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Background: The association between lipoprotein(a) (Lp(a)) and sarcopenia in T2DM patients of general age is unclear, and whether 
this association differs by sex remains uncertain. We intend to analyze the association between Lp(a) and sarcopenia in patients with 
type 2 diabetes mellitus (T2DM) and whether this association differs by sex.
Methods: T2DM patients between December 2021 and December 2022 were consecutively enrolled. Sarcopenia was defined 
according to the criteria of Consensus of the Asian Working Group for Sarcopenia (AWGS) 2019.A multivariable logistic regression 
model was used to calculate the odds ratio of Lp(a)≥30 mg/dL for sarcopenia in total T2DM patients and in all sexes. Restricted cubic 
splines were also used to evaluate the association between Lp(a) and sarcopenia.
Results: Among the 426 patients, the mean age was 58.6 years and 56.3% were males. The prevalence of sarcopenia was 31.7% in 
total patients, 34.2% in male and 28.5% in female. The percentages of Lp(a)≥30 mg/dL were 19.0% in total patients. Compared with 
patients in Lp(a)<30 mg/dL group, those in Lp(a)≥30 mg/dL group showed an increased risk of sarcopenia (adjusted odds ratio [aOR]: 
2.19, 95% CI: 1.09 to 4.39, p = 0.027). Results from restricted cubic splines were robust. When analyzing each sex, there was also 
a significant association between Lp(a)≥30 mg/dL and sarcopenia (male: aOR: 2.59, 95% CI: 1.09 to 6.21, p = 0.032; female: aOR: 
2.45, 95% CI: 1.06 to 6.03, p = 0.039).
Conclusion: In T2DM patients, elevated Lp(a) was associated with an increased risk of sarcopenia and such an association did not 
differ by sex. Screening for sarcopenia should be emphasized in T2DM patients with Lp(a)≥30 mg/dL, both men and women.
Keywords: lipoprotein(a), sarcopenia, type 2 diabetes mellitus, sex

Background
Sarcopenia is a progressive and widespread disorder associated with a reduction in muscle quantity, quality, and function.1 The 
prevalence of sarcopenia is much higher in different patient groups compared to the general population. The overall prevalence 
has reached 20% or even higher in individuals with diabetes.2,3 However, in most studies that reported sex, there is no significant 
association with sarcopenia prevalence.4 The multiple comorbidities associated with type 2 diabetes mellitus (T2DM) (retino-
pathy, renal, vascular involvement, etc.) have even been directly associated with the presence of sarcopenia in diabetic patients.5– 

8 Sarcopenia is also associated with poor outcomes in patients with diabetes, including cognitive impairment, infection, falls, 
disability, and mortality 34041847/31040938/37608605. Therefore, to find and treat modifiable risk factors of sarcopenia in 
diabetic patients is helpful to prevent the development and progression of sarcopenia in diabetic patients, and is of great 
significance to improve the quality of life of diabetic patients.
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Previous evidence showed that low muscle mass was associated with higher levels of triglycerides (TG), total 
cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), very low 
density lipoprotein cholesterol (VLDL-C), and remnant-like particle cholesterol (RLP-C).9,10 On the contrary, Jiang et al 
indicated that an increase in TG and TC may have a protective effect on sarcopenia.11 Furthermore, a cross-sectional 
analysis from UK Biobank demonstrated that sarcopenia was associated with higher concentration of HDL-C and lower 
values of apoprotein A and apoprotein B only in men.12 Apoprotein B is the main component of LDL-C and VLDL-C, so 
low apoprotein B means low LDL-C and VLDL-C. However, the study from UK Biobank did not found a significant 
association between sarcopenia and LDL-C. Previous studies have shown inconsistent relationships between clinical lipid 
parameters and sarcopenia, and these relationships may differ by sex. However, in sarcopenia, lipid metabolism disorders 
are prevalent. The relationship between sarcopenia and clinical lipid parameters needs further exploration.

Lipid disorders can be broadly divided into 4 “clinical” categories: elevated LDL-C, low HDL-C, elevated TG, and 
elevated lipoprotein(a) (Lp(a)). Serum Lp(a) is a special lipoprotein synthesized by the liver. It is a heterogenous 
glycoprotein, which is an apoB100 containing lipoprotein covalently bound to apoprotein(a).13 Convincing evidence 
from many studies indicated that elevated Lp(a), the fourth “clinical” category of lipid disorders, was a main driver for 
the risk of atherosclerotic cardiovascular disease (ASCVD), myocardial infarction, and aortic valve stenosis.14 Higher 
concentrations of Lp(a) have also been found to be related to sarcopenia in women.12 Recently, Li et al found that elevated 
Lp(a) was related to muscle loss in elderly (60 years or older) patients with T2DM.15 However, the association between 
Lp(a) and sarcopenia in T2DM patients of general age, and whether this association differs by sex, is still unclear.

Therefore, we aim to analyze the association between elevated Lp(a) level and sarcopenia in T2DM patients of 
general age, and whether this association differs by sex.

