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a b s t r a c t 

Background: Both homocysteine (Hcy) and asymmetric dimethylarginine (ADMA) induce endothelial dys- 

function. However, the impact of both elevations on all-cause death is not known. We investigated the 

association between elevations of Hcy or ADMA and all-cause death in a general population. 

Methods: A total of 517 subjects (224 men, 293 women; mean age, 62.8 years) were recruited from a 

population-based survey in 1999 in Tanushimaru, and we measured fasting plasma Hcy and ADMA levels. 

We followed them up for over 20 years and examined the effect on mortality using Cox proportional 

hazard regression model. 

Results: The mean follow-up years were 17.7 (1.8-20.8). In this period, 182 subjects have died (35.2%). 

The correlation between Hcy and ADMA was high (r = 0.194; p < 0.001). With Cox regression analysis after 

adjustments for age and sex, elevated log transformed Hcy levels were significantly associated with all- 

cause death ( p = 0.028). When Hcy and ADMA levels were divided into quintiles, the hierarchical model 

showed the synergistic effect of Hcy and ADMA on all-cause death. 

Conclusions: This is the first report that we have measured Hcy and ADMA levels simultaneously in this 

community-dwelling Japanese, and we demonstrated that combined elevations of Hcy and ADMA had big 

impact on all-cause death in this epidemiological study. 

© 2021 Published by Elsevier Ltd on behalf of Japanese College of Cardiology. 
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We have demonstrated that circulating homocysteine (Hcy) and 

symmetric dimethylarginine (ADMA) induce endothelial dysfunc- 

ion [1–3] . However, the impact of both elevations on all-cause 

eath is not known. Accumulating evidence in cohort studies has 

ndicated that plasma Hcy increases the risk of mortality [4–9] . The 

eta-analysis reported by Fan et al. [10] suggested that Hcy levels 

re linearly and positively associated with risk of all-cause mortal- 

ty. 

Compared to Hcy, significant associations of ADMA with mor- 

ality are limited to subjects with end-stage renal disease [11] , an- 

iographic coronary artery disease (CAD) [12] , acute myocardial in- 

arction [13] , after percutaneous coronary intervention [14] , and 

atients aged over 65 years old [15] . Two cohort studies [ 16 , 17 ]
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rom the USA showed contrasting results, in which the Framing- 

am Offspring Study [16] indicated that ADMA was significantly 

ssociated with all-cause mortality, especially in non-diabetic in- 

ividuals. However, The Dallas Heart Study [17] showed that sym- 

etrical dimethylarginine (SDMA), but not ADMA was an indepen- 

ent predictor of all-cause death. The meta-analysis reported by 

hou et al. [18] suggested that circulating ADMA levels are pos- 

tively associated with all-cause mortality, which are still contro- 

ersial. 

In the present study, we aimed to investigate the impact of both 

cy and ADMA on all-cause mortality during a long follow-up pe- 

iod in community-dwelling Japanese. 

ethods 

tudy population 

A periodic epidemiological survey was performed in 1999 in a 

ural farming community located in southwestern Japan (Tanushi- 

https://doi.org/10.1016/j.jjcc.2021.01.011
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aru, a cohort of the Seven Countries Study [19] ). Although the 

even Countries Study ended in 1989, we continued the epidemi- 

logic study in the same district. As previously reported [20] , the 

emographic backgrounds of the subjects in this area were sim- 

lar to those of the Japanese general population. We examined 

,999 subjects aged over 40 years (794 males and 1,126 females) 

n the present study. Of these, we enrolled 517 subjects (224 males 

nd 293 females: aged 40 to 89 years) without overt cerebro- 

ardiovascular diseases and measured plasma levels of Hcy and 

DMA in all subjects. Eventually, they were followed up and the 

eriod was 17.7 ±5.0 (1.8-20.8) years. 

