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Abstract
Objective: Triglyceride–glucose index (TyG index) has been used in healthy individuals as a marker of
insulin resistance. Type 2 diabetes mellitus (T2DM) showed an increased risk of developing sarcopenia
compared to control subjects. This study is performed to determine the association of TyG index with the
presence of sarcopenia in T2DM patients.

Method: This study included 1098 T2DM patients who were recruited from the inpatients in Qilu Hospital
(Qingdao). Skeletal muscle index (SMI) was measured using dual energy X-ray absorptiometry. Serum
triglyceride (TG) and fasting plasma glucose (FPG) were measured and used to calculate TyG index.

Result: 119 male subjects (20.2%) had sarcopenia, while 72 female subjects (14.1%) had sarcopenia in
T2DM patients. TyG index was correlated with a decreased risk of sarcopenia in both male and female
T2DM groups. TyG index was found to be positively correlated with SMI after multivariate adjustment in
male subjects. When TyG index was ≤9.5, TyG index was positively correlated with SMI. However, when
TyG index was >9.5, there was not a signi�cant association between TyG index and SMI. Moreover, TyG
index was not correlated with SMI after multivariate analysis in female subjects. However, TyG index was
positively correlated with SMI when TyG index was ≤9. When TyG index was >9, TyG index was
negatively correlated with SMI, however, the correlation was not statistically signi�cant.

Conclusion: TyG index is inversely correlated with the presence of sarcopenia in type 2 diabetes patients.

Introduction
Sarcopenia is characterized by a progressive and generalized loss of skeletal muscle mass and strength
[1]. Sarcopenia is associated with an increased risk of falls and fractures, mobility disorders, disabilities,
complications, infection, metabolic disorders, poor quality of life, and mortality [2]. Aging, physical
inactivity, and malnutrition are considered as risk factors of sarcopenia [3]. Type 2 diabetes mellitus
(T2DM) is one of the most widespread metabolic diseases. T2DM showed two to four-fold increased risk
of developing sarcopenia compared with control subjects in Korea [4]. Veronese et al reported that the
prevalence of sarcopenia was 28.4% in T2DM group while the prevalence of sarcopenia was 18.7% in the
control group [5]. Considering the adverse effect of sarcopenia on the health, early detection and
prevention of sarcopenia is important in T2DM patients. One potential way to achieve these goals is to
identify possible risk factors or new biomarkers.

The triglyceride-glucose index (TyG index), the product of triglycerides (TG) and fasting plasma glucose
(FPG), has been recommended as a reliable and simple surrogate index for insulin resistance [6]. A higher
TyG-index has been signi�cantly associated with fat distribution and fat depots [7], metabolic syndrome
[8], cardiovascular disease [9], and diabetes [10]. We hypothesized that TyG-index may be correlated with
sarcopenia.
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No previous studies focus on the relationship between TyG index and sarcopenia in T2DM patients. This
study aims to investigate whether TyG index is associated with sarcopenia in T2DM patients.

Materials And Methods
Patients

This cross-sectional study was performed in a consecutive population of 1098 patients diagnosed with
T2DM who were recruited from the inpatients in the Department of Endocrinology of Qilu
hospital (Qingdao) from September of 2017 to September of 2019. T2DM was diagnosed according to
the American Diabetic Association criteria with a fasting glucose level ≥7.0 mmol/L or 2-hour
postprandial plasma glucose level ≥11.1 mmol/L. This study was approved by the Hospital ethics board
and performed in compliance with the Declaration of Helsinki. 

The de�nition of sarcopenia

Skeletal muscle index (SMI) was measured using dual energy X-ray absorptiometry (Hologic Discovery A,
Waltham, MA, USA). Skeletal muscle index (SMI) was calculated as appendicular skeletal muscle mass in
kg divided by height in meters squared. Sarcopenia was de�ned as SMI less than 7.0 kg/m2 (in men) or
5.4 kg/m2 (in women) [11].  

