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Cardiovascular disease (CVD) is the primary cause of death in Korea. Hyperhomocysteinemia
confers an independent risk for CVD comparable to the risk of smoking and hyperlipidemia.
The purpose of this study was to assess the effect of cardiovascular risk factors and body
composition change on homocysteine (Hey) levels in Korean men and women. The
association between body composition and Hey levels was investigated in a 2-yr
prospective cohort study of 2,590 Koreans (mean age 45.5 £ 9.6 yr). There were 293 cases
of hyperhomocysteinemia ( > 14 uM/L) at follow-up. Increases in total body fat proportion
and decreases in lean body mass (LBM) were significantly associated with increases in Hey
concentration after controlling for confounding factors. Further adjustments for behavioral
factors showed that decreases in LBM were associated with Hey increase. Decrease in LBM
also predicted hyperhomocysteinemia at follow-up, after controlling for confounding
factors. There was no significant association between change in body mass index (BMI) and
Hcy concentrations over time. Hey changes over time were related to change in LBM and

E-mail: anastasia.georgiades@duke.edu

body fat content, whereas BMI or weight change did not predict change in Hey levels.
Changes in ratio of LBM to total fat mass may contribute to hyperhomocysteinemia.
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INTRODUCTION

It has been suggested that hyperhomocysteinemia confers an
independent risk for cardiovascular disease (CVD) comparable
to that of smoking and hyperlipidemia (1). The atheropathology
of hyperhomocysteinemia has been proposed to result from
oxidizing effects on low-density lipoprotein (LDL) (1) as well as
auto-oxidation effects of Hcy, leading to increases in endotheli-
um-damaging hydrogen peroxide (2).

Homocysteine (Hcy) concentrations increase with age (3).
Other causes of elevated Hcy include low intake or deficiencies
of B vitamins, genetic defects, polymorphisms of enzymes in-
volved in Hey metabolism, impaired renal function, and life-
style factors such as smoking, heavy coffee consumption, and
lack of exercise (4). Research in rat models has proposed that
insulin alters the activity of metabolic enzymes involved in the
turnover of Hey (5). In 1998, the first study in humans exploring
the connection of Hcy to insulin showed a positive association
between serum insulin and Hey levels (6).

Arecent study has shown that body weight was also a signifi-
cant factor influencing plasma concentrations of total Hcy; an
inverse association between gain in body weight and change in
Hcy concentration was seen, even after adjustment for vitamin
status, smoking, and coffee consumption (7). The mechanism
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by which weight affects Hcy is difficult to discern, because vari-
ous factors with partly opposite effects may be involved. These
include alterations in vitamin B status by diet or physical activi-
ty (8, 9), insulin effects (10), and decreased creatinine synthesis
and Hcy formation by reduction in muscle mass (11). Although
the importance of body composition was previously explored
(12), the effects of body composition change in association to
changes in Hey and the development of hyperhomocysteinemia
have not been previously investigated. Moreover, the associa-
tion between Hcy and long-term body composition change in
non-Caucasian populations is less clear. To address these short-
comings, we conducted a prospective cohort study to assess ef-
fects of body composition change on Hcy in Korean men and
women.

MATERIALS AND METHODS

Patients

We enrolled 2,782 Koreans over the age of 20 yr who had under-
gone medical evaluation two times or more at Ajou University
Hospital between January 2005 and March 2008. To avoid re-
verse causation of the association between body composition
and the risk of pre-existing hyperhomocysteinemia, 179 sub-
jects with hyperhomocysteinemia during the enrollment peri-
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od were excluded. In addition, 13 subjects with missing infor-
mation about Hey level were excluded. The final sample includ-
ed 2,590 subjects.

