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Background: Homocysteine has been drawing attention with a closed linkage with skeletal muscle. However, the association of hy-
perhomocysteinemia with decreased skeletal muscle mass remains unclear. We aimed to investigate the association of hyperhomo-
cysteinemia with low skeletal muscle mass (LMM) in asymptomatic adults. 
Methods: This was a cross-sectional study of 114,583 community-dwelling adults without cancer, stroke, or cardiovascular diseases 
who underwent measurements of plasma homocysteine and body composition analysis from 2012 to 2018. Hyperhomocysteinemia 
was defined as >15 µmol/L. Skeletal muscle mass index (SMI) was calculated based on appendicular muscle mass (kg)/height (m)2. 
Participants were classified into three groups based on SMI: “normal,” “mildly low,” and “severely low.”
Results: The prevalence of hyperhomocysteinemia was the highest in subjects with severely LMM (12.9%), followed by those with 
mildly LMM (9.8%), and those with normal muscle mass (8.5%) (P for trend <0.001). In a multivariable logistic regression model, 
hyperhomocysteinemia was significantly associated with having a mildly LMM (odds ratio [OR], 1.305; 95% confidence interval 
[CI], 1.224 to 1.392) and severely LMM (OR, 1.958; 95% CI, 1.667 to 2.286), respectively. One unit increment of log-transformed 
homocysteine was associated with 1.360 and 2.169 times higher risk of having mildly LMM and severely LMM, respectively.
Conclusion: We demonstrated that elevated homocysteine has an independent association with LMM in asymptomatic adults, sup-
porting that hyperhomocysteinemia itself can be a risk for decline in skeletal musculature.
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INTRODUCTION

Loss of skeletal muscle mass has unfavorable consequences on 

chronic diseases and is an emerging health challenge of the 
global aging population [1]. Skeletal muscle loss and wasting 
can be accompanied by a decline in muscle strength, thus in-
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creasing risks of falls, fracture, disability, and mortality [2-4]. 
Furthermore, a low skeletal muscle mass (LMM) has known to 
be associated with negative outcomes in cardiovascular diseases 
[5], stroke [6], chronic obstructive lung disease [7], and cancer 
[8]. Many studies have reported that aging, physical inactivity, 
nutritional factor, hormonal changes, and chronic metabolic dis-
eases are risk factors for LMM or sarcopenia [9].

 Recently, metabolic risk factor such as increased plasma ho-
mocysteine level has been drawing attention with a closed link-
age with skeletal muscle. Elevated plasma homocysteine is 
known to be as a metabolic risk factor for coronary heart diseas-
es or cerebrovascular disease [10,11]. Excess of homocysteine 
can affect multiple organs by triggering the formation of active 
oxygen species and provocation of endothelial and smooth 
muscle cell dysfunction, resulting in atherogenesis of multiple 
vessels [10,11]. A few recent studies have suggested that high 
homocysteine is associated with an increased risk of osteopo-
rotic fractures, renal dysfunction, dementia [10,11]. Further-
more, a close relation of increased homocysteine with physical 
performance has been noted [12]. Although there are some stud-
ies on the association between sarcopenia and homocysteine 
[13-17], but these studies show conflicting results regarding the 
association between skeletal muscle mass and homocysteine 
level. Furthermore, these studies limited the age of the subjects 
to the old age. However, several past studies reported that al-
though sarcopenic obesity is generally described as an age-re-
lated phenomenon, it is a multifactorial disease including physi-
cal inactivity that can occur in young and middle-aged popula-
tions [18,19]. Therefore, to elucidate the relationship between 
skeletal muscle loss and homocysteine levels, young and mid-
dle-aged populations should be included. Lastly, previous stud-
ies had small sample sizes with limited consideration of con-
founding factors associated with sarcopenia [9,20,21] or homo-
cysteine level [22,23]. Therefore, it is necessary to confirm the 
association between elevated plasma homocysteine level and 
LMM with a large-scaled study.

The aim of this study was to assess the association of elevated 
homocysteine level with skeletal muscle mass in asymptomatic 
adults. Additionally, we evaluated the association between hy-
perhomocysteinemia and LMM in various subgroup analyses 
by clinically relevant factors.

