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Abstract
This review is to systematically explore the relationship between muscle dysfunction and diabetes in adults, and to examine 
the impact of glycemic variability on muscle health and the development of diabetes-related complications. The review was 
conducted using three databases: MEDLINE, Scopus, and EMBASE, targeting peer-reviewed journal articles written in 
English and published from January 2014 to September 2024. The methodological quality assessment of the eligible studies 
was conducted using Joanna Briggs Institute Critical Appraisal Checklists. A total of 17 studies were included. Most studies 
were undertaken in Asian countries (n = 11) and focused on adults with type 2 diabetes (n = 12). There were 8,392 adults 
with diabetes, and their mean age ranged from 52 to 75 years old. The measurements for muscle function and glycemic 
variability varied across studies. The research findings regarding the relationship between muscle dysfunction and glycemic 
variability metrics among adults with diabetes, both with and without complications were inconsistent. For adults with 
diabetes and sarcopenic obesity, poor glycemic control was identified as an independent risk factor for sarcopenic obesity. 
Additionally, all included studies were rated as moderate or high quality in relation to their methodology. In conclusion, this 
review underscores the complex and inconsistent relationship between glycemic variability and muscle dysfunction in older 
adults with diabetes. Poor glycemic management is a significant risk factor for sarcopenic obesity, highlighting the need for 
tailored interventions to improve glycemic control and muscle health in this population.

Keywords  Type 2 diabetes · Glycaemic variability · Muscle dysfunction · Sarcopenic obesity · Diabetes complications · 
Older adults
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1  Introduction

Diabetes is a major public health concern worldwide, par-
ticularly among older adults. The prevalence of type 2 dia-
betes (T2D) increases with age, resulting in a higher burden 
of disease in the elderly. According to the Centers for Dis-
ease Control and Prevention, approximately 29.2% of adults 
aged 65 and older have diabetes in the period 2017–2020, 
with T2D being the most common form [1]. Furthermore, 
in South-East Asia, 1 in 11 adults (90 million) had diabetes 
and this is predicted to increase by 69% to 152 million by 
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2045, while 51.2% of adults with diabetes are undiagnosed 
[2]. Without intervention, approximately one in three with 
pre-diabetes will develop T2D within 10 years [3].

Obesity is another complex chronic disease often closely 
linked with many other health conditions, such as diabetes. 
According to statistics from the World Health Organisation 
(WHO), 890 million people (16% of adults aged 18 years and 
over) were living with obesity in 2022 [4]. Additionally, obe-
sity is prevalent in the U.S. such that 46.3% of adults aged 
40–59 years were living with obesity and 38.9% of those 
60 years and over [5]. The Australian Institute of Health and 
Wellbeing (AIHW) shows that in 2022 obesity rates in adults 
over the age of 65 years was 40%, compared with 32% for the 
whole adult population [6]. The prevalence of obesity in the 
Asian region is continuously rising. For example, 79 million 
adults were living with obesity in Southeast Asian countries in 
2020 [7] and, based on data from the Chinese Centre for Dis-
ease Control and Prevention, the prevalence rates of obesity 
among adults increased by 13.3% [8]. Thus, the high preva-
lence of diabetes and obesity underscores the urgent need for 
effective management strategies to mitigate the associated 
health risks and economic burden.

The global economic burden of diabetes is projected to 
increase from $1.3 trillion in 2015 to $2.2 trillion by 2030, even 
if countries meet international targets for diabetes management 
[9]. The economic burden of managing both conditions, diabetes 
and obesity, is substantial. In 2022, the total annual cost of diabe-
tes in the United States was estimated at $412.9 billion, includ-
ing $306.6 billion in direct medical costs and $106.3 billion in 
indirect costs such as lost productivity and premature mortality 
[10]. Older adults with diabetes incur approximately double the 
per capita annual health care expenditures compared to other 
age groups, for example, 65–69 years incurred an average cost 
of $15,354 per person as compared to 25–44 years of $6,532 
[10]. Similarly, adults aged 65 years and older with obesity face 
significantly higher medical costs, with annual expenditures 
increasing by $1,920 to $4,710 depending on the severity of 
obesity [11]. It is worth noting that the disparities in health-
care systems between developed and developing countries may 
impact the overall economic burden of diabetes. Compared to 
developed countries, developing countries have scarce resources 
for healthcare (e.g., no universal health coverage, insufficient 
workforce, and lack of medicine supplies) and challenges to allo-
cate additional resources for diabetes management along with 
the existing communicable disease issues [12, 13].

