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Abstract

Objective The objective was to clarify the significance of high high-density lipoprotein cholesterol (HDL-

C) levels in the metabolic syndrome (MetS). The evaluation focused on insulin resistance as an indicator of

early-stage MetS.

Methods and Subjects Of 2705 men who first underwent an annual health check-up at Tokai University

Hachioji Hospital, 2129 men were included in this study, after exclusion of those on medication for hyperten-

sion, diabetes or dyslipidemia, and those with a prior history of ischemic heart disease, cerebrovascular dis-

ease or chronic renal failure. MetS risk factors include the following five parameters: waist circumference,

blood pressure, plasma glucose, triglycerides and HDL-C. The correlations between HDL-C and number of

MetS risks with homeostasis model assessment of insulin resistance (HOMA-IR) were analyzed. HOMA-IR,

number of risks, habits of smoking, exercise and drinking alcohol, stratified by HDL-C levels, were com-

pared in MetS subjects.

Results In cases with �2 risk factors, the higher the HDL-C, the lower the HOMA-IR. However, with �3

risk factors for MetS, the HOMA-IR increased when HDL-C was �90 mg/dL. In MetS subjects, the rate of

alcohol intake �75 g/day was high when HDL-C was �90 mg/dL.

Conclusion In MetS subjects with high HDL-C levels, insulin resistance was increased. Therefore, in per-

sons with high HDL-C levels, it is important to monitor the amount of alcohol consumption and reduce alco-

hol consumption to <75 g/day.
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Introduction

Four components included in the diagnostic criteria for

the metabolic syndrome (MetS) are obesity, blood pressure,

blood glucose and lipids. The two lipid parameters used are

triglycerides and high-density lipoprotein cholesterol (HDL-

C). Although HDL-C reference values are not uniform, low

HDL-C is considered a risk, but the issue of high HDL-C

has not been examined. Little information has been available

concerning the atherogenicity of high HDL-C in MetS. In

the 2005 Japanese criteria, <40 mg/dL in both men and

women was defined as a risk factor (1); in the 1998 World

Health Organization (WHO) criteria, <35 mg/dL in men and

<39 mg/dL in women were defined as risk factors (2); and

in other criteria, <40 mg/dL in men and <50 mg/dL in

women were defined as risk factors (3-6).

In subjects with high levels of HDL-C, the incidence of

coronary artery disease including angina pectoris and myo-

cardial infarction is lower (7-11); thus, HDL-C has been

called “good cholesterol.” The Third Report of the National

Cholesterol Education Program Expert Panel on Detection,

Evaluation, and Treatment of High Blood Cholesterol in

Adults (NCEP ATPIII) (3) defines an HDL-C �60 mg/dL

as a high HDL-C and a negative risk factor for coronary ar-

tery disease.

In Japan, in a Ministry of Health, Labor and Welfare

(MHLW)-specified disease “primary hyperlipidemia research
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working group” (leader: Tarui S) (12), an HDL-C �100

mg/dL was defined as high HDL-C and as familial hyper-

HDL cholesterolemia in cases with a clear family history.

Causes include cholesterol ester transfer protein (CETP) de-

ficiency and excessive alcohol intake. Maruyama et al (13)

reported that CETP activity was �75% of normal in 64%

of 393 patients with an HDL-C �100 mg/dL and in 55% of

231 patients with an HDL-C of 75-99 mg/dL. In Japan,

CETP deficiency is often reported as a cause of hyper-HDL

cholesterolemia. In cases where high HDL-C is due to

CETP deficiency, there is no clear consensus whether high

HDL-C is protective against arteriosclerosis and caution

about lifestyle habits is also important for CETP deficient

patients. As the major HDL apolipoproteins are Apo AI and

Apo AII, high HDL-C is often called hyperalphalipoprote-

inemia (HALP) in Western countries, but HDL-C reference

values have not been established.

