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Abstract: Objective To investigate the correlation between skeletal muscle mass and islet function, skeletal muscle mass and
insulin resistance (IR) in patients with type 2 diabetes mellitus (T2DM), and to elaborate the clinical significance of skeletal
muscle mass in the maintenance of blood glucose homeostasis. diabetes mellitus (T2DM), and to elaborate on the clinical
significance of skeletal muscle mass in the maintenance of blood glucose homeostasis. Methods A total of 274 adult T2DM
patients hospitalized in the Department of Endocrinology (DOE) were treated for T2DM. total of 274 adult T2DM patients
hospitalized in the Department of Endocrinology, the First Affiliated Hospital with Nanjing Medical University from August 2023
to February 2024 were retrospectively analyzed. The basic information of patients was collected, the grip strength of patients
was measured, and the blood and urine samples were taken into account. The basic information of patients was collected, the
grip strength of patients was measured , and the blood and urine were taken for biochemical detection. Bioelectrical
impedance analysis (BIA) was used to measure the skeletal muscle content of the upper and lower limbs, viscosity, and other
parameters. The upper and lower limbs, visceral fat area (VFA) and waist circumference fat weight, and the skeletal muscle
index (SMI) and appendicular skeletal muscle index (ASMI) were calculated ,respectively. Pearson correlation method was used
to analyze the correlation of grip strength, SMI and ASMI levels with blood glucose, insulin and C-peptide levels, islet B cell
function indicators [islet B cell function ( HOMA- B ), corrected insulin reactivity (CIR), insulinogenic index (IGl)], and
homeostatic model assessment for insulin resistance (HOMA-IR) and insulin sensitivity index (ISI). Multiple linear regression was
further used to analyze the correlation between skeletal muscle mass and islet function in T2DM patients with different VFA
and BMI. Results In T2DM patients, fasting blood glucose and insulin, while 120-minute postprandial blood glucose, and
HOMA-IR were negatively correlated with grip strength levels (P<0.05). 120-minute postprandial insulin was positively
correlated with grip strength levels (P<0.05). SMI and ASMI were negatively correlated with blood glucose at different time
points of glucose tolerance in T2DM patients (P<0.01), and positively correlated with serum C-peptide levels and HOMA-B, CIR,
and IGI, respectively (P<0.05). The level of SMI in lower limbs was negatively correlated with blood glucose at different time
points of glucose tolerance (P<0.01), and positively correlated with insulin, C-peptide at different time points, and HOMA-8,
IGl and CIR in T2DM patients (P<0.05). However, except for the negative correlation between SMI level and 2-hour blood
glucose (P=0.019), there was no correlation between SMI level of upper limbs and other indicators mentioned above (£>0.05).
After adjusting for gender and age, BMI stratified analysis showed that the correlations of SMI level with HOMA-B, IGl and CIR
were significant in the normal BMI subgroup (#,;,<0.05), but not significant in the overweight and obese subgroups (~,,>0.05),
while the correlations of SMI level with HOMA-IR, ISl were not significant in the normal BMI subgroup (#,,>0.05), but significant
in the overweight and obese subgroups (£,;<0.05). Conclusion  Skeletal muscle mass is closely associated with blood glucose,
islet function and IR in patients with T2DM. Increasing skeletal muscle mass of the whole body, especially that of the lower
limbs and reducing the fat content accordingly play critical roles in the maintenance of glycemic homeostasis. Increasing
skeletal muscle mass of the whole body, especially that of the lower limbs and reducing the fat content accordingly play critical
roles in the maintenance of glycemic homeostasis and improving islet function in patients with T2DM.
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Skeletal muscle, as one of the most significant muscle is also one of the significant organs of energy
tissues and organs in the human body, is one of the metabolism in the body, which is important for the
primary forms of protein in the body, accounting for 50% maintenance of blood glucose homeostasis and the
to 75% of the total protein, and plays a vital role in regulation of energy metabolism[2-3]. Skeletal muscle

protein metabolism and nitrogen balance[l]. Skeletal function and mass are closely related to insulin action and
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pancreatic B-cell function. More and more studies have
shown that decreased muscle mass is closely related to
decreased glucose handling capacity and increased blood
glucose in patients with type 2 diabetes mellitus (T2DM),
but the correlation with pancreatic islet function is still
unclear[4-5]. In this study, bioelectrical impedance
analysis (BIA) was used to assess the relationship
between skeletal muscle function and muscle mass with
islet function and insulin resistance (IR) in patients with
T2DM, and explored the role of upper and lower limb
skeletal muscle content in patients with T2DM with
different body mass indexes (BMIs), in order to clarify
the significance of early assessment of skeletal muscle
content and mass in the maintenance of glycemic
homeostasis and adjustment of glucose-lowering regimen
in diabetic patients, and to provide a theoretical basis for
lifestyle intervention and glycemic control in diabetic
patients.

1 Objects and Methods
1.1 Study objects

A total of 274 patients with T2DM who were
hospitalized in the Department of Endocrinology of the
First Affiliated Hospital of Nanjing Medical University
(NMU) from August 2023 to February 2024 and who
fulfilled the enrollment criteria (being able to walk freely
and take care of their own lives basically) were selected
for the retrospective study (Ethics No. 2021-SR-298). The
diagnostic criteria for T2DM were adopted from the 1999
World Health Organization (WHO) diagnostic criteria.
Exclusion criteria: (1) Combination of severe cardiac,
hepatic and renal impairment or severe systemic diseases,
bone and joint diseases, tuberculosis, tumors, severe
depression, schizophrenia and other diseases; (2)
Long-term bedridden, taking weight-loss medication, or
having undergone bariatric surgery; (3) Taking
medication such as glucocorticoids, growth hormone,
thyroid hormone, and sex hormones; and (4) Cognitive
dysfunction that could not be cooperated with the
patients.

1.2 General data collection

General data such as gender, age, height, weight,
duration of diabetes mellitus, recent medication use,
history of smoking and alcohol consumption were
collected, and BMI was calculated.