Measurements

Anthropometric (height, weight and blood pressures), clinical, and laboratory analyses were performed.
The information of duration of diabetes, history of smoking was collected. Body mass index (BMI) was
calculated as weight in kilograms divided by height squared in meters (kg/m2). Blood was abstracted
from all the subjects after an overnight fasting. FPG, total cholesterol (TC), TG, high-density lipoprotein
cholesterol (HDL), and low-density lipoprotein cholesterol (LDL) were measured by a biochemistry
automatic analyzer (Hitachi 7170, Tokyo, Japan). HbA1c levels were measured by high-performance
liquid chromatography. TyG index was calculated using the following formula: ln [fasting TG (mg/dL) ×
FPG (mg/dL)/2]. 

Statistical analysis

All analyses were performed using the Statistical Package for the Social Sciences program (SPSS for
Windows, version 22; Chicago, IL). Data are expressed as means ± SD. Chi-square tests and unpaired t
test were utilized to determine the differences of characteristics between T2DM patients with and without
sarcopenia. Logistic regression analysis was used to determine the risk factors for sarcopenia. Multiple
linear regression analysis adjusted for potential confounding factors was used to further analyze the
independent association between the TyG index and SMI. A smooth curve �tting was used to explore the
relationship between the TyG index and SMI. Finally, a multivariate piecewise linear regression was
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further used to examine the threshold correlation of the TyG index and SMI according to the smooth curve
�t.

Results
The differences between subjects with and without sarcopenia

As shown in Table 1, 119 male subjects (20.2%) had sarcopenia, while 72 female subjects (14.1%)
had sarcopenia in T2DM patients. In male subjects, sarcopenia group showed higher age and HDL, as
well as lower BMI, SMI, diastolic blood pressure (DBP), TG, and TyG index compared with non-sarcopenia
group. In female subjects, T2DM patients with sarcopenia showed higher age, as well as lower BMI, SMI,
TG, and TyG index compared with those without sarcopenia. 

The association between the TyG index and sarcopenia

The association between the clinical characteristics and sarcopenia was shown in Table 2. TyG index
was correlated with a decreased risk of sarcopenia in both male and female T2DM groups. After
adjusting for age, TyG index was inversely associated with sarcopenia in both male and female T2DM
patients. In addition, TyG index was still inversely correlated with sarcopenia after adjusting for age,
smoking, SBP, DBP, and duration of diabetes.

The association between SMI and other characteristics

As shown in Table 3, SMI was correlated with age, duration of diabetes, BMI, DBP, TG, HDL, and TyG
index in male subjects. In female subjects, SMI was correlated with age, BMI, DBP, HDL, and TyG index. 

Non-linear association between TyG index and SMI

As shown in Figure 1, there might be some non-linear association between TyG index and SMI in male
subjects. We further applied a two-piecewise linear regression model (Table 4). TyG index was found to
be non-linearly correlated with SMI after multivariate adjustment for age, smoking, SBP, DBP, and duration
of diabetes. When TyG index was ≤9.5, TyG index was positively correlated with SMI. However, when TyG
index was >9.5, there was not a signi�cant association between TyG index and SMI. 

As shown in Figure 2, there might be some non-linear association between TyG index and SMI in female
subjects. We further applied a two-piecewise linear regression model (Table 5). TyG index was not
correlated with SMI after adjusting for age, smoking, SBP, DBP, and duration of diabetes. However, when
TyG index was ≤9, TyG index was positively correlated with SMI. When TyG index was >9, TyG index was
negatively correlated with SMI, however, the correlation was not statistically signi�cant. 

Discussion
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The present study indicates that TyG index is correlated with a decreased risk of sarcopenia in T2DM
patients. TyG index was found to be positively correlated with SMI after multivariate adjustment in male
subjects. When TyG index was <9, TyG index was positively correlated with SMI in female subjects.

