study, and 334 studies were excluded after reading the
title and abstract sections. After reading the remaining
67 studies in full, 52 studies were excluded (45 studies
lacked a basis for the diagnosis of frailty or diabetes,
5 studies were unable to extract data, 1 study did not
meet study population requirements and 1 study did
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not meet regional requirements). As a result, a total of
15 RCTs were included in this study. (Fig. 1).

Characteristics of the included studies

The basic characteristics of the included studies are
shown in Table 1. A total of 1550 patients were included
in our network meta-analysis. All studies included in
this study included two arms. The included studies were
published between 2019 and 2023 and had an interven-
tion duration of 2 to 6 months. There are five main types
of training in the literature: resistance training, aerobic
training, comprehensive training, Otago training, and
Pilates training. (Table 1).

Quality evaluation

A total of 3 articles were judged to be high risk and 12
articles were judged to be some concerns in this assess-
ment. Of the randomization process evaluations, 2 were
judged to be high risk. 3 of the Deviations from intended

Records identified through
database searching (n=1061) :
= Pubmed: (n=257) ;
o Web of science: (n=198) ;
= Embase: (n=192) ;
O Cochrane: (n=80)
b= CNKI:  (n=132) ;
S VIP: (n=69) ; Additional records identified
© WANFANG: (n=84) ; through other sources
— SinoMed: (n=49) ; (n=6)
> Duplicate articles were excluded
| (n=415)
\ 4
o Records after duplicates removed
S (n=652)
%
§ N Different s_tudy designs
S (n=251)
ok
Articles obtained after initial screening
|| (n=401)
Titles and abstracts excluded with reason
Jran — (n=334)
S| A
(@) —
= Full text assesed for eligibility
(n=67)
- Full text exclude (n=52)
— > 1.The diagnosis is not compliant (n=45)
o 2.Unable to get data (n=5)
% v 3.Different research subjects (n=1)
S — - 4 Different research countries (n=1)
8 Included in final analysis
= (n=15)

Fig. 1 Document screening process and results
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Table 1 Characteristics of included studies
Author, year Region Sample Age Male and female  Duration Training modality Comparator Outcome

size measures
Zhou [38] Guangxi 70 >60 55/15 3months  Integrated training Usual treatment  D@Q
Cui [39] Henan 90 >60 55/35 3 months  Pilates training Usual treatment ~ D@
Zhang [40] Henan 89 >60 26/63 3months  Multi-group training ~ Usual treatment @
Gu [41] Xingjiang 106 65 62/44 6 months  Otago training Usual treatment @
Hu [42] Beijing 95 >65 46/39 3months  Integrated training Usual treatment ~ D@
Fang [43] Zhejiang 80 67.9+43/682+48 22/58 3 months  Integrated training Usual treatment  D@B®D
Qian [44] Gunagdong 168 >60 102/66 2months  Integrated training Usual treatment  D@Q@®B®®
Liu [45] Fujian 110 65~75 58/52 6 months  Integrated training Usual treatment  D@Q
Liu [46] Hunan 86 >60 41/45 12 weeks  Otago training Usual treatment D
Zhang [47] Jiangsu 56 >60 39/17 2 months  Pilates training Usual treatment - D@QADB®®
Chen [48] Hebei 191 >60 117/74 3 months  Resistance training Usual treatment = O@Q®B®®
Wang [49] Fujian 80 55.14£3.16/54.85+3.21 46/34 3 months  Integrated training Usual treatment ~ D@
Jin [50] Jiangsu 172 >60 99/73 3 months  Resistance training Usual treatment  D@Q®B®®
Zeng [51] Gunagdong 68 54.69+154/5527+1088  41/28 3months  Resistance training  Usual treatment ~ D@Q®
Yan [52] Jiangsu 89 >60 / 12 weeks  Integrated training Usual treatment @D

(DFasting blood sugar; @ Glycated hemoglobin; @ Blood glucose two hours after meals; @ Total cholesterol; &) Triglycerides; ® LDL cholesterol; D The Short

Physical Performance Battery (SPPB); ®Body Mass Index (BMI)

interventions were rated as high risk. In the evaluation of
Mising outcome data, 1 was rated as high risk, and the
rest were low risk. All studies were assessed as low risk in
the Measurement of the outcome. In the Selection of the
reported result, all studies were assessed as having some
concerns. (Fig. 2, Additional file 1: Fig. 1: Results on risk
of bias (using RoB2) of including RCTs).