In addition, with high HDL-C levels, even more important

is whether excessive cholesterol in the body can be cleared

efficiently; measurement of cholesterol efflux capacity has

even been recommended (14). However, this is not a pa-

rameter that can generally be measured and the reasons for

decreased function are unclear.

In the present study, the objective was to clarify the sig-

nificance of high HDL-C levels in MetS. The evaluation fo-

cused on insulin resistance, an indicator of early-stage MetS,

in Japanese men who came for annual health check-ups.

Materials and Methods

Subjects

Among 2,705 men who first underwent annual health

check-ups at the Health Evaluation and Promotion Center at

Tokai University Hachioji Hospital between April 2007 and

January 2010, 2,129 men were included in this study after

exclusion of those on medication for hypertension, diabetes

or dyslipidemia, and those with a prior history of ischemic

heart disease, cerebrovascular disease or chronic renal fail-

ure. Verbal consent was obtained from the subjects to use

the anonymized health records for analysis. This study was

designed in compliance with the ethics regulations outlined

in the Declaration of Helsinki, and was approved by the di-

rector of Tokai University Hachioji Hospital. The privacy of

participants was completely protected by unlinkable ano-

nymization.

Measurements and diagnosis of MetS

Blood pressure was measured with an automatic blood

pressure monitor (TM-2655P; A&D, Tokyo, Japan) in the

right upper arm in a sitting position. Blood samples were

collected in the early morning after overnight fasting. Waist

circumference was measured while standing, during slight

expiration, at the level of the umbilicus. Insulin was mea-

sured by fluorescence enzyme immunoassay (FEIA) (ST

AIA-PACK IRI; Toso, Tokyo, Japan). Homeostasis model

assessment of insulin resistance (HOMA-IR) was calculated

as (fasting plasma glucose × fasting insulin)/405 (15). Low-

density lipoprotein cholesterol (LDL-C), HDL-C and triglyc-

eride levels were measured by visible spectrophotometry

(Determiner L LDL-C, Determiner L HDL-C, Determiner L

TG II; Kyowa Medex, Tokyo, Japan). Aspartate aminotrans-

ferase (AST), alanine aminotransferase (ALT) and gamma-

glutamyl transpeptidase (γ-GT) were measured following the

standardized procedure by Japan Society of Clinical Chem-

istry (JSCC).

All measurements were included in the routine health

check examinations. For MetS diagnosis, diagnostic crite-

ria (6) by the International Diabetes Federation (IDF),

American Heart Association (AHA), and National Heart,

Lung, and Blood Institute (NHLBI) were used. MetS was

diagnosed if subjects possessed at least three of the follow-

ing five criteria: waist circumference �85 cm, blood pres-

sure (systolic �130 mmHg or diastolic �85 mmHg), fast-

ing plasma glucose �100 mg/dL, triglycerides �150 mg/

dL and HDL-C <40 mg/dL.

Statistical analysis

Data are expressed as mean ± standard deviation or stan-

dard error values. The level of statistical significance was p<

0.05. Statistical analysis was performed using StatView 5.0J

(Statistical Analysis System Inc., Cary, NC, U.S.A.). In-

itially, the correlation between HDL-C with HOMA-IR was

analyzed by analysis of variance (ANOVA) and Scheffe’s

multiple comparison test. Next, the correlation between

HDL-C and the number of MetS risks (0, 1, 2, and �3)

with HOMA-IR was analyzed by two-way ANOVA and

Scheffe’s multiple comparison test. Increased waist circum-

ference, elevated blood pressure, elevated fasting glucose,

elevated triglycerides and low HDL-C defined by the

previously-cited criteria (6) were regarded as MetS risks. In

addition, in MetS subjects, clinical parameters including

HOMA-IR, number of risks, habits of smoking, exercise and

drinking alcohol were compared as stratified by HDL-C

level. Smoking was classified as smoker or non-smoker; for

exercise, �30 min/day more than twice per week was clas-

sified as habitual exercise, and for alcohol use, �75 g/day

was classified as heavy drinking. Alcohol consumption was

surveyed by asking how many units of sake were drunk in a

day, and 1 unit (180 mL) of sake was calculated as 25 g of

alcohol.