Data collection

The sociodemographic characteristics of subjects (smoking sta-
tus, alcohol drinking status, and activity status) were surveyed
by questionnaire. Height, weight, and body composition were
measured using bioelectrical impedance analysis (Inbody 3.0;
Biospace, Seoul, Korea) following an overnight fast. Body mass
index (BMI) was calculated as weight divided by height squared
(kg/m?) (13). Waist circumference was measured at the middle
part between the lower rib and iliac crest by a trained nurse.
Blood pressure was measured with a model TM-2650A semi-
automated blood pressure monitor (PMS Instruments, Tokyo,
Japan) after a rest of at least 15 min. Venous blood was drawn
following an 8 hr overnight fast and 24 hr abstinence from vig-
orous activity. Levels of hemoglobin, albumin, creatinine, glu-
cose, total cholestero], triglyceride, and high density lipoprotein
cholesterol were measured with a model TBA-200FR enzymatic
colorimetric apparatus (Toshiba, Tokyo, Japan); serum insulin
was measured with an immunoradiometric assay kit (Dnabot,

Table 1. General characteristics of the study population at baseline and follow-up

Tokyo, Japan). Homocysteine was measured with an IMX® ho-
mocysteine assay kit (Abbott, Abbott Park, IL, USA) by fluores-
cence polarization immunoassay (FPIA).

Outcome definition and follow-up procedures

We defined hyperhomocysteinemia as Hcy levels > 14.0 uM/L
compared to the normal reference range of 3.7-13.9 uM/L. The
last follow-up was conducted on 28 February 2009, and the mean
follow-up period was 2.1 yr.

Statistics

We examined the relationship between body composition, car-
diovascular risk factors, and Hcy levels at baseline, adjusting for
age, gender, smoking status, alcohol intake, exercise habits, and
serum creatinine. Linear regression analyses were used to assess
effects of body composition as predictors of changes in plasma
Hcy concentration, controlling for age, gender, smoking status,
alcohol intake, exercise habits, serum creatinine, and baseline
Hcy and body composition levels. Logistic regression analyses
were used to evaluate associations of changes in body compo-
sition to hyperhomocysteinemia at follow-up, while controlling
for age, gender, and baseline Hcy and body composition levels.

Men (n = 1,570)

Women (n = 1,020)

Characetristics

Baseline Follow-up Baseline Follow-up
Age (yr) 451 £93 471 £93 46.1 £9.9 431 £10.0
Weight (kg) 714 £95 71.7 £9.6 568 £ 7.5 570+£75
Waist circumference (cm) 856 £ 7.4 857 £ 75 78.7 £82 80.3 £ 85
BMI (kg/m?) 244 £ 238 246 £ 2.7 22.8 £ 3.0 229+ 3.0
Total body fat percent (%) 214+ 4.6 211+ 46 292 +£52 29.9 £ 51
Total body fat mass (kg) 1563 £ 47 16.2 £ 4.9 171 £ 5.1 173 £ 438
Lean body mass (kg) 529 £ 6.1 52.6 £ 6.1 37.7£39 374+ 38
SBP (mmHg) 121.8 £ 14.0 121.0 £ 13.0 116.4 £ 15.3 115.8 £ 15.6
DBP (mmHg) 80.8 £ 10.7 80.5+£9.38 741 £10.7 735£ 105
Total cholesterol (mg/dL) 191.4 £+ 341 190.9 £ 343 187.3 £37.2 188.3 £ 354
Triglyceride (mg/dL) 1439 £ 94.2 137.1 £85.3 103.5 £ 78.1 95.6 + 58.9
HDL cholesterol (mg/dL) 517 £ 11.8 50.8 £ 11.6 60.9 £ 19.4 60.1 £ 13.3
LDL cholesterol (mg/dL) 111.1 £ 3141 113.1 £ 311 105.7 £ 32.5 109.1 £ 32.3
Fasting glucose (mg/dL) 100.6 £ 22.5 98.7 £ 18.9 94.6 £ 15.0 92.6 £ 141
Homocysteine (uM/L) 9.36 £ 1.95 11.9 £ 3.00 7.01 £1.79 9.09 £ 2.04
Albumin (g/dL) 46+02 47 £03 44402 45+ 03
Hb (g/dL) 153+ 1.0 155+ 1.0 13.0+ 1.2 132+ 1.1
Serum creatinine (mg/dL) 0.98 £ 0.13 1.03 £ 0.14 0.72 £ 0.10 0.77 £ 0.11
Insulin (ulu/mL) 714 £ 4.29 7.44 £ 3.94 7.86 + 4.41 6.80 + 3.73
HOMA-IR 1.81 £1.23 188+ 1.14 1.84 £ 1.08 163+ 1.04
Smoking status (%) 73.7 4.8
Alcohol intake (%) 78.1 26.5
Regular exercise (%) 17.0 15.9 17.3 1741
Multivitamin med (%) 18.3 21.9 22.9 25.9
Hypertension (%) 12.2 15.7 8.7 1.5
Type 2 diabetes (%) 5.2 8.1 4.0 4.6