METHODS

Study subjects  
This was a two-center, cross-sectional study. It was conducted 

to investigate the association of LMM with the presence of hy-
perhomocysteinemia in Korean population. Study subjects were 
recruited from a medical health screening program at the two 
health promotion centers of university hospital in South Korea. 
From September 1, 2012 to December 31, 2018, a total of 
121,454 participants (18 to 95 years old) who were examined 
for both body composition analysis and total plasma homocys-
teine value were included. Exclusion criteria were as follows: 
(1) history of malignancy, (2) history of stroke and/or current 
medication of stroke, and (3) history of cardiovascular disease 
and/or current medication of cardiovascular disease. Exclusion 
criteria were established based on previous studies to evaluate 
the independent association of plasma homocysteine with 
LMM. Stroke and cardiovascular disease have been reported to 
be associated not only with sarcopenia itself [9,21], but also 
with elevated homocysteine levels regardless of muscle mass 
[23]. Subjects with malignancy are also known to be associated 
with LMM because of multiple causes including chemotherapy 
and malnutrition [24,25]. Cases missing the following continu-
ous variables were excluded to have accurate statistical analysis 
by biostatistics expert: age, systolic blood pressure, C-reactive 
protein (CRP), glycosylated hemoglobin (HbA1c), creatinine, 
and low-density lipoprotein cholesterol (LDL-C). Finally, a to-
tal of 114,583 subjects were analyzed to determine the associa-
tion between hyperhomocysteinemia and LMM (Supplemental 
Fig. S1).

This study protocol was approved by the Institutional Review 
Board (IRB) of Kangbuk Samsung Hospital (IRB No. 2021-01-
025). The requirement for informed consent was exempted by 
the IRB since we only accessed de-identified datasets routinely 
collected as part of the health screening exam.

Measurements 
Demographic characteristics, health associated behavior vari-
ables (alcohol history, smoking status, physical activity), and 
medical history (history of hypertension, diabetes mellitus, heart 
disease, stroke, and hyperlipidemia) were collected by examining 
physicians using standardized questionnaires. Subjects with 
smoking history were categorized into never-smokers, former 
smokers, and current smokers. Those with alcohol consumption 
over 20 g/day were categorized into a heavy drinking group 
[26,27]. Physical activity was assessed using the International 
Physical Activity Questionnaire-Short Form. Subjects who per-
formed vigorous exercise ≥three times a week for over 20 min/
session were categorized as a regular physical activity group [28].

Blood sample and anthropometric measurements were done 
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by trained nurses or medical laboratory technologists. Biochem-
ical parameters included total plasma homocysteine, serum cre-
atinine, CRP, total cholesterol, LDL-C, high-density lipoprotein 
cholesterol, triglycerides, fasting glucose, HbA1c, and alanine 
aminotransferase. Hyperhomocysteinemia was defined as more 
than 15 µmol/L of plasma total homocysteine level [29-31]. The 
distribution of plasma homocysteine levels was positively 
skewed. Therefore, we used natural log-transformed (Ln) ho-
mocysteine values which provided the best-fitting model for 
analysis in which homocysteine level was treated as a continu-
ous variable. 

Appendicular skeletal muscle mass (ASM, kg) as the sum of 
muscle mass of arms and legs was measured using bioelectrical 
impedance analysis (BIA, InBody 720, Biospace, Seoul, Ko-
rea). The BIA was calibrated every morning prior to the test and 
validated for reproducibility and accuracy for analysis of skele-
tal muscle mass. Skeletal muscle mass index (SMI) was calcu-
lated using the following formula: SMI (kg/m2)=ASM (kg)/
height (m)2 [32].

Classification according to skeletal muscle mass
Subjects were classified into three groups according to muscle 
mass: “normal,” “mildly low,” and “severely low.” These classi-
fication criteria were based on several previous studies [32,33]. 
Normal muscle mass was defined as SMI value higher than –1 
standard deviation (SD) of the gender-specific mean of young 
adults (age, 18 to 39 years). Mildly LMM was defined as SMI 
value within –1 to –2 SD of gender-specific mean of young 
adults. Severely LMM was defined as SMI value >2 SD below 
the gender-specific mean of young adults. Gender-specific cutoff 
values for mildly and severely LMM were 7.39 and 6.69 kg/m2 
in men, and 5.44 and 4.78 kg/m2 in women, respectively.