1.3 Laboratory indexes testing

Venous blood was collected from the study subjects
on the following morning after 8-hour fasting and
morning urine was retained for collection. Glycated
hemoglobin (HbAlc), fasting blood glucose, fasting
insulin, C-peptide, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total cholesterol (TC),
triacylglycerol (TG), low-density lipoprotein cholesterol

(LDL-C), high density lipoprotein cholesterol (HDL-C),
procalcitonin (PCT), 25-hydroxyvitamin D [25-(OH)D],
serum albumin (ALB), thyroid function [free
trilodothyronine ~ (FT3), free thyroxine (FT4),
thyroid-stimulating hormone (TSH)], urea, creatinine,
24-hour urinary proteins, and urinary albumin/creatinine
ratio (WACR).

1.4 Insulin secretion and measurement of IR level

Glucose tolerance test was carried out after intensive
insulin treatment for the study subjects to reach a stable
state of blood glucose, 3 days before the assessment to
maintain normal eating, at least 8 hours after the next
morning without any calorie intake in the fasting state of
the steamed buns (100 g) test. Fasting blood glucose,
insulin and C peptide samples were retained from the
fasting state. Starting from the first bite of the steamed
buns, blood sampling were collected 30, 60 and 120
minutes to measure blood glucose, plasma insulin and C
peptide levels. The levels of insulin secretion and IR were
assessed by calculating the pancreatic B-cell function
(HOMA-B) from the steady-state model and the
homeostatic model assessment for insulin resistance
(HOMA-IR), corrected insulin response (CIR),
insulinogenic index (IGI), and insulin sensitivity
index-Matsuda (Matsuda ISI).

1.5 Body composition analysis

Body composition analysis was performed using the
BIA method (Instrument: Seca mBCAS15, Germany) to
determine the skeletal muscle content of the limbs and the
whole body, resting energy expenditure, visceral fat area
(VFA) and body fat percentage (BFP), bioelectrical
impedance vector analysis (BIVA), and cellular phase
angle of the subjects[6], and to calculate The skeletal
muscle index (SMI), appendicular skeletal muscle mass
(ASM = muscle content of both upper limbs and lower
limbs), and the ASM index [ASMI = ASM (kg) / height?
(m?) Jwere calculated respectively.

1.6 Measurement of hand grip strength

The subjects' hand grip strength level was
determined by a grip strength device (Jamar Digital Grip
Strength Meter, USA), and the grip strength was
measured 3 times using the dominant hand, respectively.
Taking a rest interval of 1 minute after each test, and the
maximum value of the 3 grip strength tests was taken.

1.7 Statistical methods

All data were analyzed using SPSS 25.0 and STATA
11.0 software. Normal distribution measurement data

were expressed by ¥ +s , and independent samples t-test
was used for comparison between two groups. Skewed
distribution were expressed by M (P2, Pss), and
independent samples rank-sum test was used. Pearson
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correlation analysis was used to analyze the correlation
between pancreatic islet function and insulin sensitivity
and SMI and ASMI, and multiple linear regression was
used to analyze the effects of SMI on islet function and
insulin sensitivity in patients with different visceral fat
areas, different BMI levels, and in patients with T2DM,
and the effects of SMI on islet function and insulin
sensitivity in patients with T2DM. The effects of SMI on
islet function and insulin sensitivity were analyzed in
T2DM patients with different visceral fat areas and
different BMI levels using multiple linear regression,
corrected for variable factors such as age and gender.P <
0.05 was considered statistically significant.

2 Results
2.1 Basic information of study subjects

A total of 274 eligible T2DM patients were included
in the study, including 160 males and 114 females, aged
22-87 years old. Table 1 shows the basic information of
study subjects with different genders, skeletal muscle
strength and mass, glucose at different time points of
glucose tolerance, insulin, C-peptide, islet p-cell
function-related  indexes (HOMA-B, IGI, CIR),
HOMA-IR and Matsuda ISI results.

2.2 Correlation between hand grip strength, skeletal
muscle mass and islet function in patients with
T2DM

The results of Pearson correlation analysis showed
that: (1) fasting glucose, insulin, 2-hour postprandial
blood glucose, and HOMA-IR in patients with T2DM
were significantly negatively correlated with the hand
grip strength level (P<0.05). SMI and ASMI were
significantly negatively correlated with glucose at
different time points (P<0.01), and significantly
correlated with serum C-peptide levels and islet B cell
function (HOMA-B, IGI, and CIR) (P<0.05). (2) Lower
limb SMI levels in patients with T2DM had a
significantly negative correlation with blood glucose
(P<0.01), and a significantly positive correlation with
insulin, C-peptide, HOMA-f, IGI and CIR (P<0.05). The
upper limb SMI level did not correlate with all of the
above indicators except for a negative correlation with
2-hour blood glucose (P >0.05). [Table 2]

2.3 Effect of skeletal muscle mass on islet function in
T2DM patients with different VFA

The effect of SMI levels on pancreatic B-cell
function and IR in T2DM patients with different VFA was
further analyzed using multiple linear regression,
corrected for factor variables (age and gender). The
results showed that in the overall study population, SMI
level was significantly and positively correlated with
HOMA-B, IGI, CIR and HOMA, respectively (P 1¢i<0.01),
and significantly and negatively correlated with ISI (P
i<0.01). when VFA<100 c¢m?, there was no correlation
between SMI level and HOMA-IR, and between SMI
level and ISI (Pagi>0.05). However, when VFA >100 cm?,
there was a significant correlation between SMI level and
HOMA-IR, and between SMI level and ISI (Pagj<0.01).
[Table 3]

