ENDOCRINOLOGY

Evaluation of Sarcopenia in Overweight and
Middle-Aged Patients with Diabetes and Its
Association with Poor Glycemic Control

ABSTRACT

Objective: Sarcopenia, characterized by reduced muscle mass and strength, commonly affects the
elderly. This study aimed to assess sarcopenia in middle-aged, overweight patients with type 2 diabe-
tes (T2D) and examine its relationship with glycemic control.

Methods: This cross-sectional study enrolled 60 patients with T2D, including 30 individuals with poor
glycemic control (PGC; glycated hemoglobin (HbA1c) >7%, mean age 54 + 5 years, 46.6% women)
and 30 with adequate glycemic control (AGC; HbA1c < 7%, mean age 54 + 6 years, 50% women).
Sarcopenia was evaluated using handgrip strength (HGS), skeletal muscle mass index (SMMI), and
the 4-meter walk test, as well as the Sarcopenia Quality of Life (SARQoL) and Pittsburgh Sleep Quality
(PSQ) questionnaires.

Results: Sarcopenia was diagnosed in 5 patients (16.6%), all from the PGC group. These patients had
significantly lower median HGS (15.4 kg) and SMMI (7.4 kg/m?) compared to those with AGC (29.8 kg
and 10.6 kg/m? P=.021 and .006, respectively). HbA1c negatively correlated with HGS (r=-0.424;
P=.001). Multivariate linear regression analysis demonstrated that higher HbA1c levels were inde-
pendently associated with lower SMMI (B: —0.293; 95% Cl: —0.483 to —0.102; P=.003) and lower HGS
(3: —2.016; 95% Cl: —2.885 to —1.147; P < .001). The SARQoL score was lower in patients with sarcope-
nia (P=.022), while the PSQ score was similar.

Conclusion: Sarcopenia may develop in non-elderly, overweight patients with poorly controlled
diabetes, negatively affecting quality of life. Early screening for sarcopenia should be considered if
diabetes is uncontrolled.
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Introduction

Sarcopenia is defined as a loss of muscle mass, strength, and function.'Sarcopenia is predom-
inantly a condition of the elderly, resulting from age-related muscle loss, known as primary
sarcopenia. Secondary sarcopenia occurs in the presence of systemic illnesses that affect
muscle health.? Type 2 diabetes (T2D) is a chronic disease that causes microvascular and
macrovascular complications affecting multiple organs in the long term.? In addition to well-
recognized complications, patients with T2D are prone to accelerated loss of muscle mass
and strength.* Age-related decline in muscle mass begins as early as the fourth decade of
life. Insulin resistance and chronic hyperglycemia have been proposed as shared pathophysi-
ological mechanisms linking T2D and sarcopenia.

It has been reported that older adults with T2D exhibit a significant reduction in skeletal
muscle mass and muscle strength compared to normoglycemic individuals.*Sarcopenia is
therefore increasingly recognized as a clinically relevant complication in elderly individuals
with T2D, with reported prevalence ranging from 7% to 29%.5’"However, most of these data
are derived from geriatric cohorts, and evidence regarding the risk of sarcopenia in middle-
aged and overweight patients with T2D remains limited.

Early diagnosis of sarcopenia is vital to maintain independent living. Since sarcopenia nega-
tively affects quality of life (QoL), its identification and prevention in individuals with T2D are
essential.®While some studies have shown reduced skeletal muscle mass (SMM) in younger
individuals with T2D,° none have specifically examined sarcopenia in overweight, middle-
aged diabetic patients. This study aimed to assess the presence of sarcopenia in this popula-
tion and its association with poor glycemic control (PGC).
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Material and Methods

Subjects

This single-center, cross-sectional study was conducted in the out-
patient endocrinology clinic of University of Health Sciences Bursa
Yiiksek ihtisas Training and Research Hospital,a tertiary-care hospi-
tal. Eligible patients were enrolled consecutively and prospectively
between March 2024 and September 2024. A total of 512 patients
with T2D were screened for eligibility according to predefined inclu-
sion and exclusion criteria. Patients aged 45-60 years with a body
mass index (BMI) of 25-29.9 kg/m’ and a documented diagnosis of
T2D were considered for inclusion. Patients were required to have a
predefined duration of T2D of 5-15 years to ensure a relatively homo-
geneous disease exposure period. To assess the long-term effects of
glycemic control on muscle parameters, only patients with at least 1
annual outpatient visit over the preceding 4 years were included to
ensure sustained glycemic exposure and consistent characterization
of long-term metabolic status.