Values are mean £ SD unless otherwise indicated. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; LDL, low
density lipoprotein; HG, hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance. Smoking status, current or former smoker; alcohol intake, % of people
taking at least one drink in the last week; regular exercise, moderate or severe vs none or sedentary; hypertension and type 2 diabetes, self reported.
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In all analyses, a two-sided o level of 0.05 was considered statis-
tically significant. All analyses were conducted with the use of
SPSS version 12 software (SPSS, Chicago, IL, USA).

Ethics statement

The institutional review board of Ajou University approved the
study (AJIRB-MED-MDB-10-032). The board waived informed
consent from the survey participants.

RESULTS

Demographic characteristics

Demographic characteristics are presented in Table 1. The total
population of 2,590 individuals comprised 1,570 (60.6%) men
and 1,020 (39.4%) women. The mean Hcy concentration was
9.36 £ 1.95 uM/L for men and 7.01 + 1.79 uM/L for women.
Men had higher BMI and lean body mass levels than women.
In contrast, women had higher total body fat levels than men.
Men, in comparison to women, had higher rates of smoking
and alcohol intake (Table 1). Over a 2-yr follow-up, there were
293 incident cases of hyperhomocysteinemia (273 in men, 20
in women). The mean Hcy concentration in normal group was
10.07 +£2.02 uM/L and 16.33 * 3.52 uM/L in the hyperhomo-
cysteinemia group.

Correlation between cardiovascular risk factors and

homocysteine concentrations at baseline by gender

There were associations between Hcy and body composition
measures at baseline, especially between Hcy and lean body
mass (r = 0.433, P < 0.001). Consistent with previous research
(14), this association was largely moderated by gender (Fig. 1).
Therefore, the data of the baseline Hcy to CVD risk factors and
body composition measures was presently investigated sepa-

rately for men and women. In women, Hcy levels were associ-
ated with total body fat percent and total body fat mass, associ-
ations that remained significant after adjustment for age, serum
creatinine, smoking status, alcohol intake, and exercise habits
(Table 2). Hey levels were also associated with systolic blood
pressure, diastolic blood pressure, total cholesterol, and low
density lipoprotein cholesterol levels, but these associations
were reduced to non-significance after adjustment. As shown
in Table 2, there were no associations between Hcy levels and
body composition measures or other cardiovascular risk factors
in the men after adjustment.

Change in body composition in the prediction of changes
in homocysteine concentrations
To assess the associations between body composition and Hcy
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Fig. 1. Scatter plot depicting the association of lean body mass to homocysteine levels
in women (open circles) and men (closed triangles).

Table 2. Pearson correlations between homocysteine levels and cardiovascular risk factors at baseline

Men Women

Risk factors

Crude Mode! Model? Crude Mode! Model?
Weight 0.01 -0.01 -0.02 0.08* 0.04 0.04
Waist circumference -0.01 0.01 -0.01 0.12° 0.05 0.06
BMI -0.01 -0.03 -0.04 0.08* 0.03 0.03
Total body fat percent -0.02 -0.01 -0.01 0.10 0.09* 0.09*
Total body fat mass -0.01 -0.03 -0.01 0.12¢ 0.08* 0.08*
Lean body mass 0.03 -0.01 -0.02 0.02 -0.02 -0.02
SBP -0.01 0.01 0.01 0.08* 0.03 0.05
DBP -0.02 -0.01 0.01 0.06* 0.03 0.04
Total cholesterol 0.02 -0.01 -0.01 0.14 0.04 0.04
Triglycerides -0.02 0.01 0.01 0.06 -0.02 -0.01
HDL cholesterol 0.01 0.01 -0.01 0.02 0.01 -0.01
LDL cholesterol 0.02 -0.03 -0.02 0.13 0.05 0.04
Fasting glucose -0.07" -0.03 -0.03 0.06 -0.05 -0.05

