
Abstract NADH dehydrogenase subunit-2 237 leu-

cine/methionine (ND2-237 Leu/Met) polymorphism is

reportedly associated with longevity in the Japanese

population. The ND2-237Met genotype may confer

resistance to cardiovascular and cerebrovascular ath-

erogenic diseases. Hyperuricemia is one of the risk

factors for cardiovascular disease. To investigate whe-

ther ND2-237 Leu/Met polymorphism is associated

with serum uric acid (SUA) levels, we conducted a

cross-sectional study in 321 healthy Japanese male

subjects. In nonobese (body mass index, BMI < 25)

male subjects, interaction between ND2-237 Leu/Met

genotypes and drinking frequency on SUA levels was

observed (P=0.031). The SUA levels were significantly

higher in daily drinkers with ND2-237Leu than in

non-daily drinkers with ND2-237Leu (P=0.018). In

nonobese men, after adjustment for covariates, daily

drinkers with ND2-237Leu had a significantly higher

odds ratio (OR) for hyperuricemia (SUA‡6.5 mg/dl:

vs. daily drinkers with ND2-237Met, OR=3.26, 95%

confidence interval (CI) 1.14–9.29; vs. non-daily

drinkers with ND2-237Leu, OR=3.22, 95% CI 1.39–

7.45; SUA‡7.0 mg/dl: vs. non-daily drinkers with ND2-

237Met, OR=3.53, 95% CI 1.00–12.4). However, in

obese (BMI‡25) men, no significant interaction be-

tween ND2-237 Leu/Met polymorphism and habitual

drinking on SUA levels or on the risk for hyperurice-

mia was observed. These results suggest that ND2-237

Leu/Met polymorphism modulates the effects of daily

alcohol consumption on SUA levels in nonobese

Japanese men.
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Introduction

Mitochondrial DNA cytosine/adenine (Mt5178 C/A)

polymorphism, which also known as NADH dehydro-

genase subunit-2 237 leucine/methionine (ND2-237

Leu/Met) polymorphism, is reportedly associated with

longevity in the Japanese population (Tanaka et al.

1998). The frequency of the ND2-237 Met (Mt5178A)

genotype is significantly higher in Japanese centenari-

ans than in the general population (Tanaka et al. 1998)

and it is reported that Japanese individuals with

ND2-237Leu (Mt5178C) are more susceptible to cardio-

vascular (Mukae et al. 2003; Takagi et al. 2004) or

cerebrovascular atherosclerotic diseases (Ohkubo et al.
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2002) compared to those with ND2-237Met. The anti-

atherogenic effects of the ND2-237Met genotype may

facilitate longevity in individuals with ND2-237Met

when compared to those with ND2-237Leu.

Hyperuricemia, the prevalence of which is higher in

men than in women (Wortmann 2002), is a reported

risk factor for both gout and cardiovascular disease

(Alderman and Aiyer 2004; Johnson et al. 2003; To-

mita et al. 2000). Several epidemiological studies have

reported that alcohol intake is a risk factor for hyper-

uricemia and gout (Campion et al. 1987; Lin et al. 2000;

Loenen et al. 1990; Kono et al. 1994; Nakanishi et al.

1999; Sugie et al. 2005). Moreover, genetic epidemio-

logical research has shown that alcohol dehydrogenase

2 (ADH2) genotype (Hashimoto et al. 2002) or endo-

thelial constitutive nitric oxide synthase (ecNOS)

genotype (Nishio et al. 2005) influences the effects of

alcohol consumption on serum uric acid (SUA) levels

in the Japanese male population. We previously re-

ported the interaction between ND2-237 Leu/Met

polymorphism and daily alcohol intake on blood

pressure (Kokaze et al. 2004), serum triglyceride (TG)

levels (Kokaze et al. 2003), and fasting plasma glucose

(FPG) levels and response to 75-g oral glucose toler-

ance tests (75-g-OGTT) (Kokaze et al. 2005) in healthy

Japanese men. To our knowledge, there have been no

reports regarding the association between longevity-

associated ND2-237 Leu/Met polymorphism and SUA

levels, or the effect of ND2-237 Leu/Met polymor-

phism and drinking frequency on SUA levels. With

regard to personalized prevention of hyperuricemia

using genetic information, it is medically useful to

elucidate these relationships.