Muscle health is crucial for maintaining physical function, 
metabolic health, and overall quality of life in older adults. 
Muscle dysfunction is a broad term to describe various condi-
tions related to muscle loss and weakness, including sarcope-
nia [14, 15]. Sarcopenia, the age-related loss of muscle mass 
and function, is a significant concern in this demographic. A 
meta-analysis article reported the pooled prevalence of sar-
copenia was 18% among adults with type 2 diabetes, ranging 

from 6.3% to 47.1% [16]. When combined with obesity, it 
leads to a condition known as sarcopenic obesity, which fur-
ther complicates disease management and increases the risk 
of disability and mortality [17]. Another meta-analysis article 
demonstrated that the pooled prevalence of sarcopenic obesity 
was 27% in people with all types of diabetes, with the highest 
rates in North America and Asia [18].

Furthermore, older adults living with diabetes face unique 
challenges in managing their condition. Reduced physical activ-
ity and muscle strength due to age and diabetes, changes in 
metabolism, and the presence of multiple comorbidities fur-
ther complicate disease management [19]. Additionally, older 
adults often experience greater variability in blood glucose lev-
els, which can impact muscle health and the development of 
diabetes-related complications [20, 21]. The interplay between 
muscle dysfunction, glycemic variability, and diabetes-related 
complications is complex and multifaceted, necessitating a 
comprehensive understanding to inform effective interventions.

Therefore, this study aims to systematically review the 
existing literature on the interplay between muscle dysfunc-
tion, and diabetes in older adults; investigate how glycemic 
variability impacts muscle health and the development of 
diabetes-related complications.

2 � Methods

This systematic review followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
reporting guidelines [22].

2.1 � Literature search strategy

A literature search was conducted in electronic databases, 
including MEDLINE, Scopus, and EMBASE for studies pub-
lished from January 2014 to September 2024. A similar search 
strategy was employed to search the databases via a combina-
tion of Medical Subject Headings, keywords, and other terms 
related to diabetes/diabetes complications, glycemic variability, 
and skeletal muscle dysfunction. The searches were restricted 
to peer-reviewed journal articles or articles in press written in 
English. The detailed search strategy can be found in Table 1.

2.2 � Study selection criteria

Studies were included if they met the following criteria: 
(1) study participants were adults living with diabetes; 
(2) muscle-related body composition measurements (e.g., 
muscle strength and muscle mass) were included in the 
studies; (3) one of the outcomes was related to glycemic 
variability (e.g., Glycated hemoglobin A1c (HbA1c) and 
fasting plasma glucose level); and (4) primary data find-
ings were reported.
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Studies were excluded if they (1) were animal, pharma-
cological, or in vitro studies and (2) focused on children 
or adolescents living with diabetes. Although there was 
no restriction on study design for this review, some types 
of articles were not eligible, including literature reviews, 
research protocols, book chapters, conference abstracts, 
case reports, and commentaries/editorials. In addition, 
meta-analyses would be considered only if at least two 
eligible randomized controlled trial articles were available.

2.3 � Data extraction

The articles identified in the search from each database 
were imported into EndNote 20.2.1 (Clarivate Analysis, 
Philadelphia, USA) for management. Duplicate articles were 
removed from the results. Two authors (WP & SL) indepen-
dently screened the titles and abstracts of articles to identify 
whether the articles met the inclusion criteria. If the title and 
abstract of an article did not provide enough information for 
making the decision, the full text was reviewed for eligibil-
ity. When consensus on including/excluding articles was not 
reached, the other authors were consulted.