Results

Table 1 shows the subjects’ profiles. The mean age was

48.0 years and the mean HDL-C was 57.8 mg/dL. Figure 1

shows the HOMA-IR values by HDL-C levels. HDL-C was

<50 mg/dL in 654 subjects (30.7%) and �90 mg/dL in 61

subjects (2.9%). For HDL-C <90 mg/dL, the higher the

HDL-C, the lower the HOMA-IR, but for HDL-C �90 mg/

dL, compared to 80-<90 mg/dL, HOMA-IR tended to be in-

creased. Based on Scheffe’s multiple comparison test, com-
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Figure　1.　HOMA-IR stratified by HDL-C levels and num-
ber of risks. Mean±SE (Upper panel: All subjects; Lower pan-
el: By number of risks). **:p<0.01, *:p<0.05 (Scheffe’s multi-
ple comparison test).  HOMA-IR: homeostasis  model 
assessment of insulin resistance, HDL-C: high-density lipopro-
tein cholesterol
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Table　1.　Profile of Subjects

BMI: body mass index, WC: waist circum-

ference, SBP: systolic blood pressure, 

DBP:diastolic blood pressure, FPG: fasting 

plasma glucose, F-IRI: fasting immunore-

active insulin, HOMA-IR: homeostasis 

model assessment of insulin resistance, 

LDL-C: low-density lipoprotein cholester-

ol, HDL-C: high-density lipoprotein cho-

lesterol, TG: triglyceride, AST: aspartate 

aminotransferase, ALT: alanine amino-

transferase, γ-GT: gamma-glutamyl trans-

peptidase

48.0Age (years) ± 11.5 
BMI (kg/m2 23.7) ± 3.1 

84.7WC (cm) ± 8.6 
118.2SBP (mmHg) ± 16.3 

DBP (mmHg) 76.0 ± 12.3 
101.2FPG (mg/dL) ± 14.0 

F-IRI ( 6.54 ± 4.38 
1.68HOMA-IR ± 1.29 

124.9LDL-C (mg/dL) ± 31.1 
57.8HDL-C (mg/dL) ± 14.2 

123.2TG (mg/dL) ± 81.8 
23.1 ) ± 10.6 
28.0 ) ± 20.1 
47.5  ( )  ± 52.6 

Mean ± SD

pared to HDL-C <50 mg/dL, there were significant differ-

ences in HOMA-IR at all other HDL-C levels. Compared to

HDL-C 50-59 mg/dL, there were significant differences in

HOMA-IR at the other HDL-C levels, except for HDL-C

�90 mg/dL.

The number of risk factors was zero in 541 subjects

(25.4%), one in 569 subjects (26.7%), two in 522 subjects

(24.5%), three in 324 subjects (15.2%), four in 159 subjects

(7.5%) and five in 14 subjects (0.7%). With HOMA-IR as

the dependent variable and HDL-C level and number of

risks as independent variables, the results of two-way

ANOVA showed that HDL-C level (p<0.001) and number of

risks (p<0.001) both strongly influenced HOMA-IR, and an

interaction existed between them (p=0.0064). In MetS sub-

jects with �3 risks, the higher the HDL-C, the lower was

the HOMA-IR for HDL-C <90 mg/dL, but HOMA-IR

tended to increase for HDL-C �90 mg/dL.

Table 2 shows the clinical parameters and number of risks

stratified by HDL-C levels in MetS subjects. A total of 497

subjects (23.3%) had MetS. The number of subjects accord-

ing to HDL-C level was: <50, 254 subjects; 50-59, 132 sub-

jects; 60-69, 67 subjects; 70-79, 25 subjects; 80-89, 8 sub-

jects; and �90, 11 subjects. Based on Scheffe’s multiple

comparison test, there were significant differences for BMI,

systolic blood pressure, diastolic blood pressure and age.

