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ABSTRACT

Background: Diabetic myopathy is an under-recognized complication of Type 2
Diabetes Mellitus (T2DM) that significantly contributes to physical disability. The
objective was to estimate the frequency and clinical characteristics of myopathy
in T2DM patients using clinical evaluation and electromyography (EMG).

Methods: This cross-sectional study evaluated 600 patients with T2DM (duration
>5 years) at a tertiary care center. Comprehensive assessments included clinical

?3;5489/njmr.160420261363 history, apthropometric measu.re.ments, biochemical profiles, and EMG. Myopa_-
thy was diagnosed based on clinical features and confirmed through neurophysi-
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) remains one of the
most formidable global health challenges of the 21st
century, traditionally characterized by its microvascular
and macrovascular sequelae. [1-3] While the clinical fo-
cus has historically centered on nephropathy, retinopa-
thy, and cardiovascular disease, an emerging paradigm
recognizes the skeletal muscle as a critical target of end-
organ damage. Often termed diabetic myopathy-this
complication manifests as a progressive decline in mus-
cle mass (sarcopenia), reduced muscular strength, and
impaired functional endurance.[4] Given that skeletal
muscle accounts for approximately 40% of total body
mass and serves as the primary site for insulin-mediated
glucose disposal, its dysfunction creates a deleterious
feedback loop that exacerbates metabolic instability and
increases mortality.[5]

The pathogenesis of diabetic myopathy is multifactorial
and involves metabolic derangement, impaired skeletal
muscle microvascular function, oxidative stress, and mi-
tochondrial dysfunction.[4,6] Chronic hyperglycaemia
and insulin resistance promote the accumulation of ad-
vanced glycation end products (AGEs), oxidative stress,
mitochondrial dysfunction, and lipid peroxidation within
skeletal muscle, thereby impairing muscle regeneration
and contractile function.[4,7] These factors collectively
impair the regenerative capacity of satellite cells the my-
ogenic precursors responsible for muscle repair while
promoting myosteatosis (fatty infiltration) and reduced
capillary density.[8]

Despite its clinical significance, diabetic myopathy re-
mains significantly under-recognized. Unlike established
complications, it lacks universally standardized diagnos-
tic criteria, often leading to its misclassification as gen-
eral frailty or diabetic neuropathy.[7] Diagnosis currently
relies on a composite of clinical history characterized by
painless proximal muscle weakness together with stand-
ardized functional assessments, including hand-grip
strength and the Timed Up and Go (TUG) test, which are
recommended for evaluating muscle strength and physi-
cal performance in individuals with sarcopenia and relat-
ed muscle disorders.[9] While advanced imaging like
MRI can detect structural fatty replacement or rare my-
onecrosis, and electromyography (EMG) is essential to
exclude neuropathic mimics, these tools are rarely em-
ployed for routine screening.[10] Although diabetic my-
opathy has increasingly been recognized as a clinically
important complication of diabetes, available literature
remains limited. Giha HA et al. [7] described diabetic
tendino-myopathy as an under-recognized manifestation
of diabetes, while Sharma V et al. [11] evaluated endo-
crine myopathies more broadly without specifically char-
acterizing diabetic myopathy in Indian patients. To our
knowledge, few Indian studies have systematically as-
sessed the prevalence and clinical characteristics of dia-
betic myopathy using electromyographic confirmation in
patients with long-standing Type 2 Diabetes Mellitus.
Therefore, the present study was undertaken to address
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this important knowledge gap. Consequently, there is an
urgent need to quantify the prevalence of this condition
to improve early intervention strategies. Therefore, the
present study estimated the frequency of myopathy
among T2DM patients, providing a clearer understanding
of its burden and clinical presentation.

MATERIALS AND METHODS

Study Design and Setting: This cross-sectional study
was conducted in the Department of Medicine at Sri
Guru Ram Das Institute of Medical Sciences and Re-
search, Amritsar, Punjab. The study protocol was ap-
proved by the Institutional Ethics Committee
(SGRD/IEC/2024-363) and the investigation spanned
from July 2024 to December 2025. All participants pro-
vided written informed consent in their native language
prior to enrolment.