Statistical analysis  
Baseline characteristics of study groups were compared by one-
way analysis of variance (ANOVA) for continuous variables 
and chi-square test for categorical variables. Proportion of hy-
perhomocysteinemia in each group classified by skeletal muscle 
mass was compared by chi-square test and post hoc analysis 
corrected by Bonferroni method. Multivariable logistic regres-
sion analyses were conducted to assess the association between 
hyperhomocysteinemia and LMM using three models adjusting 
for possible confounding variables. These confounding vari-
ables were selected based on baseline characteristics and previ-
ous studies of the risk factor of sarcopenia [9,20]. The first 
model (model 1) was adjusted for age, sex, and health care 

screening center (2 in total). The second model (model 2) was 
additionally adjusted for laboratory and biochemical variables 
such as systolic blood pressure, HbA1c, LDL-C, CRP, and cre-
atinine. Model 3 was additionally adjusted for health behavioral 
factors such as smoking status, alcohol drinking, and regular 
physical activity. Odds ratios (ORs) were calculated as risks of 
having mildly or severely LMM in subjects with hyperhomo-
cysteinemia compared to that in subjects with normal plasma 
homocysteine levels. We introduced homocysteine level as both 
categorical (normal homocysteine vs. hyperhomocysteinemia) 
and continuous (natural log-transformed homocysteine) vari-
ables in each multivariable logistic regression analysis. We re-
peated multivariable logistic regression analysis by using the 
model 3 for subgroup analyses in subjects stratified by the fol-
lowing variables: age (<40 years vs. 40≤ age <60 years vs. ≥
60 years), gender (male vs. female), smoking status (current 
smoker vs. non- or ex-smoker), alcohol intake (heavy alcohol 
drinking vs. non-heavy alcohol drinking), physical activity 
(health enhancing regular physical activity vs. low activity), and 
HbA1c (≥6.5% vs. <6.5%). Interactions by subgroup were 
conducted using likelihood ratio tests comparing models with 
and without multiplicative interaction terms. Lastly, adjusted 
means of Ln (homocysteine) value in each group classified by 
skeletal muscle mass were compared by analysis of covariance 
(ANCOVA) using model 3. The level of statistical significance 
was set at two-tailed P<0.05. All analyses were conducted us-
ing IBM SPSS version 26.0 (IBM Co., Armonk, NY, USA).

RESULTS

Baseline demographic characteristics 
Baseline demographic characteristics of study subjects are 
shown in Table 1. The mean age of all subjects was 38.39±

10.84 years. The proportion of men was 94.6% (108,396 sub-
jects). Proportions of subjects with normal muscle mass, mildly 
LMM, and severely LMM were 85.4% (97,820 subjects), 
13.0% (14,904 subjects), and 1.6% (1,859 subjects), respective-
ly. Between group differences of baseline characteristics were 
significant for all variables (P<0.001) except for chronic kidney 
disease (P=0.089). 

Plasma homocysteine level of each group classified based 
on skeletal muscle mass 
The prevalence of hyperhomocysteinemia was highest in sub-
jects with severely LMM (12.9%), followed by that in subjects 
with mildly LMM (9.8%) and that in subjects with normal mus-
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cle mass (8.5%) (P for trend <0.001). There were significant 
differences in all group comparisons (all P<0.001; post hoc 
analysis) (Table 2). Adjusted mean of Ln (homocysteine) was 

highest in subjects with severely LMM, followed by that in sub-
jects with mildly LMM and that in subjects with normal muscle 
mass (P for trend <0.001) (Fig. 1). In post hoc analysis, there 

Table 1. Baseline Characteristics of Study Subjects Classified by Skeletal Muscle Mass 

Characteristic Total Normal Mildly LMM Severely LMM P value

No. of subjects 114,583 97,820 14,904 1,859

Age, yr 38.39±10.84 38.03±10.34 39.94±12.75 44.90±15.86 <0.001a

Male sex, % 94.6 94.3 96.1 97.9 <0.001b

Height, cm 172.63±7.06 173.17±7.03 169.79±6.34 166.87±6.28 <0.001a

Weight, kg 73.84±11.58 75.97±10.91 62.26±6.01 54.76±5.67 <0.001a

BMI, kg/m2 24.72±3.19 25.29±3.00 21.61±1.89 19.7±2.05 <0.001a

Waist circumference, cm 86.13±8.56 87.39±8.23 79.26±6.31 74.94±6.82 <0.0011

Appendicular skeletal muscle mass, kg 23.84±3.70 24.47±3.51 20.42±2.19 17.83±1.91 <0.001a