2.4 Effects of skeletal muscle mass on islet function
in T2DM patients with different BMI levels

T2DM patients were stratified by BMI into normal
group (BMI<24 kg/m?), overweight group (24<BMI<28
kg/m?) and obese group (BMI>28 kg/m?). Multiple linear
regression was used to analyze the effects of SMI levels
in T2DM patients with different BMIs on islet function
and IR/insulin sensitivity. The effects on islet function and
IR were analyzed by multiple linear regression,
corrected for factor variables (age and gender). The
results showed that in the subgroup with normal BMI,
SMI level showed a significantly positive correlation
with islet p-cell function indexes (HOMA-B, IGI, CIR)
(Pa¢i<0.05), and no correlation with IR/insulin sensitivity
indicators (HOMA-IR and ISI) (P.>0.05). In overweight
and obese subgroups, SMI levels did not show a
correlation with IGI and CIR (Pa.>0.05), and a
significant correlation with HOMA-IR and ISI (Pag
<0.05). [Table 4]

2.5 Effects of upper and lower limb SMI on islet
function in T2DM patients with different BMI
subgroups

The effects of upper and lower limb SMI levels on
pancreatic B-cell function and IR/insulin sensitivity,
respectively, were analyzed by multiple linear regression
and corrected for the factor variables (age and gender) in
T2DM patients with different BMI. HOMA-IR were
negatively correlated (Pagj<0.05) and positively correlated
with IST (Pagj<0.05). In the obese subgroup, both upper
limb SMI and lower limb SMI levels were positively
correlated with HOMA-B (Pagj<0.05), whereas upper limb
SMI was positively correlated with ISI (Pag=0.043) and
lower limb SMI was negatively correlated with ISI
(Pagj<0.05). [Table 5]
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Tab. 1 Basic information of all patients

Basic information

Female (n=114)

Male (n=160)

Age*
BMI (kg/m?)?

Hand grip strength (kg)?*

SMI (kg/m? )*

Blood glucose (mmol/L)?*

0 min
30 min
120 min

Insulin (pmol/L)®

0 min
30 min
120 min

C-peptide (pmol/L)"

0 min

30 min

120 min
HbAlc (%)*

IR or sensitivity®

HOMA-IR
Matsuda ISI

Pancreatic function®

HOMA-B
IGI
CIR

60.360 + 15.152
25.478 + 4.605
20.953 + 6.260

6.447 +£ 1.362

7.565 +1.958
10.978 +2.730
16.979 + 4.139

47.450 (23.300, 92.325)

102.1500 (57.183, 167.225)
195.350 (105.975, 359.300)

559.400 (377.550, 848.275)
807.550 (606.475, 1226.500)
1567.000 (1075.000, 2318.750)

8.624 +2.429

2.681 (1.457,4.616)
4.733 (2.511, 8.811)

54.701 (21.817, 113.789)
2.703 (0.705, 5.572)
26.489 (11.615, 63.286)

58.540 + 12.926
25.008 +3.147
35.337+7.773

8.447 £ 1.006

6.833 +1.814
10.374 £2.500
16.157 +3.761

38.200 (22.500, 68.000)

97.0400 (49.450, 168.500)
162.7000 (96.500, 285.100)

582.100 (388.600, 850.300)
812.300 (582.700, 1208.000)
1712.000 (1077.000, 2424.000)

8.456 + 1.710

1.648 (1.035, 2.417)
7.340 (5.086, 13.030)

39.271 (15.715, 74.135)
2.122(1.123, 3.488)
22.572(9.773, 46.423)

Note: * represents data in the form of X = s;® represents data in the form of M (Pas , P75 ).

Tab. 2 Correlation between hand grip strength, skeletal muscle mass and islet function in patients with T2DM

Index Grip strength ASMI SMI Upper limb SMISMI  Lower limb SMI
rvalue Pvalue rvalue Pvalue rvalue P value r value P value rvalue P value

Blood glucose

0 min -0.085 0.026 -0.219 0.001 -0.274  <0.001 -0.117 0.086 -0.239  <0.001

30 min -0.076 0.367 -0.220 0.001 -0.246  <0.001 -0.127 0.065 -0.235 0.001

120 min -0.206 0.013 -0.311  <0.001  -0.309  <0.001 -0.160 0.019 -0.342  <0.001
Insulin

0 min -0.187 0.025 0.130 0.058 0.137 0.045 0.026 0.709 0.162 0.017

30 min -0.078 0.361 0.089 0.200 0.123 0.074 -0.052 0.454 0.144 0.037

120 min 0.180 0.033 0.089 0.195 0.115 0.092 -0.031 0.649 0.134 0.049
C-peptide

0 min -0.127 0.128 0.200 0.003 0.205 0.002 0.091 0.178 0.225 0.001

30 min -0.052 0.541 0.195 0.004 0.210 0.003 0.057 0.409 0.235 0.001

120 min -0.053 0.529 0.162 0.017 0.183 0.007 0.040 0.562 0.199 0.003
HbAlc -0.051 0.538 0.002 0.979 0.017 0.800 -0.006 0.932 0.005 0.940
HOMA-IR -0.223 0.008 0.075 0.275 0.070 0.307 0.001 0.990 0.100 0.143
Matsuda IST -0.222 0.008 -0.066 0.399 -0.075 0.275 0.023 0.740 -0.099 0.148
HOMA-B -0.034 0.685 0.197 0.004 0.220 0.001 0.072 0.295 0.231 0.001
IGI -0.016 0.856 0.159 0.024 0.166 0.019 0.095 0.180 0.175 0.013
CIR -0.016 0.847 0.184 0.008 0.224 0.001 0.024 0.733 0.236 0.001

Tab.3 Correlation between skeletal muscle mass and islet
function in T2DM patients with different VFA

