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ARTICLE INFO ABSTRACT

Background: Light-to-moderate alcohol drinking reduces the risk of ischemic heart disease, and this effect of
alcohol is mainly explained by alcohol-induced elevation of HDL cholesterol. Hypo-HDL cholesterolemia is a
potent risk factor for cardiovascular disease. The aim of this study was to clarify how alcohol relates to cardi-
ovascular risk factors in men with hypo-HDL-cholesterolemia.

Methods: The subjects were middle-aged men with hypo-HDL cholesterolemia (< 40 mg/dl), and they were
divided into four groups by daily alcohol consumption (non-; light, < 22 g ethanol/day; moderate, =22¢
ethanol and < 44 g ethanol/day; heavy drinkers, =44 g ethanol/day). Each risk factor was compared among the
groups after adjustment for age and histories of smoking and regular exercise.

Results: Systolic and diastolic blood pressure levels, log-transformed lipid accumulation product and log-
transformed cardio-metabolic index were significantly higher in moderate and heavy drinkers than in non-
drinkers. Log-transformed triglycerides and triglycerides-to-HDL cholesterol ratio were significantly higher in
light, moderate and heavy drinkers than in nondrinkers and tended to be higher with an increase of alcohol
intake. LDL cholesterol and LDL cholesterol-to-HDL cholesterol ratio were significantly lower in light, moderate
and heavy drinkers than in nondrinkers and tended to be lower with an increase of alcohol intake. The above
trends for the relationships of alcohol drinking with the cardiovascular risk factors were also found in multi-
variate logistic regression analysis.

Conclusions: In men with hypo-HDL cholesterolemia, alcohol drinking shows positive associations with blood
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pressure and triglycerides and an inverse association with LDL cholesterol.

1. Introduction

Light-to-moderate alcohol drinking is known to reduce the risk of
cardiovascular disease, especially ischemic heart disease [1]. On the
other hand, excessive drinking causes an increased risk of hemorrhagic
types of stroke such as cerebral hemorrhage and subarachnoid hemor-
rhage [2]. The beneficial effect of alcohol on cardiovascular disease is
mainly explained by alcohol-induced elevation of blood HDL choles-
terol level [3,4], while its harmful effect is thought to be due to ex-
cessive drinking-induced hypertension [5,6] and hyper-triglyceridemia
[7,8]. Thus, alcohol shows diverse effects on cardiovascular health
depending on the degree of alcohol consumption.

Hypo-HDL cholesterolemia is a potent risk factor for atherosclerotic
disease, especially ischemic heart disease. In a large US population of
patients hospitalized with coronary artery disease, 54.6% of the pa-
tients showed low HDL cholesterolemia (< 40 mg/dl) [9]. Since al-
cohol has a potent HDL cholesterol-elevating action [3,4], drinkers with
hypo-HDL cholesterolemia are thought to be insensitive to alcohol, at
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least regarding its effect on HDL cholesterol. However, it is unknown
how other cardiovascular risk factors are influenced by alcohol in
persons with hypo-HDL cholesterolemia. It would be interesting to
determine whether habitual alcohol drinking, especially light-to-mod-
erate drinking, has beneficial effects on cardiovascular health in per-
sons with hypo-HDL cholesterolemia, as in a general population.

Lipid-related indices including the ratio of LDL cholesterol to HDL
cholesterol (LDL-C/HDL-C ratio) [10], ratio of triglycerides to HDL cho-
lesterol (TG/HDL-C ratio) [11,12], atherogenic index of plasma (AIP) [13],
lipid accumulation product (LAP) [14] and cardio-metabolic index (CMI)
[15] are useful for evaluating cardiovascular risk. HDL cholesterol is in-
cluded in the components of LDL-C/HDL-C ratio, TG/HDL-C ratio, AIP,
and CMI. Therefore, these indices must be higher in persons with hypo-
HDL cholesterolemia than in persons with normo-HDL cholesterolemia.
Alcohol is expected to affect not only HDL cholesterol but also other
components of the lipid-related indices. However, it remains to be clarified
how the lipid-related indices are modified by habitual alcohol drinking in
persons with hypo-HDL cholesterolemia.
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The purpose of this study was therefore to determine whether and
how habitual alcohol intake is related to cardiovascular risk in men
with hypo-HDL cholesterolemia. Relationships of alcohol intake with
various cardiovascular risk factors, including lipid-related indices, were
investigated by using multivariate analysis of covariance and logistic
regression analysis.