The details of the eligible articles were then extracted into 
a pre-developed table that presents the characteristics of the 
studies, such as the country of the study, study design, and 
sample demographics (Table 2). Two authors (WP & SL) 
completed this table independently and discussions were 
conducted to resolve any disagreement. The other authors 
were consulted when consensus was not reached.

2.4 � Study quality assessment

The methodological quality of the eligible studies was 
assessed by the Joanna Briggs Institute (JBI) Critical 

Appraisal Checklists, including the checklist for cross-
sectional studies and the checklist for cohort studies. The 
tool for cross-sectional studies consists of eight items cov-
ering the assessment of the sample selection criteria, the 
setting description, the measurement of exposure, etc. The 
tool for cohort studies is comprised of 11 items, including 
the assessment of the compatibility of the exposed and 
unexposed groups from the same population, follow-up 
time, strategies used to deal with confounders, etc. There 
are four options for those items (i.e., yes, no, unclear, and 
not applicable). The full checklists can be found at https://​
jbi.​global/​criti​cal-​appra​isal-​tools.

In line with previous research [23, 24], a score was 
assigned to the answer to each appraisal checklist ques-
tion to indicate the quality of the methodology: Yes = 1; 
Unclear = 0.5; No = 0; NA = Not Applicable. The total 
scores of eligible studies can thus be calculated by add-
ing the score of each item [25]. That is, for the checklist 
for cross-sectional studies, scores from 0 to 4 indicate 
low quality; those from 5 to 6 indicate moderate quality; 
and those from 7 to 8 indicate high quality. Regarding the 
checklist for cohort studies, scores from 0 to 5 indicate 
low quality; those from 6 to 8 indicate moderate quality, 
and those from 9 to 11 indicate high quality. Two authors 
(WP & SL) independently assessed the quality level of 
the included studies. Discussions were conducted for any 
discrepancies with other authors.

3 � Results

Figure 1 illustrates the study selection process and results 
via the PRISMA flow diagram. There were 2,063 arti-
cles identified in the initial literature search, which were 
used to screen for eligibility. After the removal of 946 

Table 1   Search strategy

*  truncation for the literature search

Diabetes and diabetes complication Diabetes mellitus [MeSH term & keyword] OR diabet* [Title/Abstract] OR Diabetes complications [MeSH 
term & keyword] OR Diabetic nephropathies [MeSH term & keyword] OR Diabetic kidney disease [Key-
word] OR Diabetic cardiomyopathies [MeSH term & keyword] OR Diabetic heart disease [Keyword] OR 
Cardiovascular diseases [MeSH term & keyword] OR Heart diseases [MeSH term & keyword] OR Stroke 
[MeSH term & keyword] OR Heart failure [MeSH term & keyword] OR Renal insufficiency [MeSH term 
& keyword] OR Kidney failure [Keyword] OR Kidney diseases [MeSH term & keyword] OR Nephropa-
thy [Keyword]

AND
Glycemic variability Insulin [MeSH term & keyword] OR Blood glucose [MeSH term & keyword] OR Glycemic variability 

[Keyword] OR Glycaemic variability [Title/Abstract] OR Glycaemic control [Keyword] OR Glycemic 
control [Title/Abstract] OR hyperglycaemia [Title/Abstract] OR Hyperglycemia [MeSH term & keyword] 
OR Hypoglycaemia [Title/Abstract] OR Hypoglycemia [MeSH term & keyword]