Correlation coefficients were calculated using partial correlation analysis. *P < 0.05, TP < 0.01. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; HDL, high density lipoprotein; LDL, low density lipoprotein. 'Adjusted for age and serum creatinine, 2Adjusted for age, serum creatinine, smoking status, alcohol intake and

eXercise.
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Table 3. Summary of results from six standardized multiple linear regression coefficients predicting change in total homocysteine concentration

Predictor variables* B SE Br P

Change in weight -0.042 0.018 -0.046 0.018
Change in waist circumference -0.023 0.010 -0.047 0.022*
Change in Body Mass Index -0.078 0.049 -0.031 0.112
Change in total body fat percent 0.053 0.018 0.058 0.004
Change in total body fat mass 0.038 0.029 0.037 0.179
Change in lean body mass -0.117 0.025 -0.092 < 0.001*

*Computed as the difference between baseline and follow-up levels. Results are based on 2,590 individuals with complete data; "Adjusted for age, gender, serum creatinine,
baseline homocysteine level, and baseline body composition level; P < 0.05 controlling for age, gender, serum creatinine, baseline homocysteine level, baseline body composi-

tion level, smoking status, alcohol intake, and exercise.

Table 4. Summary of results for six independent logistic regression analyzes of differ-
ent body composition measures predicting hyperhomocysteinemia

Predictor variables* B SE P

Change in weight 0.9868 0.026 0.203
Change in waist circumference 0.989 0.017 0.525
Change in Body Mass Index 0.928 0.077 0.333
Change in total body fat percent 1.048 0.030 0.118
Change in total body fat mass 1.070 0.041 0.098
Change in lean body mass 0.877 0.044 0.003

*Controlled for age, gender, baseline levels of homocysteine, and the baseline level of
each body composition measure.

concentrations, linear regression models were conducted, con-
trolling for age, gender, serum creatinine, baseline Hcy level,
and baseline body composition level. Higher total body fat per-
cent and lower weight, waist circumference, and lean body mass
were significantly associated with changes in Hcy concentra-
tions (Table 3). Further adjustments for smoking status, alcohol
intake, and exercise habits revealed that changes in waist cir-
cumference and lean body mass were still negatively associated
with changes in Hcy concentrations.

Associations of changes in body composition to change in
homocysteine levels

The associations of changes in body composition to hyperho-
mocysteinemia were examined in separate logistic regression
models that controlled for age, gender, and baseline levels of
Hcy and body composition measures (Table 4). Hyperhomo-
cysteinemia was significantly associated with a decrease in lean
body mass over the study period, after controlling for baseline
Hcy levels and baseline lean body mass level. BMI, waist cir-
cumference, weight, total body fat percent, and total body fat
mass did not predict hyperhomocysteinemia after controlling
for baseline levels.

DISCUSSION

Results from the present study showed that change in lean body
mass was associated with change in Hcy concentrations. Previ-
ous evidence that moderate protein-energy depletion leads to
hyperhomocysteinemia (15) disagrees with the view that Hcy

1018  http://jkms.org

and methionine concentrations are positively related to the
abundance of fat-free mass. It was recently suggested that in
protein energy malnutrition, hyperhomocysteinemia arised
from the activation of sulphur sparing mechanisms based on
the suppression of the trans-sulphuration pathway, that was
not coupled to a compensatory increment in remethylation,
leading to an incremental change in the homocysteine/methi-
onine ratio (16). This assumption is consistent with the assump-
tion that increased methionine concentration raises the con-
centration of S-adenosylmethionine (17), thus leading to the
inhibition of methylenetetrahydrofolate reductase activity (18),
akey enzyme in the remethylation pathway of Hcy.