ata collection 

The subjects’ medical history as well as their use of alcohol and 

moking status were ascertained by a questionnaire. They were 

lassified as current habitual user or not. Height and weight were 

easured, and body mass index (BMI) was calculated as weight 

kg) divided by the square of the height (m 

2 ) and was consid- 

red as an index of obesity. Blood pressure (BP) was measured 

n the right arm twice with a mercury sphygmomanometer af- 

er the subject had rested in the supine position for more than 

 min. The second BP was used for analysis. Blood was drawn 

rom the antecubital vein for determination of fasting plasma glu- 

ose (FPG), glycosylated hemoglobin A 1c [HbA 1c (NGSP)], lipid pro- 

les [total cholesterol, low-density lipoprotein-cholesterol (LDL- 

), high-density lipoprotein-cholesterol (HDL-c), and triglycerides], 

mmunoreactive insulin (IRI), blood urea nitrogen, creatinine, uric 

cid, Hcy, and ADMA levels in the morning after a 12-h fast. Es- 

imated glomerular filtration rate was calculated using the Modi- 

cation of Diet in Renal Disease study equation modified with a 

apanese coefficient [21] . Fasting blood samples were centrifuged 

mmediately after collection. Plasma concentrations of Hcy and 

DMA levels were measured by the high-performance liquid chro- 

atography (HPLC) method as previously described [ 2 , 22 ]. Serum 

otal cholesterol, HDL-c, triglycerides, and creatinine were mea- 

ured by the enzymatic assay method, and HbA 1c was measured by 

on exchange HPLC. All blood chemistry analyses were performed 

t a commercial laboratory. 
Fig. 1. The flow diagram of eligible subjects. Hcy, hom

130 
We have periodically followed them up over 2 years. Detailed 

nformation was collected from May 17th, 2018 to March 31st, 

020. Causes of death were determined based on a review of obit- 

aries, medical records, death certificates, hospital charts, and in- 

erviews with their primary care physicians, families of the de- 

eased, and other witnesses. 

This study was approved by the Tanushimaru branch of the 

apan Medical Association and the local mayor. All the participants 

ave informed consent. The Research Ethics Committee of Kurume 

niversity School of Medicine (Process numbers 9908/1999) ap- 

roved the study, and the study conformed to the principles of the 

eclaration of Helsinki. 

tatistical analysis 

Because of skewed distributions, natural logarithmic transfor- 

ation was performed for IRI, triglycerides, Hcy, and ADMA. Mean 

alues, upper and lower 95% confidence limits, were exponentiated 

nd presented geometric mean ± standard deviation (SD), where 

he SD in a 95% confidence interval was approximated as the dif- 

erence between the exponentiated confidence limits divided by 

.92, the number of SD in a 95% confidence interval for normally 

istributed data. Student’s t-test and chi-square tests were used to 

valuate of continuous and categorical variables. 

Because there are many subjects with the same value 

cy/ADMA on the boundaries in the tertile or quartile grouping, 

e selected quintile grouping. Survival curves of death from all 

auses for quintiles of Hcy levels were estimated by the Kaplan- 

eier method and compared using the log-rank test. In order to 

nvestigate the impact of Hcy and ADMA levels on all-cause death, 

e created the hierarchical model by division of Hcy and ADMA 

nto quintiles. 

To obtain hazard ratios (HRs) for all-cause mortality, we finally 

erformed Cox proportional hazards regression analysis after ad- 

usting for age, sex, systolic BP, total cholesterol, FPG, and smoking 

tatus. Statistical significance was defined as p < 0.05. All statistical 

nalyses were performed using the SAS system (Release 9.4, SAS 

nstitute, Cary, NC, USA). 
ocysteine; ADMA, asymmetric dimethylarginine. 
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Fig. 2. Causes of death. CVD, cardiovascular disease. 