Tab.4 Correlation between skeletal muscle mass and islet

function in T2DM patients with different BMIs

Overa.ll VFA <100 cm®  VFA 100 cm? SMI Normal Overweight Obese
SMI population B Pagi B Pagj B Pagi
B Pagj B B Pagi Pancreatic
Pancreatic function
function HOMA-B 0.387  0.046  0.021 0917 0534  0.039
HOMA-B 0.483  <0.001  0.266  0.073  0.574  0.003 1GI 0.424 0.032 0.284 0.156 0253  0.370
IGI 0.483  <0.001  0.308 0.042 0.302 0.149 CIR 0.442  0.023  0.335 0.099 0431 0.105
CIR 0.562  <0.001 0.407 0.007 0.464 0.024 IR/insulin
IR/insulin sensitivity
sensitivity HOMA-IR 0316  0.106 -0.451 0.017 0.603 0.017
HOMA-IR 0.357 0.001 0.047 0.754  0.525  0.007 Matsuda -0.368 0.058 0.440  0.020 -0.647  0.009
Matsuda ISI -0.394  <0.001  -0.068 0.646  -0.525  0.006 1SI
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Tab.5 Effects of upper and lower limb skeletal muscle mass on islet function in T2DM patients with different BMIs

Normal Overweight Obese
SMI Upper limb SMI Lower limb SMI Upper limb SMI  Lower limb SMI Upper limb SMI  Lower limb SMI
B Pagj i Pagj i Pagi B Pagi i Pagj p LI
Pancreatic function
HOMA-B -0.049 0.688 0.233 0.113 0.085 0.665 -0.119 0.439 0.551 0.032 0.593  0.008
IGI 0.186 0290 0.238 0.110 0.212 0.281 0.088 0.572 0.061 0.829 0.253  0.313
CIR -0.131 0.286 0.273 0.063 0.249 0.213 0.081 0.600 0.413 0.120 0.446  0.056
IR/insulin sensitivity
HOMA-IR 0.044 0.722 0.227 0.124 -0.371 0.047 -0.366 0.012 0.489 0.054 0.544  0.014
Matsuda ISI 0.001 0.996 -0.198 0.180 0.370 0.048 0.351 0.016 0.506 0.043 -0.583  0.007
3 Discussion DXA and MRI, but there is still some controversy in

This study analyzed the correlation of skeletal
muscle content with pancreatic B-cell function and IR in
patients with T2DM, and further explored the
significance of upper and lower limb skeletal muscle
content in patients with T2DM with different levels of
visceral adiposity and BMI, and the results showed that
the skeletal muscle function and content of the patients
were closely correlated with the levels of blood glucose,
pancreatic B-cell function, and IR, and the correlation of
the level of the lower extremities with blood glucose,
insulin, C-peptide, and IR was more significant than the
level of the upper limb SMI. Compared with upper limb
SMI, lower limb SMI levels were more significantly
correlated with blood glucose, insulin, C-peptide and islet
B-cell function at different time points in T2DM patients.
Therefore, increasing lower limb SMI levels is important
for improving blood glucose, pancreatic B-cell function
and IR in T2DM patients. In addition, in the overweight
T2DM subgroup, increased upper and lower limb SMI
levels had a significant effect on improving IR and insulin
sensitivity, whereas the significance in T2DM patients
with excess VFA or obesity is unclear.

Muscle content, especially skeletal muscle content,
is important for the treatment and prognosis of patients
with T2DM. Skeletal muscle content, mass and strength
should be assessed early in diabetic patients, especially
those with high-risk factors[7-8]. Currently, the most
commonly used methods for skeletal muscle
measurement include anthropometric methods, BIA,
ultrasound, dual-energy X-ray absorptiometry (DXA),
computed tomography (CT), and magnetic resonance
imaging (MRI) [9-10]. The above measurement methods
are used in different scenarios and have their advantages
and disadvantages, but since Lukaski first proposed the
use of BIA to evaluate body composition in 1985, the
application of BIA has received more and more attention
and popularization due to its safe, convenient,
non-invasive and economic features[11-13]. BIA is
mainly based on the degree of flow of low-voltage
electric current in the body to non-invasively analyze and
measure body composition such as fat, muscle water, etc.
It is suitable for clinical evaluation and determination.
BIA is suitable for clinical evaluation and rapid body
composition testing[14]. Several clinical studies have
demonstrated the consistency and reliability of BIA with

some studies that require more accurate assessment[15].

Skeletal muscle is one of the most important organs
and tissues for glucose utilization and energy metabolism
in the body, and its content is important for the
maintenance of glucose homeostasis in T2DM
patients[16]. Insulin-mediated glucose uptake occurs
mainly in skeletal muscle, and an increase in its content
can directly increase basal metabolic rate and energy
expenditure[17]. Skeletal muscle content plays an
important role in insulin sensitivity, and IR is closely
related to mitochondrial content and function. Skeletal
muscle cell mitochondrial abnormalities may accelerate
the progression of IR by increasing the production of
reactive oxygen species[18-19]. In addition, it has been
reported that skeletal muscle cells can play an important
role in regulating pancreatic B-cell function through the
secretion of cytokines, but the specific mechanism is not
yet fully understood[20]. Patients with T2DM are prone
to obesity with sarcopenia, and the reduction of skeletal
muscle mass is closely related to glucose metabolism
disorders. Sarcopenic obesity was first proposed by
Baumgartner et al. in 2000, i.e., the coexistence of
sarcopenia and obesity, but there is still a lack of unified
diagnostic criteria[21]. Compared with sarcopenia alone,
sarcopenic obesity is significantly associated with
increased IR, cardiovascular disease and mortality[22-23].
The results of the current studies suggest that increasing
skeletal muscle content is important for improving
pancreatic P-cell function and IR in normal and
overweight states, but this correlation is attenuated or
disappears in visceral fat excess or obesity states. In
addition, compared with upper limb SMI levels, lower
limb SMI levels correlated more significantly with blood
glucose and pancreatic B-cell function in T2DM patients.
Therefore, increasing the skeletal muscle content of
diabetic patients, especially in the lower limbs, and
decreasing the fat content accordingly are valuable for the
maintenance of glycemic homeostasis and the
improvement of pancreatic f-cell function.