Results of network meta-analysis

Fasting blood glucose

A total of 13 studies [38—40, 42—46, 48—52] on fasting
blood glucose were included. The results of network meta-
analysis showed that the fasting blood glucose of the inte-
grated training group [MD=—1.13, 95%CI (- 1.80, — 0.51),

P<0.05] was better than that of the control group. How-
ever, there was no significant difference in training therapy
between any two groups (P>0.05). The results of the best
probability ranking showed that multi-group training had
the best effect on reducing fasting blood glucose in diabetic
patients with frailty. This suggests that there is a statistically
significant difference between integrated training and usual
care in improving fasting blood glucose, while multigroup
training may have the best efficacy. (Figs. 3 and Table 2
below, Additional file 1: Annexes 1).

Glycosylated hemoglobin
A total of 9 studies on Hbalc were included [38, 39, 42,
44, 45, 48-51]. The results of network Meta-analysis

As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions
Randomization process

0 10 20

Low risk

Fig.2 Summary results on risk of bias (using RoB2) of including RCTs

Some concerns

30 40 50 60 70 80 90 100

m High risk
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Otago Multi-group Multi-group
Pilates
Pilates Integrated
Integrated
Resistance
Resistance
Usual
Fig. 3 Network diagram of different training on fasting blood Usual

glucose in diabetic patients with frailty

showed that integrated training [MD=- 1.13, 95%CI
(— 1.80, — 0.51), P<0.05], Pilates training [MD=— 1.85,
95%CI (— 2.49, — 1.21), P<0.05], resistance training
[MD=- 0.82, P<0.05], 95%CI (- 1.18, — 0.45), P <0.05].
The effect of integrated training [MD =0.98, 95%CI (0.24,
— 1.68), P<0.05] was worse than that of Pilates training,
and the effect of Pilates training on glycated hemoglobin
was better than that of resistance training [MD=— 1.02,
95%CI (— 1.77, — 0.29), P <0.05]. The results of the best
probability ranking showed that Pilates training had the
best effect on reducing glycosylated hemoglobin in dia-
betic patients with frailty. This suggests that there are
statistically significant differences in glycosylated hemo-
globin improvement between integrated training and
usual care, between Pilates training and usual care, and
between resistance training and usual care, while Pilates
training may have the best effect. (Figs. 4 and Table 3,
Additional file 1: Annexes 1).

Fig. 4 Network diagram of different training on glycated
hemoglobin in diabetic patients with frailty

Two-hour postprandial blood glucose

A total of 8 studies were included on two-hour postpran-
dial glucose [38, 39, 42, 45, 47, 48, 50, 51]. The results
of network meta-analysis showed that the 2-h post-
prandial blood glucose of Pilates training [MD=—- 1.28,
95%CI (— 1.99, — 0.56), P<0.05] and resistance training
[MD=- 0.97, 95%CI (— 1.53, — 0.42), P<0.05] was bet-
ter than that of the control group. However, there was no
significant difference in training therapy between any two
groups (P >0.05). The results of the best probability rank-
ing showed that Pilates training was the most effective
in reducing 2-h postprandial blood glucose in patients
with diabetic frailty. This suggests that there are statisti-
cally significant differences in postprandial blood glucose
improvement between the Pilates training and usual care,
and between the resistance training and usual care, with

Table 2 League table of different trainings on fasting blood glucose in diabetic patients with frailty

Integrated
-0.023 .
Multi-group
(-1.791,1.698)
-0.329 -0.304
Otago
(-2.032,1.322) (-2.557,1.942)
-0.224 -0.200 0.108 .
Pilates
(-1.500,1.010) (-2.151,1.744) (-1.784,2.002)
-0.474 -0.454 -0.144 -0.251 .
Resistance

