
O R I G I N A L  R E S E A R C H

Relationships Between the Apolipoprotein Levels 
and Sarcopenia in Inpatients with Type 2 Diabetes 
Mellitus: A Cross-Sectional Study
Yang Sun1,2, Bo-Wei Liu2, Xin Zhang2, Fu-Zai Yin 2

1Hebei Medical University, Shijiazhuang, Hebei, People’s Republic of China; 2Department of Endocrinology, First Hospital of Qinhuangdao, 
Qinhuangdao, Hebei, People’s Republic of China

Correspondence: Fu-Zai Yin, Email yinfuzai62@163.com 

Background: Apolipoprotein (Apo) may be associated with sarcopenia in elderly inpatients with type 2 diabetes mellitus (T2DM), 
but fewer studies are available. In this study, we explored the association of ApoA1, ApoB, and ApoB/ApoA1 with sarcopenia and 
compared the predictive role of Apo indicators for sarcopenia in an elderly T2DM.
Objective: To investigate the relationships between the Apo and sarcopenia in elderly inpatients with T2DM.
Methods: This study included 253 inpatients with T2DM (mean age of 70.11±5.44 years, 32.8% male). The inpatients were divided 
into the sarcopenic group (n = 100) and non-sarcopenic group (n = 153). The associations among the Apo and sarcopenia were 
assessed using multivariate analyses.
Results: Inpatients in the sarcopenia group showed lower ApoA1 levels than those in the non-sarcopenia group (1.25±0.21 vs 1.36 
±0.20 g/L, P < 0.05) and showed higher ApoB/ApoA1 and ApoB levels than those in the non-sarcopenia group (0.82±0.27 vs 0.69 
±0.19 g/L, P < 0.05;1.00±0.32 vs 0.93±0.24 g/L, P < 0.05, respectively). After adjusting for age and BMI, the logistic regression 
model indicated that ApoA1 was a protective factor for elderly inpatients with T2DM sarcopenia.(OR =0.079,95% CI: 0.021~0.306, 
P < 0.05);ApoB and AopB/AopA1 were risk factors for elderly inpatients with T2DM sarcopenia.(OR =3.578,95% CI:1.318~9.715, 
P < 0.05;OR =16.440,95% CI:4.437~60.427, P < 0.05, respectively). AopB/AopA1 provided an AUC value of 0.765 in elderly men. 
(95% CI: 0.665~0.866, P<0.05).
Conclusion: ApoA1, AopB, and AopB/AopA1 are associated with sarcopenia in elderly inpatients with T2DM, and AopB/AopA1 
may be a potential predictor of sarcopenia in elderly men with T2DM.
Keywords: type 2 diabetes mellitus, sarcopenia, Apolipoprotein A1, Apolipoprotein B, Apolipoprotein B/A1

Sarcopenia is defined as the age-related loss of skeletal muscle mass and function.1 With increasing global aging, 
sarcopenia is rapidly increasing among people over 65 years of age.2 Sarcopenia can pose a serious threat to the physical 
health of older adults and can lead to old age, disability, hospitalization and even death.3–5 The etiology of sarcopenia is 
complex and involves various factors such as muscle wasting, changes in endocrine function, chronic illnesses, 
inflammation, insulin resistance, and inadequate nutrition.6

Several studies have indicated a potential correlation between dyslipidemia and sarcopenia.7,8 Dysregulation of lipid 
metabolism is intricately linked to muscle physiology and metabolism, ultimately resulting in muscle pathology and 
dysfunction.9 Dyslipidemia may exacerbate sarcopenia by promoting fat accumulation within muscle fibers, impairing 
mitochondrial function, and inducing oxidative stress, abnormal insulin signaling, and an inflammatory cascade.10 It has been 
reported that the decline in proximal leg strength among individuals with T2DM may be linked to diabetic peripheral 
neuropathy, while the decrease in distal leg strength is attributed to the accumulation of intramuscular fat.11 Furthermore, 
a study conducted on elderly inpatients in China revealed that elevated levels of total cholesterol (TC), triglycerides (TG), 
and low-density lipoprotein cholesterol (LDL-C) could serve as potential risk factors for sarcopenia in this population.12 Park 
found a negative correlation between grip strength and levels of TC, TG, and LDL-C in middle-aged and older adults, while 
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high-density lipoprotein cholesterol (HDL-C) showed a positive correlation.13 Apo play a crucial role in regulating lipid 
metabolism by stabilizing lipoprotein structure, facilitating lipid transport, enhancing immunogenicity of lipoproteins, and 
modulating levels of different lipoproteins.14 ApoA1 and ApoB are two of the most clinically significant Apo. ApoA1, the 
main structural protein of HDL-C, plays a crucial role in cholesterol efflux and cellular cholesterol homeostasis.15 ApoB is 
the predominant protein constituent of LDL-C and serves as a marker for LDL-C levels.16