SMI, kg/m2 7.95±0.83 8.12±0.77 7.06±0.41 6.39±0.38 <0.001a

SBP, mm Hg 114.82±11.67 115.46±11.56 111.16±11.48 110.59±13.07 <0.001a

Screening center, Seoul, % 54.4 54.7 52.7 54.9 <0.001b

Current smoker, % 29.8 31.3 28.7 33.3 <0.001b

Heavy drinking, % 32.3 34.8 28.3 28.1 <0.001b

Regular physical activity, % 14.9 16.2 10.5 8.5 <0.001b

Hypertension, % 12.9 13.3 10.4 12.4 <0.001b

Diabetes mellitus, % 3.8 3.6 4.3 7.5 <0.001b

Chronic kidney disease, % 2.8 2.8 3.0 2.4 0.089b

Total cholesterol, mg/dL 197.56±35.50 198.11±35.46 194.8±35.52 190.62±35.62 <0.001a

LDL-C, mg/dL 129.65±32.76 130.38±32.64 125.98±33.04 120.49±33.47 <0.001a

HDL-C, mg/dL 54.12±13.79 53.4±13.52 58.05±14.38 60.52±16.07 <0.001a

Triglycerides, mg/dL 131.62±89.93 135.08±92.35 112.17±71.15 105.05±67.92 <0.001a

Fasting glucose, mg/dL 97.34±16.97 97.51±16.58 96.13±18.10 98.05±25.20 <0.001a

HbA1c, % 5.60±0.60 5.61±0.58 5.57±0.66 5.66±0.89 <0.001a

ALT, IU/L 30.90±25.70 31.91±26.70 25.2±17.87 23.46±16.44 <0.001a

Creatinine, mg/dL 0.94±0.19 0.95±0.19 0.92±0.16 0.9±0.33 <0.001a

CRP, mg/dL 0.06 (0.03–0.12) 0.06 (0.03–0.13) 0.05 (0.02–0.10) 0.05 (0.02–0.11) <0.001a

Values are expressed as mean±standard deviation or median (interquartile range). SMI (kg/m2)=appendicular skeletal muscle mass (kg)/height(m)2.
LMM, low muscle mass; BMI, body mass index; SMI, skeletal muscle mass index; SBP, systolic blood pressure; LDL-C, low-density lipoprotein cho-
lesterol; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; ALT, alanine aminotransferase; CRP, C-reactive protein. 
P values for between group difference by aone-way analysis of variance (ANOVA) in continuous variables or by bchi-square test in categorical variables. 

Table 2. Proportion of Hyperhomocysteinemia for the Subjects Classified by Skeletal Muscle Mass (n=114,583)

Variable Normal Mildly LMMa Severely LMMb,c P for trend

Classification according to homocysteine level 

   Normal (<15 µmol/L), % 91.5 90.2 87.1 <0.001

   Hyperhomocysteinemia (≥15 µmol/L), % 8.5 9.8 12.9

LMM, low skeletal muscle mass.
a,bP<0.001 for vs. normal muscle mass in post hoc analysis; cP<0.001 for vs. mildly LMM in post hoc analysis
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were significant group differences of adjusted means of Ln (ho-
mocysteine) between normal muscle mass and mildly LMM 
groups (P=0.009) and between normal and severely LMM 
groups (P<0.001).