The objective of this paper was to investigate the

relationship between ND2-237 Leu/Met and SUA

levels, and the interaction between ND2-237 Leu/Met

polymorphism and daily alcohol intake on SUA levels

in healthy Japanese male subjects.

Materials and methods

Subjects

Participants were recruited from among individuals

visiting the Mito Red Cross Hospital, Japan, for regu-

lar medical check-ups between August 1999 and Au-

gust 2000. This study was conducted in accordance with

the Declaration of Helsinki and was approved by the

Ethics Committee of the Kyorin University School

of Medicine, Japan. Written informed consent was

obtained from 602 volunteers before participation.

Among these, 327 men not taking any medication for

hyperuricemia, hypertension, hyperlipidemia, or dia-

betes were enrolled in this study. Six individuals with

unclear drinking frequency were excluded. Therefore,

the subjects comprised 321 Japanese men (age

53.0±7.7 years; mean±SD).

Clinical characteristics of subjects

Determination of blood chemical [SUA levels, serum

total cholesterol levels, serum high-density lipoprotein

(HDL) cholesterol levels, serum TG levels, serum

gamma-glutamyltranspeptidase (c-GTP) levels, and

serum creatinine levels] and physical [weight, height,

systolic blood pressure (SBP), and diastolic blood pres-

sure (DBP)] data was conducted as described previously

(Kokaze et al. 2001, 2004). Briefly, venous blood was

drawn after a minimum fasting period of 12 h. The body

mass index (BMI) was defined as the ratio of subject

weight (kg) to the square of subject height (m). A survey

of drinking and smoking habits was performed by means

of a questionnaire. Habitual drinking was classified

based on drinking frequency (daily drinkers, occasional

drinkers, including those who drink several times per

week; and non- or ex-drinkers, which include those who

drink a few times per month). Habitual smoking was

classified into non-smokers (never smoke or former

smokers) and current smokers, who consume one or

more cigarettes per day. Hyperuricemia was defined as

SUA‡6.5 mg/dl or SUA‡7.0 mg/dl, since both diagnos-

tic levels are widely applied (Alderman and Aiyer 2004;

Japanese Society of Gout and Nucleic Acid metabolism

2002; Johnson et al. 2003; Tomita et al. 2000).

Genotyping

Genotyping methods were as described previously

(Kokaze et al. 2001). Briefly, DNA was extracted from

white blood cells. Polymerase chain reaction (PCR)

was performed with 50 ng of genomic DNA in a 50-ll

buffer containing 1.5 mM MgCl2, 1.25 mM dNTPs,

each primer at 1 lM and 0.5 U of Amplitaq DNA

polymerase (GeneAmp, Perkin Elmer, USA). After

initial denaturation at 94�C for 5 min, PCR cycling

(denaturation at 94�C for 30 s, annealing at 60�C for

60 s, and polymerase extension at 72�C for 90 s) was

repeated for 40 cycles, followed by a final extension at

72�C for 10 min. The primers used were 5¢-CTTAG-

CATACTCCTCAATTACCC-3¢ and 5¢-CTGAATT-

CTTCGATAATGGCCCA-3¢. PCR products were

digested with the restriction enzyme AluI. The absence

of an AluI site was designated ND2-237Met

(Mt5178A), and the presence of this restriction site was

designated ND2-237Leu (Mt5178C).
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Statistical analyses

For all analyses, the subjects were divided into two

groups based on BMI: ‘‘BMI < 25 (nonobese)’’ (n=241)

and ‘‘BMI‡25 (obese)’’ (n=80). The cut-off point

(BMI=25) was determined based on reports regarding

the classification of obesity for the Japanese population

(Matsuzawa et al. 2000). Statistical analyses were per-

formed using SAS software, version 8.2 for Windows.