2. Methods
2.1. Subjects

A cross-sectional study was performed using a local population-
based database. The subjects in the original database of health checkups
included 33,273 men, aged from 35 to 60 years, who had received
periodic health checkup examinations at their workplaces in Yamagata
Prefecture in Japan. The original database used in this study was a
collection of the results of annual health checkup examinations per-
formed from April 2005 to March 2006 for workers in a district of
Japan. Subjects who were receiving treatment for any illness were re-
quested to state the names of the diseases in a questionnaire at the
health checkup.

In a questionnaire at the health checkup, each subject was required
to identify any conditions for which he was receiving treatment. The
questionnaire also surveyed the subjects' histories of alcohol con-
sumption, cigarette smoking and habitual exercise. The subjects were
divided into four groups based on average daily cigarette consumption
(nonsmokers; light smokers, 20 or less cigarettes per day; heavy smo-
kers, > 20 and < 41 cigarettes per day; very heavy smokers, 41 or more
cigarettes per day). The frequency of habitual alcohol drinking was
assessed using the following questionnaire item: “How frequently do
you drink alcohol?”. The frequency of weekly alcohol drinking was
categorized as “every day” (regular drinkers), “sometimes” (occasional
drinkers) and “never” (nondrinkers). Only regular drinkers who an-
swered “every day” were used as drinkers for analysis in this study since
it was difficult to know the correct average alcohol consumption of
occasional drinkers who answered “sometimes”. Subjects who exercised
almost every day for 30 min or longer per day were defined as those
with a habit of regular exercise.

From overall subjects in the original database, subjects showing
hypo-HDL cholesterolemia (n = 3453) were selected. Hypo-HDL cho-
lesterolemia was defined as an HDL cholesterol level of < 40 mg/dl
[16]. The prevalence of hypo-HDL cholesterolemia in the overall sub-
jects was 10.4%. Opportunistic drinkers (36.5%) were excluded, and
then persons receiving medication therapy for dyslipidemia (5.8%),
hypertension (13.5%) and/or diabetes (5.5%) (totally 19.7% of the
nondrinker and regular drinker subjects) were excluded. Finally, 1760
men were enrolled as subjects for analysis in this study (Fig. 1). This
study was approved by the Ethics Committee of Hyogo College of
Medicine (No. 3003).

2.1.1. Classification of drinker groups

The average alcohol consumption of each subject per week was
reported on questionnaires. Frequency of habitual alcohol drinking was
asked in the questionnaire as “How frequently do you drink alcohol?”.
Frequency of weekly alcohol drinking was categorized as “every day”
(regular drinkers), “sometimes” (occasional drinkers) and “never”
(nondrinkers). Only regular drinkers who answered “every day” were
used as drinkers for analysis and were compared with nondrinkers in
this study. Usual weekly alcohol consumption was recorded in terms of
the equivalent number of “go”, a traditional Japanese unit of amount of
sake (rice wine). The amounts of other alcoholic beverages, including
beer, wine, whisky and shochu (traditional Japanese distilled spirit),
were converted and expressed as units of “go”. One “go” contains about
22 g of ethanol, and average daily alcohol intake (grams of ethanol per
day) was calculated. From the viewpoint of prevention of hypertension,
it is generally accepted that alcohol intake should be reduced to <
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for diabetes: N = 120 (5.5%)

A

Subjects for analysis:
N=1760

Fig. 1. Subjects of this study. Opportunistic drinkers and subjects receiving
medication therapy for dyslipidemia, hypertension and/or diabetes were ex-
cluded from the subjects for analysis in this study. #, Medication therapy for
dyslipidemia, hypertension and/or diabetes.

20-30 g ethanol per day [17]. One “go” is within the above range of
alcohol consumption recommended for prevention of hypertension.
Thus, 22 g of ethanol per day was used as a cutoff for light drinkers. The
subjects were divided into four groups according to ethanol consump-
tion per day (nondrinkers; light drinkers: < 22 g of ethanol per day;
moderate drinkers: =22 and < 44 g of ethanol per day; heavy drinkers:
=44 g ethanol per day).