R

S

fl  

d

L

t

w

B

A

w

e  

w

s

B

t  

w

C

d

s

(  

w

c

p

j

K

s

a

t

t

s

w

t

fi

c

H

f

t

H

b

u

2

3

esults 

tudy participants and outcomes 

A total of 517 subjects were followed for 17.7 ±5.0 years. The 

ow diagram of eligible subjects is shown in Fig. 1 . There were 182

eaths: the highest mortality was from cancer 64 (35.2%) ( Fig. 2 ). 

oss to follow-up was 17 subjects (3.3%); 13 subjects moved, and 

he details of 4 subjects were unknown. The final follow-up rate 

as 96.7% in this study. 

aseline demographics stratified Hcy and ADMA quintile 

Demographics of participants at baseline stratified by Hcy and 

DMA quintile are shown in Table 1a and b. At baseline, there 

ere significant cross-sectional relationships between Hcy and sev- 

ral coronary risk factors and ADMA ( p < 0.001) ( Table 1a ). There

ere significant cross-sectional relationships between ADMA and 

everal coronary risk factors and Hcy ( p < 0.001) ( Table 1b ). 
Table 1a 

Demographics of participants at baseline stratified by homocysteine quintile. 

Variables Quintile 1(4.2-8.0) Quintile 2(8.1-9.2) 

Total n 105 103 

Homocysteine ( μmol/L) † 7.0 (4.2-8.0) 8.7 (8.1-9.2) 

Age (year) 59.1 ±10.1 60.9 ±8.7 

Sex (male), % 21 (20.0) 34 (33.0) 

Body mass index (kg/m 

2 ) 23.0 ±3.0 22.8 ±3.5 

Systolic blood pressure (mmHg) 129.2 ±17.5 133.2 ±18.2 

Diastolic blood pressure (mmHg) 78.1 ±10.1 80.1 ±10.7 

Total cholesterol (mg/dL) 199.2 ±31.8 201.0 ±31.2 

LDL-cholesterol (mg/dL) 122.7 ±30.0 122.2 ±28.4 

HDL-cholesterol (mg/dL) 55.9 ±14.2 57.7 ±11.5 

Triglycerides (mg/dL) † 89.9(35-317) 95.6(37-385) 

Fasting plasma glucose (mg/dL) 95.7 ±21.1 98.8 ±24.0 

HbA 1c (%) (NGSP) 5.2 ±0.8 5.3 ±0.9 

Immunoreactive insulin ( μU/mL) † 4.58(1.0-21.0) 4.20(1.0-38.0) 

Blood urea nitrogen (mg/dL) 15.4 ±3.4 15.2 ±3.8 

Creatinine (mg/dL) 0.73 ±0.11 0.80 ±0.13 

eGFR (ml/min/1.73m ²) 68.3 ±10.9 64.1 ±9.2 

Uric acid (mg/dL) 4.4 ±1.2 4.6 ±1.1 

Intima-media thickness (mm) 0.65 ±0.19 0.64 ±0.16 

Asymmetric dimethylarginine ( μmol/L) † 0.47(0.24-0.84) 0.44(0.25-0.82) 

Smoking (yes), % 11 (10.5) 10 (9.7) 

Alcohol intake (yes), % 17 (16.2) 21 (20.4) 

Hypertensive medication (yes), % 13 (12.4) 14 (13.6) 

Data are mean ±SD or range, unless otherwise indicated. 
† Logarithm-transformed values were used in analyses. 