Methods
Study Population
The present study was a cross-sectional study that included adult hospitalized patients (≥18 years of age) diagnosed with 
T2DM according to American Diabetes Association (ADA) criteria at Longyan First Affiliated Hospital of Fujian 
Medical University, Fujian, China between December 2021 and December 2022. Pregnant patients and patients with 
other types of diabetes were excluded. Patients with ketoacidosis, hyperosmolar status, acute severe infection, kidney 
diseases requiring hemodialysis, severe cardiac insufficiency, autoimmune disease, neurological diseases and orthopedic 
diseases causing mobility impairment, and incomplete clinical parameters such as Lp(a), muscle mass, muscle strength, 
and physical performance were also excluded. Eventually, 426 patients were included (Figure 1). All patients in our study 
were not prescribed with proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor. The study was approved by the 
Institutional Ethics Research Committee of Longyan First Affiliated Hospital of Fujian Medical University (approval 

Figure 1 The flow of participants through the trial.
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number LYREC2021-014-01) and was performed according to the Declaration of Helsinki. All patients gave written 
informed consent to take part in the study.

Data Collection and Clinical Definition
Demographic variables and health information, including age, sex, educational status and history of diagnosed diseases, 
were collected via a standard questionnaire by our trained staff. Clinical features and biochemical examination data were 
obtained from the electronic medical record system. Height, weight and blood pressure were assessed by the nurse on 
admission using a standardized form. Venous blood was collected early in the morning after fasting overnight. Venous 
blood was also taken two hours after the first bite of breakfast to detect 2 hours postprandial blood glucose (2hPBG).

Body mass index (BMI) was calculated by dividing weight (kg) by the square of height (m). Anemia was defined as 
hemoglobin levels of less than 13 g per deciliter in male and 12 g per deciliter in female according to diagnostic criteria 
set by the WHO.16 Non-high-density lipoprotein cholesterol (non-HDL-C) was calculated as TC minus HDL-C.17 The 
estimated glomerular filtration rate (eGFR) was calculated based on serum creatinine using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) 2009 equation.18 The diagnosis of DR was based on ophthalmologic examina-
tion and the International Clinical Diabetic Retinopathy Disease Severity Scale.19 Diabetic nephropathy (DN) was 
diagnosed based on the urinary albumin/creatinine ratio (ACR) ≥ 30 mg/mmol or eGFR < 60 mL/min/1.73m2, as defined 
by the organization Kidney Disease Improving Global Outcomes (KDIGO).20 Diabetic neuropathy was diagnosed 
according to the Chinese guidelines for the prevention and treatment of type 2 diabetes.21 Cardiovascular disease 
(CVD) was defined as stroke and/or coronary artery disease (CAD). Low education was defined as the patient’s highest 
level of education being at or below a high school diploma.

Measurement of Lp(a)
Lipid assessment was performed at admission. Lp(a) mass was evaluated by an auto immunoturbidimetry assay on 
a chemistry analyzer (AU5800 Analyzer, Beckman Coulter, Brea, California). The intraassay coefficient of variation was 
≤ 4% and the interassay coefficient of variation was ≤ 10%. Based on prior report22 and the instructions for our hospital’s 
Lp (a) kit, serum level of Lp(a)<30 mg/dL was considered as the normal range.

Muscle Mass, Grip Strength, and Physical Performance Assessment
Methods of assessing muscle mass, grip strength, and physical performance were described in our previous manuscript.23 The 
Appendicular Skeletal Muscle Mass Index (ASMI) was calculated using the following formula: ASMI = extremity muscle 
mass (kg) / height squared (m2). Low muscle mass was defined as ASMI <7.0 kg/m2 for men and <5.4 kg/m2 for women. Low 
muscle strength was defined as handgrip strength <28 kg for men and <18 kg for women. Low physical performance was 
defined as 6-meter walk speed <1.0 m/s. The diagnosis of sarcopenia include low muscle mass, low muscle strength, or poor 
physical performance following the guidelines from the Asian Working Group for Sarcopenia (AWGS) 2019. Severe 
sarcopenia was defined as having both low muscle mass and low muscle strength, as well as poor physical performance.

Statistical Analysis
Continuous variables were reported as mean ± standard deviation (SD) or median (interquartile range, IQR) and 
compared by the two-sample independent t-test or Wilcoxon-rank test as appropriate. Categorical variables were 
displayed as percentage (number) and compared by the Chi-square test. Correlations of Lp(a) with other lipid parameters 
were assessed by the Spearman correlation coefficient analysis.

Restricted cubic splines were used to detect the association between Lp(a) and sarcopenia. The association between 
Lp(a) and sarcopenia was assessed by univariable and multivariable logistic regression. Variables that were entered into 
the model were carefully selected on the basis of variables associated with known poor prognosis or variables with 
p-value <0.05 in the baseline or univariable regression analysis. We also performed subsequent analysis to assess the 
effect of sex on the association between Lp(a) and sarcopenia.