For blood pressure, with HDL-C �90 mg/dL, the values

were higher (for systolic blood pressure, compared to HDL-

C <50 mg/dL; for diastolic blood pressure, compared to

HDL-C levels <70 mg/dL; there were significant differ-

ences). In addition, although the differences were not sig-

nificant, fasting plasma glucose was the highest with an of

HDL-C �90 mg/dL.

Figure 2 shows habits of smoking, exercise and drinking

alcohol in subjects with MetS stratified by HDL-C levels.

The proportions of subjects who smoked, habitually exer-

cised (�30 min/day more than twice per week) and drank

alcohol heavily (�75 g/day) were calculated. The propor-

tion of smokers and the proportion of subjects who exer-

cised �30 min/day at least twice a week showed no definite

trends according to HDL-C levels. The proportion of sub-

jects who drank �75 g/day of alcohol was <10% for HDL-

C <80 mg/dL, 12.5% for HDL-C 80-89 mg/dL and in-

creased to 45.5% for HDL-C �90 mg/dL. Moreover, the

proportion of subjects who did not drink alcohol or drank

<25 g/day of alcohol was �50% for HDL-C <80 mg/dL

(<50, 50-59, 60-69, 70-79, and 80-89; 84.3%, 65.9%,

68.7%, 52.0%, and 62.5% respectively), in contrast to

27.3% for HDL-C �90 mg/dL.
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Figure　2.　Lifestyle habits stratified by HDL-C levels in MetS 
subjects. HDL-C: high-density lipoprotein cholesterol, MetS: 
metabolic syndrome
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Table　2.　Clinical Parameters Stratified by HDL-C Levels in MetS Subjects

**:p<0.01, *:p<0.05 (vs. 0-49 mg/dL), ##:p<0.01, #:p<0.05 (vs. 50-59 mg/dL), $$:p<0.01, $:p<0.05 (vs. 60-69 mg/dL). BMI: body mass in-

dex, WC: waist circumference, SBP: systolic blood pressure, DBP: diastolic blood pressure, FPG: fasting plasma glucose, TG: triglyceride, 

HDL-C: high-density lipoprotein cholesterol

HDL-C (mg/dL)

0-49 50-59 60-69 70-79 80-89 90-

(n=254) (n=132) (n=67) (n=25) (n=8) (n=11)

Age (years) 48.8 10.7 50.8 10.1 54.2 9.4* 54.5 10.5 55.7 8.7 56.3 10.1 

BMI (kg/m2) 26.9 3.3 26.6 3.1 25.3 2.7* 25.1 1.9 24.6 2.9 25.2 2.8 

WC (cm) 93.3 7.5 92.8 6.6 90.6 6.9 90.4 4.8 91.4 4.9 89.8 6.6 

SBP (mmHg) 128.1 17.9 134.1 14.8* 134.0 13.3 136.6 16.4 129.9 14.9 145.1 19.3**

DBP (mmHg) 82.6 11.8 87.0 11.0* 86.8 9.0 90.2 12.6 85.4 11.5 100.5 9.8**,#,$

FPG (mg/dL) 110.6 20.6 108.9 14.8 111.9 16.1 109.6 6.7 111.1 7.7 126.8 31.2 

TG (mg/dL) 203.9 103.9 197.8 103.0 171.7 91.2 150.6 64.6 113.9 50.4 145.9 74.3 

Metabolic risk 3.5 0.6 3.3 0.5 3.2 0.4 3.2 0.4 3.0 0.0 3.5 0.5 

HOMA-IR 3.1 1.9 2.7 1.7 2.1 1.4 2.0 1.1 1.4 0.5 2.4 2.0 

Mean SD

Figure 3 shows the HDL-C values in all subjects based on

smoking, exercise, and alcohol consumption. For the non-

smoker group and the habitual exercise group, HDL-C was

significantly higher compared to the respective other groups.

For alcohol consumption, between non-drinkers and other

groups, and between the <25 g/day group and other groups,

there were significant differences.