On the other hand, preliminary evidence exists that Hcy lev-
els are positively linked to creatine turnover rates and muscle
mass, as suggested by a study on German individuals where
lean body mass was estimated using skinfold thickness or sin-
gle-frequency bioelectrical impedance analysis (19). Currently,
there was a positive cross-sectional correlation between lean
body mass and Hcy levels at base line. This was mainly driven
by an interaction effect of sex and lean body mass on Hcy lev-
els. It has been suggested that the effect of muscle mass may be
related to the amount of Hey formed in conjunction with cre-
atine-creatinine synthesis (20). In addition, sex steroid-induced
change in plasma Hcy levels could conceivably be explained by
their anabolic/catabolic effects (14).

Our study also revealed that an increase in total body fat per-
cent is associated with increase in Hcy concentrations. Reduc-
tions in muscle mass and physical activity levels decreases total
energy expenditures, which results in the accumulation of fat
mass, especially visceral fat (21). Along with visceral fat accumu-
lation, loss of skeletal muscle, which is the largest insulin-re-
sponsive target tissue, produces insulin resistance (IR) promot-
ing metabolic syndrome (22). In addition, an association be-
tween IR and Hcy similar to that of insulin was found, consis-
tent with the existence of a vicious circle. Thus, part of the dan-
gers of Hcy might be explained by its link with IR (23). Also, IR
was associated with elevated plasma tHcy levels in healthy, non-
obese subjects suggesting that elevated Hcy levels may be a bi-
ological link between IR and atherothrombosis (24).

On the other hand, another study found no significant asso-
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ciation between levels of Hcy and IR in a population with an in-
creased risk for type 2 diabetes. Despite a successful lifestyle in-
tervention resulting in a significant decrease in body mass in-
dex, body fat content, and improved insulin sensitivity, no differ-
ences in Hey concentrations were achieved (10). Also, our re-
sults did not reveal a significant relation of Hcy levels with ho-
meostatic model assessment-IR using subgroup analysis (data
not shown). A recent study found that Hcy concentration was
significantly higher in hyperinsulinemic obese children than in
the normoinsulinemic group. There was no significant differ-
ence in Hcy levels between the obese and non-obese children
(25). Therefore, increased plasma Hcy, particularly in hyperin-
sulinemic obese children, may be causally involved in the patho-
genesis of atherosclerosis and/or CVD, both of which are com-
mon in obesity (26).

In our study, a decrease in waist circumference was signifi-
cantly related to increased Hcy levels. Also, an overall weight
gain tended to show a negative relation to change in Hcy levels,
although the association was not significant after further adjust-
ment. A previous study reported that weight gain was inversely
related to Hcy levels (7). Another study assessed the renal effects
of high vs low-protein low-fat diets in overweight subjects, and
found that weight loss after dietary intervention was significant-
ly different between the high-protein group and the low-protein
group. Fat loss was also significantly different between the 2
groups, whereas there were not significant changes of fat-free
mass between the two groups (27). Our results thus suggest
that the change in Hcy concentrations is related to not only the
change in lean body mass but also the change in body fat content.

Hyperhomocysteinemia may result from dietary deficiency
in any of the hydrosoluble vitamins operating as cofactors of
the Hcy-metabolizing machinery. However, recent studies us-
ing stepwise multiple regression analysis concluded that folate
and cobalamine deficiencies provide only a partial explanation
because they accounted for only 28% of the variance in total Hcy
concentrations (28), very close to the 35% to 40% attributed to
folate, cobalamin, and pyridoxine deprivation as a whole (29).
Moreover, further aspects beyond the adequacy of vitamin fac-
tors have been much less intensely investigated up to now.

This study had several limitations. The study population con-
sisted of patients who visited a single university hospital. There-
fore, the prevalence of hyperhomocysteinemia in our data did
not reflect the general population. Another limitation was that
we did not evaluate the nutritional status of this study subjects.
However, we performed this study as a follow-up study so that
the baseline characteristics of the study population were con-
sidered to be similar until the end of follow-up.

In conclusion, changes in Hcy concentrations were associat-
ed with changes in lean body mass and body fat content in this
cohort of Korean men and women. The change in lean body
mass significantly contributed to hyperhomocysteinemia. These

http://dx.doi.org/10.3346/jkms.2013.28.7.1015

results suggest that a decrease in lean body mass determines
increase in Hcy levels, rather than overall body mass index or
weight change.
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