131 
aseline characteristics stratified by vital status 

Characteristics of participants at baseline stratified by vital sta- 

us are shown in Table 2 . Hcy ( p < 0.001) and ADMA ( p < 0.001)

ere significantly and positively associated with all-cause death. 

ox proportional hazards regression analysis of all-cause death 

In the Cox proportional hazards regression analysis of all-cause 

eath after adjusting for age and sex, BMI ( p < 0.01; inversely), 

ystolic BP ( p < 0.05), LDL-c ( p < 0.01; inversely), total cholesterol 

 p < 0.01; inversely), Hcy ( p < 0.05), and current smoking ( p < 0.001)

ere significantly associated with all-cause death. Although the 

orrelation between Hcy and ADMA was significant (r = 0.194; 

 < 0.001; Fig. 3 ), the significance of ADMA disappeared after ad- 

usting for age and sex ( Table 3 ). 

aplan-Meier curve 

Fig. 4 shows the cumulative survival curves for all-cause death 

tratified by Hcy quintiles. Kaplan-Meier curves demonstrated that 

ll-cause death was significantly higher in the highest of Hcy quin- 

iles than in the lowest quintiles ( p = 0.010 by log-rank test). Al- 

hough the significance disappears after adjustment for age and 

ex, the Kaplan-Meier curves demonstrated that all-cause death 

as significantly worse in the highest of ADMA quintiles than in 

he lowest quintiles ( p = 0.03 by log-rank test; data not shown). We 

nally demonstrated the impact of Hcy and ADMA levels on all- 

ause death, then, we created the hierarchical model by division of 

cy and ADMA into quintiles. This model showed the greater ef- 

ect of combined Hcy and ADMA levels on all-cause death rather 

han Hcy or ADMA alone ( Fig. 5 ). 

Rs and 95% CI of all-cause death stratified by Hcy quintiles at 

aseline 

In the Hcy quintiles, we calculated the HRs of all-cause death 

sing the lowest quintile as the reference ( Table 4 ). In the model 

 (adjusted for age and sex), a significant HR (1.791, 95% CI 1.027- 

.124, p = 0.040) for all-cause death was observed in the highest vs. 
Quintile 3(9.3-10.5) Quintile 4(10.6-12.7) Quintile 5( ≥12.8) p -value 

102 104 103 

9.9(9.3-10.5) 11.5 (10.6-12.7) 16.1 (12.8-49.1) < 0.001 

60.7 ±10.1 65.6 ±9.8 67.7 ±10.6 < 0.001 

42 (41.2) 53 (51.0) 74 (71.8) < 0.001 

23.4 ±3.3 23.4 ±2.8 22.7 ±3.0 0.368 

134.5 ±20.2 138.1 ±18.6 140.0 ±21.3 0.001 

81.1 ±10.7 81.9 ±11.1 83.6 ±12.2 0.006 

205.1 ±37.1 196.5 ±32.5 189.3 ±39.4 0.019 

123.7 ±34.2 118.6 ±29.1 112.8 ±35.2 0.086 

57.3 ±14.9 55.4 ±14.2 52.2 ±13.9 0.039 

102.5(36-963) 101.1(39-692) 105.7(39-953) 0.150 

99.2 ±16.3 96.5 ±15.7 13.0 ±4.6 0.549 

5.3 ±0.7 5. 1 ±0.7 5.1 ±0.6 0.184 

4.43(1.0-14.0) 4.54(1.0-21.0) 4.23(1.0-33.0) 0.790 

15.4 ±4.2 16.5 ±3.6 17.3 ±5.3 < 0.001 

0.83 ±0.14 0.89 ±0.14 1.00 ±0.20 < 0.001 

63.3 ±10.4 59.1 ±8.8 55.5 ±12.3 < 0.001 

4.9 ±1.3 5.3 ±1.4 5.9 ±1.7 < 0.001 

0.67 ±0.17 0.72 ±0.17 0.79 ±0.22 < 0.001 

0.46(0.24-0.98) 0.50(0.20-0.94) 0.52(0.30-1.18) < 0.001 

16 (15.7) 17 (16.4) 27 (26.2) 0.086 

22 (21.6) 31 (29.8) 40 (38.8) 0.001 

21 (20.8) 33 (31.7) 33 (32.0) < 0.001 
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Table 1b 

Demographics of participants at baseline stratified by ADMA quintile. 