(-1.582,0.566) (-2.303,1.372) (-1.932,1.615) (-1.649,1.131)
-1.131 -1.108 -0.144 -0.908 -0.655 Usual

sua
(-1.801,-0.517)* (-2.737,0.511) (-1.932,1.615) (-1.994,0.175) (-1.515,0.209)

Note: * means P<0.05; Integrated: Integrated training; Multi-group: Multi-group training; Otago: Otago training; Pilates: Pilates

training; Resistance: Resistance training; Usual: Usual care
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Table 3 League table of different trainings on glycated hemoglobin in diabetic patients with frailty

Integrated

0.019
(-0.949,0.978)

Multi-group

(-1.207,-0.562) *

(-1.804,0.015)

0.982 0.958 .
Pilates
(0.246,1.68) (-0.153,2.072)
-0.043 -0.067 -1.025 .
Resistance
(-0.554,0.424) (-1.052,0.910) (-1.770,-0.291) *
-0.868 -0.892 -1.851 -0.825

(-2.491,-1.212) *

Usual

(-1.186,-0.457) *

Note: * means P<0.05; Integrated: Integrated training;

Resistance training; Usual: Usual care

Pilates

Resistance

Multi-group

Integrated

Usual

Fig. 5 Network diagram of different training on blood glucose two
hours after meal in diabetic patients with frailty

the Pilates training likely having the best efficacy. (Figs. 5

and Table 4, Additional file 1: Annexes 1).

Multi-group: Multi-group training; Pilates: Pilates training; Resistance:

Total cholesterol

A total of 5 studies on total cholesterol were included
[43, 44, 47, 48, 50]. The results of network Meta-analy-
sis showed that integrated training [MD =— 0.70, 95%CI
(- 1.29, — 0.24), P<0.05], Pilates training [MD=— 1.10,
95%CI (— 1.87, — 0.32), P<0.05], resistance training
[MD = - 1.06, P<0.05], 95%CI (— 1.59, — 0.53), P <0.05].
However, there was no significant difference in training
therapy between any two groups (P >0.05). The results of
the best probability ranking showed that Pilates training
had the best effect on reducing total cholesterol in dia-
betic patients with frailty. This suggests that there were
statistically significant differences in total cholesterol
improvement between integrated training and usual care,
between Pilates training and usual care, and between
resistance training and usual care, with Pilates training
likely having the best efficacy. (Figs. 6 and Table 5, and in
Additional file 1: Annexes 1.

Triglycerides

A total of 5 studies on triglycerides were included [43, 44,
47, 48, 50]. The results of network Meta-analysis showed
that Pilates training [MD =— 0.86, 95%CI (— 1.37, — 0.33),

Table 4 League table of different trainings on blood glucose two hours after meal in diabetic patients with frailty

Integrated
0.530 .
Multi-group

(-0.836,1.901)

0.873 0.343 .

Pilates

(-0.147,1.883) (-1.025,1.694)

0.565 0.032 -0.307 .

Resistance

(-0.351,1.474) (-1.247,1.311) (-1.200,0.607)

-0.410 -0.943 -1.284 -0.976 Usual

sua

(-1.139,0.3145) (-2.107,0.213) (-1.999,-0.568) * (-1.530,-0.427) * "

Note: * means P<0.05; Integrated: Integrated training; Multi-group: Multi-group training; Pilates: Pilates training; Resistance:

Resistance training; Usual: Usual care
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Pilates

Resistance Integrated

Usual

Fig. 6 Network diagram of different training on total cholesterol
in diabetic patients with frailty

P<0.05] and resistance training [MD=- 0.85, 95%CI
(= 1.20, — 0.50), P<0.05] were better than the control
group in reducing triglyceride. The triglyceride lower-
ing effect of integrated training was lower than that of
Pilates training [MD=0.72, 95%CI (0.07, 1.31), P<0.05]
and resistance training [MD=0.72, 95%CI (0.20, 1.18),
P <0.05]. The best probability ranking results showed that
Pilates training (0.501) had the greatest effect on reduc-
ing triglyceride in patients with diabetic frailty compared
with resistance training (0.494) and integrated training
(0.004). this suggests that there is a statistically significant
difference in the improvement of triglycerides between
the Pilates training and usual care, and between the
resistance training and usual care, with the Pilates train-
ing likely to have the best efficacy. (Figs. 7 and Table 6,
Additional file 1: Annexes 1).