Statistical analyses were performed using R, version 4.0.3 software (R Foundation for Statistical Computing, Vienna, 
Austria). Two-sided p values <0.05 were considered statistically significant.
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Results
Patient Characteristics
The mean age of the 426 enrolled patients was 58.6 years, and 240 (56.3%) were males. Totally, the patients with low 
education were 359 (84.3%), and the mean BMI was 24.56 kg/m2. The median duration of diabetes was 6.0 years, and 
the glycosylated hemoglobin (HbA1c) was 9.8% ± 2.3. 12.9% (n = 55) of the patients had diabetic nephropathy (DN), 
29.0% (n = 113) had diabetic retinopathy (DR), and 43.9% (n =187) had diabetic neuropathy. Almost half of the patients 
had hypertension (46.9%; n = 200), 10.8% (n = 46) had CVD, and 19.9% (n = 84) had anemia (Table 1).

The prevalence of sarcopenia was 31.7%, of which 25 cases were severe sarcopenia among 135 patients, 
accounting for 18.5%. Patients with sarcopenia were older, had lower BMI, lower eGFR, lower TG, higher Lp(a) 
levels, and had longer duration of diabetes than those without sarcopenia (all p < 0.05). Patients with sarcopenia 
also had lower educational level and higher prevalence of DR, CVD and anemia than patients without sarcopenia. 

Table 1 Baseline Characteristics of All Participants

All Participants (n=426) Male (n=240) Female (n=186)

Demographic characteristics

Age (years) 58.6 ± 12.6 57.4 ± 12.9 60.2 ± 12.0

Age≥60 years, n (%) 192 (45.1) 98 (40.8) 94 (50.5)
Male, n (%) 240 (56.3) 240 (100) 0 (0)

BMI (kg/m2) 24.6 ± 3.7 24.8 ± 3.6 24.3 ± 3.9

BMI ≥ 25 kg/m2, n (%) 173 (40.6) 108 (45.0) 65 (34.9)
Low education, n (%) 359 (84.3) 183 (76.2) 176 (94.6)

Medical history and Clinical condition

Duration of diabetes (years) 6.0 (1.0, 10.0) 5.0 (0.5, 10.0) 7.5 (2.0, 12.0)

Hypertension, n (%) 200 (46.9) 103 (42.9) 97 (52.2)
DR, n (%) 113 (29.0) 62 (28.3) 51 (30.0)

DN, n (%) 55 (12.9) 38 (15.8) 17 (9.1)

DPN, n (%) 187 (43.9) 109 (45.4) 78 (41.9)
CAD, n (%) 29 (6.8) 22 (9.2) 7 (3.8)

Stroke, n (%) 19 (4.5) 11 (4.6) 8 (4.3)

CVD, n (%) 46 (10.8) 31 (12.9) 15 (8.1)
Anemia, n (%) 84 (19.9) 43 (18.1) 41 (22.2)

Laboratory examination

Lp(a) (mg/dL) 9.20 (4.12, 23.17) 8.85 (3.68, 20.47) 10.25 (5.15, 24.20)

Lp(a)≥ 30 mg/dL, n (%) 81 (19.0) 43 (17.9) 38 (20.4)
TG (mmol/L) 1.69 (1.08, 2.54) 1.70 (1.08, 2.64) 1.63 (1.08, 2.43)

TG ≥1.7 mmol/L, n (%) 211 (49.8) 121 (50.6) 90 (48.6)

TC (mmol/L) 5.15 ± 1.48 5.15 ± 1.45 5.14 ± 1.52
LDL-C (mmol/L) 3.22 ± 1.03 3.22 ± 0.95 3.22 ± 1.13

HDL-C (mmol/L) 1.12 ± 0.37 1.09 ± 0.29 1.17 ± 0.45

Non-HDL-C (mmol/L) 4.02 ± 1.44 4.06 ± 1.43 3.98 ± 1.45
Apoprotein A 1.31 ± 0.33 1.26 ± 0.34 1.37 ± 0.32

Apoprotein B 1.01 ± 0.33 1.01 ± 0.31 1.01 ± 0.35

FBG (mmol/L) 8.68 ± 3.40 8.52 ± 3.52 8.87 ± 3.23
2hPBG (mmol/L) 11.62 ± 4.18 11.48 ± 4.07 11.80 ± 4.32

HbA1C (%) 9.79 ± 2.31 9.90 ± 2.38 9.64 ± 2.21

eGFR (mL/min/1.73m2) 91.51 ± 23.49 91.14 ± 22.87 91.98 ± 24.32
hs-CRP (mg/L) 1.50 (0.70, 3.25) 1.50 (0.60, 3.35) 1.60 (0.70, 2.92)

(Continued)
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The use of insulin was higher in patients with sarcopenia compared to those without sarcopenia, while the use of 
other hypoglycemic and lipid-lowering drugs did not differ between the two groups. Study population characteristics 
were summarized in Table 2.

The percentages of Lp(a)≥30 mg/dL were 19.0% (n = 81). Patients were also divided into groups with Lp(a)<30 and 
≥30 mg/dL. Compared with patients in Lp(a)<30 mg/dL group, those in Lp(a)≥30 mg/dL group had lower educational 
level, higher prevalence of sarcopenia, and higher LDL-C and apoprotein B levels. The use of hypoglycemic and lipid- 
lowering drugs did not differ between the two groups (Supplementary Table 1 and Figure 2).