Variables Quintile 1(0.20-0.38) Quintile 2(0.39-0.45) Quintile 3(0.46-0.50) Quintile 4(0.51-0.58) Quintile 5( ≥0.59) p -value 

Total n 101 107 97 106 106 

Asymmetric dimethylarginine ( μmol/L) † 0.32(0.20-0.38) 0.42(0.39-0.45) 0.48(0.46-0.50) 0.54(0.51-0.58) 0.68(0.59-1.18) < 0.001 

Age (year) 59.9 ±8.8 62.2 ±11.2 62.1 ±10.2 64.1 ±9.9 65.5 ±11.0 0.002 

Sex (male), % 41 (40.6) 37 (34.6) 40 (41.2) 54 (50.9) 52 (49.1) 0.102 

Body mass index (kg/m 

2 ) 23.2 ±3.2 23.1 ±3.1 23.3 ±3.6 22.9 ±2.9 23.0 ±2.9 0.876 

Systolic blood pressure (mmHg) 131.1 ±17.8 133.2 ±20.7 136.3 ±17.8 134.2 ±21.7 139.9 ±18.1 0.015 

Diastolic blood pressure (mmHg) 80.8 ±9.5 79.9 ±11.2 82.5 ±11.0 79.9 ±11.9 81.8 ±11.5 0.362 

Total cholesterol (mg/dL) 194.2 ±33.5 198.3 ±33.8 202.1 ±35.4 196.0 ±36.9 200.5 ±34.3 0.497 

LDL-cholesterol (mg/dL) 117.5 ±31.3 121.6 ±31.0 124.6 ±32.3 116.4 ±32.4 120.2 ±30.9 0.360 

HDL-cholesterol (mg/dL) 55.7 ±12.5 53.8 ±13.1 57.0 ±14.3 56.3 ±15.4 56.0 ±14.0 0.547 

Triglycerides (mg/dL) † 94.2(38-328) 101.4(37-963) 90.2(35-420) 102.5(36-953) 105.4(40-692) 0.151 

Fasting plasma glucose (mg/dL) 97.2 ±14.8 94.6 ±10.8 101.0 ±24.5 98.8 ±23.2 95.1 ±15.1 0.075 

HbA 1c (%) (NGSP) 5.2 ±0.6 5.2 ±0.5 5.3 ±0.8 5.3 ±1.1 5.1 ±0.6 0.581 

Immunoreactive insulin ( μU/mL) † 4.59(2.0-38.0) 4.49(1.0-20.0) 4.24(2.0-33.0) 4.36(1.0-33.0) 4.31(1.0-16.0) 0.873 

Blood urea nitrogen (mg/dL) 14.8 ±3.4 15.7 ±3.8 15.4 ±3.5 16.3 ±4.9 17.5 ±4.5 < 0.001 

Creatinine (mg/dL) 0.84 ±0.16 0.83 ±0.16 0.83 ±0.16 0.88 ±0.24 0.88 ±0.18 0.060 

eGFR (ml/min/1.73m ²) 63.1 ±9.9 62.3 ±10.0 62.8 ±11.0 61.7 ±12.6 60.5 ±12.4 0.516 

Uric acid (mg/dL) 4.9 ±1.3 4.9 ±1.3 4.8 ±1.4 5.2 ±1.6 5.2 ±1.7 0.311 

Intima-media thickness (mm) 0.62 ±0.13 0.69 ±0.18 0.69 ±0.17 0.71 ±0.19 0.76 ±0.23 < 0.001 

Homocysteine ( μmol/L) † 9.5(5.5-26.6) 9.9(4.2-25.1) 10.2(4.9-22.8) 10.7(5.6-43.9) 10.9(5.4-49.1) 0.003 

Smoking (yes), % 17 (16.8) 17 (15.9) 15 (15.5) 19 (17.9) 13 (12.3) 0.836 

Alcohol intake (yes), % 26 (25.7) 20 (18.7) 28 (28.9) 27 (25.5) 30 (28.3) 0.457 

Hypertensive medication (yes), % 16 (15.8) 27 (25.2) 20 (20.6) 23 (21.7) 28 (26.4) 0.399 

Data are mean ±SD or range, unless otherwise indicated. 
† Logarithm-transformed values were used in analyses.eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein. 