As the exact prevalence of diabetic myopathy in the tar-
get population is variable or unknown, a conservative
anticipated prevalence of 50% was utilized to calculate
the sample size. This proportion yields the maximum
variance and ensures the study is sufficiently powered
for any true underlying prevalence. Assuming a 50%
prevalence, a 95% confidence level, and a strict absolute
precision (margin of error) of 4.0%, the calculated mini-
mum required sample size was 600 based on the stand-
ard proportion sample size formula.

Participant Selection: A total of 600 patients presenting
to the Outpatient (OPD), Inpatient (IPD), and Emergency
Departments were screened. Patients were eligible if
they were over 25 years of age and had a confirmed di-
agnosis of Type 2 Diabetes Mellitus (T2DM) for a dura-
tion exceeding five years. T2DM was defined according
to the American Diabetes Association (ADA) criteria [12]:
Glycated Haemoglobin (HbA1C) >6.5%, Fasting Plasma
Glucose (FPG) =126 mg/dl, or a 2-hour post-prandial
glucose =200 mg/dl during an Oral Glucose Tolerance
Test (OGTT).

Exclusion Criteria: Patients with Type 1 diabetes mellitus
or gestational diabetes were excluded. Individuals receiv-
ing myotoxic medications (statins, amiodarone, fibrates,
or zidovudine), those with recent musculoskeletal trau-
ma, and patients with conditions known to affect muscle
function, including electrolyte disorders, inflammatory
myositis, muscular dystrophies, and endocrine or meta-
bolic myopathies, were also excluded.

Data Collection and Clinical Assessment: Sociodemo-
graphic and clinical data were collected using a struc-
tured proforma. Body Mass Index (BMI) was calculated
for all participants. Clinical examination included as-
sessment of muscle strength, atrophy, and tenderness.
Patients presenting with muscle weakness and functional
limitation were evaluated for possible myopathy.

As no standardized diagnostic criteria for diabetic myo-
pathy are currently available, diagnosis was based on the
presence of clinically evident muscle weakness together
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with electromyographic findings suggestive of myopathy,
after exclusion of other neuromuscular, inflammatory,
endocrine, metabolic, and drug-induced causes of mus-
cle dysfunction.

Electromyographic Evaluation: Electromyography (EMG)
was performed to confirm the diagnosis of myopathy.
Muscles were examined for spontaneous activity at rest,
including fibrillation potentials and positive sharp waves.
During voluntary contraction, myopathic changes were
identified by low-amplitude, short-duration motor unit
action potentials with early recruitment. These findings
helped distinguish myopathic from neuropathic disor-
ders.

Statistical Analysis: Data were entered into Microsoft
Excel and analysed using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were expressed
as mean = SD, while categorical variables were present-
ed as frequencies and percentages. Comparisons be-
tween patients with and without diabetic myopathy were
performed using the independent samples t-test for con-
tinuous variables and the Chi-square test for categorical
variables. Among patients with diabetic myopathy, prox-
imal and distal involvement groups were compared using
the independent samples t-test. Associations between
categorical variables were assessed using the Chi-
square test or Fisher’s exact test, as appropriate. A p-
value <0.05 was considered statistically significant.

RESULTS
A total of 600 patients with long-standing Type 2 Diabe-
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tes Mellitus were screened for eligibility during the study
period. Two patients were excluded because of incom-
plete clinical records, resulting in 598 participants avail-
able for final analysis (Figure 1)). Among them, 85 pa-
tients (14.2%) fulfilled the predefined criteria for diabetic
myopathy, while 513 patients did not demonstrate evi-
dence of myopathy. Of the 85 diagnosed cases, 52
(61.2%) exhibited predominantly proximal muscle in-
volvement and 33 (38.8%) showed distal involvement.

