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Background: Body mass index (BMI) correlates with aspirin-induced bleeding risk. However, skeletal muscle mass (SMM) loss and 
fat gain commonly occur with aging, making BMI not a reasonable marker of bleeding risk in older individuals. In the present study, 
we aimed to investigate the prognostic value of myopenic obesity based on the percent of fat mass (%FM) for aspirin-induced bleeding 
in Chinese patients over 60 years old.
Methods: We prospectively analyzed 185 patients taking aspirin for primary and secondary prevention of cardiovascular diseases. 
Body composition parameters were estimated using bioelectrical impedance analysis. We defined myopenic obesity (MO) as a height- 
adjusted appendicular SMM <7.0 kg/m2 in males and <5.7 kg/m2 in females with a %FM >29% in males and >41% in females or 
a BMI ≥25 kg/m2. The patients were categorized into four groups by the presence or absence of myopenia and obesity.
Results: Based on the %FM grouping, the bleeding risk was significantly higher in the MO group, followed by the nonmyopenic 
obesity, myopenic nonobesity, and nonmyopenic nonobesity groups (P = 0.044). No statistically significant differences in the 
probability of bleeding events were observed among the four BMI-based groups (P = 0.502). Multivariate Cox analysis indicated 
that MO (hazard ratio [HR] 2.724, 95% confidence interval [CI] 1.073–6.918, P = 0.035), aspirin dose (100 vs 50 mg/day, HR 2.609, 
95% CI 1.291–5.273, P = 0.008), concomitant use of histamine-2 receptor antagonists and proton pump inhibitors (HR 1.777, 95% CI 
1.007–3.137, P = 0.047), and hemorrhage history (HR 2.576, 95% CI 1.355–4.897, P = 0.004) were associated with bleeding events 
independently.
Conclusion: %FM-based MO was an independent predictor of aspirin-induced bleeding in older Chinese individuals. Reducing %FM 
rather than BMI should be an optimal strategy for the management of myopenic obesity.
Keywords: myopenic obesity, aspirin-induced bleeding, body composition, percent of fat mass, older adults

Introduction
Aspirin significantly reduces the incidence of cardiovascular events and cardiovascular mortality1,2 but also increases the 
risk of bleeding,3 particularly in older adults.4,5 Owing to a higher prevalence of frailty, associated with increased 
longevity, and the global epidemic of obesity, extremely low and high body weights are becoming more common in the 
older population.6–8 Several studies have explored the association between aspirin effects and body weight. Obesity may 
influence the pharmacodynamics and pharmacokinetics of aspirin and is associated with impaired aspirin 
responsiveness.9,10 Previous trials11,12 have suggested that the risk of aspirin-induced bleeding is related to the body 
weight, and participants with a lower body weight seem to be at a high risk of bleeding.

Body mass index (BMI) is the simplest and most universal indicator used to assess the body weight in the clinic. 
However, BMI is not a reasonable marker of the bleeding risk in older individuals. Aging causes a progressive loss of 
muscle mass and strength, as well as an increase in fat mass (FM) and visceral fat accumulation, which is called 
sarcopenic obesity.13 Recently, the relevance of body composition to clinical outcomes has attracted much attention, and 
mounting evidence has suggested that the skeletal muscle and fat tissue represent different characteristics and 
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functions.14 However, few studies have reported the impact of skeletal muscle and FM on aspirin-induced bleeding. In 
addition, the available evidence suggests a U-shaped relationship between BMI and spontaneous bleeding.15 Overweight 
(BMI 25–29.9 kg/m2) and class 1 obese individuals (BMI 30.0–34.9 kg/m2) have better outcomes of bleeding, commonly 
referred to as the “bleeding–obesity paradox”,16 which may be because BMI does not accurately reflect body fat mass 
and distribution in older individuals. In addition to BMI, other measures to diagnose obesity include the percent of fat 
mass (%FM), visceral fat area, waist circumference (WC), and waist-to-hip ratio (WHR). The %FM is a good measure of 
adiposity, particularly in older individuals and those with sarcopenic obesity. However, whether the coexistence of low 
skeletal muscle mass and obesity defined on the %FM could better predict the risk of aspirin-induced bleeding in older 
Chinese patients than BMI remains unknown.

Therefore, the current study aimed to investigate the impact of concomitant abnormal skeletal muscle and/or fat mass 
on aspirin-induced bleeding and to further explore whether the diagnostic criteria of obesity based on %FM could better 
predict the bleeding risk in older adults than BMI.

Materials and Methods
Study Design
This study was designed as a prospective, observational cohort study, and patients were consecutively recruited from the 
Department of Geriatrics, Peking University First Hospital, between April 1, 2019 and April 1, 2022. The inclusion criteria 
were as follows: participants age≥60 years old and regularly taking aspirin for primary and secondary prevention of 
cardiovascular disease (CVD), who consented to body composition measurements and provided routine laboratory test results 
in the past 3 months. The exclusion criteria included aspirin-sensitive asthma history or allergies to aspirin. Patients with 
severe hepatic (Child‒Pugh C) or renal insufficiency (estimated glomerular filtration rate, eGFR≤30 mL/min.1.73 m2) were 
also excluded from the present study. All patients were followed up via face-to-face or telephone/WeChat visits at intervals of 
6 months, and 185 patients were included in the final analysis. A flow chart of the study is shown in Figure 1.