Correlations Between Lp(a) and Other Lipid Measurements
Figure 3 showed all correlations between Lp(a) and other lipid measurements. Except apoprotein A, Lp(a) showed 
a significantly positive correlation with TC (r = 0.13, p < 0.01), LDL-C (r = 0.18, p < 0.001), HDL-C (r = 0.12, p < 
0.05), non-HDL-C (r = 0.12, p < 0.05) and apoprotein B(r = 0.18, p < 0.01). By contrast, there was a negative 
correlation between Lp(a) and TG (r = −0.14, p < 0.01). In a word, the absolute values of the r index of Lp(a) 
associated with other lipid parameters were all less than 0.20.

Correlations Between Lp(a) and Clinical Indicators of Sarcopenia
Lp(a) showed a significantly positive correlation with sarcopenia (r = 0.14, p < 0.01), and a negative correlation with 
ASMI (r = −0.11, p < 0.05), Handgrip strength (r = −0.10) and 6-metre walk speed (r = −0.03). The correlation between 
Lp(a) and Handgrip strength and 6-metre walk speed was not significant (Table 3).

Table 1 (Continued). 

All Participants (n=426) Male (n=240) Female (n=186)

Medication

Insulin, n (%) 76 (18.2) 37 (15.9) 39 (21.2)

Sulfonylureas, n (%) 91 (21.8) 43 (18.5) 48 (25.9)

Glinides, n (%) 64 (15.3) 41 (17.6) 23 (12.4)
AGIs, n (%) 148 (35.4) 69 (29.6) 79 (42.7)

Metformin, n (%) 200 (47.8) 105 (45.1) 95 (51.4)

TZDs, n (%) 41 (9.8) 22 (9.4) 19 (10.3)
DPP-4 inhibitors, n (%) 46 (11.0) 28 (12.0) 18 (9.7)

GLP1-RAs, n (%) 20 (4.8) 9 (3.9) 11 (5.9)

SGLT-2is, n (%) 40 (9.6) 21 (9.0) 19 (10.3)
Statin, n (%) 59 (15.0) 35 (15.6) 24 (14.1)

Aspirin, n (%) 33 (8.4) 15 (6.7) 18 (10.6)

Sarcopenia related indicators

Sarcopenia, n (%) 135 (31.7) 82 (34.2) 53 (28.5)
Severe sarcopenia, n (%) 25 (5.9) 18 (9.3) 7 (4.5)

ASMI (kg/m2) 6.55 ± 2.19 7.04 ± 2.22 5.90 ± 1.98
Handgrip strength (kg) 27.47 ± 10.29 32.67 ± 9.62 20.75 ± 6.58

6-metre walk speed (m/s) 1.03 ± 0.20 1.05 ± 0.19 1.01 ± 0.21

Abbreviations: BMI, body mass index; DR, diabetic retinopathy; DN, diabetic nephropathy; DPN, diabetic peripheral 
neuropathy; CAD, coronary artery disease; CVD, cardiovascular disease; Lp(a), lipoprotein(a); TG, triglyceride; TC, total 
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; non-HDL-C, non- 
high-density lipoprotein cholesterol; FBG, fasting blood glucose; 2hPBG, 2 hours postprandial blood glucose; HbA1c, 
glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; hs-CRP, hypersensitive C-reactive protein; AGIs, 
alpha-glucosidase inhibitors; TZDs, thiazolidinediones; DPP-4, Dipeptidyl peptidase-4; GLP1-RAs, glucagon-like peptide-1 
receptor agonists; SGLT-2is, sodium-glucose cotransporter-2 inhibitors; ASMI, appendicular skeletal muscle mass index.
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Table 2 Baseline Characteristics of Patients with and without Sarcopenia

All Participants (n=426) Male (n=240) Female (n=186)

Non-Sarcopenia  
(n = 291)

Sarcopenia  
(n = 135)

p-value Non-Sarcopenia  
(n = 158)

Sarcopenia  
(n = 82)

p-value Non-Sarcopenia  
(n = 133)

Sarcopenia  
(n = 53)

p-value

Demographic characteristics

Age (years) 54.7 ± 11.7 67.0 ± 10.3 <0.001 52.7 ± 11.5 66.5 ± 10.5 <0.001 57.2 ± 11.5 67.9 ± 10.0 <0.001

Age≥60 years, n (%) 93 (32.0) 99 (73.3) <0.001 37 (23.4) 61 (74.4) <0.001 56 (42.1) 38 (71.7) <0.001

Male, n (%) 158 (54.3) 82 (60.7) 0.253 158 (100) 82 (100) / 0(0) 0(0) /
BMI (kg/m2) 25.5 ± 3.7 22.6 ± 3.0 <0.001 25.8 ± 3.4 22.7 ± 3.0 <0.001 25.0 ± 4.0 22.5 ± 3.1 <0.001

BMI ≥ 25 kg/m2, n (%) 147 (50.5) 26 (19.3) <0.001 91 (57.6) 17 (20.7) <0.001 56 (42.1) 9 (17.0) 0.002

Low education, n (%) 237 (81.4) 122 (90.4) 0.027 114 (72.2) 69 (84.1) 0.056 123 (92.5) 53 (100.0) 0.091

Medical history and Clinical condition

Duration of diabetes (years) 5.0 (0.7, 10.0) 10.0 (4.0, 13.0) <0.001 4.0 (0.2, 10.0) 8.5 (2.3, 11.8) 0.004 6.0 (2.0, 10.0) 10.0 (4.0, 16.0) 0.020