Low-density cholesterol

A total of 5 studies on triglycerides were included [43, 44,
47, 48, 50]. The results of network Meta-analysis showed
that there was no statistically significant difference in
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Pilates

Resistance Integrated

Usual
Fig. 7 Network diagram of different training on triglycerides
in diabetic patients with frailty

training therapy between any two groups (P >0.05). The
results of the best probability ranking showed that Pilates
training had the best effect on improving low-density
cholesterol in diabetic patients with frailty. this suggests
that there is no statistically significant difference between
various trainings and usual care in improving low-density
cholesterol, while Pilates training may have the best effi-
cacy. (Figs. 8 and Table 7, Additional file 1: Annexes 1).

Short physical performance battery

A total of 3 studies on SPPB were included [38, 41, 43].
The results of network Meta-analysis showed that there
was no statistically significant difference in training ther-
apy between any two groups (P >0.05). The results of the
best probability ranking showed that multi-group train-
ing had the best effect on improving the SPPB score of
diabetic patients with frailty. This suggests that there is
no statistically significant difference between various
trainings and usual care in improving SPPB, while multi-
group training may have the best efficacy. (Figs. 9 and
Table 8, Additional file 1: Annexes 1).

Table 5 League table of different trainings on blood glucose two hours after meal in diabetic patients with frailty

(-0.459,1.036)

Integrated

0.382 .
Pilates

(-0.603,1.259)

0.345 -0.041

(-0.970,0.898)

Resistance

-0.704
(-1.297,-0.248) *

-1.100
(-1.875,-0.329) *

-1.060
(-1.595,-0.531) *

Usual

Note: * means P<0.05; Integrated: Integrated training; Pilates: Pilates training; Resistance: Resistance training; Usual: Usual care
g g g g 2
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Table 6 League table of different trainings on triglycerides in diabetic patients with frailty

Integrated
0.725 it

1late:
(0.078,1.312) * s
0.728 -0.0006 ,

Resistance

(0.202,1.187) * (:0.622,0.621)
-0.125 -0.860 -0.859 sl
(-0.510,0.185) (-1.371,-0.339) * (-1.207,-0.505) * sua

Note: * means P<0.05; Integrated: Integrated training; Pilates: Pilates training; Resistance: Resistance training; Usual: Usual care

Pilates

Resistance Integrated

Usual
Fig. 8 Network diagram of different training on low-density
cholesterol in diabetic patients with frailty

Body mass index

A total of 5 studies on BMI were included [44, 47, 48, 50,
51]. The results of network meta-analysis showed that
the triglyceride lowering effect of resistance training
[MD = — 2.19, 95%CI (- 3.66, — 0.62), P <0.05] was better
than that of the control group. There was no significant
difference in training therapy between any two groups
(P>0.05). The results of the best probability ranking
showed that Pilates had the best effect on improving BMI
in diabetic patients with frailty. This suggests that there
is no statistically significant difference between various

trainings and usual care in improving BMI, while multi-
group training may have the best efficacy. (Figs. 10 and
Table 9, Additional file 1: Annexes 1).

Inconsistency between direct and indirect comparisons
The literature included in this study has not yet formed
a ring structure, so an indirect comparison method was
used in this study. The consistency analysis was per-
formed for each outcome index, and it was found that the
scale reduction factor parameter value was close to 1.00,
indicating good convergence. In data analysis, the I* of
all studies was less than 50%, the consistency model was
used for network Meta-analysis.

Publication bias

The improvement of fasting blood glucose and glyco-
sylated hemoglobin in diabetic patients with frailty was
represented by a funnel plot. The funnel plot shows that
the points are not completely symmetrical, indicating
that there may be some publication bias. (Additional
file 1: Annexes 1).