Patients with acute complications of T2D, diagnosis of type 1 diabe-
tes, or presence of antibodies to glutamic acid decarboxylase or islet
cell, suggesting beta cell autoimmunity, BMI > 30 kg/m?, myasthenia,
muscle atrophy, cerebrovascular disease, chronic heart failure, liver
disease, uncontrolled hypertension, or pregnancy were excluded
from the study.

After applying the eligibility criteria, 60 patients were included in
the final analysis. Patients were categorized using predefined gly-
cated hemoglobin (HbA1c) thresholds to allow clearer differen-
tiation between levels of glycemic control: 30 patients with PGC
(group 1: HbA1c > 7%; median, 9.55%; min-max, 8.3%-13.18%) and
30 patients with adequate glycemic control (AGC; group 2: HbA1c
< 7%; median, 6.7%; min-max, 5.99%-6.95%). In addition to the
primary comparison between PGC and AGC groups, a secondary
analysis stratified participants into 3 subgroups based on sarcope-
nia status and glycemic control (PGC with sarcopenia, PGC without
sarcopenia, and AGC) to explore differences in muscle-related and
clinical parameters.

Demographic data, medications, and anthropometric measure-
ments were recorded. Detailed information regarding oral anti-
diabetic drugs (OADs), insulin regimens, and the duration of
antidiabetic therapy was recorded for all participants with T2D.
Diabetic retinopathy was evaluated by an ophthalmologist.
Diabetic nephropathy was assessed via spot urinary albumin-to-
creatinine ratio and estimated glomerular filtration rate (eGFR). All

MAIN POINTS

« Sarcopenia was evaluated in 60 middle-aged, overweight
patients with type 2 diabetes using bioelectrical impedance
analysis and handgrip strength.

+ Sarcopenia was detected only in patients with poor glycemic
control, affecting 16.6% of this group.

- Patients with sarcopenia had lower muscle mass, reduced
muscle strength, and poorer quality of life. Higher HbA1c levels
were negatively associated with muscle strength.

- Early sarcopenia screening should be considered in patients
with type 2 diabetes, especially when glycemic control is
poor.
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patients were assessed for neuropathy symptoms and underwent
a neurological examination, including monofilament testing if
necessary.

Laboratory evaluations were performed, including HbA1c, creati-
nine (Cr), eGFR, spot urinary albumin-to-creatinine ratio (UACR), liver
enzymes, lipid profile, serum albumin, thyroid function tests, and
serum 25-hydroxy vitamin D (25-OH-Vit D) after 8-12 hours of fasting.

The study was approved by the Local Ethics Committee (Approval ID:
2024-TBEK 2024/02-03), and informed consent was obtained from all
participants.

Sarcopenia Screening

Sarcopenia was diagnosed according to the European Working
Group on Sarcopenia in Older People (EWGSOP2) criteria, requiring
low muscle mass and strength.

The EWGSOP2 denotes the bioelectrical impedance analysis (BIA)
as the most valid, reliable, and feasible method of measuring SMM
in clinical practice.""Therefore, the BIA (Tanita BC 532 model body
analysis monitor, Tanita Healthcare ®) was used to evaluate the SMM
and body fat ratio (BFR). Three measurements were taken, and the
average was used for analysis. The SMM index (SMMI) was calculated
as SMM / height%."" SMMI thresholds of 10.8 kg/m? for men and 8.9
kg/m? for women have been established based on studies evaluating
muscle mass cut-off values in young populations.'>'

Muscle strength was tested using a Jamar® 5030J1 digital hand dyna-
mometer. Patients attempted to squeeze the dynamometer 3 times
with maximum effort, and the best result was recorded. Hand grip
strength (HGS) of <27 kg for men and <16 kg for women was consid-
ered weak, as determined by EWGSOP2."