Clinical and Laboratory Parameters
Baseline data of all the participants were collected into a case report form according to standard procedures by 
independent clinical research coordinators, including demographics, medical history, concomitant medication, and 
laboratory indication in the past 3 months. Gastrointestinal disease was defined as any self-reported history of reflux 
esophagitis, erosive gastritis, or gastric or duodenal ulcers. Hemorrhage history was defined as a history of bleeding 
events at any site and of any severity. The primary outcome was the first occurrence of any bleeding event, which was 
graded as fatal (Bleeding Academic Research Consortium [BARC]17 type 5), major (BARC type 3–4), and minor 
bleeding (BARC type 1–2). Time to bleeding event was defined as the number of days from the date of enrollment to the 
confirmed date of the bleeding event.

Body Composition Measurements
Bioelectrical impedance analysis (BIA) was performed using a body composition analyzer (InBody 720, Korea) to obtain 
all body composition data, including the skeletal muscle mass (SMM), body FM, %FM, WHR, and appendicular SMM 
(ASM), of the patients. The Asian Working Group for Sarcopenia (AWGS) has updated the definition of sarcopenia as 
low muscle strength or physical performance and a low SMM, with cutoffs for height-adjusted ASM of <7.0 kg/m2 in 
men and <5.7 kg/m2 in women by BIA.18 Owing to the lack of muscle strength and physical performance data, we 
referred to low SMM as “myopenia” in the present study. In general, obesity is supposed to be defined as BMI ≥30 kg/m2 

according to the World Health Organization (WHO) expert report. However, Asian populations are more likely to suffer 
from obesity-related complications at a lower BMI than Western individuals.19 Thus, the diagnostic criteria for 
obesity20,21 in the present study include a %FM of >29% in males and >41% in females or a BMI of ≥25 kg/m2 in 
both sexes. Accordingly, the cohort was divided into four groups based on the height-adjusted ASM and %FM or BMI as 
follows: nonmyopenic nonobesity (NN), nonmyopenic obesity (NO), myopenic nonobesity (MN), and myopenic 
obesity (MO).
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Statistical Analysis
Continuous variables are presented as the mean ± standard deviation (SD) or median (minimum, maximum) and were 
compared using an independent Student’s t-test or the Mann‒Whitney U-test. Categorical variables are presented as 
percentages (%) and were compared using Pearson’s χ²-test or Fisher’s exact test. Multiple comparisons were performed 
using one-way ANOVA or the Kruskal‒Wallis test with Dunn’s or LSD post hoc test, and Bonferroni correction was 
performed to correct for multiple comparisons. Kaplan–Meier analysis was used to evaluate the timing of bleeding event 
occurrences, and a Log rank test was conducted. Hazard ratios (HRs) and 95% confidence intervals (CIs) were obtained from 
Cox proportional hazards regression models. After adjusting for variables that were known to be strongly associated with the 
bleeding risk or differed significantly by univariate analysis, multivariate Cox proportional hazards models were developed to 
identify the predictors of aspirin-induced bleeding. A P value of < 0.05 was considered to be statistically significant for all 
tests. Statistical analyses were performed using the SPSS software, version 23.0 (IBM, Armonk, NY, USA).

Results
Patient Characteristics and Bleeding Probabilities According to %FM
The baseline characteristics and body composition of all the participants are presented in Table 1. A total of 185 patients 
(159 males, 85.9%) with a median age of 75.5 years were enrolled in this study. After a median of 738 days (interquartile 

Figure 1 Study flow diagram displaying the process of cohort identification and follow-up. 
Abbreviations: BIA, Bioelectrical impedance analysis; %FM, percent of fat mass; BMI, body mass index; NN, nonmyopenic nonobesity; NO, nonmyopenic obesity; MN, 
myopenic nonobesity; MO, myopenic obesity.
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range: 381, 880 days) of follow-up for all 185 patients, bleeding events occurred in 56 patients. When stratified based on 
the %FM, all the participants were divided into four groups: NN, n = 85 (46.0%); NO, n = 55 (29.7%); MN, n = 27 
(14.6%); and MO, n = 18 (9.7%).