AND
Skeletal muscle dysfunction Muscular atrophy [MeSH term & keyword] OR Muscle atrophy [Title/Abstract] OR Sarcopenia [MeSH 

term & keyword] OR Skeletal muscle [MeSH term & keyword] OR Muscle weakness [MeSH term & 
keyword] OR Muscle wasting [Keyword] OR Muscle mass [Keyword] OR Muscle loss [Keyword]

https://jbi.global/critical-appraisal-tools
https://jbi.global/critical-appraisal-tools
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duplicates, 1,077 articles were excluded according to the 
exclusion criteria above. The most common reasons for 
exclusion were case reports and animal/in vitro studies. 
The full text of the remaining 40 articles was reviewed and 
23 of them were excluded based on the inclusion criteria. 
The primary reasons for exclusion were inappropriate tar-
get population, irrelevant outcomes, or unsuitable meas-
urements. As such, a total of 17 articles (i.e., 17 studies) 
met the inclusion criteria and were included in this review 
[26–42].

3.1 � Quality assessment of included studies

Results of the methodological quality assessment for cross-
sectional studies were shown in Table 3 and those for cohort 
studies were presented in Table 4. The 14 cross-sectional 
studies were scored between 5.5 and 8 (out of 8) and were 
rated as moderate or high quality. The two cohort studies 
were scored as 8.5 and 9 (out of 11) and were rated as mod-
erate or high quality. That is, all studies included in this 

review had a low risk of bias. It is worth noting that all 
studies, including both cross-sectional and cohort studies, 
reported the outcomes in a valid and reliable way and used 
appropriate statistical analysis methods. One study [40], 
which reported the secondary data analysis of a cohort study, 
was not assessed for its methodology quality as that study 
did not report results based on primary data.

3.2 � Characteristics of the Studies

Table 2 presents the characteristics of the included studies. 
Of the 17 studies, 14 articles were cross-sectional [26–36, 
38, 39, 41, 42], two articles reported a cohort study [37, 
39], and one study [40] reported the secondary data analysis 
results. According to the study selection criteria above, no 
meta-analysis is required for this systematic review.

Five studies were conducted in Japan [29, 30, 33, 39, 41], 
three in Korea [31, 36, 42], two in China [27, 38], two in 
Turkey [34, 37], two in Germany [28, 32], and the others in 
Singapore [26], Italy [35], and USA [40] each. There were 

Fig. 1   PRISMA flow diagram 
for the identification of studies
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8,392 adults with diabetes included in this review, and one 
study included only males [42]. The mean age of partici-
pants included in this review was reported in 16 studies [26, 
27, 29–42], ranging from 52 to 75 years old. According to 

the body mass index [43], three studies included participants 
who were obese [31, 34, 40].

In addition, 14 articles specified the type of diabetes, with 
12 studies including T2D only [26, 27, 30, 32–38, 40, 41] 

Table 3   Quality assessment of the methodologies of included cross-sectional studies

*  The assessment was according to the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for analytical cross-sectional studies
• Item 1 Were the criteria for inclusion in the sample clearly defined?
• Item 2 Were the study subjects and the setting described in detail?
• Item 3 Was the exposure measured in a valid and reliable way?
• Item 4 Were objective, standard criteria used for measurement of the condition?
• Item 5 Were confounding factors identified?
• Item 6 Were strategies to deal with confounding factors stated?
• Item 7 Were the outcomes measured in a valid and reliable way?
• Item 8 Was appropriate statistical analysis used?

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Total score Level of quality

Yoon et al.; 2016 Yes No Yes Yes Yes Not clear Yes Yes 6.5 Moderate quality
Fung et al.; 2019 Yes Yes Yes Yes Yes Not clear Yes Yes 7.5 High quality
Kim et al.; 2019 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Ogama et al.; 2019 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
He et al.; 2020 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Kataoka et al.; 2020 Yes Yes Yes Yes Yes Not clear Yes Yes 7.5 High quality
Orlando et al.; 2020 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Oguz et al.; 2021 Yes Yes Yes Yes Not clear Not clear Yes Yes 7 High quality
Park et al.; 2021 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Yano et al.; 2021 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Hiromine et al.; 2022 Yes Yes No Yes Yes Not clear Yes Yes 6.5 Moderate quality
Shi et al.; 2022 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Herder et al.; 2024 Yes Yes Yes Yes Yes Yes Yes Yes 8 High quality
Mooshage et al.; 2024 Yes Not clear Yes Yes No Not applicable Yes Yes 5.5 Moderate quality