Patients’ physical performance was evaluated using the 4-Meter Walk
Test (4AMWT). Slow walking was defined as walking at < 0.8 m/s.11
Patients with low muscle strength and muscle mass were classified as
having severe sarcopenia if low physical performance was observed
(Figure 1). Each patient underwent the test twice, and the average of
the 2 measurements was calculated. All tests were performed by the
same investigator.

Questionnaires

All patients were evaluated using the Turkish version of the
Sarcopenia Quality of Life (SarQolL), and the Pittsburgh Sleep Quality
(PSQ) Index was administered to all patients. The SarQolL is a self-
assessment scale comprising 22 items and 7 subdimensions. The
physical component of the SARQoL evaluates physical and mental
health, free-time activities, body composition, locomotion, func-
tionality, fear, and activities of daily living."* In the SARQoL, a lower
score reflected a poorer QoL. The Turkish version of the SARQoL has
been validated by Balat et al."*The PSQ evaluates the nocturnal sleep
quality and daytime sleepiness. In the PSQ, a higher score reflected a
poorer sleep quality.'®

Statistical Analysis

Data obtained from the study were analyzed using the Statistical
Package for the Social Sciences (SPSS) 27.0. In descriptive analyses,
frequency data are presented as the number (n) and percentage (%).
Normally distributed values are presented as the mean + SD, and non-
normally distributed values are presented as the median (min-max).
Normality was assessed using the Shapiro-Wilk test. Categorical vari-
ables were compared using Pearson’s y? test or Fisher’s exact test, as
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Table 1. Baseline Demographic, Clinical, and Biochemical

NS

Skeletal muscle mass index

<8.9 kg/m? for women | <10.8 kg/m? for men

N4

Sarcopenia

confirmed

NS

4-meter walking test
<0.8 m/s

N4

Severe sarcopenia

Figure 1. Diagnostic flowchart.

appropriate. Between-group comparisons for non-normally distrib-
uted continuous variables were performed using the Mann-Whitney
U-test (2 groups) or the Kruskal-Wallis's test (3 groups), followed by
Dunn-Bonferroni post-hoc analysis when applicable. Correlations
between continuous variables were assessed using Spearman’s rank
correlation coefficient. Multivariable linear regression models were
constructed, including age, sex, duration of T2D, and HbA1c as clini-
cally relevant covariates to evaluate independent associations with
muscle-related outcomes (HGS, SMMI, and 4MWT duration). Model
fit was assessed using R? and adjusted R? values. Multicollinearity was
evaluated using variance inflation factors (VIFs) and tolerance statis-
tics. Residual diagnostics were examined to assess model assump-
tions. A 2-sided P-value < .05 was considered statistically significant.

Results

The study included 60 patients with T2D. Patients were divided into
2 groups based on their glycemic control status. The demographic
characteristics and biochemical parameters of the groups are pre-
sented in Table 1.

Age, sex, and duration of T2D were similar between the 2 groups. The
median (min-max) HbA1c level in group 1 was 9.55% (8.3-13.18%),
which was significantly higher than that in group 2 at 6.7% (5.99-
6.95%; P < .001). The median plasma glucose level was higher in
group 1 than in group 2 (P < .001). Biochemical parameters, includ-
ing liver function tests, blood lipid levels, and Cr levels, were similar
between the 2 groups.

In group 1 and group 2, 21 and 20 patients, respectively, were treated
with OADs alone, while the remaining patients (9 and 10, respectively)

Hand grip strength Characteristics of Patients According to Glycemic Control
<16 kg for women | <27 kg for men Status
Group 1 Group 2
i? (n=30) (n=30) P
Sarcopenia Age (years) 54 (44-60) 54 (43-60) .678
Sex (M/W) 16/14 15/15 796
probable : - _
Duration of T2D (years) 10 (8-13) 10 (8-13) 444
HbAlc (%) 9.55(8.3-13.18) 6.7 (5.99-6.95) <.001