This prevalence suggests that approximately one in sev-
en patients with chronic T2DM exhibits significant skele-
tal muscle involvement, a complication that remains clin-
ically under-recognized. The demographic profile of the
affected subset (n=85) revealed a peak prevalence in the
seventh decade of life, with 41.2% of cases occurring in
the 61-70 years age group. A male predominance was
observed, accounting for 57.6% of the myopathic cohort.
High Body Mass Index (BMI) was a significant clinical
correlate, with 52.9% of patients classified as obese and
35.3% as overweight. The manifestation of myopathy
was strongly associated with disease chronicity; the ma-
jority of cases occurred in patients with a T2DM duration
of 16-20 years (41.2%) or 21-25 years (37.6%) (Table
1). Notably, no patient with diabetic myopathy had a dia-
betes duration below 10 years, despite the study inclu-
sion criterion requiring a minimum disease duration of
five years. Although patients aged >25 years were eligi-
ble for enrolment, no cases of diabetic myopathy were
identified among participants younger than 40 years.
Thus, all patients diagnosed with diabetic myopathy were
aged >40 years.
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and final classification of diabetic myopathy among patients with long-standing Type 2 Diabetes Mellitus. Two patients were

{ Figure 1. STROBE participant flow diagram showing patient screening, eligibility assessment, electromyographic evaluation, ]

excluded due to incomplete clinical records, leaving 598 participants for final analysis.

Figure 1: STROBE participant flow diagram
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MI categories were defined according to the World
Health Organization classification: normal (<25 kg/m?),
overweight (25-29.9 kg/m?), and obesity (=30
kg/m?)[13] (Table 1). All patients diagnosed with diabetic
myopathy had HbA1c levels =8%. This finding was ob-
served during analysis and was not part of the study in-
clusion criteria or diagnostic definition.

Table 1: Socio-Demographic and Clinical Characteris-
tics of Patients with Diabetic Myopathy (n=85)

Characteristic Cases (%)

Gender
Male 49 (57.6)
Female 36 (42.4)
Age Cohort (Years)
40-60 27 (31.8)
61-70 35 (41.2)
>70 23(27.1)
Glycemic Control
HbA1c <8.0% 0(0)
HbA1c >8.0% 85 (100)
BMI Status
Normal (<25 kg/m?) 10 (11.8)
Overweight (25-29.9 kg/m?) 30(35.3)
Obese (=30 kg/m?) 45 (52.9)
Disease Duration
10-20 Years 41 (48.3)
>20 Years 44 (51.7)

Table 2: Clinical Phenotype and Anatomical Distribu-
tion of Myopathy

Clinical Feature Cases (%)
Primary Symptom

Muscle Weakness 85 (100)
Anatomical Pattern

Proximal Involvement 52 (61.2)

Distal Involvement 33 (38.8)
Associated Symptoms

Myalgia (Pain) 5(5.9)

Muscle Tenderness 0(0)
EMG Confirmation

Myopathic Potentials™ 85 (100)

EMG = Electromyography

Table 3: Biochemical and Anthropometric Parameters
According to Anatomical Pattern

Parameter Proximal Distal p-
(n=52) (n=33) value
MeaniSD  MeaniSD

BMI (kg/m?) 30.65+4.14 29.18+3.86 0.102

HbA1c (%) 10.37£1.18 10.25+1.19 0.654

CK-NAC (U/L) 93.17+42.32 85.12433.93 0.393

Duration of Diabetes (yrs) 21.12+4.43 21.39%5.48 0.807

Age (Years) 64.39+9.28 64.39+11.01 0.997

BMI=Body Mass Index; HbA1c = Glycated Hemoglobin; CK-
NAC=Creatine Kinase-N-Acetylcysteine Activated; SD = Standard Devia-
tion. p-values were calculated using the independent samples t-test.

Singh P et al.