Table 3 shows the clinical parameters including HOMA-

IR in all subjects stratified by alcohol consumption. Systolic

and diastolic blood pressures were increased with alcohol

consumption �50 g. The number of risks with alcohol con-

sumption �75 g was increased. HOMA-IR showed a U-

shaped pattern: it was highest in non-drinkers, lowest for al-

cohol consumption 50-74 g/day and increased for alcohol

consumption �75 g. The proportion of MetS was 22.0% for

non-drinkers, 22.9% for <25 g/day group, 22.9% for 25-49

g, 26.6% for 50-74 g, 31.5% for �75 g. We confirmed

through questionnaire and interview by nurses that those

with alcohol dependence, chronic liver dysfunction or

chronic pancreatitis were not included in 108 subjects who

drank �75 g/day of alcohol.

Figure 4 shows the HOMA-IR values based on presence

or absence of MetS and stratified by HDL-C levels and al-

cohol consumption. In non-MetS subjects, the results of

two-way ANOVA showed that HDL-C levels strongly influ-

enced HOMA-IR (p<0.001) and the amount of alcohol was

unrelated (p=0.1405). In MetS subjects, the results of two-

way ANOVA showed no relation between HDL-C levels (p=

0.1961) and the amount of alcohol (p=0.5439) with HOMA-

IR. However, for HDL-C <90 mg/dL, irrespective of alcohol

amount, HOMA-IR decreased as HDL-C increased, and for

HDL-C �90 mg/dL, particularly with alcohol consumption

�75 g, HOMA-IR was higher.

Discussion

With an HDL-C of <90 mg/dL, the higher the HDL-C,

the lower the HOMA-IR, but with an HDL-C �90 mg/dL,

HOMA-IR tended to increase. Evaluation of the correlation

between HDL-C and HOMA-IR based on the number of

MetS risks showed that with �2 risks, the higher the HDL-

C and the more HOMA-IR decreased. However, in MetS

subjects with �3 risks, HOMA-IR was increased with

HDL-C �90 mg/dL.

In MetS subjects with HDL-C �90 mg/dL, blood pres-

sure was significantly higher, and fasting plasma glucose

was also the highest although not significantly different. Re-

garding lifestyle habits, a high proportion of these subjects

drank �75 g/day of alcohol. Unhealthy lifestyle habits in-
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Figure　3.　Lifestyle habits and HDL-C. Mean±SE, **:p<0.01, 
*:p<0.05 (unpaired t-test, Scheffe’s multiple comparison test). 
HDL-C: high-density lipoprotein cholesterol
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cluding excessive drinking might lead to the clustering of

metabolic risk factors and the progression of MetS in asso-

ciation with insulin resistance.

In the present study, 19 subjects (0.9%) had an HDL-C of

�100 mg/dL and 151 subjects (7.1%) had an HDL-C of <

40 mg/dL. In 2000, in the “5th Basic Survey of Cardiovas-

cular Diseases” (16), HDL-C was �100 mg/dL in 1.2%

(men 0.7%, women 1.6%) and <40 mg/dL in 11.0% (men

17.3%, women 6.6%). In the present study results, the

prevalence of HDL-C �100 mg/dL was nearly the same but

the prevalence of HDL-C <40 mg/dL was lower. When se-

lecting our population for analysis, those on medication for

hypertension, diabetes or dyslipidemia, which are known

risk factors for cardiovascular disease, and those who al-

ready had macrovascular disease were excluded. Therefore,

the proportion of subjects with low HDL-C was relatively

low.

In this study, we focused on HDL-C and evaluated HDL-

C and triglycerides as different risks. Therefore, we used the

diagnostic criteria (6) proposed by the IDF, AHA, NHLBI

and others in which HDL-C and triglycerides are evaluated

as independent parameters, rather than the Japanese criteria

in which dyslipidemia is defined by either an HDL-C of

<40 mg/dL or triglycerides of �150 mg/dL.