Diabetes-related
complications

Nephropathy 1(3.3) 2(6.6) .602
Retinopathy 7 (23.3) 11(36.7) .26
Neuropathy 4 (13.3) 6 (20) .488
Antidiabetic
treatments
Metformin 29 (96.7) 23(76.7) .052
Duration (months) 120 (56-156) 120 (48-152) .454
DPP-4 13 (43.3) 14 (46.7) .795
Duration (months) 60 (12-84) 60 (24-92) 136
SGLT-2i 11(36.7) 10 (33.3) .787
Duration (months) 44 (12-60) 36 (24-38) 423
Insulin 9(30) 10 (33.3) .781
Duration (months) 60 (36-84) 54 (24-90) .245
Biochemical variables
FBG (mg/dL) 214 (99-404) 149 (88-267) <.001
eGFR (mL/min) 90 (52-113) 94 (69-115) 101
Triglyceride (mg/dL) 121(55-551) 136.5(65-244) .569
ALT (IU/L) 18 (11-77) 22 (11-70) 131
Albumin (g/dL) 46 (40-51) 449 (40-49.8) .091
TSH (mIU/L) 2.0(0.2-3.9) 2.6(0.4-40) .492
25-OH-Vit D (ng/mL) 22 (9.9-52) 20.7 (6.6-54) .41
UACR (mg/q) 22 (5-28.5) 20.5(5-24.8) .506

Data are presented as n (%) or median (min-max). Bold values indicate
statistical significance (p < 0.05).

Continuous variables were compared using the Mann—Whitney U-test.
Categorical variables were compared using Pearson’s 2 or Fisher's exact
test, as appropriate.

Group 1: Patients with HbAlc > 7%; Group 2: patients with HbAlc < 7%.
25-OH-Vit D, 25-hydroxyvitamin D; ALT, alanine aminotransferase; DPP-
4, dipeptidyl peptidase-4 inhibitors; eGFR, estimated glomerular filtra-
tion rate; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; M,
men; T2D, type 2 diabetes; TSH, thyroid-stimulating hormone; UACR,
urinary albumin-to-creatinine ratio; W, women.

were receiving a combination of OADs and insulin. There were no
significant differences between the groups regarding T2D complica-
tions, current antidiabetic treatment and durations, including SGLT-2
inhibitors, which have been associated with sarcopenia (Table 1).

All subjects were overweight, and BMI was similar between the
2 groups. HGS and the 4MWT, used to screen for sarcopenia, were
significantly lower in group 1 than in group 2 (P=.002 and P < .001,
respectively). The mean SARQoL score was lower while the PSQ index
was significantly higher in group 1 compared to group 2 (P=.012 and
P=.017, respectively) (Table 2).

After screening for sarcopenia, 5 of 30 (16.6%) patients in the PGC
group were diagnosed with sarcopenia due to having lower muscle
strength and muscle mass than the thresholds. Among patients with
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Table 2. Comparison of Body Composition Parameters,
Sarcopenia Screening Tests, and PSQ and SARQoL
Questionnaires Between Patient Groups

Group 1 Group 2
(n=30) (n=30) P
Body composition
parameters
BMI (kg/m?) 27.4 (25-299) 27.6(25.4-29.8) .717
BFR (%) 33.4(21.3-52.2) 32.5(22.2-491) .252
Sarcopenia screening
tests
SMMI(kg/m?) 9.8 (6.3-12.8) 10.6 (8.1-14) .096
HGS (kg) 22.4(3.2-41) 29.8(19.2-55) .002
AMWT(s) 29(2.4-3.7) 2.6 (2-31) <.001
Questionnaires
PSQ 7 (1-15) 4 (2-13) .017
SARQoL 64 (44-80) 69.5(42-81) .012

Data are presented as median (min-max). Bold values indicate statistical
significance (p < 0.05). Between-group comparisons were performed
using the Mann—Whitney U test.

Group 1: patients with HbAlc >7%; Group 2: patients with Hb Alc <7%.
4AMWT, 4-meter walk test; BFR, body fat ratio; BMI, body mass index;
HbAlc, glycated hemoglobin; HGS, handgrip strength; PSQ, Pittsburgh
Sleep Quality Index; SARQoL, Sarcopenia Quality of Life Questionnaire;
SMMI, skeletal muscle mass index.