Obesity was considered as a traditional risk factor for sarcopenia. Kadoma Sarcopenia Study performed
in Japan showed that obesity and hypertension were independent predictors of sarcopenia [12]. The
metabolic risk factors including BMI were signi�cantly related to loss of skeletal muscle and
sarcopenia [13]. However, other studies got the reverse results. Low BMI is a predictive risk factor of
sarcopenia among adults living in nursing homes [14]. A longitudinal Study in China with 4 years of
follow-up demonstrated that a high BMI was protective against the decline in muscle mass and
sarcopenia, but represented a risk factor for low gait speed [15]. As in T2DM patients, most studies
indicated that BMI was negatively correlated with sarcopenia. Lower BMI, female gender, and aging were
risk factors for sarcopenia in elderly T2DM [16]. The prevalence of sarcopenia signi�cantly decreases as
BMI increases in T2DM patients [17] [18] [19]. The similar results were found in our study. The present
study also showed that BMI is signi�cantly lower in T2DM individuals with sarcopenia compared with
those without sarcopenia. 

The present study indicated that sarcopenia group showed lower FPG than non-sarcopenia group in
T2DM patients; however, the difference was not statistically signi�cant. Other investigators also got the
similar results [20] [21] [22]. Previous results have demonstrated that TG was signi�cantly lower in T2DM
patients with sarcopenia compared with those without sarcopenia [16] [18] [21] [23]. Our investigation
also showed that sarcopenia group showed signi�cantly decreased TG than non-sarcopenia group in
T2DM patients. This may be contradictory with our traditional opinion. Obesity, higher glucose, and
hyperlipidemia are correlated with a higher risk of developing diabetic complication and cardiovascular
disease. However, as far as the condition of sarcopenia concerned, obesity, higher glucose, and
hyperlipidemia are correlated with a decreased risk of developing sarcopenia in T2DM patients. 

This study has several potential limitations. First, the conclusion is limited by relatively small sample
size. Secondly, the cross-sectional nature of the data limited the strength of conclusion. The causative
relation must be con�rmed by future longitudinal studies. 

In conclusion, TyG index is inversely correlated with the presence of sarcopenia in type 2 diabetes
patients.
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Tables

Table 1 The characteristic differences between T2DM patients with and without sarcopenia 
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acteristics

Male (n=588) Female (n=510)

Non-sarcopenia

(n=469)

Sarcopenia

(n=119)

P value Non-sarcopenia

(n=438)

Sarcopenia

(n=72)

P value

years)

ing

(n, %)

(n, %)

ion (years)

kg/m2)

mmHg)

mmHg)

mmol/L)

mmol/L)

mmol/L)

mmol/L)

mmol/L)

c (%)

ndex

54.64±11.95

 

217

52

8.02±6.66

27.57±4.09

8.18±1.5

140.44±19.71

82.54±12.89

2.3±2.25

4.52±1.16

2.98±0.91

1.14±0.27

8.15±2.77

8.43±2.09

9.28±0.84

60.67±13.45

 

252

67

9.03±5.83

23.65±4.83

6.45±0.48

137.5±21.34

78.66±13.02

1.41±0.81

4.47±1.09

2.97±0.94

1.23±0.35

7.97±3.17

8.21±2.18

8.88±0.76

<0.001

0.615

 

 

0.133

<0.001

<0.001

0.155

0.004

<0.001

0.683

0.91

0.001

0.535

0.35

<0.001

61.1±10.88

 

432

71

8.73±5.98

27.33±4.58

6.5±0.75

143.38±20.71

76.62±12.73

1.85±1.4

4.7±1.35

3±0.93

1.29±0.37

7.74±2.9

8.31±2.02

9.1±0.76

65.47±11.28

 

6

1

9.17±6.73

22.42±2.98

5.07±0.33

143.07±21.95

76.58±11.14

1.44±0.79

4.6±1.16

2.89±0.98

1.36±0.35

7.04±2.76

8.15±2.13

8.81±0.7

0.002

0.99

 