Hypertension, n (%) 128 (44.0) 72 (53.3) 0.090 61 (38.6) 42 (51.2) 0.083 67 (50.4) 30 (56.6) 0.545

DR, n (%) 70 (25.3) 43 (38.4) 0.014 32 (21.2) 30 (44.1) 0.001 38 (30.2) 13 (29.5) 1.000
DN, n (%) 32 (11.0) 23 (17.0) 0.115 20 (12.7) 18 (22.0) 0.092 12 (9.0) 5 (9.4) 1.000

DPN, n (%) 123 (42.3) 64 (47.4) 0.374 62 (39.2) 47 (57.3) 0.011 61 (45.9) 17 (32.1) 0.120

CAD, n (%) 12 (4.1) 17 (12.6) 0.003 10 (6.3) 12 (14.6) 0.060 2 (1.5) 5 (9.4) 0.032
Stroke, n (%) 9 (3.1) 10 (7.4) 0.079 3 (1.9) 8 (9.8) 0.015 6 (4.5) 2 (3.8) 1.000

CVD, n (%) 21 (7.2) 25 (18.5) 0.001 13 (8.2) 18 (22.0) 0.005 8 (6.0) 7 (13.2) 0.184

Anemia, n (%) 40 (13.9) 44 (32.8) <0.001 16 (10.3) 27 (33.3) <0.001 24 (18.2) 17 (32.1) 0.063

Laboratory examination

Lp(a) (mg/dL) 8.40 (3.70, 20.45) 11.30 (5.40, 32.65) 0.003 8.00 (3.23, 18.10) 11.00 (5.30, 26.08) 0.005 8.90 (5.00, 23.20) 12.40 (6.60, 36.70) 0.007

Lp(a)≥ 30 mg/dL, n (%) 46 (15.8) 35 (25.9) 0.019 23 (14.6) 20 (24.4) 0.038 23 (17.3) 15 (28.3) 0.049

TG (mmol/L) 1.81 (1.16, 2.78) 1.50 (0.98, 2.00) <0.001 1.93 (1.17, 2.87) 1.48 (0.94, 2.05) <0.001 1.77 (1.10, 2.61) 1.50 (1.08, 1.89) 0.049
TG ≥1.7 mmol/L, n (%) 160 (55.4) 51 (37.8) 0.001 90 (57.3) 31 (37.8) 0.006 70 (53.0) 20 (37.7) 0.086

TC (mmol/L) 5.22 ± 1.45 4.98 ± 1.53 0.117 5.21 ± 1.39 5.02 ± 1.55 0.327 5.23 ± 1.51 4.92 ± 1.51 0.206
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LDL-C (mmol/L) 3.27 ± 0.99 3.12 ± 1.10 0.160 3.24 ± 0.86 3.17 ± 1.10 0.555 3.29 ± 1.13 3.04 ± 1.11 0.161

HDL-C (mmol/L) 1.12 ± 0.40 1.14 ± 0.30 0.591 1.07 ± 0.29 1.13 ± 0.29 0.138 1.17 ± 0.49 1.15 ± 0.32 0.779
Non-HDL-C (mmol/L) 4.10 ± 1.42 3.84 ± 1.47 0.081 4.14 ± 1.41 3.89 ± 1.48 0.198 4.06 ± 1.44 3.77 ± 1.47 0.217

Apoprotein A 1.30 ± 0.30 1.32 ± 0.40 0.516 1.24 ± 0.27 1.32 ± 0.43 0.069 1.38 ± 0.31 1.33 ± 0.33 0.371

Apoprotein B 1.02 ± 0.31 0.98 ± 0.35 0.181 1.02 ± 0.28 1.00 ± 0.35 0.662 1.03 ± 0.35 0.95 ± 0.35 0.135
FBG (mmol/L) 8.70 ± 3.44 8.63 ± 3.31 0.836 8.73 ± 3.73 8.12 ± 3.06 0.202 8.66 ± 3.08 9.41 ± 3.55 0.155

2hPBG (mmol/L) 11.05 ± 3.80 12.85 ± 4.67 <0.001 10.93 ± 3.97 12.53 ± 4.08 0.004 11.19 ± 3.60 13.36 ± 5.48 0.002

HbA1C (%) 9.66 ± 2.26 10.05 ± 2.39 0.112 9.75 ± 2.30 10.18 ± 2.51 0.186 9.56 ± 2.22 9.84 ± 2.18 0.435
eGFR (mL/min/1.73m2) 95.69 ± 21.32 82.54 ± 25.41 <0.001 96.09 ± 19.56 81.67 ± 25.71 <0.001 95.22 ± 23.31 83.90 ± 25.12 0.004

hs-CRP (mg/L) 1.50 (0.70, 2.90) 1.55 (0.70, 4.32) 0.400 1.30 (0.60, 2.98) 1.70 (0.70, 4.90) 0.159 1.70 (0.80, 2.90) 1.20 (0.70, 3.35) 0.669