Muscle content, mass and function are closely
related to the nutritional status and overall metabolic level
of T2DM patients. Lifestyle interventions including
dietary management and exercise training are important
measures to prevent and improve islet function in diabetic
patients[24-25]. Currently, hypoglycemic drugs may have
certain effects on muscle mass in T2DM patients, for
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example, sulfonylureas, glinides, thiazolidinediones, and
dipeptidyl peptidase IV inhibitors (DPP-4i) are
potentially associated with reduced muscle mass or
decreased muscle mass[26]. Therefore, when choosing
hypoglycemic drugs and regimens for different patients,
individual variability of the patients should be taken into
account to choose the appropriate hypoglycemic regimen
for them [27-28]. In addition, early measurement and
assessment of muscle content, especially skeletal muscle
mass, in T2DM patients by BIA and other methods, and
guidance for patients to adjust the treatment or adopt
appropriate interventions and training measures when
necessary, are of great significance to the glycemic
control of diabetic patients and the prevention and
treatment of long-term complications.
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PIEIRE L. ik PERE 2023 4 8 I % 2024 4F 2 T nt R R R 258 — B R PR B 9 3 I RHE B iR YT Y AR
T2DM 8353k 274 FIHEAT R 234 , SR R A L, DU R840 DT 7K 9 B IRV M PR AT A A A
3 3 A Yy B AT (BIA) I J T BB L& & I IERR 5 T AR ( VEFA) R R 48 , 43 53 kAL s
HEHE B (SMI) K DU e LS B8 5 (ASMI) o >R A Pearson #H3GTA 431 28548 I (A . SMIT Sz ASMI 7KF- 5 il # |
JiE R F C BT B B A AT REFEAR [ e B 4 ML) (HOMA-B) BEIE IR &) ] R Btk (CIR) (&) R A K
FEE(IGT) | AL B 5 FR AP 20 ( HOMA-IR ) 1B I 3R USRS 5 (IST) AR G, iff— 20 FH 2 4R Pk [l 15
SPHTANIR] VEA AN[R) BMI JKSF- T2DM f8 5 BBk WUBT it 5 0 DO RE A AE G . S5 R T2DM f8 3% 2 I Il0E B ik %
K &J5 120 min [i45 ) HOMA-IR 5i& J) /K52 BF AAHSC(P<0.05) T4 J5 120 min B35 2 548 JIKF 2 1E
I (P<0.05) , SMI K ASMI 5 T2DM g 35 B i 2 AN [7) s o, iU 43 0] 42 £ A 56 (P<0.01) , 51 C BkKF R
HOMA-B . CIR IGI 435I 52 1IEAHSG (P<0.05) . T SMI /K5 T2DM £ 45 W i A [ B o5 000 0% 35 2 fAH 26 (P<
0.01) , 5 [RBT g e i 2 R [FIBS &1 C ik B2 HOMA-B IGI i CIR #4 2 IEAHIE (P<0.05) ;{5 1 ik SMI K F B 5
120 min [FAFALETAAESC(P=0.019) 51, 5 B HAWHE bR TCAE CM: (P>0.05) o B IEMENFAERS fE BMI 43 )2 4017
7R, SMI K- 5 TOMA-B IGI CIR f{AH &M BMI IE# W4l 3% (P, <0.05) , £ U WA AR B2 (P, >
0.05) ;fii SMI 7K-F-5 HOMA-IR | ISI 4 1 5 P 41 26 BMI IE 3% W41 A 5 3% (P, >0.05) , 76 48 AT JE 0 21 2 3%
(P,;<0.05), &5t H#NLETRE S T2DM S 0% 95 D e S8R & R AP UIAE G, 8 & 2 S g i s o2
T R B L e B R0 AR B BT T2DM 3 RS A 2 e R R Sy D g el A R L,

KRR 2 BRI B ENLBIR; RS IIRE; RS R h; iR
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Correlation between skeletal muscle mass and islet function in

patients with type 2 diabetes mellitus
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Corresponding authors: HE Yungiang, E-mail . heyunqiang@njmu. edu. cny ZHENG Xugin, E-mail . zhengxuqin@njmu.edu.cn
Abstract: Objective To investigate the correlation between skeletal muscle mass and islet function, skeletal muscle
mass and insulin resistance in patients with type 2 diabetes mellitus ( T2DM ), and to elaborate on the clinical
significance of skeletal muscle mass in the maintenance of blood glucose homeostasis. Methods A total of 274 adult
T2DM patients hospitalized in the Department of Endocrinology, the First Affiliated Hospital with Nanjing Medical
University from August 2023 to February 2024 were retrospectively analyzed. The basic information of patients was
collected, the grip strength of patients was measured, and the blood and urine samples were taken for biochemical
detection. Bioelectrical impedance analysis ( BIA) was used to measure the skeletal muscle content of the upper and
lower limbs, visceral fat area (VFA) and waist circumference. The skeletal muscle mass index (SMI) and appendicular

skeletal muscle mass index (ASMI) were calculated, respectively. Pearson correlation method was used to analyze the
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correlation of grip strength, SMI and ASMI levels with blood glucose, insulin and C-peptide levels, islet B cell function
indicators [ islet B cell function (HOMA-B), corrected insulin reactivity ( CIR), insulinogenic index (IGI) ], and
homeostasis model assessment of insulin resistance (HOMA-IR) and insulin sensitivity index(ISI). Multirariable linear
regression was further used to analyze the correlation between skeletal muscle mass and islet function in T2DM patients
with different VFA and BMI. Results In T2DM patients, fasting blood glucose and insulin, 120-minute postprandial
blood glucose, and HOMA-IR were negatively correlated with grip strength levels (P < 0.05), while 120-minte
postprandial insulin was positively correlated with grip strength levels (P <0.05). SMI and ASMI were negatively
correlated with blood glucose levels at different time points of glucose tolerance in T2DM patients ( P<0.01), and
positively correlated with serum C-peptide levels, HOMA-B, CIR, and IGI, respectively (P<0.05). The level of SMI in
lower limbs was negatively correlated with blood glucose levels at different time points of glucose tolerance ( P<0.01) ,
and positively correlated with insulin, C-peptide at different time points, as well as HOMA-B, IGI and CIR in T2DM
patients (P<0.05) ; However, except for the negative correlation between SMI level of upper limbs and 120 min blood
glucose (P=0.019), there was no correlation between SMI level of upper limbs and other indicators mentioned above
(P >0.05). After adjusting for gender and age, BMI stratified analysis showed that the correlations of SMI level with