Association between increased plasma homocysteine and 
low skeletal muscle mass 
Results of univariable and multivariable logistic regression 
analyses assessing the association between the hyperhomocyste-
inemia and LMM are presented in Table 3. In Model 1 adjusting 
for age, sex, and center, there were significant associations be-
tween hyperhomocysteinemia and LMM (OR, 1.135; 95% con-
fidence interval [CI], 1.070 to 1.203 for the risk of mildly LMM 
and OR, 1.441; 95% CI, 1.254 to 1.656 for the risk of severely 
LMM). Analysis using model 2, additionally adjusting for pos-
sible clinical confounders (systolic blood pressure, HbA1c, 
LDL-C, CRP, creatinine), showed that hyperhomocysteinemia 
was associated with a lower skeletal muscle mass (OR, 1.333; 
95% CI, 1.255 to 1.416 for mildly LMM and OR, 1.918; 95% 
CI, 1.664 to 2.211 for severely LMM). In model 3, additionally 
adjusting for possible health-behavior confounder such as smok-
ing status, heavy drinking, and regular physical activity, hyper-
homocysteinemia was significantly associated with having 
mildly LMM (OR, 1.305; 95% CI, 1.224 to 1.392) and severely 
LMM (OR, 1.958; 95% CI, 1.667 to 2.286).

We conducted multivariable logistic regression analysis by in-
troducing homocysteine level as a continuous variable (Table 4). 
In Model 1, there was a significant association between higher 
Ln (homocysteine) and LMM (OR, 1.384; 95% CI, 1.187 to 

Table 3. Multivariable Regression Analyses Showing Associations of Hyperhomocysteinemia with LMM

Variable
OR (95% CI)

Mildly LMM Severely LMM

Crude

   Normal (<15 µmol/L) 1 (reference) 1 (reference)

   Hyperhomocysteinemia (≥15 µmol/L) 1.167 (1.101–1.238) 1.591 (1.387–1.825)

Model 1

   Normal (<15 µmol/L) 1 (reference) 1 (reference)

   Hyperhomocysteinemia (≥15 µmol/L) 1.135 (1.070–1.203) 1.441 (1.254–1.656)

Model 2

   Normal (<15 µmol/L) 1 (reference) 1 (reference)

   Hyperhomocysteinemia (≥15 µmol/L) 1.333 (1.255–1.416) 1.918 (1.664–2.211)

Model 3 

   Normal (<15 µmol/L) 1 (reference) 1 (reference)

   Hyperhomocysteinemia (≥15 µmol/L) 1.305 (1.224–1.392) 1.958 (1.677–2.286)

ORs were calculated as the risks of having mildly low or severely low skeletal muscle mass according to the presence of hyperhomocysteinemia. Model 
1: adjusted for age, sex, screening center; Model 2: adjusted for age, sex, screening center, systolic blood pressure (SBP), low-density lipoprotein choles-
terol (LDL-C), glycosylated hemoglobin (HbA1c), C-reactive protein (CRP), creatinine; Model 3: adjusted for age, sex, screening center, SBP, LDL-C, 
HbA1c, CRP, creatinine, smoking status, heavy drinking, and regular physical activity. 
LMM, low skeletal muscle mass; OR, odds ratio; CI, confidence interval. 

Fig. 1. Comparison of adjusted mean of ln (homocysteine) between 
the group classified by skeletal muscle mass. Adjusted for age, sex, 
center, systolic blood pressure, laboratory factor (low-density lipo-
protein cholesterol, glycosylated hemoglobin [%], C-reactive pro-
tein, creatinine), health behavior factors (smoking status, heavy 
drinking, regular physical activity). Ln, natural log transformed; 
LMM, low skeletal muscle mass. aP=0.009; bP<0.001. 
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1.614 for severely LMM). Model 2 analysis showed that higher 
level of Ln (homocysteine) was associated with lower skeletal 

Table 5. Subgroup Analyses for Associations of Hyperhomocysteinemia (≥15 umol/L) with Low Skeletal Muscle Mass 

Variable
OR (95% CI)

P for interaction
Mildly LMM Severely LMM

Age, yr <0.001
   <40 (n=80,297) 1.214 (1.124–1.312) 1.605 (1.301–1.981)
   40≤ age <60 (n=25,940) 1.281 (1.109–1.479) 1.898 (1.332–2.704)
   ≥60 (n=8,346) 1.657 (1.335–2.057) 2.544 (1.827–3.544)
Sex <0.001
   Female (n=6,210) 1.494 (0.664–3.359) 13.419 (3.654–49.276)
   Male (n=108,373) 1.306 (1.224–1.393) 1.933 (1.653–2.259)
Smoking <0.001
   Current smoker (n=34,170) 1.414 (1.273–1.572) 2.089 (1.642–2.658)
   Non- or ex-smoker (n=75,983) 1.245 (1.147–1.350) 1.834 (1.496–2.249)
Alcohol intake, g/day <0.001
   ≥20 (n=37,022) 1.436 (1.281–1.609) 2.351 (1.795–3.078)
   <20 (n=72,429) 1.248 (1.154–1.349) 1.772 (1.465–2.143)
Physical activity <0.001
   Regular physical activity (n=17,038) 1.451 (1.189–1.772) 1.343 (0.683–2.642)
   Low physical activity (n=94,152) 1.288 (1.204–1.379) 1.993 (1.699–2.337)
HbA1c, % <0.001
   ≥6.5 (n=4,745) 1.542 (1.100–2.162) 2.398 (1.341–4.288)
   <6.5 (n=109,838) 1.296 (1.214–1.384) 1.901 (1.617–2.235)