Medication

Insulin, n (%) 41 (14.2) 35 (27.3) 0.002 16 (10.3) 21 (27.3) 0.002 25 (18.8) 14 (27.5) 0.278
Sulfonylureas, n (%) 60 (20.8) 31 (24.0) 0.535 30 (19.2) 13 (16.9) 0.799 30 (22.6) 18 (34.6) 0.135

Glinides, n (%) 38 (13.1) 26 (20.2) 0.091 23 (14.7) 18 (23.4) 0.148 15 (11.3) 8 (15.4) 0.608

AGIs, n (%) 94 (32.5) 54 (41.9) 0.083 41 (26.3) 28 (36.4) 0.152 53 (39.8) 26 (50.0) 0.276
Metformin, n (%) 141 (48.8) 59 (45.7) 0.638 70 (44.9) 35 (45.5) 1.000 71 (53.4) 24 (46.2) 0.471

TZDs, n (%) 30 (10.4) 11 (8.5) 0.681 14 (9.0) 8 (10.4) 0.913 16 (12.0) 3 (5.8) 0.321

DPP-4 inhibitors, n (%) 33 (11.4) 13 (10.1) 0.814 18 (11.5) 10 (13.0) 0.916 15 (11.3) 3 (5.8) 0.389
GLP1-RAs, n (%) 13 (4.5) 7 (5.4) 0.871 5 (3.2) 4 (5.2) 0.704 8 (6.0) 3 (5.8) 1.000

SGLT-2is, n (%) 31 (10.7) 9 (7.0) 0.306 16 (10.3) 5 (6.5) 0.484 15 (11.3) 4 (7.7) 0.651
Statin, n (%) 40 (14.6) 19 (15.8) 0.871 21 (14.1) 14 (18.7) 0.487 19 (15.2) 5 (11.1) 0.670

Aspirin, n (%) 19 (6.9) 14 (11.7) 0.173 6 (4.0) 9 (12.0) 0.049 13 (10.4) 5 (11.1) 1.000

Abbreviations: BMI, body mass index; DR, diabetic retinopathy; DN, diabetic nephropathy; DPN, diabetic peripheral neuropathy; CAD, coronary artery disease; CVD, cardiovascular disease; Lp(a), lipoprotein(a); TG, triglyceride; TC, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; FBG, fasting blood glucose; 2hPBG, 2 hours postprandial blood glucose; 
HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; hs-CRP, hypersensitive C-reactive protein; AGIs, alpha-glucosidase inhibitors; TZDs, thiazolidinediones; DPP-4, Dipeptidyl peptidase-4; GLP1-RAs, glucagon- 
like peptide-1 receptor agonists; SGLT-2is, sodium-glucose cotransporter-2 inhibitors.
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Figure 2 Prevalence of sarcopenia in total, male, and female patients with Lp(a)< 30 and ≥30 mg/dL.

Figure 3 Correlations between Lp(a) and other lipid measurements. According to the right vertical axis diagram, the color and size of the circle indicate a positive or 
negative correlation between the lipid parameters, and the numbers in the circles indicate the values of the r index between the lipid parameters. Blue represents positive 
correlation, orange represents negative correlation, and the deeper the color, the stronger the correlation. 
Abbreviations: TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; non-HDL-C, non-high- 
density lipoprotein cholesterol; Lp(a), lipoprotein(a).
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Association Between Lp(a) and Sarcopenia
There was a linear correlation between Lp(a) and sarcopenia in our study population. We found that the higher the Lp(a) 
level, the higher the incidence of sarcopenia (Nonlinear: p = 0.185) (Figure 4A).

In univariable logistic regression analysis, a statistically significant positive correlation was found between Lp(a) as 
a continuous variable and sarcopenia (odds ratio [OR]: 1.01, 95% confidence interval [CI]: 1.00 to 1.02, p = 0.016). 
Patients in Lp(a)≥30 mg/dL group showed an increased risk of sarcopenia than those in Lp(a)< 30mg/dL group (OR: 
1.86, 95% CI: 1.13 to 3.06, p = 0.014) in univariable model (Supplementary Table 2). After careful selection, multi-
variable logistic regression analyses with stepwise adjustment for clinical variables showed that the association between 
Lp(a) as a categorical variable and sarcopenia was robust (fully adjusted odds ratio [aOR]: 2.19, 95% CI: 1.09 to 4.39, 
p = 0.027) (Table 4).

Restricted cubic spline which was developed based on the same covariates of the multivariable logistic regression 
model, showed that the higher the Lp(a) level, the higher increased incidence of sarcopenia (Nonlinear: p = 0.545) 
(Figure 4B).

In terms of other lipid parameters, only TG was negatively correlated with sarcopenia when not adjusting for 
covariates. Multivariable logistic regression showed that hypertriglyceridemia (TG≥1.7 mmol/L) was negatively corre-
lated with sarcopenia after adjusting for covariates (Supplementary Table 3).

Subgroup analysis also revealed that Lp(a)≥30 mg/dL had a relatively consistent risk of sarcopenia across dichot-
omized subgroups (Age≥60 years or <60 years, BMI≥ 25 kg/m2 or <25 kg/m2, and TG ≥1.7 mmol/L or <1.7 mmol/L). 
No significant interaction between Lp(a)≥30 mg/dL and dichotomized subgroups was observed (all p-interaction > 0.05) 
(Figure 5).