Table 1 Characteristics of the Entire Cohort and Classification by %FM

Characteristic Total  
(n=185)

NN  
(n=85)

NO  
(n=55)

MN  
(n=27)

MO  
(n=18)

P

Demographics

Age, years 75.5±8.5 73.6±8.6 75.5±8.0 79.2±8.2# 78.8±7.7# 0.006*

Male, n(%) 159(85.9%) 70(82.40%) 51(92.7%) 21(77.8%) 17(94.4%) 0.135

Current smoking, n(%) 25(13.5%) 17(20.0%) 3(5.5%) 4(14.8%) 1(5.6%) 0.068

Current drinking, n(%) 48(25.9%) 25(29.4%) 12(21.8%) 5(18.5%) 6(33.3%) 0.511

Medical history

Primary prevention, n(%) 9(4.9%) 2(2.4%) 5(9.1%) 1(3.7%) 1(5.6%) 0.337

CHD, n(%) 175(94.6%) 82(96.5%) 50(90.9%) 26(96.3%) 17(94.4%) 0.532

Stroke, n(%) 16(8.6%) 4(4.7%) 4(7.3%) 4(14.8%) 4(22.2%) 0.063

TIA, n(%) 5(2.7%) 1(1.2%) 3(5.5%) 0 1(5.6%) 0.303

Hypertension, n(%) 142(76.8%) 63(74.1%) 46(83.6%) 17(63.0%) 16(88.9%) 0.104

Diabetes Mellitus, n(%) 80(43.2%) 41(48.2%) 25(45.5%) 9(33.3%) 5(27.8%) 0.283

Dyslipidemia, n(%) 176(95.1%) 81(95.3%) 54(98.2%) 24(88.9%) 17(94.4%) 0.334

Gastrointestinal disease, n(%) 104(56.2%) 48(56.5%) 32(58.2%) 14(51.9%) 10(55.6%) 0.960

Hemorrhage history, n(%) 43(23.2%) 16(18.8%) 15(27.3%) 8(29.6%) 4(22.2%) 0.560

Concomitant medication

50 mg/d aspirin, n(%) 70(37.8%) 29(34.1%) 19(34.5%) 13(48.1%) 9(50.0%) 0.376

100 mg/d aspirin, n(%) 115(62.2%) 56(65.9%) 36(65.5%) 14(51.9%) 9(50.0%) 0.376

Concomitant use of other antiplatelets, n(%) 69(37.3%) 36(42.4%) 16(29.1%) 10(37.0%) 7(38.9%) 0.469

Concomitant use of anticoagulants, n(%) 25(13.5%) 9(10.6%) 8(14.5%) 6(22.2%) 2(11.1%) 0.473

β-blocker, n(%) 125(67.7%) 53(62.4%) 37(67.3%) 20(74.1%) 15(83.3%) 0.306

ACEI/ARB, n(%) 87(47.0%) 39(45.9%) 29(52.7%) 9(33.3%) 10(55.6%) 0.345

Statin, n(%) 166(89.7%) 77(90.6%) 49(89.1%) 25(92.6%) 15(83.3%) 0.769

PPI/H2RA, n(%) 70(37.8%) 28(32.9%) 21(38.2%) 13(48.1%) 8(44.4%) 0.489

Laboratory indication

AA-Ag(%) 7.46(1.75, 15.78) 7.80(2.41, 15.78) 7.25(1.75, 14.37) 7.05(2.88, 12.46) 8.53(5.39, 13.69) 0.024*

HGB(g/L) 136.10±13.98 136.44±13.33 136.35±15.38 135.07±11.51 135.33±16.75 0.967

eGFR(mL/min.1.73m2) 69.73±16.74 71.29±16.29 68.67±16.17 68.06±17.30 68.11±20.32 0.709

FBG (mmol/L) 5.79(3.84, 28.37) 5.63(4.20, 28.37) 6.12(3.95, 10.41) 5.293(3.84, 10.17) 5.56(4.06, 15.60) 0.062

TG(mmol/L) 1.22(0.15, 6.08) 1.22(0.45, 4.23) 1.38(0.51, 6.08) 0.91(0.15, 5.04) 1.03(0.58, 3.31) 0.100

TCHO(mmol/L) 3.43(2.26, 7.51) 3.37(2.31, 5.92) 3.54(2.26, 5.49) 3.49(2.54, 5.06) 3.44(2.68, 7.51) 0.917

LDL-C(mmol/L) 1.75(0.84, 3.79) 1.76(1.04, 2.84) 1.80(0.84, 3.79) 1.62(0.92, 2.94) 1.68(1.29, 2.35) 0.509

HDL-C(mmol/L) 1.07(0.65, 1.99) 1.05(0.65, 1.99) 1.03(0.68, 1.79) 1.22(0.79, 1.98) 1.10(0.83, 1.73) 0.034*

HbA1c(%) 6.00(5.30, 13.89) 6.05(5.40, 12.00) 6.20(5.40, 8.50) 6.00(5.30, 10.10) 5.85(5.50, 13.89) 0.416

Body composition

Height (m) 1.69(1.48, 1.88) 1.70(1.55, 1.88) 1.70(1.48, 1.80) 1.66(1.53, 1.78) 1.64(1.53, 1.73) 0.009*