In recent years, there has been a growing focus on the role of Apo in cardiovascular disease, specifically the AopB/ 
AopA1 has demonstrated notable advantage in predicting the risk of atherosclerotic cardiovascular disease.15,17,18 It is 
apparent that Apo are closely linked to atherosclerosis, and the chronic inflammatory state associated with T2DM is also 
a contributing factor to atherosclerosis and sarcopenia. Because the diagnostic evaluation of sarcopenia is relatively 
complex, whereas Apo testing is easier in the T2DM population, and whether Apo can be used as a predictor of 
sarcopenia has not been reported, we designed the present study.

Objects and Methods
Study Objects
From October 2021 to December 2022, 253 patients with T2DM were admitted to the Department of 
Endocrinology of the First Hospital of Qinhuangdao. The mean age was (70.11±5.44) years, and the sample 
included 83 elderly men and 170 elderly women. The inclusion criteria were as follows: (1) clear diagnosis of 
T2DM; (2) gave informed consent and voluntary participated in this study; and (3) over 60 years of age (range 
<80 years). The exclusion criteria were as follows: (1) patients with acute cerebrovascular disease, acute gastro-
intestinal bleeding, acute renal failure, severe liver function abnormalities, or a history of severe physical damage; 
(2) Use of lipid-affecting medications other than moderate-intensity doses of statin (regardless of type) within 6 
months; (3) patients with diabetic ketoacidosis or diabetic hypertonic hyperglycemic syndrome; (4) patients with 
severe bone and joint disease or neuromuscular disease affecting daily activities; (5) patients with malignant 
tumors (unable to live or work normally); and (6) patients with acute infectious diseases.

Research Methodology
Clinical Information
Information on each participant, including their height, weight, systolic blood pressure, diastolic blood pressure, history 
of smoking, history of alcohol consumption, diabetes duration, History of cerebral infarction, and History of coronary 
heart disease, was collected by trained and certified investigators using standard technical methods. The body mass index 
(BMI) was calculated as BMI = weight (kg) / height (m2).

All subjects were instructed to fast for 8–12 h, and 5 mL of venous blood was drawn in the morning of the 
following day on an empty stomach. The blood was used to analyze TC, TG, HDL-C, LDL-C, ApoA1, ApoB, blood uric 
acid (UA), glycated hemoglobin (HbA1c), and fasting blood glucose (FBG). LDL-C/HDL-C and ApoB/ApoA1 ratio was 
calculated. Blood lipids were determined by an enzymatic method using a Hitachi 7170A fully automated biochemical 
analyzer. HbA1c was determined using a glycosylated hemoglobin assay kit (Microparticle Chromatography, YZB/NOR 
4287–2010, AxisShiold PoCAS). FBG was determined using the glucose oxidase method.

The whole-body skeletal muscle mass index (SMI) was measured by dual-energy X-ray bone densitometry (DXA, 
MEDILINK SARL, France). The grip strength of each hand was measured using a JAMAR (Performance health supply, 
inc, Cedarburg, WI, USA) electronic grip strength meter; Take two measurements in each hand and the maximum value 
is recorded as the grip strength. The subject was instructed to perform a 6-m walk test at a natural pace, and the gait 
speed (m/s) was calculated by dividing 6 m by the time required to complete the walk test.