Table 2 

Characteristics of participants at baseline stratified by vital status. 

Variables Total(n = 500) Survival(n = 318) Death(n = 182) p -value 

Age (year) 62.8 ±10.5 58.6 ±9.2 70.1 ±8.4 < 0.001 

Sex (male), % 221 (44.2) 115 (36.2) 106 (58.2) < 0.001 

Body mass index (kg/m 

2 ) 23.1 ±3.2 23.4 ±3.1 22.5 ±3.2 0.002 

Systolic blood pressure (mmHg) 134.7 ±19.4 131.8 ±17.8 139.9 ±20.9 < 0.001 

Diastolic blood pressure (mmHg) 80.9 ±11.1 80.6 ±10.7 81.3 ±11.8 0.537 

Total cholesterol (mg/dL) 197.8 ±34.8 201.6 ±33.7 191.3 ±35.7 0.002 

LDL-cholesterol (mg/dL) 119.8 ±31.6 122.7 ±29.6 114.7 ±34.3 0.009 

HDL-cholesterol (mg/dL) 55.6 ±13.9 56.4 ±13.9 54.4 ±13.8 0.120 

Triglycerides † (mg/dL) 98.5 (35-963) 98.7 (35-692) 98.0 (36-963) 0.879 

Fasting plasma glucose (mg/dL) 97.1 ±18.5 96.3 ±17.1 98.5 ±20.8 0.227 

HbA 1c (%) (NGSP) 5.2 ±0.8 5.2 ±0.7 5.2 ±0.9 0.533 

Immunoreactive insulin ( μU/mL) † 4.37 (1-38) 4.44 (1-33) 4.27 (1-38) 0.475 

Blood urea nitrogen (mg/dL) 16.0 ±4.2 15.5 ±3.5 16.9 ±5.1 < 0.001 

Creatinine (mg/dL) 0.85 ±0.18 0.82 ±0.15 0.91 ±0.22 < 0.001 

eGFR (ml/min/1.73m ²) 61.9 ±11.3 63.7 ±10.8 58.8 ±11.4 < 0.001 

Uric acid (mg/dL) 5.0 ±1.5 4.9 ±1.4 5.3 ±1.6 0.001 

Intima-media thickness (mm) 0.70 ±0.19 0.64 ±0.16 0.79 ±0.20 < 0.001 

Homocysteine ( μmol/L) † 10.2 (4.2-49.1) 9.6 (4.2-49.1) 11.4 (4.9-26.1) < 0.001 

Asymmetric dimethylarginine ( μmol/L) † 0.48 (0.2-1.18) 0.46 (0.2-1.18) 0.50 (0.29-0.95) < 0.001 

Smoking (yes), % 80 (16.0) 41 (12.9) 39 (21.4) 0.018 

Alcohol intake (yes), % 128 (25.6) 68 (21.4) 60 (33) 0.006 

Hypertensive medication (yes), % 110 (22.0) 53 (16.7) 57 (31.5) < 0.001 

Data are mean ±SD or range, unless otherwise indicated. 
† Logarithm-transformed values were used in analyses. p -value: Survival vs. DeatheGFR, estimated glomerular fil- 

tration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein. 
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he lowest quintiles of Hcy. In the final model 3 (adjusted for 4 

ajor risk factors for CAD in addition to age and sex), a signifi- 

ant HR (1.845, 95% CI 1.064-3.201, p = 0.029) for all-cause death 

as observed in the highest vs. the lowest quintiles of Hcy. 