Weight (kg) 70.49±11.16 70.49±9.56 78.39±10.00# 58.39±6.50# 64.47±6.42 <0.001*

BMI(kg/m2) 24.79±3.29 24.35±2.36 27.61±3.15# 21.19±1.95# 23.69±1.96 <0.001*

SMM (kg) 27.7(17.6, 40.3) 29.5(18.5, 40.3) 29.5(20.1, 37.8) 23.4(17.6, 28.7)# 24.1(18.3, 26.2)# <0.001*

Body fat mass (kg) 21.25±6.22 18.53±3.81 28.22±4.16# 14.70±3.20# 22.65±3.36# <0.001*

Percent of fat mass (%) 29.45±6.29 26.15±5.27 34.91±3.76# 25.61±5.02 34.11±3.29# <0.001*

Waist-hip ratio (%) 0.93(0.66, 1.11) 0.91(0.66.1.01) 0.99(0.86, 1.11)# 0.90(0.83, 0.99) 0.95(0.89, 1.09)# <0.001*

Height-adjusted ASM(kg/m2) 7.39±0.92 7.64±0.81 7.83±0.64 6.23±0.64# 6.59±0.45# <0.001*

Notes: Data are presented as the mean±standard deviation or median (minimum, maximum) for continuous variables and percentage (%) for categorical variables. #P<0.05 
vs patients without myopenia obesity by Dunn’s or LSD post hoc tests and was corrected by Bonferroni correction. *P<0.05 for difference among the four groups in chi- 
square test or Fisher’s exact test and Kruskal‒Wallis test or one-way ANOVA. 
Abbreviations: %FM, percent of fat mass; NO, nonmyopenic obesity; NN, nonmyopenic nonobesity; MN, myopenic nonobesity; MO, myopenic obesity; CHD, coronary 
heart disease; TIA, transient Ischemic Attacks; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; PPI, proton pump inhibitors; H2RA, 
histamine 2 receptor antagonist; AA-Ag, arachidonic acid-induced platelet aggregation rate; HGB, hemoglobin; eGFR, estimated glomerular filtration rate; FBG, fasting 
blood-glucose; TG, triglyceride; TCHO, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HbA1C, glycosylated 
hemoglobin; BMI, body mass index; SMM, skeletal muscle mass; ASM, appendicular skeletal muscle mass.
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Age (P = 0.006), arachidonic acid-induced platelet aggregation rates (P = 0.024), high-density lipoprotein cholesterol 
(HDL-C) levels (P = 0.034), and body composition were significantly different among the four groups based on the %FM 
classification. The patients in the MO group had higher age (78.8 vs 73.6 years, P = 0.016), body FM (22.7 vs 18.5 kg, 
P < 0.001), %FM (34.1 vs 26.2%, P < 0.001), and WHR (0.95 vs 0.91, P = 0.002) and lower SMM (24.1 vs 29.5 kg, P < 
0.001) and height-adjusted ASM (6.59 vs 7.64 kg/m2, P < 0.001) than those in the NN group. The patient characteristics 
for the obesity group (n = 73) and nonobesity group (n = 112), as classified by %FM, are shown in Table S1.

The bleeding event rates in the NN, NO, MN, and MO groups were 21.2% (n = 18), 38.2% (n = 21), 29.6% (n = 8), 
and 50% (n = 9), respectively. Of these bleeding events, 1 (1.8%) patient in the MN group had a fatal intracranial 
hemorrhage (BARC type 5), 1 (1.8%) patient in the NO group had severe gastrointestinal bleeding (BARC type 3–4), and 
54 (96.4%) patients had minor bleeding events (BARC type 1–2). The probability of bleeding events was significantly 
higher in the MO group, followed by the NO, MN, and NN groups (P = 0.044) (Figure 2A).

Patient Characteristics and Bleeding Probabilities According to BMI
When stratified based on BMI, all participants were divided into NN, n = 70 (37.8%); NO, n = 70 (37.8%); MN, n = 43 
(23.2%); and MO, n = 2 (1.1%). Age (P = 0.007), triglycerides (P = 0.016), low-density lipoprotein cholesterol (P = 
0.029), HDL-C levels (P = 0.003), and body composition were significantly different among the four groups based on 
BMI classification. The patients in the MO group had higher BMI (27.7 vs 23.1 kg/m2, P = 0.001) and %FM (38.5 vs 
27.0%, P = 0.006) than those in the NN group (Table 2). The patient characteristics for the BMI ≥25 kg/m2 group (n = 
72) and BMI <25 kg/m2 group (n = 113) are shown in Table S2.

The bleeding event rates in the NN, NO, MN, and MO groups were 27.1% (n = 19), 28.6% (n = 20), 39.5% (n = 17), 
and 0%, respectively. Of these bleeding events, 1 (1.8%) patient in the MN group had fatal intracranial hemorrhage 
(BARC type 5), 1 (1.8%) patient in the NN group had severe gastrointestinal bleeding (BARC type 3–4), and 54 (96.4%) 
patients had minor bleeding events (BARC type 1–2). However, no significant differences in the probability of bleeding 
events were observed among the four groups (P = 0.502) (Figure 2B).