Diagnostic Criteria for Sarcopenia
The Asian Working Group on Sarcopenia (AWGS) 2019 diagnostic criteria for sarcopenia were used: SMI < 7.0 kg/m2 for 
males and SMI < 5.4 kg/m2 for females; grip strength < 28 kg for males and < 18 kg for females; and gait speed < 1.0 m/s.
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Statistical Methods
Data were organized and analyzed using SPSS 23.0 software. The normally distributed measurement data were expressed 
as mean ± standard deviation (x ± s), and t-test was used for comparison between groups. Count data were expressed as 
the number of cases (percentage), and the chi-square test was used for comparison between groups. Binary logistic 
regression was used to analyze the correlations between sarcopenia and age, BMI, ApoA1, ApoB and ApoB/ApoA1. The 
receiver-operating characteristic (ROC) curves were drawn and values of area undercurve (AUC) were estimated. 
Differences were considered statistically significant at P<0.05.

Results
Characteristics of the Study Participants
A total of 253 inpatients with T2DM were included in this study, including 170 elderly women and 83 elderly men, with 
an overall mean age of (70.11±5.44) years. The prevalence of sarcopenia in the total population was 39.5% (35.3% in 
elderly women and 48.2% in elderly men). In the total population, Compared with the non-sarcopenia group, the age, 
ApoB, ApoB/ApoA1, LDL-C/HDL-C levels and coronary heart disease detection rate of the sarcopenia group were 
significantly higher (P<0.05), while the BMI and ApoA1 levels were significantly lower (P<0.05);In the elderly women, 
Compared with the non-sarcopenia group, the age, ApoB/ApoA1 levels and coronary heart disease detection rate of the 
sarcopenia group were significantly higher (P<0.05), while the BMI and ApoA1 levels were significantly lower (P<0.05); 
In the elderly men, Compared with the non-sarcopenia group, the ApoB, ApoB/ApoA1and LDL-C/HDL-C levels of the 
sarcopenia group were significantly higher (P<0.05), while the ApoA1 levels were significantly lower (P<0.05) (Table 1)

Relationships Between the ApoA1, ApoB, and ApoB/ApoA1 Levels and the 
Detection Rate of Sarcopenia
ApoA1, ApoB, and ApoB/ApoA1 were dichotomized according to the collected data. The detection rate of sarcopenia 
was significantly higher in the low ApoA1 groups than in the high ApoA1 groups.(49.6% vs 28.3%, χ2= 11.963, P= 
0.001), while the detection rate of sarcopenia was significantly higher in the low ApoB/ApoA1 groups than in the high 
ApoB/ApoA1 groups.(47.2% vs 32.3%, χ2= 5.828, P= 0.016). No significant difference was seen in the detection rate of 
sarcopenia in the ApoB dichotomous subgroups.(40.7% vs 38.5%, χ2= 0.127, P= 0.772) (Figure 1)

Logistic Regression Analysis of Sarcopenia and ApoA1, ApoB, and ApoB/ApoA1
In the analysis of logistic regression, sarcopenia was used as the dependent variable and serum ApoA1, ApoB, and ApoB/ 
ApoA1 levels were used as the independent variables. After adjusting for age and BMI, ApoA1 as a protective factor for 
elderly women and elderly men inpatients with T2DM sarcopenia (OR=0.140,95% CI:0.023~0.841, P=0.032;OR=0.028,95% 
CI:0.002~0.343, P=0.005, respectively). AopB as a risk factor for elderly men inpatients with T2DM sarcopenia (OR 
=33.250,95% CI:3.440~321.362, P =0.002), AopB/AopA1 as a risk factor for elderly women and elderly men inpatients 
with T2DM sarcopenia. (OR =5.852,95% CI:1.187~28.842, P =0.030;OR=160.855, 95% CI:11.296~2290.506, P=0.000, 
respectively) (Table 2)

ROC Curve Analysis of Apolipoproteins Levels and Various Lipid Parameters in the 
Diagnosis of Sarcopenia
AopB/AopA1levels for predicting sarcopenia has an AUC value greater than ApoA1, ApoB levels, and other lipid 
parameters. AopB/AopA1 levels predicted AUC values of 0.629 (95% CI: 0.557~0.700), 0.554 (95% CI: 0.459~0.649), 
and 0.765 (95% CI: 0.665~0.866) for sarcopenia in elderly inpatients, elderly women inpatients, and elderly men 
inpatients, respectively (Table 3 and Figure 2)