Regarding anatomical distribution, proximal muscle in-
volvement was more prevalent (61.2%) than distal in-
volvement (38.8%), typically presenting as a painless
functional decline (Table 2). Analysis of the symptomatic
profile revealed that muscle weakness was the universal
clinical hallmark, present in 100% (n=85) of the diag-
nosed cases. In contrast, sensory symptoms were nota-
bly rare; myalgia (muscle pain) was reported by only
5.9% (n=5) of the cohort, while the remaining 94.1% ex-
perienced a painless progression of weakness (Table 2).
Furthermore, muscle tenderness was completely absent
across the study group (0%), underscoring that diabetic
myopathy in this population typically manifests as a non-
inflammatory, painless functional decline.

The cohort demonstrated a profound degree of metabol-
ic derangement and disease chronicity, regardless of the
anatomical distribution of muscle involvement. The over-
all mean HbA1c was 10.33+.17%, and the average dura-
tion of diabetes was 21.23+4.86 years, underscoring the
link between long-term glycemic instability and myogen-
esis failure. When stratified by anatomical pattern, pa-
tients with proximal involvement exhibited a higher mean
BMI (30.65+4.14 kg/m?) and elevated serum CK-NAC
levels (93.17+42.32U/L) compared to those with distal
involvement. Notably, the mean age (64.39 years) re-
mained identical across both groups, suggesting that the
clinical phenotype whether proximal or distal is likely
driven by metabolic severity and disease duration rather
than age-related senescence. These findings indicate
that while the systemic burden of T2DM is consistent,
those with proximal weakness may present with a more
pronounced metabolic and biochemical profile (Table 3).

DISCUSSION

The present study demonstrated a prevalence of diabetic
myopathy of 14.2% among patients with long-standing
Type 2 Diabetes Mellitus (T2DM). This finding supports
the growing recognition that skeletal muscle is an im-
portant target of chronic diabetic complications, along-
side established microvascular manifestations such as
nephropathy and retinopathy.[1,2] Patients with diabetic
myopathy were significantly older than those without
myopathy (64.8 + 9.9 vs. 56.5 * 11.8 years, p<0.001;
Table 4). This observation is consistent with the concept
that age-related sarcopenia and chronic metabolic stress
may act synergistically to impair muscle structure and
function in individuals with Type 2 Diabetes Mellitus.[4,5]
In addition, male sex was more common among patients
with diabetic myopathy than among those without myo-
pathy (56.5% vs. 46.0%, p=0.008). Although previous
studies have described sex-related differences in pa-
tients with Type 2 Diabetes Mellitus [14,15], evidence
specifically evaluating sex distribution in diabetic myopa-
thy remains limited.

A large proportion of patients with diabetic myopathy in
the present study were overweight or obese (88.2%). As
BMI was not compared between patients with and with-
out myopathy, this finding should be interpreted as a
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Table 4: Comparison of Patients with and without Dia-
betic Myopathy

Variable Myopathy No Myopathy p-
(n=85) (n=513) value

Age (years), MeantSD 64.8+9.9 56.5+11.8 <0.001

Male Sex, n (%) 48 (56.5) 236 (46.0) 0.008

Female Sex, n (%) 37 (43.5) 277 (54.0)

HbA1c (%), Mean £ SD  10.33+1.17 8.35+1.67 <0.001

p-value calculated using Chi-square test.

Table 5: Association Between HbA1c Category and
Anatomical Pattern

HbA1C Proximal Distal Predominated Pattern
Level (P)(%) (D)(%)

8.2-9.5 11(55.0) 9(45.0) P>D— Proximal

9.6-11 28(59.6) 19(40.4) P>D— Proximal

>11 12(70.6) 5(29.4) P>>D— Strongly Proximal

Chi-square = 0.994 & p = 0.608

characteristic of the affected cohort rather than evidence
of an independent association. Nevertheless, excess ad-
iposity may contribute to skeletal muscle dysfunction
through intramyocellular lipid accumulation, oxidative
stress, mitochondrial impairment, and low-grade in-
flammation.[16,17] Furthermore, patients with diabetic
myopathy exhibited significantly higher HbA1c levels
than those without myopathy (10.33 £ 1.17% vs. 8.35 £
1.67%, p<0.001). This finding highlights the potential
role of poor glycaemic control in the development of
muscle dysfunction. Chronic hyperglycaemia promotes
the formation of advanced glycation end-products (AG-
Es), which adversely affect muscle elasticity, contractility,
and regenerative capacity.[7]