Discussion

This study included all current studies of exercise inter-
ventions in patients with diabetes mellitus and frailty in
China through a network meta-analysis. By assessing the
effects of various interventions, it is possible to deter-
mine which forms of exercise are the best way to improve
the patient’s health. The current evidence suggests that

Table 7 League table of different trainings on low-density cholesterol in diabetic patients with frailty

Integrated
0.511 .
Pilates
(-0.6171,1.652)
0.489 -0.022 .
Resistance
(-0.424,1.414) (-1.151,1.107)
0.021 -0.488 -0.467
Usual
(-0.627,0.681) (-1.412,0.433) (-1.117,0.182)

Note: * means P<0.05; Integrated: Integrated training; Pilates: Pilates training; Resistance: Resistance training; Usual: Usual care



Qin et al. Diabetology & Metabolic Syndrome (2024) 16:48

Multi-group

Otago Integrated

Usual
Fig. 9 Network diagram of different training on SPPB in diabetic
patients with frailty

multi-group training is the best way to reduce fasting
blood glucose and improve physical activity before meals,
and Pilates training may be the best way to reduce gly-
cated hemoglobin, blood glucose two hours after meals,
improve blood lipid level and BMI in patients with dia-
betes in China. Interestingly, this study separated Pilates
and Otago training from the other groups, which differed
from the traditional way of differentiating (i.e., aerobic
training, resistance training, and training combining
aerobic and resistance training). In the results, we were
surprised to find that Pilates training had a good effect
on a variety of indicators in the study population, which
seems to have been less mentioned in previous studies.
We hope that this result will be useful for the exercise
treatment of patients with frailty in the clinic, or for exer-
cise guidance in patients in the community. In the com-
ing wave of ageing, movement can provide benefits not
just confined to the patient’s health, it would also allevi-
ate the pressure of the family to take care of, cultivate
the habit of people movement, and the final result of the
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Pilates

Resistance Integrated

Usual
Fig. 10 Network diagram of different training on BMI in diabetic
patients with frailty

above will in medical related financial pressure and the
citizen embodied overall health level. Therefore, we hope
that the results of this study can contribute to the main-
tenance of patient’s health and the reduction of medical
stress.

Diabetes is a global health problem, and people with
diabetes are at high risk of frailty. People with diabetes
face the challenge of exercising to control their blood glu-
cose, and training is an important treatment for frailty.
Therefore, it is particularly important to choose an train-
ing method suitable for diabetic patients with frailty to
reduce blood glucose and improve physical function.

The results of this study show that multi-group training
has advantages in improving fasting blood glucose

and physical activity ability of patients

Multi-group training is recommended by the American
College of Sports Medicine as an effective alternative
to traditional training training to improve the physi-
cal function of the elderly [53]. Studies [54, 55] have
shown that multi-group training can not only regulate

Table 8 League table of different trainings on low-density cholesterol in diabetic patients with frailty

Integrated
-0.566 .
Multi-group

(-4.695, 3.578)
0.472 1.030

Otago
(-3.719, 4.640) (-3.102, 5.135)
1.693 2.260 1.227

Usual

(-1.2787, 4.673) (-0.625, 5.134) (-1.718, 4.169)

Note: * means P<0.05; Integrated: Integrated training; Multi-group: Multi-group training; Otago: Otago training; Usual: Usual

care
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Table 9 League table of different trainings on BMI in diabetic patients with frailty

Integrated
1.281 .
Pilates
(-2.449,4.972)
0.909 -0.375 .
Resistance
(-2.156,3.866) (-3.479,2.659)
-1.290 -2.566 -2.193
Usual
(-3.867,1.322) (-5.218,0.119) (-3.663,-0.629)

Note: * means P<0.05; Integrated: Integrated training; Pilates: Pilates training; Resistance: Resistance training; Usual: Usual care

glucose metabolism and lipid metabolism in diabetic
patients, reduce the risk of cardiovascular disease, but
also improve frailty, cognitive function, emotional state
of the elderly. However, there are few network meta-
analyses including multi-group training interventions,
and it is impossible to obtain the horizontal compari-
son results of multi-group training.