Discussion
The prevalence of sarcopenia in elderly inpatients with T2DM in our study was 39.5%, with a prevalence of sarcopenia 
in 48.8% of elderly male inpatients and 35.3% of elderly female inpatients. Perkisas conducted a study which revealed 
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Table 1 Baseline Characters and Differences Between Sarcopenia Group and Non- Sarcopenia Group

The total (n=253) Women (n=170) Men (n=83)

Sarcopenia 
(n=100)

Non-Sarcopenia 
(n=153)

P-value Sarcopenia 
(n=60)

Non-Sarcopenia 
(n=110)

P-value Sarcopenia 
(n=40)

Non-Sarcopenia 
(n=43)

P-value

Age(year) 71.26.±5.34 69.35±5.39 0.006 71.40±5.95 68.90±5.51 0.007 71.05±4.33 70.51±4.97 0.601

BMI(kg/cm2) 23.97±2.31 25.21±2.68 0.000 23.84±2.71 25.63±2.78 0.000 24.17±1.55 24.13±2.12 0.929

Diabetes duration(y) 12.78±10.30 11.28±8.60 0.212 12.41±10.72 10.61±8.52 0.232 13.35±9.74 12.98±8.68 0.858
HbA1c(%) 8.55±1.95 8.36±2.18 0.488 8.85±2.02 8.51±2.22 0.328 8.08±1.77 7.96±2.02 0.779

FBG (mmol/L) 8.25±3.90 7.71±2.91 0.215 8.36±4.13 7.94±3.09 0.461 8.07±3.58 7.11±2.30 0.145

UA(umol/L) 312.12±92.36 307.00±91.58 0.749 289.95±93.13 300.59±85.93 0.456 346.22±81.02 323.24±103.88 0.271
TC(mmol/L) 5.21±1.62 5.12±1.21 0.582 5.54±1.75 5.41±1.15 0.574 4.73±1.26 4.36±1.03 0.143

TG(mmol/L) 1.87±1.19 1.78±1.04 0.541 1.94±1.12 1.90±0.90 0.812 1.77±1.30 1.47±1.29 0.310
HDL-C(mmol/L) 1.06±0.26 1.10±0.21 0.104 1.13±0.28 1.13±0.20 0.990 0.94±0.19 1.03±0.21 0.040

LDL-C(mmol/L) 2.95±1.11 2.75±0.84 0.099 3.08±1.25 2.93±0.83 0.329 2.75±0.83 2.28±0.69 0.006

LDL-C/HDL-C 2.84±0.95 2.52±0.77 0.004 2.75±0.96 2.63±0.76 0.378 2.98±0.93 2.26±0.74 0.000
ApoA1(g/L) 1.25±0.21 1.36±0.20 0.000 1.32±0.20 1.39±0.19 0.016 1.14±0.19 1.27±0.21 0.002

ApoB(g/L) 1.00±0.32 0.93±0.24 0.031 1.04±0.35 0.99±0.23 0.256 0.95±0.26 0.77±0.21 0.001

ApoB/ApoA1 0.82±0.27 0.69±0.19 0.000 0.80±0.27 0.72±0.19 0.029 0.86±0.26 0.62±0.19 0.000
Gait speed(m/s) 0.87±0.22 1.01±0.22 0.000 0.84±0.17 0.97±0.22 0.000 0.92±0.27 1.12±0.18 0.000

SMI(kg/m2) 5.32±0.74 5.94±0.74 0.000 4.84±0.37 5.71±0.58 0.000 6.00±0.59 6.50±0.80 0.001

Grip strength(kg) 20.53±7.10 23.53±7.57 0.002 16.45±4.58 19.85±4.56 0.000 26.37±5.88 32.72±5.50 0.000
Hypertension, n (%) 61(61.0) 101(66.4) 0.377 39(65.0) 69(63.3) 0.826 22(55.0) 32(74.4) 0.064

Cigarette smoking, n (%) 19(19.0) 17(11.1) 0.179 3(5.0) 5(4.5) 0.405 16(39.8) 12(27.9) 0.214

Drinking n (%) 23(23.0) 21(13.8) 0.105 3(5.0) 2(1.8) 0.241 20(50.0) 19(44.2) 0.592
Cerebral infarction, n (%) 18(18.0) 27(17.6) 0.943 10(16.7) 19(17.3) 0.920 8(20.0) 8(18.6) 0.872