AGC, none met the criteria for sarcopenia. Two patients were men
and 3 were women. The mean age of these patients was 54 + 5 years,
and the mean BMI was 26.8 + 2.4 kg/m?2. None of the patients with
sarcopenia had a duration of 4AMWT below the normal range, sug-
gesting severe sarcopenia.

Patients in this study were divided into 3 groups based on their sarco-
penia screening tests: those with PGC and sarcopenia (n=5; group A),
those with PGC without sarcopenia (n=25; group B), and those with
AGC (n=30; group C). The durations of the 4AMWT and BFR were sig-
nificantly higher in patients with sarcopenia compared to the other
groups (P <.001 and P=.010, respectively) (Table 3). However, none
of the patients in any group had a 4MWT duration below the normal

Daloglu et al. Sarcopenia in Diabetes with Poor Control

range. Analyzing the data within groups, the median HGS was signifi-
cantly lower in group A (15.4 kg) than in group B (22.9 kg; P=.021)
and group C (29.8 kg; P=.033). Furthermore, the median SMMI was
significantly lower in group A (7.4 kg/m?) than in group B (10.3 kg/m?
P=.009) and group C (10.6 kg/m? P=.006) (Figure 2).

The SARQoL score was significantly lower in patients with sarcope-
nia than in patients with AGC, indicating a lower QoL (P=.022). There
were no differences in the SARQoL subdivisions among the groups.
Although not statistically significant, the PSQ score was higher in sar-
copenia patients, suggesting lower sleep quality (P=.052) (Table 3).

Correlation analyses between clinical, laboratory, and sarcopenia-
related parameters were performed using Spearman’s rank correla-
tion coefficient. A positive correlation was observed between HbA1c
and 4MWT duration, and a negative correlation between HbA1c and
HGS (p=0.440, P < .001 and p=-0.424, P=.001, respectively).

Multivariable linear regression models were constructed including
age, sex, duration of T2D, and HbA1c as clinically relevant covariates.
Female sex and higher HbA1c levels were independently associated
with lower SMMI and HGS, whereas higher HbA1c levels were inde-
pendently associated with longer 4AMWT duration. No other covari-
ates were significantly associated with the outcomes. The models
demonstrated acceptable fit, and no evidence of multicollinearity
was observed (Table 4).

Discussion

The association between sarcopenia and older patients with T2D
is well established."” Glycemic control is important to prevent the
development of sarcopenia in elderly patients.’”® Additionally, as
people age, hyperglycemia is linked to a persistent decline in muscle
strength.” However, no data have been published on the associa-
tion between PGC and sarcopenia in middle-aged and overweight
patients with T2D. In this context, the findings suggest a potential
association between PGC and sarcopenia in middle-aged, over-
weight patients with T2D.

Sarcopenia has been extensively studied in the general population,
especially in elderly individuals. In the literature, the prevalence of

Table 3. Comparison of Body Composition and Sarcopenia Screening Tests According to Sarcopenia Status and Glycemic Control

Group A (n=5) Group B (n=25) Group C(n=30) P*

Body composition parameters

BMI (kg/m?) 27.5(25-29.7) 28.2(25.4-29.8) 27.4 (25.4-29.9) 799

BFR (%) 50.1(48.0-52.2)F 31.8 (21.3-47.4)" 32.5(6.2-491)° .001
Sarcopenia screening tests

HGS (kg) 15.4 (12.8-26.4)° 229 (17.5-41)° 29.8 (19.2-55)k« .003

SMMI (kg/m?) 7.4 (6.3-8.8)F 10.3 (8.9-12.8)" 10.6 (91-14.0)¢ .002

AMWT (s) 31(3-3.7)«F 29(2.4-3.3) 2.6 (2-31)ke <.001
Questionnaire scores

PSQ 11(3-15) 7(1-12) 4 (2-13) .052

SARQoL 57 (44-74)p 65 (46-80) 69.5 (42-81)p .022

Data are presented as median (min-max). Bold values indicate statistical significance (p < 0.05).
Overall group comparisons were performed using the Kruskal—Wallis test. Post-hoc pairwise comparisons were conducted using the Mann—Whitney

U-test with the Bonferroni correction.