Table 4   Quality assessment of the methodologies of included cohort studies

*  The assessment was according to the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for cohort studies. Please note, the secondary 
data analysis of the cohort study (Terada et al.; USA; 2022) was not included as that study did not report primary data

Sugimoto et al.; 2021 Sencan et al.; 2022

Were the two groups similar and recruited from the same population? Yes Yes
Were the exposures measured similarly to assign people to both exposed and unexposed groups? Yes Yes
Was the exposure measured in a valid and reliable way? Yes Yes
Were confounding factors identified? Yes No
Were strategies to deal with confounding factors stated? Unclear Not applicable
Were the groups/participants free of the outcome at the start of the study (or at the moment of 

exposure)?
No Yes

Were the outcomes measured in a valid and reliable way? Yes Yes
Was the follow up time reported and sufficient to be long enough for outcomes to occur? Yes Yes
Was follow up complete, and if not, were the reasons to loss to follow up described and explored? Yes Yes
Were strategies to address incomplete follow up utilized? Unclear Unclear
Was appropriate statistical analysis used? Yes Yes
Total score 9 8.5
Level of quality High quality Moderate quality
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and two studies including both type 1 diabetes (T1D) and 
T2D [29, 39]. Five studies examined diabetes multimor-
bidity, including cognitive impairment, diabetic peripheral 
neuropathy, cardiovascular disease, retinopathy, and diabetic 
polyneuropathy [30, 33, 35, 36, 41].

3.3 � Measurements for muscle functions 
and glycemic variability

The muscle function measurements varied across the 
included studies. The diagnosis of sarcopenia was reported 
in eight studies, with three studies using the European Work-
ing Group on Sarcopenia in Older People (EWGSOP) cri-
teria [27, 34, 37] and five studies using the Asian Working 
Group for Sarcopenia (AWGS) criteria [26, 29, 33, 38, 39]. 
Two studies further specified the definition of probable sar-
copenia [27, 37]. Five studies examined the gait test to assess 
the physical performance of participants, including the 4-m 
gait test [29, 37, 39] and 6-m gait speed [26, 34]. Nine stud-
ies examined the handgrip strength test to assess the muscle 
strength of participants [26, 27, 29, 33, 34, 36, 37, 39, 42]. 
The bioelectrical impedance analysis (BIA) [26–30, 34, 37, 
39] and dual energy X-ray absorptiometry (DXA) scan [31, 
33, 36, 38, 40, 41] were used in 14 studies to assess the 
body muscle mass of participants. One study [35] used the 
maximal voluntary contraction and endurance time to assess 
muscle fatigability. Additionally, one study [32] calculated 
the constant of the musculature’s microvascular permeabil-
ity, extravascular extracellular volume fraction, and plasma 
volume fraction to assess the functionality and structural 
integrity of muscles.

The devices for BIA and the handgrip strength test pro-
vided in the articles also varied, with only three studies [29, 
37, 39] using the same device for BIA and two studies [29, 
39] for the handgrip strength. Except for two studies [33, 41] 
that did not provide the device information, the other studies 
[31, 36, 38, 40, 42] used the same device for DXA—Hologic 
Discovery A.