ORs were calculated as the risks of having mildly low or severely low skeletal muscle mass according to the presence of hyperhomocysteinemia in each 
subgroup. Adjusted for age, sex, center, systolic blood pressure, laboratory factors (low-density lipoprotein cholesterol, HbA1c, C-reactive protein, creat-
inine), health behavior factors (smoking status, heavy driking, regular physical activity). 
OR, odds ratio; CI, confidence interval; LMM, low muscle mass; HbA1c, glycosylated hemoglobin. 

Table 4. Multivariable Regression Analyses Showing the Asso-
ciation of Ln (Homocysteine) with LMM

Variable
OR (95% CI)

Mildly LMM Severely LMM

Crude 1.115 (1.050–1.183) 1.629 (1.411–1.881)

Model 1 1.039 (0.977–1.105) 1.384 (1.187–1.614)

Model 2 1.367 (1.284–1.455) 2.131 (1.833–2.477)

Model 3 1.360 (1.273–1.453) 2.169 (1.843–2.554)

ORs were calculated as the risk of having mildly or severely LMM ac-
cording to ln (homocysteine). Model 1: adjusted for age, sex, screening 
center; Model 2: adjusted for age, sex, screening center, systolic blood 
pressure (SBP), low-density lipoprotein cholesterol (LDL-C), glycosyl-
ated hemoglobin (HbA1c), C-reactive protein (CRP), creatinine; Model 
3: adjusted for age, sex, screening center, SBP, LDL-C, HbA1c, CRP, 
creatinine, smoking status, heavy drinking, and regular physical activity. 
Ln, natural log transformed; LMM, low skeletal muscle mass; OR, odds 
ratio; CI, confidence interval. 

muscle mass (OR, 1.367; 95% CI, 1.284 to 1.455 for mildly 
LMM and OR, 2.131; 95% CI, 1.833 to 2.477 for severely 
LMM). Model 3 analysis revealed a significant association of 
higher Ln (homocysteine) with a lower skeletal muscle mass 
(OR, 1.360; 95% CI, 1.273 to 1.453 for mildly LMM and OR, 
2.169; 95% CI, 1.843 to 2.554 for severely LMM).

Subgroup analysis of clinically relevant factors
Subgroup analyses between hyperhomocysteinemia and LMM 
were conducted in groups stratified by age, sex, smoking status, 
alcohol intake, physical activity, and HbA1c. Results are pre-
sented in Table 5. In each subgroup, logistic regression analyses 
showed significant associations of hyperhomocysteinemia with 
LMM (all P value <0.001). Subgroups by age were analyzed 
(<40 years vs. 40≤ age <60 years vs. ≥60 years). The adjusted 
ORs showing the association of hyperhomocysteinemia with 
LMM was highest in old-aged subgroup (≥60 years) compared 
to other subgroups (P for interaction <0.001). Furthermore, the 
adjusted ORs were significantly higher in female, current smok-
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er, heavy alcohol drinking group, low physical activity and in-
creased HbA1c (≥6.5%) than those in each other subgroups, 
respectively (all P for interaction <0.001). 

DISCUSSION

Summary 
Using a large number of subjects without cardiovascular dis-
ease, the present study revealed that hyperhomocysteinemia was 
strongly associated with decreased muscle mass in asymptomat-
ic community dwelling adults, even after adjusting for possible 
confounding factors. Furthermore, this association persisted in 
subgroup analyses by various clinically relevant factors such as 
age, sex, smoking, alcohol intake, physical activity, and HbA1c.