iscussion 

Although much information has become available on the abil- 

ty of plasma levels of Hcy and ADMA to predict mortality in 

ealthy subjects [ 6–8 , 15 , 17 ] and patients with cardiovascular dis-

ases [ 4 , 9 , 12–14 , 16 ], diabetes [5] , and renal diseases [11] , this is

he first report demonstrating that combined elevations of Hcy and 

DMA have a big impact on all-cause death in a general popula- 

ion. 
132 
As previously described, in this cohort, we have measured 

cy and ADMA simultaneously. In addition to the unique mea- 

urements to the study subjects, we have followed-up them for 

 long time (17.7 ±5.0 years). In that period, 182 subjects died. 

n this cohort, the most common causes of death were cancer 

35%) and infection (19%) followed by cerebro-cardiovascular dis- 

ase (15%). These death rates are compatible with those of the gen- 

ral Japanese population [23] ; in Japan one third of all mortality is 

rom cancer, one fifth from cerebro-cardiovascular disease, and the 

est is due to various other causes, suggesting that this was not a 

iased local cohort and that our follow-up was appropriately per- 

ormed. 

The enrolled subjects were free from apparent cardiovascu- 

ar diseases and cancers at baseline, and their Hcy level was 
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Fig. 3. The correlation between Hcy and ADMA. Hcy, homocysteine; ADMA, asymmetric dimethylarginine. 

Table 3 

Multivariate Cox proportional hazards regression analysis of all-cause death adjusted for age and sex. 

Variables β SE HR (95% CI) p -value 

Body mass index (kg/m 

2 ) -0.069 0.027 0.933 (0.885-0.983) 0.010 

Systolic blood pressure (mmHg) 0.009 0.004 1.009 (1.001-1.017) 0.028 

Diastolic blood pressure (mmHg) 0.006 0.007 1.006 (0.992-1.020) 0.426 

Total cholesterol (mg/dL) -0.006 0.002 0.994 (0.989-0.999) 0.011 

LDL-cholesterol (mg/dL) -0.006 0.003 0.994 (0.989-0.999) 0.022 

HDL-cholesterol (mg/dL) -0.005 0.005 0.995 (0.984-1.005) 0.343 

Triglycerides † (mg/dL) -0.090 0.167 0.914 (0.659-1.268) 0.591 

Fasting plasma glucose (mg/dL) 0.004 0.004 1.004 (0.997-1.012) 0.277 

HbA 1c (%) (NGSP) 0.033 0.103 1.034 (0.845-1.264) 0.747 

Immunoreactive insulin ( μU/mL) † 0.124 0.125 1.132 (0.885-1.447) 0.323 

Blood urea nitrogen (mg/dL) 0.007 0.018 1.007 (0.972-1.042) 0.705 

Creatinine (mg/dL) 0.636 0.486 1.889 (0.729-4.895) 0.191 

eGFR (ml/min/1.73m ²) -0.007 0.007 0.993 (0.979-1.007) 0.298 

Uric acid (mg/dL) -0.005 0.056 0.952 (0.853-1.062) 0.375 

Intima-media thickness (mm) 0.555 0.437 1.742 (0.740-4.102) 0.204 

Homocysteine ( μmol/L) † 0.606 0.276 1.832 (1.066-3.150) 0.028 

Asymmetric dimethylarginine( μmol/L) † 0.328 0.311 1.389 (0.755-2.553) 0.291 

Smoking status (0, no; 1, yes) 0.637 0.206 1.890 (1.263-2.830) 0.002 

Alcohol intake (0, no; 1, yes) 0.246 0.200 1.279 (0.865-1.892) 0.218 

Hypertensive medication (0, no; 1, yes) 0.227 0.165 1.255 (0.907-1.735) 0.171 

† Logarithm-transformed values were used in analyses.eGFR, estimated glomerular filtration rate; 

HDL, high-density lipoprotein; LDL, low-density lipoprotein. 