Similarly, different glycemic variability metrics were 
examined in the included studies. The fasting plasma glu-
cose level and the HbA1c level were the metrics representing 
insulin resistance in five studies [27, 30, 33, 35, 37]. Another 
five studies used only HbA1c as the metric [26, 29, 34, 39, 
40]. Two studies used three metrics including the fasting 
plasma glucose level, HbA1c, and the homeostasis model 
assessment of insulin resistance (HOMA-IR) [28, 36]. The 
other studies used either fasting plasma glucose level and 
HOMA-IR [32], HbA1c and HOMA-IR [31], fasting plasma 
glucose level, fasting insulin level, and HbA1c [41], fast-
ing plasma glucose level, fasting insulin level, HbA1c, and 
HOMA-IR [42], or the largest amplitude of glycemic excur-
sions and standard deviation of blood glucose to calculate 
glucose fluctuation [38].

3.4 � Relationship between muscle dysfunctions 
and glycemic variability

Eight studies focused on the relationships between various 
types of muscle dysfunction measurements and glycemic vari-
ability among adults with diabetes only. However, the research 
findings were not consistent. Of these, four studies found 
no statistically significant associations between the HbA1c 
level and muscle dysfunction parameters (including sarcope-
nia, skeletal muscle mass index (SMI), gait speed, handgrip 
strength, and muscle quality) [26, 29, 39, 42]. It is worth noting 
that, when participants were divided into groups based on their 
HbA1c values, those with a HbA1c level of ≥ 8.5% showed 
significantly decreased muscle quality [42]. SMI as well as gait 
speed were significantly increased when there was a decrease 
in HbA1c value by ≤ 1.0% [39]. The other four studies reported 
a significant association between the glycemic variability met-
rics and muscle strength and used a different cut-off value of 
the HbA1c level [27, 33] and muscle mass [28, 38]. Increased 
HbA1c and fasting glucose levels were significantly associated 
with low muscle strength in adults with diabetes, in particular 
among those with HbA1c > 7%.

Three studies reported the associations between glycemic 
control and sarcopenic obesity (SO) among adults with diabe-
tes [31, 34, 40]. Two of these studies used the fat mass/fat-free 
mass ratio to define SO and as a criterion to divide participants 
into different groups [34, 40]. They both showed a positive cor-
relation between fat mass/fat-free mass and HbA1c level and 
indicated poor glycemic control was an independent risk factor 
for SO. Terada et al. (2022) also reported their findings stratified 
by participants’ sex. Compared to males, managing the HbA1c 
level is more important for females with diabetes and low fat 
and low muscle mass. Kim et al. (2019) reported that adults 
with newly diagnosed and drug-naïve T2D had a higher risk for 
insulin resistance if they had SO than adults without SO.

Five studies focused on the relationship between glycemic 
management and muscle dysfunction in adults with diabetes 
complications. The research outcomes, diabetes types, and 
muscle dysfunction parameters were varied, and the research 
findings were not consistent. One study [35] found that the 
change in muscle fatigability was not statistically associated 
with the HbA1c level, while another study [41] demonstrated 
an association between muscle mass and the fasting plasma 
insulin level in non-obese heart failure adults with T2D. One 
study [36] reported that, among adults with diabetes and higher 
HbA1c [≥ 7.1%], the combination of low muscle mass and low 
handgrip strength was significantly associated with T2D and 
cardiovascular diseases. A further study [30] found that the 
HbA1c level was negatively associated with muscle mass in 
adults with T2D and diabetic polyneuropathy. Another study 
[33] conducted among adults with diabetes and cognitive 
impairment found that participants with sarcopenia had larger 
glucose level fluctuations than non-sarcopenia participants.
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4 � Discussion

This systematic review aimed to explore the relationship 
between muscle dysfunction and diabetes in adults, with a 
particular focus on how glycemic variability impacts muscle 
health and the development of diabetes-related complica-
tions. The review included 17 studies, predominantly cross-
sectional, conducted in various countries with a total of 
8,392 participants. While there was some inconsistency, the 
findings identified poor glycemic control as an independent 
risk factor for sarcopenic obesity and highlighted the asso-
ciation between higher HbA1c levels and lower muscle mass 
and strength in adults with diabetes-related complications.