Student’s t test was used to compare the mean values of

clinical characteristics between the ND2-237Leu

genotype and the ND2-237Met genotype. For consid-

eration and evaluation of interactions between ND2-

237 Leu/Met polymorphism and habitual drinking or

habitual smoking with regard to SUA levels, we per-

formed the analysis of covariates (ANCOVA). In

ANCOVA or multiple regression analysis, ND2-237

Leu/Met genotype (ND2-237Leu=0, ND2-237Met=1),

habitual drinking (non-/ex-/occasional, namely, non-

daily drinkers=0, daily drinkers=1) and habitual

smoking (non-smokers=0, current smokers=1) were

numerically coded. Age, BMI, SBP, DBP, logarithm-

transformed serum TG levels, logarithm-transformed

serum c-GTP levels, and serum creatinine levels were

included as covariates in the models. Serum TG levels

and serum c-GTP levels were logarithm-transformed,

as they were not normally distributed. Multiple logistic

regression analysis was used to calculate odds ratios for

hyperuricemia (SUA‡6.5 mg/dl or SUA‡7.0 mg/dl).

Differences with P values of less than 0.05 were con-

sidered to be statistically significant.

Results

Although not statistically significant (v2 test, P=0.108),

the frequency of ND2-237Met was higher in BMI‡25

subjects (47.5%: 38/80) than in BMI < 25 subjects

(37.3%: 90/241) (Table 1). In nonobese subjects, serum

HDL cholesterol levels were significantly higher in

men with ND2-237Met than in those with ND2-237Leu

(P=0.023). However, no significant differences in any

characteristics were observed between the ND2-237

Leu/Met genotypes in obese subjects.

In ANCOVA (Table 2), logarithm-transformed

serum TG levels (P=0.002), serum creatinine levels

(P < 0.001), and the interaction between ND2-237 Leu/

Met genotype and habitual drinking (P=0.031) were

significantly associated with SUA levels in BMI < 25

subjects. However, in BMI‡25 subjects, neither inde-

pendent variables nor interactions between ND2-237

Leu/Met genotypes and lifestyle factors were found to

be associated with SUA levels.

In multiple regression analysis (Table 3), habitual

drinking (daily alcohol intake), logarithm-transformed

serum TG levels, and serum creatinine levels were

significantly and positively associated with SUA levels

in nonobese (BMI < 25) subjects with ND2-237Leu

(P=0.002, 0.004, and < 0.001, respectively). In non-

obese ND2-237Met genotypic men, no significant

associations were observed. In obese (BMI‡25) men

with ND2-237Leu or in those with ND2-237Met, no

significant associations were observed (data not

shown).

After adjustment for age, BMI, SBP, DBP, loga-

rithm-transformed serum TG levels, logarithm-trans-

formed serum c-GTP levels, serum creatinine levels,

and habitual smoking, in BMI < 25 subjects, SUA

levels were significantly higher in daily drinkers

with ND2-237Leu than in non-daily drinkers with

ND2-237Leu (P=0.018: Bonferroni’s multiple com-

parison test) (Table 4). No statistically significant

differences were observed between daily drinkers and

non-daily drinkers with the ND2-237Met genotype.

In BMI‡25 subjects, no significant differences were

observed.

In order to further explore the relationship among

the ND2-237 Leu/Met genotypes, habitual drinking,

and SUA levels, multiple logistic regression analysis

for hyperuricemia (SUA‡6.5 mg/dl or SUA‡7.0 mg/

dl) was undertaken. In BMI < 25 subjects (Table 5),

daily drinkers with ND2-237Leu had a significantly

higher odds ratio (OR) for SUA‡6.5 mg/dl when

compared to non-daily drinkers with ND2-237Met

(OR=2.61, 95% confidence interval (CI) 1.17–5.84,

P=0.020), to daily drinkers with ND2-237Met

(OR=4.12, 95% CI 1.65–10.28, P=0.002), to non-daily

drinkers with ND2-237Leu (OR=3.09, 95% CI 1.54–

6.20, P=0.002), or to a group comprising the three

other subgroups (OR=3.14, 95% CI 1.72–5.73,

P < 0.001). After adjusting for age, BMI, habitual

smoking, SBP, DBP, logarithm-transformed serum

TG levels, logarithm-transformed serum c-GTP lev-

els, and serum creatinine levels, except when com-

pared to non-daily drinkers with ND2-237Met, the

OR for SUA levels ‡6.5 mg/dl in daily drinkers with

ND2-237Leu remained significant (vs. daily drinkers

with ND2-237Met: OR=3.26, 95% CI 1.14–9.29,

P=0.027; vs. non-daily drinkers with ND2-237Leu:

OR=3.22, 95% CI 1.39–7.45, P=0.006; vs. group

comprising the three other subgroups: OR=2.90, 95%

CI 1.49–5.65, P=0.002, respectively). The OR for

SUA levels ‡7.0 mg/dl was significantly higher in

daily drinkers with ND2-237Leu when compared to

non-daily drinkers with ND2-237Met, non-daily

drinkers with ND2-237Leu, or the group composed
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of the three other subgroups (OR=4.06, 95% CI

1.27–13.0, P=0.018; OR=2.59, 95% CI 1.12–6.00,

P=0.027; or OR=2.49, 95% CI 1.23–5.06, P=0.012,

respectively). After adjustment, a significant OR for

SUA levels ‡7.0 mg/dl was observed in daily drinkers

with ND2-237Leu when compared to non-daily

drinkers with ND2-237Met (OR=3.53, 95% CI 1.00–

12.4, P=0.049). In BMI‡25 subjects, the OR for

hyperuricemia in daily drinkers with ND2-237Leu

was lower when compared with other types, but this

difference was not significant (data not shown).

Discussion

This report suggests that ND2-237 Leu/Met (Mt5178

C/A) polymorphism modulates the effects of daily

alcohol consumption on SUA levels. In nonobese

(BMI < 25) men, SUA levels were significantly higher

in daily drinkers with ND2-237Leu than in non-daily

drinkers with ND2-237Leu; no significant differences

were observed in SUA levels between daily- and non-

daily drinkers with ND2-237Met. Even in nonobese

Japanese men with the ND2-237Leu genotype, daily

habitual drinking may be a risk factor for hyperurice-

mia (SUA‡6.5 mg/dl or SUA‡7.0 mg/dl).

Several epidemiological and clinical studies have

reported that the ND2-237Leu genotype may be more

susceptible to lifestyle-related adult-onset diseases,

such as myocardial infarction (Mukae et al. 2003;

Table 1 Clinical characteristics of study subjects by ND2-237 Leu/Met genotype

BMI < 25 BMI‡25

ND2-237Leu
(N=151)

ND2-237Met
(N=90)

P value ND2-237Leu
(N=42)

ND2-237Met
(N=38)

P value

Age (years) 53.5 ± 8.0 52.4 ± 7.8 0.279 52.9 ± 6.8 52.7 ± 7.1 0.938
Uric acid (mg/dl) 5.88 ± 1.17 5.75 ± 1.09 0.370 6.29 ±1.34 6.22 ± 1.1 0.824
Systolic blood pressure (mmHg) 121.7 ± 15.1 122.1 ± 13.5 0.859 128.3 ± 16.0 126.6 ± 10.6 0.585
Diastolic blood pressure (mmHg) 71.0 ± 9.7 71.3 ± 8.5 0.814 76.7 ± 10.9 75.8 ± 8.4 0.665
Total cholesterol (mg/dl) 203.1 ± 36.2 199.5 ± 33.3 0.436 203.3 ± 30.9 207.3 ± 29.1 0.558
HDL cholesterol (mg/dl) 56.3 ± 14.1 61.0 ± 17.5 0.023 48.1 ± 10.0 48.4 ± 11.0 0.924
Triglyceride (mg/dl) 124.1 ± 65.5 112.0 ± 50.6 0.134 144.6 ± 51.9 166.4 ± 78.1 0.142
c-GTP (IU/l) 59.4 ± 72.4 63.6 ± 62.1 0.647 85.5 ± 91.6 63.0 ± 35.9 0.160
Creatinine (mg/dl) 0.81 ± 0.11 0.79 ± 0.10 0.176 0.81 ± 0.13 0.80 ± 0.12 0.678