The results of network Meta-analysis showed that Pilates
training had certain advantages in reducing glycosylated
hemoglobin, postprandial blood glucose, blood lipids

and BMI in diabetic patients with frailty

Pilates training, invented by Joseph Hubertus Pilates, is a
kind of training that integrates the training of body mus-
cles and body functions with the concept of breathing
and mental concentration. It is an training method that
improves the body’s strength, flexibility and core body
control [56], while emphasizing the role of breathing on
the body [57]. Previous studies have shown that Pilates
training has a good effect on pain relief [58], while recent
studies have shown that Pilates training has a good effect
on improving the balance of the body, reducing the risk
of falls [59], controlling blood pressure [60] and relieving
bad emotions [61]. A study that included 21 subjects [62]
showed that Pilates training was the best way to improve
Proactive balance. However, another systematic review
on elderly patients with type 2 diabetes [63] showed that
Pilates training was superior to other trainings in improv-
ing glycosylated hemoglobin, cholesterol, triglyceride and
other indicators. This study shows that integrated train-
ing is the best training for blood glucose control and lipid
reduction. Other studies have shown that it is the best
measure for lowering blood lipids and glycated protein
[64, 65], but not Pilates training. This may be because: (1)
There were not enough Pilates training in the included
studies, but mainly divided into three categories: resist-
ance training, aerobic training, and the combination of
resistance training and aerobic training (integrated train-
ing); (2) Different patient population: previous studies
mostly focused on patients with diabetes or type 2 dia-
betes, while this study focused on patients with diabetes
and frailty.

Other training methods included in this study have weak
effects on blood glucose, blood lipids, physical training
ability, BMI and other aspects

Although the American College of Sports Medicine rec-
ommends resistance training as a safe and effective life-
style intervention for the elderly [66], and both resistance
training and aerobic training are related to the improve-
ment of systemic insulin sensitivity and blood glucose
control in the elderly [67], their training action time
is relatively short, and there is a certain gap compared
with other training methods that take into consideration
endurance training.

Otago training involves muscle strength, balance,
walking and other aspects of training, which takes into
account aerobic, resistance and balance, but it is a home-
based, progressive training for the prevention of frailty
and falls. It has been proved to effectively improve the
cognitive function, balance ability, lower limb muscle
strength and functional physical fitness of the elderly
[68], and prevent the elderly from falling [69]. Acceler-
ated recovery of physical function and reduced economic
costs [70, 71] due to the greater emphasis on strength
training and balance training. However, compared with
other types of training, Otago training pays more atten-
tion to fall prevention [72, 73], so it may be inferior to
other sports in terms of training volume and cannot pro-
vide enough stimulation to the body, so the effect is rela-
tively weak.

Integrated training can take into consideration the
requirements of strength training and endurance during
training, which has been proved to be beneficial to the
improvement of vascular function [74]. At the same time,
it can improve cardiac dysfunction by reducing inflam-
mation and oxidative stress [75]. Another study showed
that integrated training is beneficial to the improvement
of metabolic syndrome in patients. However, the lack of
reasonable allocation of time arrangement in the imple-
mentation process of the included studies may affect
the intervention effect. As for the research on frailty,
some studies have concluded that resistance training
has the greatest potential to improve frailty of patients
[76]. However, all the studies included in this paper used
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resistance training for the intervention of frailty, so Meta-
analysis is not possible.

Limitations

Limitations of this study: (1)The inclusion of the litera-
ture in this study is limited to China, which may lead to
the fact that the conclusions of this study cannot be
broadly applied to other regions; (2)The number of arti-
cles included in this study was low and all comparisons
were made only with “usual care”. Therefore, we were
unable to make direct comparisons, which may have
affected the validity of the results to some extent. In the
future, we will include more direct comparative evidence
of interventions; (3)There were some differences in the
measurement and expression of the outcome indicators
among the included studies, so the outcomes of such
studies were not analyzed by Meta-analysis.

Conclusion

Regarding the choice of the best exercise modality for
Chinese patients with diabetes mellitus and frailty, this
review presents the best evidence for the current lack of
direct comparisons. The current evidence suggests that
for diabetic patients with frailty in China, multi-group
training may be the best training method for reducing
fasting blood glucose before meals and improving physi-
cal performance, and Pilates training may be the best
training method for reducing glycosylated hemoglobin,
2-h postprandial blood glucose, improving lipid levels
and BMI. There are some limitations in the literature
included in the study, and the above conclusions need to
be verified by more studies.
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