Association Between Lp(a) and Sarcopenia in Different Sexes
Subsequent analysis was performed for individuals of different sexes. The prevalence of sarcopenia was 34.2% in male, 
while 28.5% in female. Patients with sarcopenia were older, had lower BMI, lower eGFR, lower TG, higher Lp(a) levels, 
and had longer duration of diabetes than those without sarcopenia in both male and female (all p < 0.05)(Table 2).

Compared with patients in Lp(a) <30 mg/dL group, patients in Lp(a) ≥30 mg/dL group tended to had higher 
prevalence of sarcopenia in both male and female (Figure 2). After adjusting for confounding variables, multivariable 
logistic regression analyses showed that patients in Lp(a)≥30 mg/dL group had an increased risk of sarcopenia than those 
in Lp(a)<30 mg/dL group, regardless of the different sexes (male: aOR: 2.59, 95% CI: 1.09 to 6.21, p = 0.032; female: 
aOR: 2.45, 95% CI: 1.06 to 6.03, p = 0.039) (Table 5). In total patients, the interaction between Lp(a) groups and sexes 
was not statistically significant (p = 0.422).

Discussion
In this cross-sectional study of hospitalized T2DM patients aged 18 years and older, we found that patients with 
sarcopenia had higher Lp(a) levels than those without sarcopenia, and patients in Lp(a)≥ 30mg/dL group had higher 
prevalence of sarcopenia than those in Lp(a)<30 mg/dL group. Patients in Lp(a)≥30 mg/dL group showed an increased 
risk of sarcopenia than those in Lp(a)<30 mg/dL group, and this association did not differ by sex.

The association between serum Lp(a) level and sarcopenia has been little studied in previous research. A cross- 
sectional study of 461 elderly T2DM patients showed that Lp(a) levels were higher in sarcopenia group than in control 
group, and elevated Lp(a) was a risk factor for muscle loss.15 Consistent with the above study, patients with sarcopenia 

Table 3 Correlation Between Lp(a) and Clinical Indicators of Sarcopenia

Indicators Sarcopenia ASMI Handgrip Strength 6-Metre Walk Speed (m/s)

Lp(a) 0.14** −0.11* −0.10 −0.03

Notes: The symbol ** indicates statistically significant difference: a two-sided p value <0.01. The symbol * indicates 
statistically significant difference: a two-sided p value <0.05. 
Abbreviations: Lp(a), lipoprotein(a); ASMI, appendicular skeletal muscle mass index.
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had higher Lp(a) levels than those without sarcopenia in our study. We also found that T2DM patients in the elevated 
Lp(a) group had higher prevalence and increased risk of sarcopenia than T2DM patients in the normal Lp(a) group when 
serum Lp(a) less than 30 mg/dL was defined as the normal range. In addition, our subjects were about 10 years younger 
than the patients in the above study, so our subjects were middle-aged and elderly patients with T2DM. Therefore, our 
study complements the above study and provides new evidence for the association between Lp(a) and sarcopenia in 
middle-aged and elderly patients with T2DM.

A cross-sectional analysis from UK Biobank indicated that the association between Lp(a) and sarcopenia varied by 
sex in general population.12 Our study also explored whether the association between Lp(a) and sarcopenia in T2DM 
patients differed by sex. The results showed that in both male and female, T2DM patients in Lp(a)≥30 mg/dL group had 
an increased risk of sarcopenia than those in Lp(a)<30 mg/dL group. Larger-sample-sized studies are needed to confirm 
our results. The potential mechanisms underlying the association between Lp(a) and sarcopenia may be related to chronic 
inflammation. Lp(a) can lead to muscle loss by regulating inflammation. Chronic inflammation reduces muscle primarily 
by accelerating catabolism, decreasing appetite, increasing insulin resistance, and decreasing levels of growth factors and 
insulin-like growth factor-1.15,24

In previous studies, the association between lipid metabolism-related parameters, such as TG, TC, HDL-C, LDL-C, 
apoprotein A and apoprotein B, and sarcopenia exhibited inconsistencies.9–11 In our study, we found that the levels of 
TC, LDL-C and apoprotein B tended to decrease in patients with sarcopenia, while the levels of HDL-C and 
apolipoprotein A tended to increase than patients without sarcopenia. Only the TG level in patients with sarcopenia 
was significantly lower than those without sarcopenia. TG was negatively correlated with sarcopenia in logistic 

Figure 4 Restricted spline curve of the serum Lp(a) level odds ratio of sarcopenia. (A) The restricted spline curve of univariable logistic regression model. (B) The 
restricted spline curve of multivariable logistic regression model.