Risk Factors for Aspirin-Induced Hemorrhage
The predictive value of baseline variables and body composition for aspirin-induced hemorrhage was further investigated 
using a Cox regression model based on %FM or BMI classification.

The results of univariate analysis showed that the level of hemoglobin, concomitant use of proton pump inhibitors and 
histamine-2 receptor antagonists (PPI/H2RA), and hemorrhage history were associated with aspirin-induced hemorrhage 
(Table S3).

Based on the %FM classification, we found that PPI/H2RA use (HR 1.777, 95% CI 1.007–3.137, P = 0.047), 
hemorrhage history (HR 2.576, 95% CI 1.355–4.897, P = 0.004), aspirin dose (100 vs 50 mg/day, HR 2.609, 95% CI 
1.291–5.273, P = 0.008), and presence of MO (HR 2.724, 95% CI 1.073–6.918, P = 0.035) were independent risk factors 
for aspirin-induced bleeding after adjusting for confounders. Based on BMI classification, hemorrhage history (HR 
2.861, 95% CI 1.502–5.451, P = 0.001) and aspirin dose (100 vs 50 mg/day, HR 2.742, 95% CI 1.346–5.587, P = 0.005) 
were independent risk factors for aspirin-induced bleeding (Table 3).

Discussion
During the aging process, a loss of the SMM and function (sarcopenia) commonly occurs in parallel with relative or 
absolute body fat gain. From a clinical standpoint, the coexistence of sarcopenia and obesity potentially leads to 
a cumulative risk derived from these two conditions.19 Aspirin, a platelet aggregation inhibitor that leads to long- 
lasting suppression of thromboxane (TX) A2 production by acetylated cyclooxygenase-1 (COX-1), has been widely used 
for the prevention and treatment of CVD for decades. However, aspirin is associated with an increased bleeding risk, 
especially in older individuals. Therefore, scientific research has recently focused on the association between the 
coexistence of sarcopenia and obesity and the risk of aspirin-induced bleeding. After being absorbed in the stomach 
and duodenum, aspirin is rapidly deacetylated by esterases in the plasma, red blood cells, intestinal wall, and liver and 
then reaches systemic circulation in the form of salicylic acid. Obesity modifies the body composition, including kidney, 
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Figure 2 Kaplan‒Meier curves of bleeding events according to myopenia and obesity on the basis of (A) %FM or (B) BMI. 
Abbreviations: %FM, percent of fat mass; BMI, body mass index; NN, nonmyopenic nonobesity; NO, nonmyopenic obesity; MN, myopenic nonobesity; MO, myopenic 
obesity.
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Table 2 Characteristics of Entire Cohort and Classified by BMI

Characteristic Total  
(n=185)

NN  
(n=70)

NO  
(n=70)

MN  
(n=43)

MO  
(n=2)

P

Demographics
Age, years 75.5±8.5 75.0±9.2 73.7±7.6 79.3±7.9 74.5±7.8 0.007*

Male, n(%) 159(85.9%) 57(81.40%) 64(91.4%) 37(86.0%) 1(50.0%) 0.167

Current smoking, n(%) 25(13.5%) 11(15.7%) 9(12.9%) 5(11.6%) 0 0.859

Current drinking, n(%) 48(25.9%) 19(27.1%) 18(25.7%) 11(25.6%) 0 0.860

Medical history
Primary prevention, n(%) 9(4.9%) 3(4.3%) 4(5.7%) 2(4.7%) 0 0.966

CHD, n(%) 175(94.6%) 66(94.3%) 66(94.3%) 41(95.3%) 2(100%) 0.979

Stroke, n(%) 16(8.6%) 4(5.7%) 4(5.7%) 8(18.6%) 0 0.068

TIA, n(%) 5(2.7%) 1(1.4%) 3(4.3%) 1(2.3%) 0 0.758

Hypertension, n(%) 142(76.8%) 52(74.3%) 57(81.4%) 31(72.1%) 2(100.0%) 0.527

Diabetes Mellitus, n(%) 80(43.2%) 31(44.3%) 35(50.0%) 14(32.6%) 0 0.183

Dyslipidemia, n(%) 176(95.1%) 67(95.7%) 68(97.1%) 39(90.7%) 2(100.0%) 0.459

Gastrointestinal disease, n(%) 104(56.2%) 41(58.6%) 39(55.7%) 24(55.8%) 0 0.434

Hemorrhage history, n(%) 43(23.2%) 14(20.0%) 17(24.3%) 11(25.6%) 1(50.0%) 0.708

Concomitant medication
50 mg/d aspirin, n(%) 70(37.8%) 24(34.3%) 24(34.3%) 20(46.5%) 2(100%) 0.144

100 mg/d aspirin, n(%) 115(62.2%) 46(65.7%) 46(65.7%) 23(53.5%) 0 0.144

Concomitant use of other antiplatelets, n(%) 69(37.3%) 23(32.9%) 29(41.4%) 17(39.5%) 0 0.497