Age, serum uric acid levels, systolic blood pressure, diastolic blood pressure, serum total cholesterol levels, serum HDL cholesterol
levels, serum triglyceride levels, serum c-GTP levels, and serum creatinine levels are given as mean ± SD

All P values depict the significance of differences between ND2-237Leu and ND2-237Met

Table 2 Analysis of covariance for serum uric acid levels

F value (P value)

BMI < 25 BMI‡25

ND2-237 Leu/Met 0.45 (0.503) 0.01 (0.924)
Habitual drinking 2.65 (0.105) 0.29 (0.594)
Habitual smoking 0.97 (0.327) 0.07 (0.798)
ND2-237 Leu/Met·habitual drinking 4.72 (0.031) 0.69 (0.409)
ND2-237 Leu/Met·habitual smoking 0.04 (0.836) 0.25 (0.616)
Age 0.04 (0.851) 2.63 (0.109)
Body mass index 0.66 (0.418) 2.33 (0.132)
Systolic blood pressure 0.63 (0.427) 0.16 (0.686)
Diastolic blood pressure 1.03 (0.310) 0.50 (0.481)
ln (triglycerides) 9.98 (0.002) 0.02 (0.888)
ln (c-GTP) 1.10 (0.294) 3.56 (0.064)
Creatinine 22.3 ( < 0.001) 3.86 (0.054)

In ANCOVA, some independent variables were numerically
coded: ND2-237 Leu/Met genotypes (Leu=0, Met=1), habitual
drinking (non-daily alcohol drinkers=0, daily alcohol drink-
ers=1), and habitual smoking (non-smoker=0, current smo-
ker=1). ND2-237 Leu/Met·habitual drinking represents
interaction between ND2-237 Leu/Met and habitual drinking.
ND2-237 Leu/Met·habitual smoking represents interaction be-
tween ND2-237 Leu/Met and habitual smoking. Serum triglyc-
eride levels and serum c-GTP levels are logarithm-transformed
[ln (triglycerides) and ln (c-GTP)]

Table 3 Multiple regression analysis for serum uric acid levels in
BMI < 25 subjects

ND2-237Leu ND2-237Met

Habitual drinking 0.5815* –0.0861
Habitual smoking 0.1470 0.1392
Age (years) 0.0020 –0.0100
Body mass index (kg/m2) –0.0237 –0.0454
Systolic blood pressure (mmHg) –0.0179 0.0079
Diastolic blood pressure (mmHg) 0.0292 –0.0037
ln (triglycerides (mg/dl)) 0.5140* 0.3293
ln (c-GTP (IU/l)) 0.0528 0.1878
Creatinine (mg/dl) 3.3606** 2.5858

Values indicate partial regression coefficients. In multiple
regression analysis, some independent variables were numeri-
cally coded: habitual drinking (non-daily drinkers=0, daily
drinkers=1), and habitual smoking (non-smokers=0, current
smokers=1). Serum triglyceride levels and serum c-GTP levels
are logarithm-transformed [ln (triglycerides) and ln (c-GTP)]

*P < 0.005, **P < 0.001
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Takagi et al. 2004), cerebrovascular disorders (Ohkubo

et al. 2002) and type 2 diabetes (Wang et al. 2001),

when compared to ND2-237Met. ND2-237Met may

exert antiatherogenic effects (Kokaze et al. 2001;

Matsunaga et al. 2001). We previously reported that

this polymorphism may be associated with blood

pressure (Kokaze et al. 2004), serum lipid levels

(Kokaze et al. 2001, 2003), and FPG levels and glucose

Table 5 Odds ratios (OR) and 95% confidence intervals (CI) for hyperuricemia by ND2-237 Leu/Met genotype and habitual drinking
in BMI < 25 subjects

SUA‡6.5 mg/dl

Reference group Daily drinkers with
ND2-237Leu 49.2%a (31/63)