The majority of included studies were conducted in Asian 
countries. It is not surprising because Asian countries (e.g., 
India, China, and Japan) accounted for the largest number 
of people with diabetes globally [44]. It is important to 
note that Asian people who are living with type 2 diabe-
tes always have a lower mean body mass index and higher 
insulin resistance compared to other ethnic groups [45, 46]. 
In addition, the Asian population with diabetes take much 
more carbohydrates daily than the Western population [47]. 
Therefore, the results reported in this review may not be 
generalisable to all people with diabetes worldwide and 
more research is required from other continents regarding 
the relationship between muscle dysfunction and diabetes.

The relationship between glycemic variability and muscle 
dysfunction in older adults with diabetes was inconsistent 
across the studies. Several factors may contribute to these 
discrepancies. Firstly, the included studies varied signifi-
cantly in their design, sample size, and population char-
acteristics. Differences in age, sex, ethnicity, and diabetes 
duration among participants could influence the observed 
relationship between glycemic variability and muscle dys-
function [19]. Additionally, the use of different methods to 
assess muscle function (e.g., handgrip strength, gait speed, 
BIA, DXA) and glycemic variability (e.g., HbA1c, fasting 
plasma glucose, HOMA-IR) can result in varying outcomes. 
The lack of standardized measurement tools across stud-
ies makes it challenging to compare results directly [21]. 
Furthermore, the presence of confounding factors such as 
physical activity levels, nutritional status, and comorbidi-
ties (e.g., cardiovascular diseases, neuropathy) can affect 
the observed relationship between glycemic variability and 
muscle dysfunction. Studies that do not adequately control 
for these factors may report inconsistent findings [17].

Poor glycemic management was identified as an inde-
pendent risk factor for sarcopenic obesity. This finding is 
supported by the understanding that poor glycemic control 
is often associated with insulin resistance, which can impair 
muscle protein synthesis. In addition to stimulating glucose 
uptake and metabolism, insulin is an anabolic hormone 

that promotes muscle growth, and resistance to its effects 
can lead to muscle atrophy and reduced muscle mass [19]. 
Additionally, hyperglycemia and poor glycemic control can 
lead to chronic low-grade inflammation, which is known to 
contribute to muscle wasting and sarcopenia [48]. Inflamma-
tory cytokines such as TNF-α and IL-6 can promote muscle 
protein breakdown and inhibit muscle regeneration [49]. 
Poor glycemic control can also exacerbate adipose tissue 
dysfunction, leading to increased fat infiltration in muscle 
(myosteatosis) [50]. This can impair muscle function and 
contribute to the development of sarcopenic obesity, where 
both muscle loss and fat gain occur simultaneously [21].

Higher HbA1c levels were associated with lower muscle 
mass and strength in older adults with diabetes-related com-
plications. Chronic hyperglycemia can increase oxidative 
stress and mitochondrial dysfunction in muscle cells, leading 
to impaired muscle function and reduced muscle mass over 
time [51]. Diabetes-related complications such as diabetic 
neuropathy and microvascular disease can impair blood flow 
to muscle, leading to muscle ischemia and atrophy. Poor gly-
cemic management can exacerbate these complications, fur-
ther reducing muscle mass and strength [52]. Additionally, 
adults with poorly managed diabetes may experience nutri-
tional deficiencies due to malabsorption or dietary restric-
tions, which can affect muscle health, as adequate nutrition 
is essential for maintaining muscle mass and function [53].