Coronary heart disease, 

n (%)

37(37.0) 37(24.2) 0.028 24(40.0) 27(24.5) 0.036 13(32.5) 10(23.3) 0.347

Notes: Data shown as mean± SD or Number of cases (percentage). 
Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c;FBG, fasting blood glucose; UA, blood uric acid; TC, Cholesterol; TG, triglyceride HDL-C, high-density lipoprotein cholesterol;LDL-C, low-density lipoprotein 
cholesterol; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; SMI, skeletal muscle mass index.
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that the prevalence of sarcopenia among the elderly can vary significantly, ranging from 17% to 62%.19 This fluctuation 
is attributed to differences in the populations studied, living conditions, and the assessment tools and methodologies 
utilized. Subsequent studies, such as that by Cruz-Jentoft have shown a prevalence of sarcopenia in older adults living in 
the community to range from 1% to 29%.20 Additionally, a study conducted in China on sarcopenia among elderly 

Figure 1 The percentage of patients with sarcopenia according to ApoA1, ApoB, and ApoB/ApoA dichotomous levels. 
Notes: High AopA1 was defined as ≥1.30g/L, Low AopA1was defined as <1.30g/L; High AopB was defined as ≥0.93g/L, Low AopB was defined as <0.93g/L; High AopB/ 
AopA1 was defined as ≥0.72g/L, Low AopB/AopA1 was defined as <0.72 g/L.
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Table 2 Binary Logistic Regression Analysis of Influencing Factors of Sarcopenia*

Total Women Men

B OR 95% CI P-value B OR 95% CI P-value B OR 95% CI P-value

AopA1 −2.535 0.079 0.021~0.306 0.000 −1.965 0.140 0.023~0.841 0.032 −3.574 0.028 0.002~0.343 0.005
AopB 1.275 3.578 1.318~9.715 0.012 0.842 2.321 0.681~7.915 0.178 3.504 33.250 3.440~321.362 0.002

AopB/AopA1 2.800 16.440 4.437~60.427 0.000 1.767 5.852 1.187~28.842 0.030 5.081 160.855 11.29~2290.506 0.000

Note: *Analyses included the following covariates: age, BMI.
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individuals residing in nursing homes found that the prevalence of sarcopenia was 32.8%, with rates as high as 68% 
among men.21 Moreover, older adults diagnosed with T2DM may experience a 55% elevated risk of developing 
sarcopenia.22 Factors such as insulin resistance and heightened levels of advanced glycosylation end-products in 
individuals with T2DM contribute to an increased susceptibility to microvascular and macrovascular complications, 
potentially disrupting cellular function and resulting in cellular demise.23 These complications can ultimately impact 
muscle mass and function, ultimately leading to sarcopenia. Additionally, our research revealed a lower prevalence of 
sarcopenia in females (35.3%) compared to males (48.2%). This is consistent with some previous studies,21,24,25 

Table 3 The ROC Curves Parameters for Apolipoprotein and Various Lipid Parameters in Predicting Sarcopenia

Variables AopB/AopA1 LDL-C/HDL-C ApoB 
(g/L)

ApoA1 
(g/L)

LDL-C 
(mmol/L)

HDL-C 
(mmol/L)

TC 
(mmol/L)

TG 
(mmol/L)

The total

AUC 0.629 0.590 0.544 0.345 0.535 0.423 0.495 0.508
95% CI 0.557~0.700 0.517~0.662 0.47~0.617 0.276~0.415 0.416~0.609 0.349~0.498 0.420~0.570 0.435~0.580

p value 0.001 0.016 0.238 0.000 0.351 0.039 0.899 0.840

Women

AUC 0.554 0.516 0.501 0.390 0.494 0.488 0.481 0.478

95% CI 0.459~0.649 0.422~0.610 0.40~0.598 0.300~0.480 0.397~0.590 0.392~0.584 0.383~0.578 0.385~0.571

p value 0.244 0.735 0.983 0.018 0.890 0.798 0.676 0.636

Men

AUC 0.765 0.731 0.706 0.319 0.670 0.372 0.599 0.634

95% CI 0.665~0.866 0.623~0.839 0.59~0.818 0.204~0.433 0.552~0.787 0.251~0.492 0.475~0.723 0.515~0.754

p value 0.000 0.000 0.001 0.004 0.060 0.044 0.121 0.035

Figure 2 Receiver operating characteristic (ROC) curve subjects in the male sarcopenia group versus the non-sarcopenia group. AUC area under the curve, AopB/AopA1.
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however, there are still some studies that have presented opposite results,26,27 and others that have found no significant 
association between gender and the prevalence of sarcopenia.28,29