Non-daily drinkers with ND2-237Met 27.1%a (13/48) OR (95% CI)
Adjusted ORc (95% CI)

2.61 (1.17–5.84)*
2.24 (0.92–5.47)

Daily drinkers with ND2-237Met 19.1%a (8/42) OR (95% CI)
Adjusted ORc (95% CI)

4.12 (1.65–10.28)***
3.26 (1.14–9.29)*

Non-daily drinkers with ND2-237Leu 23.9%a (21/88) OR (95% CI)
Adjusted ORc (95% CI)

3.09 (1.54–6.20)***
3.22 (1.39–7.45)**

Non-daily drinkers with ND2-237Met,
daily drinkers with ND2-237Met, and
non-daily drinkers with ND2-237Leu

23.6%a (42/178) OR (95% CI)
Adjusted ORc (95% CI)

3.14 (1.72–5.73)****
2.90 (1.49–5.65)***

SUA‡7.0 mg/dl

Reference group Daily drinkers with
ND2-237Leu 27.0% b (17/63)

Non-daily drinkers with ND2-237Met 8.3%b (4/48) OR (95% CI)
Adjusted ORc (95% CI)

4.06 (1.27–13.0)*
3.53 (1.00–12.4)*

Daily drinkers with ND2-237Met 19.1%b (8/42) OR (95% CI)
Adjusted ORc (95% CI)

1.57 (0.61–4.06)
1.29 (0.43–3.85)

Non-daily drinkers with ND2-237Leu 12.5%b (11/88) OR (95% CI)
Adjusted ORc (95% CI)

2.59 (1.12–6.00)*
2.65 (0.96–7.37)

Non-daily drinkers with ND2-237Met,
daily drinkers with ND2-237Met, and
non-daily drinkers with ND2-237Leu

12.9%b (23/178) OR (95% CI)
Adjusted ORc (95% CI)

2.49 (1.23–5.06)*
2.15 (0.97–4.77)

SUA serum uric acid; OR odds ratio; 95% CI 95% confidence interval
aFrequency of subjects with SUA levels ‡6.5 mg/dl
bFrequency of subjects with SUA levels ‡7.0 mg/dl
cOR adjusted for age, body mass index, habitual smoking, systolic blood pressure, diastolic blood pressure, logarithm-transformed
serum triglyceride levels, logarithm-transformed serum c-GTP levels, and serum creatinine levels

*P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.001

Table 4 Comparison of serum uric acid levels between non-daily drinkers and daily drinkers by ND2-237 Leu/Met genotype
(adjusted)

ND2-237Leu ND2-237Met

Non-daily drinkers Daily drinkers Non-daily drinkers Daily drinkers

BMI < 25
N 88 63 48 42
SUA (mg/dl) 5.62 ± 1.09 6.18 ± 1.08* 5.84 ± 1.06 5.77 ± 1.07

BMI‡25
N 24 18 21 17
SUA (mg/dl) 6.42 ± 1.45 6.01 ± 1.35 6.22 ± 1.33 6.28 ± 1.32

Serum uric acid (SUA): mean ± SD. Adjusted for age, BMI, habitual smoking, systolic blood pressure, diastolic blood pressure,
logarithm-transformed serum triglyceride levels, logarithm-transformed serum c-GTP levels, and serum creatinine levels. Daily
drinkers were defined as those who consume alcohol every day. Non-daily drinkers were defined as those who consume alcohol one or
more times per week but not every day, those who consume alcohol less once per week, or non-/ex-drinkers. Bonferroni correction for
multiple comparisons was applied

*P < 0.05 versus non-daily drinkers with ND2-237Leu
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tolerance (Kokaze et al. 2005) in healthy Japanese

people. This polymorphism is, thus, pathologically,

biophysically, and biochemically associated with over-

all health.