Concomitant use of anticoagulants, n(%) 25(13.5%) 8(11.4%) 9(12.9%) 8(18.6%) 0 0.670

β-blocker, n(%) 125(67.7%) 47(67.1%) 43(61.4%) 33(76.7%) 2(100.0%) 0.281

ACEI/ARB, n(%) 87(47.0%) 30(42.9%) 38(54.3%) 19(44.2%) 0 0.274

Statin, n(%) 166(89.7%) 62(88.6%) 64(91.4%) 39(90.7%) 1(50.0%) 0.285

PPI/H2RA, n(%) 70(37.8%) 24(34.3%) 25(35.7%) 21(48.8%) 0 0.268

Laboratory indication
AA-Ag(%) 7.46(1.75, 15.78) 7.03(3.02, 14.14) 8.06(1.75, 15.78) 7.54(2.88, 13.69) 6.85(6.54, 7.15) 0.208

HGB(g/L) 136.10±13.98 134.40±14.39 138.40±13.64 135.00±13.91 139.00±7.07 0.352

eGFR(mL/min.1.73m2) 69.73±16.74 72.23±16.72 68.30±15.60 67.21±18.19 86.71±13.03 0.165

FBG (mmol/L) 5.79(3.84, 28.37) 5.63(4.20, 28.37) 6.09(3.95, 13.96) 5.43(3.84, 15.60) 5.79(5.56, 6.02) 0.057

TG(mmol/L) 1.22(0.15, 6.08) 1.15(0.45, 3.83) 1.39(0.51, 6.08) 0.98(0.15, 5.04) 1.40(1.03, 1.76) 0.016*

TCHO(mmol/L) 3.43(2.26, 7.51) 3.58(2.58, 5.92) 3.33(2.26, 4.74) 3.47(2.54, 7.51) 4.03(3.34, 4.72) 0.091

LDL-C(mmol/L) 1.75(0.84, 3.79) 1.82(1.04, 3.79) 1.64(0.84, 3.23) 1.65(0.92, 2.94) 2.30(1.66, 2.94) 0.029*

HDL-C(mmol/L) 1.07(0.65, 1.99) 1.07(0.65, 1.99) 1.02(0.68, 1.90) 1.19(0.79, 1.98) 1.11(1.10, 1.12) 0.003*

HbA1c(%) 6.00(5.30, 13.89) 6.10(5.40, 12.00) 6.20(5.50, 8.70) 6.00(5.30, 13.89) 5.70(5.60, 5.80) 0.149

Body composition
Height (m) 1.69(1.48, 1.88) 1.70(1.50, 1.85) 1.70(1.48, 1.88) 1.66(1.53, 1.78) 1.60(1.60, 1.60) 0.007*

Weight (kg) 70.49±11.16 66.44±7.86 80.75±7.35# 60.35±6.82# 71.00±5.66 <0.001*

BMI(kg/m2) 24.79±3.29 23.09±1.56 28.17±2.03# 21.93±1.96# 27.73±2.21# <0.001*

SMM (kg) 27.7(17.6, 40.3) 27.8(18.5, 37.1) 30.5(20.1, 40.3)# 23.9(17.6, 28.7)# 22.5(19.9, 25.0) <0.001*

Body fat mass (kg) 21.25±6.22 18.60±4.64 26.08±5.17# 17.48±4.79 26.45±5.02 <0.001*

Percent of fat mass (%) 29.45±6.29 26.99±6.15 32.18±5.52# 28.57±5.83 38.50±1.27# <0.001*

Waist-hip ratio (%) 0.93(0.66, 1.11) 0.91(0.66.1.04) 0.98(0.83, 1.11)# 0.91(0.83, 1.09) 0.95(0.90, 0.99) <0.001*

Height-adjusted ASM(kg/m2) 7.39±0.92 7.39±0.69 8.04±0.67# 6.37±0.59# 6.34±0.92 <0.001*