Apo, a key functional protein involved in lipid metabolism, has shown a significant association with sarcopenia. 
Additionally, emerging evidence suggests that lipid metabolism may play a crucial role in the regulation of skeletal 
muscle mass and function.30 Yang ‘s meta-analysis revealed a significant association between LDL-C, TG, HDL-C, 
and TG with sarcopenia.8 Le ‘s study illustrated that short-term high-fat feeding in mice led to increased muscle 
atrophy and catabolism, resulting in decreased muscle mass and function compared to a previous period.31 

Furthermore, an analysis of the Korean National Health and Nutrition Examination Survey identified elevated levels 
of LDL-C and TC in individuals with lower muscle mass.32 In addition, during the aging process, the decline in muscle 
function and mobility in the elderly is closely related to the redistribution of adipose tissue and the infiltration of lipids 
into the skeletal muscle.33 This study identified a strong correlation between AopA1 and ApoB with the onset of 
sarcopenia. AopA1, a primary Apo responsible for transporting HDL-C in vivo and possessing anti-inflammatory and 
immunomodulatory properties,34 plays a crucial role in the conversion of myoglycogen within skeletal muscle cells. 
Additionally, AopA1 enhances both insulin-dependent and insulin-independent glucose metabolism in skeletal muscle, 
thereby increasing skeletal muscle myoglycogen levels.35 This elevation in myoglycogen content impacts the energy 
supply to skeletal muscle and subsequently influences muscle function.36 Tikkanen observed a positive correlation 
between elevated serum levels of ApoA1 and the proportion of slow muscle fibers in the skeletal muscle of middle- 
aged men. Higher concentrations of ApoA1 were associated with a greater percentage of slow muscle fibers.37 The 
onset of sarcopenia is intricately linked to inflammatory markers, and ApoA1 has been shown to mitigate the 
production of inflammatory factors to a certain extent.38 ApoB serves as the primary Apo responsible for transporting 
LDL-C in vivo and is a crucial biomarker for the detection of hyperlipidemia. Shono N observed a negative association 
between ApoB levels and the quantity of capillaries surrounding skeletal muscle type IIx fibers in males, with higher 
serum ApoB levels correlating with a decreased number of capillaries surrounding these fibers.39 Previous research has 
indicated that the ApoB/ApoA1 ratio may provide a more accurate reflection of the severity of acute coronary 
syndromes compared to traditional lipid parameters in patients with this condition.15 In the current study, ApoB/ 
ApoA1 predicted sarcopenia with a greater AUC value than other lipid parameters, mainly in older men, with an AUC 
area of 0.765 and an optimal theoretical threshold of 0.795. However, this result is not perfect, which may be related to 
the small sample size and single-sample nature of our study. Therefore, prospective studies with large sample sizes are 
still needed to further explore.

In this study, the DXA method was used to provide a more reliable assessment of muscle mass, and the AWGS-2019 
criteria were chosen to define sarcopenia. However, this study has some limitations. First, since this was a cross-sectional 
study, it was not possible to determine causality. Second, the sample size of this study was relatively small and single- 
center, and the findings need to be validated in multiple centers. Third, other confounding factors such as total calorie 
intake and use of antidiabetic drugs were not completely excluded from the model.

In conclusion, the levels of Apo have been found to be correlated with the onset of sarcopenia in elderly inpatients 
diagnosed with T2DM. Moreover, AopB/AopA1 may be a potential predictor of sarcopenia in elderly men with T2DM. 
Therefore, elderly T2DM inpatients should be monitored for changes in their Apo levels while controlling their lipid 
levels, thus enhancing the prevention of sarcopenia.

Data Sharing Statement
The database is owned by all data collectors and is not publicly available.
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All procedures involving human participants followed the ethical standards of the Helsinki Declaration of Ethical 
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