HOMA-B, IGI and CIR were significant in the normal BMI subgroup (P,;;<0.05) , but not significant in the overweight

adj

and obese subgroups (P,;>0.05), while the correlations of SMI level with HOMA-IR , ISI were not significant in the

adj

normal BMI subgroup (P,;;>0.05), but significant in the overweight and obese subgroups (P,;<0.05). Conclusion

adj adj

Skeletal muscle mass is closely associated with blood glucose, islet function and insulin resistance in patients with
T2DM. Increasing skeletal muscle mass of the whole body, especially that of the lower limbs and reducing the fat content

accordingly play critical roles in the maintenance of glycemic homeostasis and improving islet function in patients with

T2DM.

Keywords: Type 2 diabetes mellitus; Skeletal muscle mass; Islet function; Insulin resistance; Glucose homeostasis
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Z— X BILA I AR A A A 4 B i AR 4 B A
RN L) i ST i S A R
5y B ANMI D BE R PIAHOC , Ok B 2 i fF 5%t 3R W AL
w RS 2 BB R 75 (type 2 diabetes mellitus,
T2DM ) £8 3% 4] 7 1% Ak B BE ) [ ARG B 1t W T v A7 7
WU OCHE, H H F 5 R & T B8 AH O v A B
iy o AR 3 40 P 2 9 H B 43 T ( bioelec-
trical impedance analysis, BIA) J5 534G B 85 UL g
LU BT & 5 T2DM 8835 JB & D) 68 M JB 5 3R HK 9t
MRFR IR b T BB % UL T A [ B A T
78 %0 (body mass index, BMI) T2DM & & b B 1E
R, W B i L e e o LA DA A PR
B RS S ARy SRR T 58 ) 8 v 0 3 L, S PR
AR AR 7 2T TR AR 1 B 4 — S BRI AKE

1 Xg5hH%

1.1 #Fixtf ®EPE2023 458 AF 202442 AF

Rt R R R 5 — B B e PN 40 IR B 11 274 )
T2DM R 1E A X G2 JEAT [l Bk 4F 5% (8 o 5 2021-
SR-298) ., T2DM 2 Wibr ik H 1999 4F 5 T A4E 40
ZL(WHO) iZWibr e, AHbpifE: £55 1999 4 WHO
(1) T2DM 2 Wibrifi s g H d sh AT SR [ 3. HE
BRARAE: (1) A I 50 B D e & sl ™ i 4 Btk
PN B TR A% IR T BT R R A
P 5 (2) B IIRRA R BOIE 245 4 s 0 £ 5 Ul T A
(3) MRAIMER Pt A KR H ORI R M
REHNY; (4) IR N CEBLA & .

12— At B R AR B R
OB PRIPI R T 2455 100 AR B TR e A AR
f5 8,715 BML,

1.3 FmEiiaan HROGLEE8hE TR
25 JE R AL VK - B IS SR PR o 0 A i 1 B
FI(HbAlc) 23 I M A 25 16 e 5 38 I C Ik N &R
I (ALT) (K [T 2 MR A LG R 1 (AST) |
SRR (TC) | = WEH (TG ) A% B A5 2 11 IH &
i (LDL-C) | f= % ¥ 5 2 (1 IR [ B2 ( HDL-C) P45 % |
25 YA D[25-(OH) D] (I3 A& 1 (ALB) (H
ARIRTIIRE [ U7 25 — A BRI I 202 (FT3) (7 25 R
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JRER (FT4) A FARIRECR (TSH) ] IRER JILEF 24 h
PRAEET R H A/ IR ILE FfE (UACR) 4§

14 Ry o ib Ao i By ARG E RPN
SAT IS R AR YT i MR R e RS IS AT H 4
i i, AN AT 3 d PRI IE IR, 7R TCAT AT AR
WA R 8 h J5 IR RAEIREATEL & (100 g) it
50, P B JEDIR 28 M e B R K C IR E AR S
MIZ A KA — F T IR 1T, 30,60 2 120 min 4 ifi 1
SE MU I3 5 2% f € RRKF . JF il it AR S
BORPEA e B 41 21 iE (HOMA-B ) FlAR 25 Ak 1Y
VAl A4 & ZRARPTPE (HOMA-TIR ) B2 IE JBk 8 38 I
PECCIR) | JBe & 32 £ )45 % (1G1) F1 Matsuda JB £ %
FEURFE R (Matsuda IST) R IFAl g 15 273 WA AR & R
HEHUKF .

L5 Hikmanl o s K BIA i (L 2%: Seca
mBCAS1S , f8[E ) BEAT B A3 43 B, T € 52 32
JRC R A B i i L2 i LR B TH A6 L NI I T AR
(visceral fat area, VFA) F1BE [ A= ¥ i3 BH 9T < 2 59
BT S MR A7 A1 25, I FLAM 05 B UL B A
%4 (skeletal muscle mass index, SMI) . PU i 5 8% L5
# (appendicular skeletal muscle mass, ASM)= X _F Ji¥
FOBUR IRV PR &5, 04 BB % AL 5T £ 45 50 ( ASML in-
dex, ASMI)= ASM (kg) /B (m®),

1.6 &AMl AR )8 (Jamar 0748 )
I, 36 ED W E 52 1 48 T 7K, 43 50 R TR 5T
AEAR ) 3 U ARSI ET RS 1 omin, B3 Yo
I KA