Table 4 

HRs and 95% CIs of all-cause death stratified by homocysteine quintiles at baseline. 

Models 

Homocysteine ( μmol/L) 

Quintile 1 (4.2-8.0) Quintile 2 (8.1-9.2) Quintile 3 (9.3-10.5) Quintile 4 (10.6-12.7) Quintile 5 ( ≥12.8) 

Total no. 101 96 97 100 99 

No. of deaths 19 25 30 41 60 

Model 1 Reference 1.500 (0.826-2.723) 1.799 (1.012-3.195) ∗ 2.514 (1.459-4.331) ∗∗∗ 4.701 (2.803-7.884) ∗∗∗

Model 2 Reference 1.267 (0.694-2.310) 1.474 (0.824-2.635) 1.292 (0.741-2.253) 1.791 (1.027-3.124) ∗

Model 3 Reference 1.456 (0.794-2.667) 1.707 (0.950-3.067) 1.260 (0.722-2.201) 1.845 (1.064-3.201) ∗

Model 1: not adjusted. 

Model 2: adjusted for age and sex. 

Model 3: adjusted for age, sex, systolic blood pressure, total cholesterol, fasting plasma glucose, and smoking status. 
∗: p < 0.05, ∗∗: p < 0.01, ∗∗∗: p < 0.001. 
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ithin normal range. Nonetheless, subjects in quintile 5 (Hcy ≥12.8 

mol/L) had higher overall mortality, showing how such small 

ariation of Hcy levels within the normal range could affect the 

ll-cause mortality. The most likely explanation is that although 

ancer (35%), infection (19%), and cerebro-cardiovascular diseases 

15%), were the main causes of death, the total number of these 

eaths was too small to demonstrate statistical significance. 

It is interesting to note that there was a positive correlation be- 

ween Hcy and ADMA at baseline. Nevertheless, our data showed 
133 
hat each impact of these novel risk factors on mortality was dif- 

erent, but the mechanism was not known, however; Gore et al. 

17] showed that SDMA, but not ADMA was an independent pre- 

ictor of all-cause death. 

Because total cholesterol was inversely associated with all-cause 

eath, it may need further consideration. In Japanese epidemiologi- 

al studies, total cholesterol has never been a significant risk factor 

 20 , 24 , 25 ]. We have no clear explanation for the difference from
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Fig. 4. The cumulative survival curves for all-cause death stratified by homocysteine quintiles. 

Fig. 5. The hierarchical model by division of homocysteine and asymmetric dimethylarginine into quintiles for all-cause death: (A) unadjusted (B) adjusted for age and sex. 
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estern countries where high cholesterol is a significant risk [26] , 

ut it might be genetic differences. 

This study had several limitations. First, we have no informa- 

ion about medication for vitamins and folate at baseline. Second, 

ome asymptomatic subjects with cerebro-cardiovascular diseases 

ere potentially included. Similarly, we were not able to exclude 
134 
ubjects with subclinical cancers. Third, the total number of deaths 

rom cancer or cerebro-cardiovascular death was small and limited 

he statistical power for these outcomes, which is causatively more 

elevant. Fourth, because male/female ratio was highly different 

mong the Hcy quintile groups, the effect of Hcy on all-cause death 

as strongly observed only in the female group. Finally, the under- 
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ying pathophysiological mechanism for the association of high Hcy 

evel with all-cause death was not revealed from our observational 

tudy. 

The clinical implication of the study is that ADMA may be 

 good marker for mortality by the atherosclerotic and cardio- 

enal diseases [ 27 , 28 ]. All-cause mortality including cardiovascu- 

ar mortality should be always examined in a cohort study with 

 medium- or long-term follow-up [ 29 , 30 ]. 

In conclusion, the present study demonstrated that combined 

levations of Hcy and ADMA had a big impact on all-cause death 

ather than Hcy or ADMA alone in this epidemiological study. 
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