Previous clinical studies reporting the association between 
hyperhomocysteinemia and skeletal muscle loss 
Hyperhomocysteinemia is a metabolic disease characterized by 
defects in homocysteine metabolism that are caused by genetic 
or nutritional defects [34]. Under normal conditions, the synthe-
sis and clearance of homocysteine is balanced. However, in a 
diseased state, homocysteine synthesis is faster than clearing, 
resulting in excessive release of homocysteine into the blood, a 
condition called hyperhomocysteinemia [35].

Although pathophysiological pathways supporting the associ-
ation between hyperhomocysteinemia and LMM remain un-
clear, a few clinical studies have assessed the association be-
tween elevated plasma homocysteine and sarcopenia or its com-
ponent (skeletal muscle mass, strength, or walking speed). 
Swart et al. [36] have reported that higher plasma homocysteine 
level is associated with weak grip strength. Vidoni et al. [14] 
have shown a correlation between plasma homocysteine level 
and grip strength in their follow-up study of 1,101 subjects. Be-
sides grip strength, muscle mass is also associated with homo-
cysteine. Wang et al. [13] have demonstrated a significant asso-
ciation between hyperhomocysteinemia and LMM in elderly 
hemodialysis patients. In 2020, Lee et al. [15] of Taiwan con-
ducted a retrospective study of 1,582 aged over 50 years. They 
reported an association between log-transformed homocysteine 
and sarcopenia including grip strength, walking speed, and 
muscle mass. However, all these studies had small sample sizes 
with limited consideration of confounding factors associated 
with sarcopenia [9,20,21] or homocysteine level [22,23]. To the 
best of our knowledge, the present study is the first large-scaled 
study showing an association between elevated plasma homo-
cysteine and LMM in community-dwelling adults without 

known cardiovascular diseases. Furthermore, our study adjusted 
various confounding variables such as demographic, laboratory, 
metabolic, and health-behavioral factors, signifying more reli-
able results of the present study. Lastly, previous studies limited 
the age of the subjects to the old age. Although sarcopenia is 
generally described as an age-related loss of skeletal muscle, 
but several past studies on sarcopenic obesity reported that it is 
a multifactorial disease including physical inactivity that can 
occur in young and middle-aged populations [18,19]. Therefore, 
we included young and middle-aged populations in the study 
subjects to elucidate the relationship between skeletal muscle 
loss and homocysteine levels.

Mechanism by which hyperhomocysteinemia causes 
skeletal muscle loss
A few in vivo studies have reported the effect of hyperhomocys-
teinemia on skeletal muscle, in line with our study. One research 
was conducted using cystathionine beta-synthase deficient mice 
(CBS+/–), a model for hyperhomocysteine condition. Stellate 
cells of this model showed diminished in vitro proliferative ca-
pability and increased oxidative stress. In addition, enhanced 
p38-mitogen-activated protein kinase (MAPK) activation was 
observed, which undermined the repair process after injury. Af-
ter treatment with a P38-MAPK inhibitor, tissue regeneration 
after injury was repaired to some degree [37]. Another study has 
investigated the mechanism by which hyperhomocysteinemia 
causes skeletal muscle weakness and fatigability. In that study, 
the large muscle fiber number of CBS+/– mice was decreased. 
In addition, reduced adenosine triphosphate (ATP) levels were 
observed, suggesting mitochondrial dysfunction [38]. Singh et 
al. [39] have investigated the effect of high methionine diet on 
skeletal muscle in CBS+/– mice and concluded that the hyper-
homocysteinemia model is more susceptible to skeletal muscle 
injury and subsequent dysfunction. Therefore, in rodent models, 
the process by which hyperhomocysteinemia leads to skeletal 
muscle dysfunction has been partially identified. Likewise, in 
the present study, in asymptomatic adults with hyperhomocys-
teinemia, the status of skeletal muscle mass could have a down-
ward slope, which may predispose to loss of muscle strength 
and function.