L7 %t F7 % Fra%dik A SPSS 25.0 & Sta-
ta 11.0 BAFHATGEH 00 o IR AT BORHT
x5 7, PTALIA] FEBOR P SEREAS ¢ A6 56 5 i 285
TBERLLL M(Pos, Pos) 2271, R F ST AR AR B A
5 5 >R H] Pearson AH 3G 1k 43 #7 JB & Th i K e B R L
&S SMI Kz ASMI ZZ (8] 4 AH G % 5 ] 22 81 4 M [l
A 534 SMI X Jige 2 Dy g 2 JB & 2R U 1 52 e, Jf:
Xf A B R R AR S PR S5 HEATRCIE . P<0.05 Dl 22
URE NI

2 # R

2.1 AR REARMAE G ALFG KR T2DM
B 274 01, P B R 160 B, Lotk 114 ], 4R 22~
87 %, 3 1 AARIPERIBFTE N G IEARHE B H#E WL
et S TS e A [ I TR) e W | JBR 5 3% B C k&
RO B AN S RERH AR bR (HOMA-B IGI .CIR)
HOMA-IR F11 Matsuda IST 53

2.2 T2DM # &R H B ERIR 5 M B feeg4a
# M Pearson fH /Mgt M. (1) T2DM
23R MBE AR B B )5 120 min 008 M J5 5 40T
FHOCHE bR HOMA-IR 54 J /K F 52 5 2 A ¢ (P<
0.05) , 255 120 min Ji 8 Z/KF- 548 J1 B IEAHE (P<
0.05) ;B & UL i AH OCH8 A5 SMI Je ASMI 55 i fiif £
ANTR] I 10 52 iR 22 52 3 £7AH OC (P<0.01) , H 51
i CHOKF K g i B 40 ML 2 fig 4 A% ( HOMA-B | IGI
K CIR) ¥ 5 B FIEAHIE(P<0.05) , (2) T2DM 3%
T SMI KPS il A 5t 2 7R OGPk (P<0.01) |, i
EgEE 2 .C Ik HOMA-B \IGI [CIR ¥4 5 i 2 IFAHC
(P<0.05) ;11 b i SMI 7K PB4 120 min [fiBEAE7E B
FHOE(P=0.019) 5k, 55 1 A H A #% 15T 45 5 6 AH DG M
(P>0.05), WLFE?2,
x1 JrHBEEARGER

Tab. 1 Basic information of all patients

BAREATE Z(n=114) 5 (n=160)
AER? 60.360+15.152 58.540+12.926
BMI(kg/m?)® 25.478+4.605 25.008+3.147
#71(kg)® 20.953+6.260 35.33727.773
SMI(kg/m?)® 6.447+1.362 8.447+1.006
Jfi 8% ( mmol/L)
0 min 7.565+1.958 6.833+1.814
30 min 10.978+2.730 10.374+2.500
120 min 16.979+4.139 16.157+3.761
it % (pmol/L) "
0 min 47.450(23.300,92.325) 38.200(22.500,68.000)
30 min 102.150(57.183,167.225)  97.040(49.450,168.500)
120 min 195.350( 105.975,359.300)  162.700(96.500,285.100)
C ik (pmol/L)"®
0 min 559.400(377.550,848.275)  582.100( 388.600,850.300)
30 min 807.550(606.475,1226.500) 812.300(582.700, 1 208.000)
120 min 1.567.000( 1 075.000,2 318.750) 1712.000( 1 077.000,2 424.000)
HbAlc (%)* 8.624+2.429 8.456x1.710
IR & 1S
HOMA-IR 2.681(1.457,4.616) 1.648(1.035,2.417)
Matsuda ISI 4.733(2.511,8.811) 7.340(5.086,13.030)
T D"
HOMA-B 54.701(21.817,113.789) 39.271(15.715,74.135)
IGI 2.703(0.705,5.572) 2.122(1.123,3.488)
CIR 26.489(11.615,63.286) 22.572(9.773,46.423)

T FORBARIE AR v FRBAE AN M(Pys , Prg) ;IR K
1S 7R e B Z APk Uk
2.3 RF VFA %5 T2DM & % B %R 2 57 8 o
feeyFem DA 2w AR AN F VEA
(1) T2DM 35 SMI JKP-XF IR & B 41 M 21 e S e 5 R
B U 00, I %8 i R (AR S M) ) ik
FTRCIE . SRR W], TERARTTTE X G2 b, SMI K P 5
HOMA-B . IGI 1 CIR } HOMA-IR 43|42 g & \FAH
(P,;<0.01), 5 IST £ & & i #HE (P,;<0.01) , 7E
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VFA<100 cm® [, SMI 7K 5 1GT,CIR £ 2 E A&
(P,;<0.01), 5 HOMA-B 2 HOMA-IR ,ISI ¥ TC4H )¢

adj

HE(P,;>0.05) s {ELAE PYIERR D7 AL = 100 em” f], SMI
7K 5 HOMA-B . CIR }z HOMA-IR #J 5 i 2 1F H ¢
(P,;<0.01) , 5 ISI 2 B FHAAHK(P,,;<0.01) , I
3.