Our review also highlights the complex relationship 
between glycemic variability and muscle dysfunction, 
emphasising the need to consider multiple influencing 
factors. Multimorbidity is common in older adults with 
T2D, and five out of the 17 studies reported relevant 
results. These comorbidities exacerbate muscle dysfunc-
tion and complicate diabetes management [20]. For exam-
ple, cardiovascular disease limits exercise capacity [54]; 
diabetic neuropathy causes muscle atrophy [55]; and cog-
nitive impairment hinders effective diabetes management 
[56], leading to poor glycemic control and further muscle 
deterioration. Polypharmacy is often necessary to man-
age comorbidities but can adversely affect muscle health. 
Statins, a class of cholesterol-lowering medications com-
monly prescribed for cardiovascular disease, are associ-
ated with adverse effects such as myalgia, myopathy and 
rhabdomyolysis, which can interfere with muscle cell 
metabolism and function [57–59]. These side effects can 
further impair physical function in older adults with T2D. 
Obesity is a known risk factor for reduced muscle volume 
and physical activity and three studies reported related 
results. Obesity can lead to sarcopenic obesity, signifi-
cantly impairing mobility and increasing the risk of falls 
and fractures. Obesity-related inflammation and insulin 
resistance also further deteriorate muscle quality and func-
tion [60, 61]. Therefore, multimorbidity, polypharmacy, 
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and obesity act as confounding factors in the relationship 
between muscle quality and glycemic variability.

Our review has several strengths. It provides a compre-
hensive overview of the current literature on the relationship 
between glycemic variability, muscle dysfunction, obesity, 
and diabetes-related complications in older adults. The use 
of the PRISMA guidelines ensures a rigorous and transpar-
ent review process. The inclusion of studies with diverse 
populations and settings enhances the generalizability of the 
findings.

While our review provides valuable insights, there 
are several limitations to consider. First, the review only 
included peer-reviewed journal articles written in English, 
which may introduce language bias. Second, children and 
adolescents with diabetes were excluded from the litera-
ture search, which may introduce selection bias and limit 
the applicability of the findings to older adults. Third, most 
studies included in this review were undertaken in Asian 
countries, which may lead to geographic bias and more 
research in this field is required focusing on people living 
with diabetes on other continents. Additionally, the litera-
ture search was conducted in three major medical and health 
electronic databases, excluding grey literature, which may 
have resulted in publication bias.

The findings of our review underscore the need for tai-
lored interventions to improve muscle health and manage 
obesity and diabetes in older adults. Interventions should 
focus on improving glycemic control to mitigate the risk 
of sarcopenic obesity and related complications. Health-
care professionals should adopt comprehensive manage-
ment strategies that address both glycemic management and 
muscle health. These strategies may include personalized 
exercise programs, nutritional support, and regular monitor-
ing of glycemic variability and muscle function. Tailored 
interventions that address these factors simultaneously are 
crucial for improving muscle health and overall quality of 
life in this population.

Future research should include longitudinal studies to bet-
ter understand the causal relationships between glycemic 
variability, muscle dysfunction, and diabetes-related com-
plications. Long-term studies can provide insights into the 
progression of sarcopenic obesity and the effectiveness of 
interventions over time. More studies focusing on diverse 
populations, including different ethnic and socio-economic 
groups, are needed to develop effective, culturally sensi-
tive interventions. Research should also explore the impact 
of socio-economic factors, access to healthcare, and cul-
tural beliefs on the management of muscle health, obesity, 
and diabetes. Future studies should aim to standardize the 
measurements of muscle function and glycemic variability 
to facilitate comparison and synthesis of findings. Consistent 
use of validated tools and criteria will enhance the reliability 
and validity of research outcomes.

5 � Conclusion

This systematic review presents the complex and inconsist-
ent relationship between glycemic variability and muscle dys-
function in older adults with diabetes. Poor glycemic control 
has emerged as a significant risk factor for sarcopenic obesity, 
emphasizing the need for optimal glycemic management to 
prevent muscle deterioration and associated complications. 
The findings highlight the necessity for tailored interventions 
that address both glycemic control and muscle health. Future 
research should focus on longitudinal studies and standardized 
measurement methods to better understand these relation-
ships and develop effective, culturally sensitive interventions 
for older adults with diabetes. Comprehensive management 
strategies, including personalized exercise programs, nutri-
tional support and regular glucose monitoring, are essential 
to improve clinical outcomes in this population.
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