Table 4 Multivariable Logistic Regression Analysis for Lp(a) 
and Sarcopenia in Total Patients

Lp(a) ≥ 30 vs < 30 mg/dL aOR 95% CI p-value

Model 1 1.94 1.12–3.36 0.018

Model 2 1.99 1.09–3.62 0.024
Model 3 2.19 1.09–4.39 0.027

Notes: Model 1 was adjusted for age ≥ 60 years, sex. Model 2: Model 1+BMI 
≥ 25 kg/m2, low education level, CVD, hypertension, anemia and eGFR. 
Model 3: Model 2+duration of diabetes, DR, 2hPBG, TG ≥1.7 mmol/L, hs- 
CRP and insulin. 
Abbreviations: Lp(a), lipoprotein(a); BMI, body mass index; CVD, cardio-
vascular disease; eGFR, estimated glomerular filtration rate; DR, diabetic 
retinopathy; 2hPBG, 2 hours postprandial blood glucose; TG, triglyceride; hs- 
CRP, hypersensitive C-reactive protein.
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regression analyses. After adjusting for TG, there was also a significant association between Lp(a) as a categorical 
variable and sarcopenia in patients with T2DM.

The last European and American cholesterol management guidelines recommend the use of Lp(a) for risk 
stratification in patients at high risk for atherosclerotic cardiovascular disease. The guidelines state that Lp(a) 

Figure 5 Odds ratio for sarcopenia in different subgroups.

Table 5 Multivariable Logistic Regression Analysis for Lp(a) and Sarcopenia 
in Male and Female

Male Female

aOR (95% CI) p-value aOR (95% CI) p-value

Lp(a) ≥ 30mg/dL 2.59(1.09–6.21) 0.032 2.45(1.06–6.03) 0.039
Age≥60 5.45(2.63–11.67) <0.001 2.87(1.21–7.07) 0.019

BMI ≥ 25 kg/m2 0.23(0.10–0.46) <0.001 0.18(0.07–0.43) <0.001

Duration of diabetes 1.00(0.94–1.05) 0.907 1.01(0.96–1.07) 0.609
eGFR 0.98(0.96–1.00) 0.03 0.99(0.98–1.01) 0.483

2hPBG 1.13(1.04–1.23) 0.006 1.13(1.04–1.24) 0.005

TG ≥1.7 mmol/L 0.67(0.32–1.39) 0.283
DR 1.43(0.71–2.87) 0.318

CVD 1.34(0.50–3.67) 0.563

Abbreviations: Lp(a), lipoprotein(a); BMI, body mass index; eGFR, estimated glomerular filtration 
rate; 2hPBG, 2 hours postprandial blood glucose; TG, triglyceride; DR, diabetic retinopathy; CVD, 
cardiovascular disease.
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concentrations above 50 mg/dL are considered a significant risk factor for prognosis.25,26 Our study provides a basis 
for risk stratification of sarcopenia using Lp(a) in patients with T2DM. Our findings suggest that screening for 
sarcopenia should be emphasized in patients with T2DM with Lp(a)≥30 mg/dL. Some studies have found that 
PCSK9 inhibitors could lower Lp(a) by 20–30%.27 However, further research is needed to confirm whether Lp(a) 
lowering measures, such as PCSK9 inhibitors use, can prevent sarcopenia in patients with T2DM. In addition, elevated 
Lp(a) are consequently associated with an increased risk of adverse clinical events because of the atherogenic and 
thrombogenic properties of Lp(a).28,29 Therefore, patients with T2DM complicated with sarcopenia should pay 
attention to the detection of serum Lp(a) level and reduce the high Lp(a) level to reduce the risk of adverse clinical 
events.

There are several limitations meriting careful consideration. First, this is a cross-sectional study so that the 
causality between Lp(a) and sarcopenia cannot be definitively established. Second, because the patients in our study 
came from the same medical facility, the generalizability of our findings might be restricted. Third, Our study did not 
incorporate significant risk factors such as nutrition and physical activity, potentially limiting our comprehensive 
understanding of sarcopenia. Finally, the sample size of this study is relatively small. Future studies with larger sample 
sizes are required.

Conclusion
In hospitalized T2DM patients aged 18 years and older, elevated Lp(a) (≥30 mg/dL) was associated with an increased 
risk of sarcopenia, and such an association did not differ by sex. The results are of great significance to the risk 
stratification of screening for sarcopenia in clinical practice. Prospective studies are needed to clarify the causal 
relationship between elevated Lp(a) and sarcopenia, and to confirm whether lowering Lp(a) can prevent sarcopenia in 
patients with T2DM.

Abbreviations
ASMI, appendicular skeletal muscle mass index; AWGS, Asian Working Group for Sarcopenia; aOR, adjusted odds 
ratio; ASCVD, atherosclerotic cardiovascular disease; AGIs, alpha-glucosidase inhibitors; BMI, body mass index; CAD, 
coronary artery disease; CVD, cardiovascular disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; 
DR, diabetic retinopathy; DN, diabetic nephropathy; DPN, diabetic peripheral neuropathy; DPP-4, Dipeptidyl peptidase- 
4; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; GLP1-RAs, glucagon-like peptide-1 receptor 
agonists; HDL-C, high-density lipoprotein cholesterol; hs-CRP, hypersensitive C-reactive protein; HbA1c, glycosylated 
hemoglobin; Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipopro-
tein cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9; RLP-C, remnant-like particle cholesterol; SGLT- 
2is, sodium-glucose cotransporter-2 inhibitors; T2DM, type 2 diabetes mellitus; TG, triglyceride; TC, total cholesterol; 
TZDs, thiazolidinediones; VLDL-C, very low density lipoprotein cholesterol; 2hPBG, 2 hours postprandial blood 
glucose.
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