Longevity-associated ND2-237 Leu/Met polymor-

phism reportedly influences the effects of alcohol

consumption on blood pressure (Kokaze et al. 2004),

serum TG levels (Kokaze et al. 2003), FPG levels, and

response to 75-g-OGTT (Kokaze et al. 2005), and, as

shown in this paper, SUA levels. The amino acid

change from leucine to methionine at residue 237 of

NADH dehydrogenase subunit-2 may bring about a

functional change to NADH dehydrogenase. NADH

dehydrogenase, namely, complex I of the electron

transport chain of mitochondria, is involved in the

ethanol-induced production of reactive oxygen species

(ROS) (Bailey et al. 1999). Methionine residues,

probably including ND2-237Met, act as endogenous

antioxidants (Levine et al. 1996). Moreover, purine

catabolism, of which the final product is uric acid,

provides a homeostatic mechanism to protect mito-

chondria from ROS (Kristal et al. 1999). One possible

mechanism is the biophysical and biochemical differ-

ences in the generation of ROS and/or in the sensitivity

to ROS between ND2-237Leu and ND2-237Met. The

interaction between ND2-237 Leu/Met polymorphism

and habitual drinking on FPG levels and glucose tol-

erance (Kokaze et al. 2005) or SUA levels may vary

with BMI. In BMI < 22 male subjects, FPG levels and

plasma glucose levels at 60 min and 120 min after

glucose load (75-g-OGTT) were significantly lower in

the ND2-237Met genotype than in the ND2-237Leu

genotype. However, in BMI‡22 male subjects, FPG

levels were significantly higher in the ND2-237Met

genotype than in the ND2-237Leu genotype. BMI

status possibly modifies the functional differences be-

tween the ND2-237 Leu/Met genotypes. To identify

these mechanisms, further biophysical and biochemical

investigation is required.

Several genetic polymorphisms are reportedly

associated with SUA levels (Hashimoto et al. 2002;

Liberopoulos et al. 2005; Masuo et al. 2005; Nishio

et al. 2005; Suwazono et al. 2006). Hashimoto et al.

(2002) demonstrated that the ADH2 genotype is in-

volved in SUA levels in relation to alcohol consump-

tion. Nishio et al. (2005) speculated on the interaction

between the ecNOS genotype and alcohol drinking on

SUA levels. Longevity-associated ND2-237 Leu/Met

polymorphism may also modify the effects of alcohol

consumption on SUA levels. Consequently, gene–

gene–environmental and gene–gene–gene–environ-

mental interaction on SUA levels should be consid-

ered.

In addition to the small sample size, a potential

weakness of this paper is the evaluation of habitual

drinking based on the frequency of alcohol con-

sumption. It has been reported that the volume of

alcohol consumption is associated with the risk of

hyperuricemia or gout (Nakanishi et al. 1999; Sugie

et al. 2005). Nishimura et al. (1994) demonstrated that

even small amounts of alcohol considerably increase

SUA levels in daily drinkers, but not in non-daily

drinkers. Their observation indicates that daily alco-

hol intake modifies purine metabolism, resulting in

increased SUA levels. Both the volume of alcohol

intake and frequency of alcohol consumption appear

to be crucial in increasing SUA levels. We also used

this evaluation (frequency of alcohol drinking) in

previous reports (Kokaze et al. 2003, 2004, 2005), and

the interaction, if any, between ND2-237 Leu/Met

genotype and volume of alcohol intake on SUA levels

warrants further investigation in a larger group of

subjects.

In conclusion, this cross-sectional study demon-

strates that longevity-associated ND2-237 Leu/Met

(Mt5178 C/A) polymorphism may influence the effects

of habitual drinking on SUA levels in middle-aged

nonobese (BMI < 25) Japanese men. To the best of our

knowledge, this is a novel gene–lifestyle interaction on

SUA levels. Even among nonobese men, the ND2-

237Leu genotype should avoid daily alcohol drinking

in order to lower the risk of hyperuricemia

(SUA‡6.5 mg/dl or SUA‡7.0 mg/dl). Considering that

the ND2-237Leu genotype is overwhelmingly domi-

nant worldwide (Cann et al. 1987), our findings may

contribute to the establishment of personalized pre-

vention of hyperuricemia, gout, or cardiovascular

disease based on genotyping.
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