Subgroup analysis 
We performed a subgroup analysis by relevant factors affecting 
the association between hyperhomocysteinemia and LMM. 
There were stronger associations between hyperhomocystein-
emia and LMM in the old-aged, females, current smokers, 
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heavy drinkers, those with low physical activity, and those with 
HbA1c ≥6.5%. The reason for a higher association in the fe-
male group than that in the male group is unclear. However, sex-
specific hormones such as estrogen and testosterone might play 
critical roles [14]. Estrogen and testosterone are known to be in-
versely and positively correlated with homocysteine concentra-
tions, respectively [40], which could differently affect skeletal 
musculature by gender. In a Taiwan elderly study from a cross-
sectional analysis of I-Lan Longitudinal Aging Study (ILAS), 
stronger associations between high levels of homocysteine and 
sarcopenia were shown in younger subjects, women, and non-
smokers, respectively [15]. The results were in line with our 
study that women had a higher association between homocyste-
ine and LMM. However, the conflicting results were shown in 
subgroup analysis of age and smoking status. In the ILAS study 
[15], the study was conducted in only elderly individuals, in 
which young and middle aged subjects were not included. How-
ever, in our study, participants were of all ages including young 
and middle-aged adults. Furthermore, there was a substantial 
difference in the sample size (n=64 vs. n=114,583). Therefore, 
it is difficult to infer that the association of homocysteine with 
sarcopenia is stronger in the younger and non-smoking group 
from the past study. A possible pathomechanism for a higher OR 
in the elderly is that homocysteine metabolism is impaired with 
aging, which frequently occur hyperhomocysteinemia in elderly 
population [41]. Moreover, a high homocysteine level can lead 
to more cellular structural and functional impairments such as 
deterioration in muscle function and strength [37-39,41]. There-
fore, older-aged subjects under the condition of elevated homo-
cysteine may accelerate loss of skeletal muscle. Smoking and 
alcohol are known to be associated with increased plasma ho-
mocysteine [42,43]. Furthermore, smoking and chronic alcohol 
drinking can affect the balance of anabolic and catabolic mecha-
nisms which maintain skeletal muscle mass and integrity [44]. 
This pro-catabolic state caused by smoking and alcohol as toxic 
chemical components may consequently accelerate muscle loss 
with hyperhomocysteinemia [44]. The subjects with HbA1c ≥
6.5% showed higher ORs probably because diabetes could in-
crease homocysteine and complicate age-related effects on mus-
cle [45]. Considering that previous studies have reported pre-
ventive and therapeutic effects of exercise on age-related sarco-
penia [46], the subgroup with low physical activity might be 
more susceptible to skeletal muscle loss. It could explain the 
higher ORs in subjects with low physical activity compared to 
subjects with regular physical activity. 

Limitation and clinical implication of this study 
This study has a few limitations. First, there might be a selection 
bias due to male dominance (94.6%) in participants. To over-
come this limitation, subgroup analysis was conducted based on 
sex and a clear association between hyperhomocysteinemia and 
LMM was confirmed in each subgroup. Second, the causal rela-
tionship cannot be evaluated due to its retrospective nature. 
Lastly, the diagnosis of sarcopenia is based on evaluation of 
strength and physical performance in addition to muscle mass 
[47]. Therefore, although the association between LMM and 
hyperhomocysteinemia was confirmed in our study, there is a 
limitation in that it cannot reveal the association of hyperhomo-
cysteinemia with sarcopenia. However, as a two-center study in 
a large-scale sample, a distinct association between hyperhomo-
cysteinemia and LMM was confirmed. This result is meaningful 
in that it secures the basis of further studies for assessing thera-
peutic benefits of lowering homocysteine. Additionally, al-
though several biochemical markers of sarcopenia have been 
reported [48], definite biochemical markers of muscle loss have 
not been found yet. Biomarker is a term defined as ‘a character-
istic that is objectively measured and evaluated as an indicator 
of normal biological processes, pathogenic processes, or phar-
macologic responses to a therapeutic intervention’ [49]. Its im-
portance is that it can support clinicians in diagnosis and facili-
tate tracking of changes over time. Furthermore, such biomark-
ers can increase clinician’s awareness of muscle loss [50]. 

Conclusions
Our study demonstrated an independent association of hyperho-
mocysteinemia with LMM in asymptomatic Korean community 
dwelling adults. This result suggests that increased plasma ho-
mocysteine level can serve as a predisposing factor of decline in 
muscle mass. Therefore, the risk of low muscle mass such as 
sarcopenia might be reduced through lowering homocysteine. 
Further studies are needed to assess therapeutic benefits of low-
ering homocysteine.
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