Notes: Data are presented as the mean±standard deviation or median (minimum, maximum) for continuous variables and percentage (%) for categorical variables. #P<0.05 
vs patients without myopenia obesity by Dunn’s or LSD post hoc tests and was corrected by Bonferroni correction. *P<0.05 for difference among the four groups in chi- 
square test or Fisher’s exact test and Kruskal‒Wallis test or one-way ANOVA. 
Abbreviations: NO, nonmyopenic obesity; NN, nonmyopenic nonobesity; MN, myopenic nonobesity; MO, myopenic obesity; CHD, coronary heart disease; TIA, transient 
Ischemic Attacks; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; PPI, proton pump inhibitors; H2RA, histamine 2 receptor antagonist; 
AA-Ag, arachidonic acid-induced platelet aggregation rate; HGB, hemoglobin; eGFR, estimated glomerular filtration rate; FBG, fasting blood-glucose; TG, triglyceride; 
TCHO, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HbA1C, glycosylated hemoglobin; BMI, body mass index; 
SMM, skeletal muscle mass; ASM, appendicular skeletal muscle mass.
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liver, and heart function and plasma proteins, thus affecting the absorption, volume of distribution, metabolism, and/or 
elimination of aspirin.22 In obese subjects, high esterase activity has been found in mesenteric fat tissue, which may 
increase aspirin inactivation before the first passage through the liver and reduce its antithrombotic efficacy.23,24 Obesity 
has been reported to be associated with impaired aspirin responsiveness,25,26 as indicated by a high residual serum TXB2 
level, high platelet function, or elevated urinary levels of TX metabolites. Moreover, inhibition of COX-1 has been 
shown to be reduced when low-dose aspirin is used in persons with a high body weight and increased BMI,26,27 probably 
due to increased platelet activation or turnover.23,28 Meanwhile, a decreased lean (muscle) body mass can markedly affect 
the pharmacokinetic processes by increasing the volume of distribution and half-life of lipophilic aspirin.4,29 When 
aspirin is administered to patients with a low muscle mass, bleeding events are more likely to occur because of 
a relatively high level of salicylic acid in systemic circulation and a decrease in prostacyclin production in endothelial 
cells. In addition to pharmacodynamic studies, observational studies of clinical outcomes have explored the correlation 
between body weight and aspirin-induced bleeding,12 and it was reported that patients with lower body weight (≤60 kg) 
were at increased bleeding risk with 100 mg aspirin. However, few studies have been reported on the correlation between 
body composition and aspirin-induced bleeding. Our previous retrospective study30 indicated that both the SMM and 
height-adjusted ASM were independently and negatively correlated with aspirin-induced hemorrhage. In the present 

Table 3 Features Associated with Bleeding Events by Multivariate Cox Analysis of 
the Entire Cohort

HR 95% CI P

Body composition by %FM
Age(years) 1.009 0.969–1.052 0.657

Sex(male vs female) 1.305 0.508–3.350 0.580
FBG (mmol/L) 0.843 0.666–1.068 0.157

HGB(g/L) 0.987 0.966–1.008 0.226

PPI/H2RA(yes vs no) 1.777 1.007–3.137 0.047*
Aspirin dose (100 mg/d vs 50 mg/d) 2.609 1.291–5.273 0.008*

Concomitant use of anticoagulants(yes vs no) 1.509 0.679–3.355 0.312
Concomitant use of other antiplatelets(yes vs no) 1.276 0.671–2.424 0.458

Diabetes Mellitus(yes vs no) 0.787 0.414–1.496 0.465

Hemorrhage history(yes vs no) 2.576 1.355–4.897 0.004*
NO(vs NN group) 1.504 0.768–2.946 0.234

MN(vs NN group) 1.069 0.433–2.635 0.885

MO(vs NN group) 2.724 1.073–6.918 0.035*
Body composition by BMI
Age(years) 1.022 0.983–1.063 0.276

Sex(male vs female) 1.006 0.407–2.490 0.989
FBG (mmol/L) 0.911 0.744–1.116 0.368

HGB(g/L) 0.985 0.964–1.006 0.165

PPI/H2RA(yes vs no) 1.755 0.981–3.138 0.058
Aspirin dose (100 mg/d vs 50 mg/d) 2.742 1.346–5.587 0.005*

Concomitant use of anticoagulants(yes vs no) 1.265 0.577–2.771 0.557

Concomitant use of other antiplatelets(yes vs no) 1.181 0.628–2.220 0.605
Diabetes Mellitus(yes vs no) 0.671 0.355–1.267 0.219

Hemorrhage history(yes vs no) 2.861 1.502–5.451 0.001*

NO(vs NN group) 1.047 0.548–2.000 0.889
MN(vs NN group) 1.110 0.544–2.264 0.775

MO(vs NN group) – – –

Notes: *P<0.05 was considered nominally statistically significant. 
Abbreviations: HR, hazard ratio; CI, confidence interval; %FM, percent of fat mass; FBG, fasting blood- 
glucose; HGB, hemoglobin; PPI, proton pump inhibitors; H2RA, histamine 2 Receptor Antagonist; NO, 
nonmyopenic obesity; NN, nonmyopenic nonobesity; MN, myopenic nonobesity; MO, myopenic obesity; 
BMI, body mass index.
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study, overall bleeding events occurred in 30.3% of all recruited participants, including patients on aspirin monotherapy 
and those with concomitant use of antiplatelet and anticoagulant medications. We observed that body composition was 
related to aspirin-induced adverse bleeding events, and patients with MO, as defined by a low height-adjusted ASM and 
a high %FM, seemed to be at a high bleeding risk during the 738-day follow-up period.