Group A, patients with sarcopenia; Group B, patients without sarcopenia and HbAlc >7%; Group C, patients with HbAlc <7%.

Post-hoc comparisons:

o, P <.05between groups A and B; 3, P = .05 between groups A and C; , P < .05 between groups Band C.
4AMWT, 4-meter walk test; BFR, body fat ratio; BMI, body mass index; HbAlc, glycated hemoglobin; HGS, handgrip strength; PSQ, Pittsburgh Sleep
Quality Index; SARQoL, Sarcopenia Quality of Life Questionnaire; SMMI, skeletal muscle mass index.
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35 4 p <0.05
30 4 P <0.05
25 - 22.9%(17.5-41.0)
20
15.4P (12.8-26.4)
15
10.3%(8.9-12.8)

10 A 7.4%5(6.3-8.8)
5 -
0 .

Group A(n=5) Group B(n=25)

29.8%(19.2-55.0)

Group C(n=30)

m Hand grip strength(kg)

o Skeletal muscle index(kg/m2)
10.6% (9.1-14.0)

Data are the median (min-max). Group A: patients with sarcopenia, Group B: patients without sarcopenia and HbA1c>7%,

and Group C: patients with HbAlc <7%.
For Hand grip strength a: p= 0,021, B: p=0.033
For Skeletal muscle index a: p=0.009, B: p=0.006

“p < 0.05, statistically significant difference between Groups A and B.
Pp < 0.05, statistically significant difference between Groups A and C.
“p < 0.05, statistically significant difference between Groups B and C.

Figure 2. Comparison of muscle strength and mass levels between the groups based on the diagnosis of sarcopenia and glycemic

control.

sarcopenia has been reported at varying rates across populations.
The use of varying diagnostic criteria and threshold values contrib-
utes to the wide variation in reported sarcopenia prevalence.* While
the EWGSOP has established cut-off values for older adults, diagnos-
tic criteria for sarcopenia in younger individuals have not yet been
clearly defined. In the current study, sarcopenia in young patients
was assessed using the EWGSOP criteria, and the muscle mass and
strength cut-off values proposed by Bahat et al.""'* The significantly
lower values observed in patients with PGC and sarcopenia, com-
pared with those with AGC, may suggest that these thresholds are
applicable in this age group.

Kalyani et al reported a significant relationship between high
HbA1c levels and loss of muscle strength and physical performance.
Sarcopenia may develop in elderly patients, especially those with
HbA1c > 8.5%."% In the study, muscle strength was lower, and the
4MWT duration was longer in patients with PGC. Furthermore, cor-
relation analyses demonstrated that higher HbA1c levels were asso-
ciated with longer 4AMWT duration and lower HGS. These findings
are consistent with a potential association between poorer glyce-
mic control and impaired muscle performance. Although PGC was
defined as HbA1c = 7% according to established clinical targets, no
patients with HbA1c values between 7.0% and 8.3% were repre-
sented in the cohort. Therefore, the applicability of these findings
to individuals with mildly elevated HbA1c levels may be limited, and
the results may reflect patients with HbA1c levels above 8% more
predominantly.

In addition, SMMI, a measure of muscle mass, was lower in T2D
patients with PGC, but the difference did not reach statistical signifi-
cance. This observation may be attributable to the relatively young
age of the study population and the limited sample size, particularly
the small number of patients diagnosed with sarcopenia, which may

have reduced the analyses’ statistical power. Nevertheless, these
findings align with previous reports in elderly populations, dem-
onstrating that hyperglycemia is associated with lower SMMI and
HGS.2**" Importantly, the results indicate that similar alterations may
already be present in younger, overweight individuals.

In most patients with T2D, the onset of diabetic complications occurs
after age 40 years.?? The duration of T2D may have a significant asso-
ciation with sarcopenia. A history of > 10 years of T2D increases the
risk to 1.85 for the development of sarcopenia, as shown in a previous
report.? In this study, patients diagnosed with T2D with a mean of
10 + 1.3 years were included. Although all the patients were at risk
of developing sarcopenia due to a long period of T2D, patients with
sarcopenia were only found in the PGC group. Therefore, rather than
the duration of T2D, glycemic control may represent a greater risk for
sarcopenia in middle-aged patients.