 

0.574

<0.001

<0.001

0.906

0.982

0.016

0.557

0.37

0.173

0.057

0.566

0.002

 Table 2 The association between TyG and sarcopenia

Male Female

del Unjusted model Model 2 Model 3 Unjusted model Model 2 Model 3

R

CI)

0.526 (0.401-

0.691)

0.601

(0.454-

0.797)

0.612

(0.457-

0.819)

0.576 (0.404-

0.823)

0.602

(0.418-

0.868)

0.592

(0.408-

0.858)

alue <0.001 <0.001 0.001 0.002 0.007 0.006

 model 1 was not adjusted;

model 2 was adjusted for age;

model 3 was adjusted for age, smoking, SBP, DBP, duration of diabetes

 Table 3 The association between TyG and SMI
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  Male Female

  β (95% CI) P value β (95% CI) P value

Age (years)

Smoking

Duration (years)

BMI (kg/m2)

SBP (mmHg)

DBP (mmHg)

TG (mmol/L)

TC (mmol/L)

LDL (mmol/L)

HDL (mmol/L)

FPG (mmol/L)

HbA1c (%)

TyG index

-0.225 (-0.037, -0.018)

0.017 (-0.196, 0.3)

-0.092 (-0.04, -0.003)

0.152 (0.128, 0.177)

0.005 (-0.001, 0.011)

0.017 (0.007, 0.026)

0.115 (0.025, 0.143)

0.02 (-0.082, 0.135)

0.02 (-0.102, 0.168)

-0.55 (-0.976, -0.123)

0.027 (-0.029, 0.058)

-0.035 (-0.132, 0.009)

0.298 (0.153, 0.443)

<0.001

0.68

 0.026

<0.001

 0.114

 0.001

 0.005

 0.629

 0.631

 0.012

 0.514

 0.225

<0.001

-0.231 (-0.028, -0.013)

0.038 (-0.407, 1.049)

-0.014 (-0.016, 0.012)

0.125 (-0.11, 0.139)

0.003 (-0.001, 0.007)

0.01 (0.003, 0.017)

0.069 (-0.013, 0.114)

-0.01 (-0.072, 0.056)

0.004 (-0.086, 0.094)

-0.266 (-0.497, -0.035)

-0.001 (-0.03, 0.029)

-0.014 (-0.057, 0.029)

0.123 (0.012, 0.233)

<0.001

 0.387

 0.751

<0.001

 0.213

 0.003

 0.118

 0.814

 0.933

 0.024

 0.989

 0.521

 0.03

Table 4 The correlation between TyG and SMI in male subjects.

Models β (95% CI) P value

Model I    

One line slope 0.094 (0.018, 0.324) 0.029

Model II    

Turning point 9.5  

<9.5 slope 1 0.121 (0.059, 0.757) 0.022

>9.5 slope 2 0.061 (-0.149, 0.393) 0.375

The independent association between the TyG index and SMI. 

Model I, linear analysis; Model II, non-linear analysis. Adjustment variables: age, smoking,

SBP, DBP, duration of diabetes.

 Table 5 The correlation between TyG and SMI in female subjects.
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Models β (95% CI) P value

Model I    

One line slope 0.061 (-0.032, 0.186) 0.165

Model II    

Turning point 9  

<9 slope 1 0.18 (0.154, 0.804) 0.004

>9 slope 2 -0.051 (-0.311, 0.13) 0.42

The independent association between the TyG index and SMI. 

Model I, linear analysis; Model II, non-linear analysis. Adjustment variables: age, smoking,

SBP, DBP, duration of diabetes.

Figures
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Figure 1

The relationship between TyG index and SMI by smooth curve �tting in male subjects.
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Figure 2

The relationship between TyG index and SMI by smooth curve �tting in female subjects.