Although the small sample size of MO for either %FM or BMI classification makes it difficult to confirm statistically whether 
it is better to use %FM rather than BMI for diagnosing MO, our findings may still have some exploratory implications. This may 
suggest that MO, as determined using %FM rather than BMI, could identify specific subgroups representing a higher bleeding 
risk. The prevalence of MO considerably varied depending on the use of %FM or BMI. Based on %FM, 18 (9.7%) patients were 
classified as having MO, compared with 2 (1.1%) patients based on BMI. It seems that BMI cannot recognize nearly 90% of 
patients with the coexistence of excessive FM and decreased SMM because BMI fails to precisely account for differences in fat 
and muscle distribution. In the present study, multivariate analysis indicated that MO (based on the %FM) was associated with 
a higher risk of bleeding. Compared with those in the reference group (individuals without obesity or myopenia), those who had 
MO had a 172% higher risk of bleeding. Therefore, our findings have implications for practice. When evaluating the risk of 
aspirin-induced hemorrhage in older patients, body composition measurements and screening for sarcopenic obesity should be 
carried out to develop an individual therapy strategy, especially for very old patients.

Consistent with the findings of our previous study,31 the aspirin-associated bleeding risk was shown to increase with 
the aspirin dose. Multivariate Cox analysis indicated that the aspirin dose was independently associated with bleeding 
events regardless of %FM or BMI stratification. It is believed that lower-dose aspirin can effectively reduce the risk of 
bleeding and is safer in older individuals, particularly those with a history of bleeding, which is in line with the findings 
of previous studies.31 A history of ulcer or upper gastrointestinal bleeding, Helicobacter pylori infection and aspirin 
dose were all risk factors for aspirin-related bleeding and gastrointestinal complications.32 Multivariate analysis 
revealed that bleeding history and concomitant use of PPI/H2RA were independent risk factors for the occurrence of 
bleeding events following aspirin administration. Understandably, patients with gastrointestinal disease, Helicobacter 
pylori infection and upper gastrointestinal bleeding history are more likely to use PPI/H2RAs. However, in this study, 
we did not observe that the combination of antiplatelet and anticoagulant drugs increased the risk of aspirin-induced 
bleeding, probably because of the small number of patients who took combined antithrombotic drugs.

The following limitations of this study must be considered. First, it was a single-center study with a relatively short 
follow-up period, and the majority of patients were males. Owing to the small sample size and short follow-up time, 
selection bias cannot be excluded. Second, we did not exclude patients with severe peripheral edema when designing the 
exclusion criteria, which may interfere with the results of BIA measurement. Third, we focused on the association 
between body composition and bleeding risk with aspirin, while the efficacy of aspirin was not separately analyzed. 
Fourth, most bleeding events were minor, and only 2 (1.1%) of the 185 patients experienced major and fatal bleeding 
events during the follow-up, precluding the assessment of associations between severe clinical hemorrhage and body 
composition. Fifth, we only identified myopenia with SMM loss using BIA. Recently, the AWGS revised the definition of 
sarcopenia and elevated low muscle strength as a primary indicator of probable sarcopenia. However, the correlation 
between sarcopenia and aspirin-induced hemorrhage was not analyzed because of the lack of data on muscle strength and 
physical performance. Additional studies to evaluate the predictive value of handgrip strength, gait speed, frailty, and 
nutritional status in older participants are still necessary. Sixth, we acknowledge that bias might exist because of the low 
numbers of cases in the MO groups (18 cases by %FM and 2 cases by BMI). Future studies will be needed to validate our 
preliminary findings in a large cohort of patients from distinct body composition groups. Seventh, we performed analysis 
based on %FM and BMI, and further analyses are needed to investigate whether other measures to diagnose obesity, 
including the visceral fat area, WC, and WHR, could predict the risk of aspirin-induced bleeding in Chinese older 
individuals. Finally, the ESPEN and EASO consensus statement published in 2022 recommended using weight-adjusted 
SMM instead of height-adjusted ASM by BIA for assessing sarcopenic obesity.33 The new diagnostic criteria should be 
used in future studies to evaluate whether they are suitable for the Chinese elderly population.However, our work 
attempted to explore the underlying mechanism with respect to older population. This special entity has attracted much 
attention as concomitant abnormal age-dependent muscle wasting and fat accumulation may act synergistically, thus 
maximizing their health-threatening effects.
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Conclusion
In this prospective study, we found that MO, which was determined based on %FM, was an independent predictor of 
aspirin-induced bleeding in Chinese individuals over 60 years of age. It is plausible to develop preventive strategies by 
controlling %FM rather than BMI as the optimal target for MO management.

Abbreviations
%FM, percent of fat mass; ASM, appendicular skeletal muscle mass; AWGS, Asian Working Group for Sarcopenia; 
BARC, Bleeding Academic Research Consortium; BIA, bioelectrical impedance analysis; BMI, body mass index; CI, 
confidence interval; COX-1, cyclooxygenase-1; CVD, cardiovascular disease; H2RA, histamine-2 receptor antagonist; 
HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; MN, myopenic/nonobesity; MO, myopenic obesity; NN, 
nonmyopenic/nonobesity; NO, nonmyopenic/obesity; PPI, proton pump inhibitor; SMM, skeletal muscle mass; TX, 
thromboxane; WC, waist circumference; WHR, waist-to-hip ratio.
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