2.4 RF) BMI K-F T2DM & 4§ %L F 2 xHHk & o
feeg e R T2DM B35 3E4T BMI 432, 40 4 IR
4H (BMI<24 kg/m”) i H4H (24 < BMI<28 kg/m”)
JeHEHEAL(BMI = 28 kg/m”) , R 1l 2 T £k 4 [0l 1 43
MrASTH] BMI (1) T2DM H SMI 7K - X} fig 5% T fitg % Jik
B R LB U A 5 ), %F AR 5 R ER (AR SRS
TR IE , G5 5232 B ¢ BMI 1E %7 W 4 v, SMI /K F- 5
JBEis B 4 Dy RETE b (HOMA-B (IGI CIR ) £ . 3% 1E
FHOE (P,;<0.05) , 55 [ & #8HT 5 US4 A ( HOMA-

IR IS T A ( Py >0.05 ) 76 8 7 HUIE 7 411
SMI K- 15 1GT, CIR £ 7 A1 X (P, >0.05) , 5
HOMA-IR IST 435 5 i 456 1 M1 5% (P, <0.05)
W4,

2.5 < F) BMI 4 T2DM % % b T A% SMI %0k & 34
Hebo Mok R 2 LA [ H AR [ BMI G
T2DM H# | F M SMI KP4 BIRT S B 405 B
I 5 R GRE B I, I 5625 B PR 2 (AR B
PES) HEAT R T, 455 W, AT 4L, i SMI
JoF I SMI /K P 3 5 HOMA-IR & 641 36 (P, <
0.05) , 5 1S S IE A (P, <0.05) . FEMERET 41,
i SMI B T fi SMI K -3 15 HOMA-B 2 1F i 5%
(P,;<0.05) , ifii I e SMI 5 ISI & 1F 4 5% (P, =
0.043) , F i SMI 5 HOMA-IR . ISI 43 %) & 1E AH & F0
RIS (P,;<0.05) . W3S,

R2 T2DM BER ) BRI ES ES D RE A A SR

Tab. 2 Correlation between grip strength, skeletal muscle mass and islet function in patients with T2DM

N EiEwa] ASMI SMI1 _F )i SMI g SMI
i T P i i P i i P i BT P i i Pl
0t

0 min -0.085 0.026 -0.219 0.001 -0.274 <0.001 -0.117 0.086 -0.239 <0.001

30 min -0.076 0.367 -0.220 0.001 -0.246 <0.001 -0.127 0.065 -0.235 0.001

120 min -0.206 0.013 -0.311 <0.001 -0.309 <0.001 -0.160 0.019 -0.342 <0.001
Wit %

0 min -0.187 0.025 0.130 0.058 0.137 0.045 0.026 0.709 0.162 0.017

30 min -0.078 0.361 0.089 0.200 0.123 0.074 -0.052 0.454 0.144 0.037

120 min 0.180 0.033 0.089 0.195 0.115 0.092 -0.031 0.649 0.134 0.049
C ik

0 min -0.127 0.128 0.200 0.003 0.205 0.002 0.091 0.178 0.225 0.001

30 min -0.052 0.541 0.195 0.004 0.210 0.003 0.057 0.409 0.235 0.001

120 min -0.053 0.529 0.162 0.017 0.183 0.007 0.040 0.562 0.199 0.003
HbAlc -0.051 0.538 0.002 0.979 0.017 0.800 -0.006 0.932 0.005 0.940
HOMA-IR -0.223 0.008 0.075 0.275 0.070 0.307 0.001 0.990 0.100 0.143
Matsuda ISIT -0.222 0.008 -0.066 0.399 -0.075 0.275 0.023 0.740 -0.099 0.148
HOMA-B -0.034 0.685 0.197 0.004 0.220 0.001 0.072 0.295 0.231 0.001
1GI -0.016 0.856 0.159 0.024 0.166 0.019 0.095 0.180 0.175 0.013
CIR -0.016 0.847 0.184 0.008 0.224 0.001 0.024 0.733 0.236 0.001

£ 3 RI[A VFA ffy T2DM &84 Lk
5195 Dy REAH

Tab. 3 Correlation between skeletal muscle mass and islet
function in T2DM patients with different VFAs

| VFA VFA
SMI A AR <100 e¢m? =100 cm?
B Py B P B Py
JB& 5 D g
HOMA-B 0.483 <0.001 0.266 0.073 0.574 0.003
IGL 0.483 <0.001 0.308 0.042 0.302 0.149
CIR 0.562 <0.001 0.407 0.007 0.464 0.024
IR 5 IS
HOMA-IR 0.357  0.001 0.047 0.754 0.525 0.007
Matsuda IST -0.394 <0.001 -0.068 0.646 -0.525 0.006

%4 A[F BMI T2DM 585 LT & 5 00 5% D) B AH G
Tab. 4 Correlation between skeletal muscle mass and islet
function in T2DM patients with different BMls

Ml EH AR A fi
B P B P B P
k& Tfie
HOMA-B 0.387 0.046 0.021 0.917 0.534 0.039
1GI 0.424 0.032 0.284 0.156 0.253 0.370
CIR 0.442  0.023 0335 0.09 0431 0.105
IR 8§ IS
HOMA-IR 0.316 0.106 -0.451 0.017 0.603 0.017
Matsuda ISI ~ —0.368  0.058 0.440 0.020 -0.647  0.009
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Tab. 5 Effects of upper and lower limbs skeletal muscle mass on islet function in T2DM patients with different BMIs
IEH T JiWiie
SMI I Ji SMI N SMI - Ji SMIT NSt - Ji% SMI N SMI
B P i B P B P B P B P i B P

Jo& 5 D g

HOMA-B -0.049 0.688 0.233 0.113 0.085 0.665 -0.119 0.439 0.551 0.032 0.593 0.008

IGI 0.186 0.290 0.238 0.110 0.212

CIR -0.131 0.286 0.273 0.063 0.249
IR =% IS

HOMA-IR 0.044 0.722 0.227 0.124  -0.371

Matsuda ISI 0.001 0.996  -0.198 0.180 0.370

0.281 0.088 0.572 0.061 0.829 0.253 0.313
0.213 0.081 0.600 0.413 0.120 0.446 0.056

0.047 -0.366 0.012 0.489 0.054 0.544 0.014
0.048 0.351 0.016 0.506 0.043

-0.583 0.007

3 3 it

AHFT i T B R LS S T2DM R
B 2 T R B 12y ZEHRHT B AR S, o — 4R T B
IR B UL TE R R P9 7 & BMI K S
T2DM % P S, G5 SRR R B B J &
5 BT B B2 L T BE R B R AHRHUK R )
FIe, HARES T b SMI, T i SMI /K55 T2DM j#
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