Few studies assessed sarcopenia in people with T2D by combin-
ing muscle mass, strength, and functionality. Among these studies,
Wang et al reported that 14.8% of patients with T2D and sarcopenia,
compared to 11.2% in the control group.?* However, they found no
difference in SMMI and HGS between the groups. Kim et al reported
that the incidence of sarcopenia was 15.7% in patients with T2D and
6.9% in controls. In addition, patients with HbA1c > 8.5% had lower
SMMI.% In the study, the prevalence of sarcopenia was 8.3% among
all middle-aged T2D patients and 16.6% in the PGC group. Also, all
patients with sarcopenia were found in the PGC group. The HGS and
SMMI measurements were lower, and 4MWT was higher in 5 patients
diagnosed with sarcopenia. Furthermore, multivariate linear regres-
sion analysis demonstrated that female sex and higher HbA1c levels
were independently associated with lower SMMI and HGS, as well as
longer 4AMWT duration. As expected, women had lower muscle mass
than men.”? However, regression models in small samples may be
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Table 4. Multivariable Linear Regression Analysis of Factors Independently Associated with Muscle-Related Parameters

B (95% Cl) p P

SMMI (kg/m?)

Sex (W) -1.447 (2437 to -0.757) -0.466 <.001
HbAlc (%) -0.291(-0.484 to -0.098) -0.334 .004
Age (years) -0.036 (0104 t0 0.032) -0M4 .303
Duration of T2D -0.079 (-0.333 to 0.175) -0.069 .538
Adjusted R?=0.295

HGS (kg)
Sex(W) -10.942 (-14.052 to -7.832) -0.619 <.001
HbATlc (%) -2.030 (-2.892 to -1.168) -0.409 <.001
Age (years) -0188 (-0.498 to 0.122) -0107 231
Duration of T2D 0.482(-0.673t0 1.637) 0.074 .407
Adjusted R?=0.550

AMWT (s)
Sex (W) 0.061(-0.101to 0.223) 0.09 .455
HbA1lc (%) 0.089 (0.043 to 0.135) 0.47 <.001
Age (years) -0.002(-0.018 to0 0.014) -0.025 .838
Duration of T2D 0.003 (-0.058 t0 0.064) 0.013 913

Adjusted R?=0.175

Modelsincluded age, sex, duration of diabetes, and HbAlc as clinically relevant covariates. Bold values indicate statistical significance (p < 0.05).

B, unstandardized coefficient; §, standardized coefficient.
No significant multicollinearity was observed (all VIF values close to 1).

Regression diagnostics indicated no major violations of model assumptions.

4AMWT, 4-meter walk test; Cl, confidence interval; HbAlc, glycated hemoglobin; HGS, handgrip strength; SMMI, skeletal muscle massindex; T2D, type

2 diabetes; VIF, variance inflation factor; W, women.

subject to instability and limited generalizability. Taken together, the
associations observed between HbA1c levels and muscle and body
composition parameters suggest that poorer glycemic control may
be related to sarcopenia. Several other mechanisms could explain
why PGC might lead to a decline in muscle mass, including decreased
glucose utilization by muscle, increased levels of systemic inflamma-
tory cytokines such as interleukin-6, tumor necrosis factor-a, and
high-sensitivity C-reactive protein, neuropathic processes involving
motor neurons, and mitochondrial dysfunction.

The Korean National Health and Nutrition Examination Survey, a
large cross-sectional study including 6,832 adults, demonstrated
that the prevalence of sarcopenia was approximately 6 times higher
in individuals with obesity than in those without obesity (11.5% vs.
1.9%).% The combination of low SMM and increased BFR is defined as
sarcopenic obesity.?’” In the study, all patients were overweight with a
mean BMI of 27.5 + 2.2 kg/m?. Although BMI was comparable across
groups, BFR was significantly higher in patients with sarcopenia.
These findings suggest that individuals with T2D and PGC may be
particularly susceptible to sarcopenic obesity. Given that sarcopenic
obesity has been associated with increased metabolic risk, functional
decline, and adverse cardiovascular outcomes in T2D27, the results
highlight the importance of comprehensive body composition
assessment beyond BMl alone.