The predominance of proximal muscle involvement
(61.2%) observed in this study is consistent with the
typical pattern described in metabolic myopathies. Clini-
cally, most patients presented with painless muscle
weakness, while myalgia was uncommon and muscle
tenderness was absent. In addition, serum CK-NAC lev-
els remained within or near the normal range despite
clinically significant weakness. These findings support
the concept that diabetic myopathy is primarily a meta-
bolic rather than an inflammatory or necrotizing muscle
disorder.[7,11] Comparison of patients with proximal and
distal involvement revealed no significant differences in
BMI, HbA1c, CK-NAC levels, duration of diabetes, or age
(Table 3), suggesting that both anatomical patterns may
represent different clinical manifestations of the same
underlying systemic process. Similarly, although more
than half of the affected patients had diabetes duration
exceeding 20 years, the absence of comparative data
from patients without myopathy precludes conclusions
regarding disease duration as an independent risk factor.
Analysis according to HbA1c categories showed a nu-
merical predominance of proximal involvement across all
glycaemic ranges; however, this trend did not reach sta-
tistical significance (p=0.608; Table 5). Therefore, larger
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studies are required to determine whether worsening
glycaemic control influences the anatomical pattern of
muscle involvement. The limited relationship between
CK-NAC levels and clinical severity further emphasizes
the importance of comprehensive clinical assessment
and electrophysiological evaluation. Routine biochemical
markers alone may underestimate functional muscle im-
pairment, and therefore should be interpreted in con-
junction with clinical findings and electrophysiological
studies.[18]

LIMITATIONS

The study has several limitations. Its tertiary-care setting
and consecutive sampling may have introduced referral
bias, with preferential inclusion of patients with more
severe or longstanding disease, limiting generalisability.
The lack of universally accepted diagnostic criteria for
diabetic myopathy limits comparison with previous stud-
ies; diagnosis was based on clinical evaluation and elec-
tromyographic findings after excluding recognised caus-
es of muscle weakness. Nerve conduction studies and
objective functional measures were not routinely per-
formed, so concomitant diabetic peripheral neuropathy
and functional impairment may have been under-
recognised. Type 2 Diabetes Mellitus was diagnosed us-
ing established clinical criteria and documented physi-
cian diagnosis. As autoimmune antibody and C-peptide
testing were not routinely available, LADA cannot be
completely excluded, although patients with known Type
1 Diabetes Mellitus were excluded.

FUTURE DIRECTIONS

Further studies should explore the longitudinal course of
diabetic myopathy through prospective follow-up of pa-
tients with Type 2 Diabetes Mellitus. Large multicentre
investigations involving diverse populations would help
establish more reliable prevalence estimates and im-
prove the external validity of findings. The use of ad-
vanced imaging modalities, including magnetic reso-
nance imaging (MRI) and dual-energy X-ray absorptiom-
etry (DXA), may facilitate more accurate assessment of
muscle mass and composition. Future research should
also aim to develop uniform diagnostic criteria and ex-
amine the effectiveness of interventions such as im-
proved glycaemic control, structured physical activity,
and rehabilitation programmes in preserving or restoring
muscle function.

CONCLUSION

Diabetic myopathy was observed in a considerable pro-
portion of patients with long-standing Type 2 Diabetes
Mellitus, emphasizing its importance as a potentially un-
der-recognized complication of diabetes. The condition
was most commonly associated with painless proximal
muscle weakness, poor glycaemic control, and creatine
kinase levels that remained within or close to the normal
range, supporting a predominantly metabolic rather than
inflammatory mechanism.
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Patients with diabetic myopathy were generally older and
had significantly higher HbA1c levels than those without
myopathy. These findings highlight the need for careful
evaluation of unexplained muscle weakness in individu-
als with diabetes. Early identification and appropriate
management, including optimization of glycaemic con-
trol, may help reduce disability and improve functional
outcomes.
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