It is known that drinking moderate amounts of alcohol

(30-40 g/day) can increase HDL-C levels and decrease CHD

risk independent of other factors (17, 18). In addition, drink-

ing 30-40 g/day of alcohol for 3 weeks has been reported to

increase HDL-C levels by a maximum of 12% regardless of

the type of alcohol (19). Of the HDL-C subfractions, HDL3-

C shows a strong positive correlation with the amount of al-

cohol consumption, and even after adjustment for smoking,

BMI, and triglycerides, statistical significance has been re-

ported (20). Moderate or heavy alcohol intake increases

HDL3 but not HDL2 (21). HDL3, increased by alcohol con-

sumption, may have less of a protective effect than HDL2

against ischemic heart disease, but some cardioprotective ef-

fects cannot be excluded (22). Regarding alcohol consump-

tion, no more than 2 glasses/day for men and 1 glass/day

for women is recommended, but regular alcohol consump-

tion should not be advised in persons who do not

drink (23). In the present study, HDL-C was 20% higher

(54.0 mg/dL vs. 64.8 mg/dL) in subjects who drank �75 g/

day of alcohol compared to non-drinkers.

Smoking decreases HDL-C (24), and tobacco smoke is a

cause of oxidative stress which leads to HDL dysfunc-

tion (25). Maeda et al reported that smoking cessation in-

creases HDL-C by about 4 mg/dL without any changes in

LDL-C or triglycerides (26). In the present study, non-

smokers had a 7% increase in HDL-C compared to smokers

(57.0 mg/dL vs. 61.1 mg/dL), but in MetS subjects, there

was no correlation between HDL-C levels and smoking

rates, and thus this was probably not a factor in the in-

creased HDL-C.

Regular aerobic exercise increases HDL-C via various

mechanisms by about 5% within 2 months after initia-

tion (27, 28). To increase HDL-C, active aerobic exercise

more than 30 min each time, at least a total of 120 min per

week is preferable (23, 29). In the present study, subjects

who exercised �30 min/day more than 2 days per week

had a 7% increase in HDL-C compared to non-exercisers

(55.2 mg/dL vs. 59.1 mg/dL). However, in MetS subjects,

the proportion who exercised did not differ by HDL-C lev-
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Figure　4.　HOMA-IR based on the presence or absence of 
MetS and stratified by HDL-C levels and alcohol consump-
tion. Mean±SE. HOMA-IR: homeostasis model assessment of 
insulin resistance, HDL-C: high-density lipoprotein cholester-
ol, MetS: metabolic syndrome
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Table　3.　Clinical Parameters Stratified by Alcohol Consumption

**:p<0.01, *:p<0.05 (vs. Non-drinker), ##:p<0.01, #:p<0.05 (vs. 0-24 g/day). BMI: body mass index, WC: waist circumfer-

ence, SBP: systolic blood pressure, DBP: diastolic blood pressure, FPG: fasting plasma glucose, TG: triglyceride, HDL-C: 

high-density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin resistance

alcohol consumption (g/day)

Non-drinker 0-24 25-49 50-74 75-

(n=615) (n=1016) (n=236) (n=154) (n=108)

Age (years) 47.9 12.3 47.0 11.5 50.7 10.7 51.6 10.1 48.1 9.3 

BMI (kg/m2) 23.7 3.3 23.8 3.2 23.2 2.9 23.4 2.6 24.0 3.0 

WC (cm) 84.3 9.0 84.8 8.6 84.2 8.2 84.7 7.3 86.4 7.9 

SBP (mmHg) 116.7 16.1 117.1 15.9 120.4 17.4 124.9 16.6**,## 122.5 15.3*,#

DBP (mmHg) 74.1 12.3 75.5 11.7 77.2 13.0* 80.9 11.7**,# 80.7 12.8**,##

FPG (mg/dL) 101.1 15.7 100.7 13.6 102.2 12.7 101.3 9.2 104.3 16.5 

TG (mg/dL) 119.2 71.1 123.1 80.4 118.5 98.6 132.2 93.4 144.3 90.9 

Metabolic risk 1.5 1.2 1.5 1.3 1.6 1.3 1.8 1.3 1.9 1.3*,#

HOMA-IR 1.8 1.4 1.7 1.3 1.5 1.2* 1.4 0.8** 1.6 1.2 

Mean SD

els, so it is unlikely that HDL-C increased because of exer-

cise.