In this study, there was no difference between the groups in the
use and duration of insulin sensitizers such as metformin and thia-
zolidinediones, which have a protective effect on muscle mass, and
SGLT-2i, whose effects on muscle mass have not been clarified. In
addition, the use and duration of DPP4i, which have been shown to
protect against sarcopenia in recent studies, were similar between
the groups.® Moreover, comorbidities, especially albuminuria,®

164/ENDOCR\NOLOGY RESEARCH AND

diabetic kidney disease, and hypertension, which have been shown
to cause sarcopenia, were similar between the groups.®* The similar
distribution of comorbidities between groups may be attributed to
the comparable duration of T2D (approximately 10 years) in both
groups, a key determinant of chronic complications, as well as the
exclusion of patients with advanced or severe complications. Despite
the similar distribution of medications and complications, the higher
prevalence of sarcopenia in patients with PGC further underscores
the association between hyperglycemia and sarcopenia observed in
the study.

Biochemical parameters, including vitamin D levels—which have
been implicated in the development of sarcopenia®—were simi-
lar between the groups and within normal ranges. Although serum
albumin may serve as an indirect marker of nutritional status and
was comparable between the groups in the study, other relevant
determinants of muscle mass and function, such as physical activity,
dietary protein intake, and overall lifestyle-related factors,**were
not systematically assessed. Therefore, while hyperglycemia
appears to be associated with sarcopenia in the cohort, the poten-
tial contribution of other unmeasured factors cannot be definitively
excluded.

Some studies have demonstrated an association between sleep qual-
ity and glycemic control.> In a cross-sectional study of 172 patients
with T2D between the ages of 40 and 65 years, an HbA1c level of
>10.3% had a negative effect on sleep quality and total sleep dura-
tion.* In this study, the PSQ score was lower in patients with PGC
than in the adequately glycemic control group, suggesting poor
sleep quality. Sleep quality was lower in patients with sarcopenia
than in those without, but this difference did not reach statistical
significance.
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The SarQoL questionnaire was designed to assess health-related QoL
in individuals with sarcopenia. Sarcopenia has been associated with
low QoL in the general elderly population. Patients with T2D and sar-
copenia have a lower QoL than patients without sarcopenia.’ In this
study, patients with PGC and sarcopenia have lower SarQoL scores
than those in the adequate glucose control group. Therefore, glucose
management may impact QoL in patients with T2D.

The strength of this study was the inclusion of age-, sex-, and
BMI-matched groups, with glycemic control representing the pri-
mary differentiating factor. However, several limitations should be
acknowledged. First, the cross-sectional design and relatively small
sample size limit the ability to establish temporal relationships or
draw causal inferences. In particular, the low number of patients
diagnosed with sarcopenia may have reduced the statistical power
of subgroup analyses and increased the risk of type Il error. Therefore,
these analyses should be interpreted as descriptive and exploratory,
and no formal statistical inference should be drawn. The study may
also be underpowered to detect small to moderate effect sizes, and
non-significant findings should not be considered as evidence of the
absence of association. Although post-hoc analyses were adjusted
using the Dunn-Bonferroni correction, the possibility of type | error
due to multiple testing cannot be entirely excluded. Second, because
the study sample was limited to a single tertiary-care facility, the find-
ings may not be generalizable. The requirement for regular annual
follow-up over the preceding 4 years may have preferentially included
patients with better adherence to healthcare, potentially introducing
selection bias. Therefore, larger prospective studies including diverse
ethnic groups and longer follow-up periods are needed to validate
and extend these findings.

In conclusion, this study suggests that middle-aged, overweight
patients with T2D and PGC may have a higher prevalence of sarcope-
nia.These patients may present with lower muscle mass and strength,
as well as poorer QoL. Screening for sarcopenia may be particularly
relevant in individuals with uncontrolled diabetes. Optimizing gly-
cemic control could be an important component of comprehensive
management; however, prospective studies are needed to clarify its
role in relation to sarcopenia.
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