In general, weight loss increases HDL-C in overweight or

obese subjects (30). HDL-C decreases slightly while losing

weight, but HDL-C levels increase by 0.35 mg/dL for every

kilogram of weight loss when a stabilized diet is

achieved (31). In addition, risk factors for cardiovascular

disease are improved by weight reduction regardless of

whether drugs are used (32-34). In overweight and obese

persons, weight loss of 2 kg per month to achieve a BMI of

<25 kg/m2 (<24 kg/m2 in Asians) is recommended (23). In

the present study, BMI and waist circumference were similar

in MetS subjects among HDL-C levels of �60 mg/dL.

The results of our study on the relationship between high

HDL-C and lifestyle habits in MetS subjects are summa-

rized as follows; heavy drinking had the strongest influence,

whereas exercise, smoking and obesity seemed not to have

much influence.

In a meta-analysis of the association between alcohol con-

sumption and MetS, the amount of alcohol consumption

with the lowest odds ratios was <40 g/day in men and <20

g/day in women for MetS prevalence (35). With even mild

alcohol consumption, there are increases in hypertension,

impaired glucose tolerance and hypertriglyceridemia (36-38).

In the present study, compared to the group with alcohol

consumption <25 g/day, systolic and diastolic blood pressure

were higher in the group with �50 g/day, and the number

of MetS risks was greater in the group with �75 g/day. In

a study comparing HOMA-IR, in which subjects were di-

vided into non-drinkers, low (<25 g), moderate-to-high (25-

<62.5 g) and very high (�62.5 g) daily alcohol consump-

tion groups, HOMA-IR showed a U-shaped relationship

with alcohol after adjustment for age, sex, smoking, exercise

and educational level (39). In the present study as well,

there was a U-shaped relationship with alcohol consumption.

Alcohol consumption reduced plasma cholesteryl ester trans-
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fer protein (CETP) and is associated with increased HDL-

C (40). Heavy drinker also showed high blood pressure,

FPG, TG, BMI and WC, which might result in insulin resis-

tance. Their lifestyle habits may affect their insulin resis-

tance.

There is a U-shaped relationship between alcohol con-

sumption with MetS and arteriosclerosis, with �75-100 g/

day having an adverse impact. However, in subjects with

high HDL-C levels, the opportunities for receiving guidance

on exercise and smoking cessation, which increase HDL-C,

may not only be decreasing, but perhaps excessive drinking

is also overlooked and guidance on diet is not being pro-

vided, because the incidence of coronary artery disease in-

cluding angina pectoris and myocardial infarction is consid-

ered lower.

We were not able to fully explain the causes of insulin re-

sistance in MetS subjects with HDL-C �90 mg/dL by alco-

hol intake, because the proportion of the subjects who drank

�75 g/day was only about a half even in this group. As

Hirano et al reported that CETP deficiency was associated

with increased atherogenicity (41), it is necessary to eluci-

date the genetic factors including CETP gene mutation.

Because the present study was a cross-sectional study, a

cause-and-effect relationship could not be ascertained. With

regard to the correlation between high HDL-C and insulin

resistance and the influence of heavy drinking in MetS sub-

jects, it will be necessary to wait for the results of a longitu-

dinal study that is currently underway.

Conclusion

In general, high HDL-C is associated with low insulin re-

sistance. However, in MetS subjects, high HDL-C is associ-

ated with high insulin resistance and the influence of heavy

alcohol consumption seems to be strong. In subjects with

high HDL-C levels, detailed information about lifestyle-

related behaviors with a focus on alcohol consumption

should be obtained. In persons with high HDL-C levels, it is

important to check the amount of alcohol consumption and

reduce alcohol consumption to <75 g/day.

The authors state that they have no Conflict of Interest (COI).
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