2.1.2. Measurements

Height and body weight were measured with the subjects wearing
light clothes without a jacket or coat at the health checkup. Body mass
index (BMI) was calculated as weight in kilograms divided by the
square of height in meters. Waist circumference was measured at the
navel level according to the recommendation of the definition of the
Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome
[18]. The cut-off value of waist-to-height ratio used was 0.5 [19]. Blood
pressure was measured by trained nurses, who were part of the local
health-checkup company, with a mercury sphygmomanometer once on
the day of the health checkup after each subject had rested quietly for at
least 5min in a sitting position. Korotkoff phase V was used to define
diastolic pressure. Hypertension was defined as systolic blood pressure
of =140 mm Hg and/or diastolic blood pressure of =90 mm Hg.

Fasted blood was sampled from each subject in the morning, and
serum triglyceride, HDL cholesterol and LDL cholesterol levels were
measured by enzymatic methods using commercial kits, pureauto S TG-
N, cholestest N-HDL and cholestest LDL (Sekisui Medical Co., Ltd.,
Tokyo, Japan), respectively. The coefficients of variation for the re-
producibility of measurement were <3% for triglycerides, <5% for
HDL cholesterol and =5% for LDL cholesterol. Triglyceride and HDL
cholesterol levels were shown both in units of mg/dl and mmol/L. The
cut-off values used for high triglycerides and high LDL cholesterol were
150 and 140 mg/dl, respectively, and the cut-off values used for high
TG/HDL-C ratio and high LDL-C/HDL-C ratio were 3.75 and 3.5, re-
spectively. AIP was determined by using levels of triglycerides (TG) and
HDL cholesterol [13], and LAP was determined by using triglyceride
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level and waist circumference (WC) [14]. CMI was calculated as the
product of waist-to-height ratio and TG/HDL-C ratio [15]. The equa-
tions of AIP, LAP and CMI are as follows:

AIP = Log[TG (mmol/L)/HDL-C (mmol/L)]
LAP = TG (mmol/L) x [WC (cm) — 65]
CMI = [TG (mg/dl)/HDL-C (mg/dl)] x [WC (cm)/height (cm)]

The cut-off values of high LAP and high CMI were defined as 37.2
and 1.748, respectively, which have been reported to discriminate
diabetes best in men [20,21]. Hemoglobin Alc was measured by the
NGSP (National Glycohemoglobin Standardization Program)-approved
technique using the latex cohesion method with a commercial kit
(Determiner HbAlc, Kyowa Medex, Tokyo, Japan). The coefficient of
variation for reproducibility of hemoglobin Alc measurement was
<5%. Since the standards of hemoglobin Alc used for measurement are
different in the NGSP method and JDS (the Japan Diabetes Society)
method, hemoglobin Alc values were calibrated by using a formula
proposed by JDS [22]: hemoglobin Alc (NGSP) (%) = 1.02 x he-
moglobin Alc (JDS) (%) + 0.25%. Subjects with diabetes were defined
as those showing hemoglobin Alc levels of =6.5%, according to the
criteria for diagnosis of diabetes by the American Diabetes Association
[23].

2.2. Statistical analysis

Statistical analyses were performed using a computer software
program (SPSS version 22.0J for Windows, IBM, Chicago IL, USA).
Categorical variables were compared between each group pair using the
chi-square test for independence. For continuous variables, means of
each variable were compared among the alcohol intake groups by using
analysis of variance (ANOVA) followed by the Scheffé's F-test as a post-
hoc test in univariate analysis and by using analysis of covariance
(ANCOVA) followed by the Student's t-test after Bonferroni correction
in multivariate analysis. Since triglycerides, TG/HDL-C ratio, LAP and
CMI did not show a normal distribution, they were compared non-
parametrically by using the Kruskal-Wallis test followed by the Steel-
Dwass test as a post-hoc test in univariate analysis or were used after

Table 1
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log-transformation in multivariate analysis. Subjects showing waist
circumference of 65 cm or smaller (n = 3) were excluded from subjects
in analysis using ANCOVA for LAP because their values for log-trans-
formation were zero or less than zero, and thus log-transformed LAP
could not be calculated. In logistic regression analysis, odds ratios of
each drinker group vs. the nondrinker group for each risk factor (high
waist-to-height ratio, hypertension, hypertriglyceridemia, hyper-LDL-
cholesterolemia, high LDL-C/HDL-C ratio, high TG/HDL-C ratio, high
LAP, high CMI or diabetes) were estimated. Age and habits of smoking
and regular exercise were adjusted in ANCOVA and logistic regression
analysis. In addition, BMI was added to the explanatory variables in
analysis for the risk factors not including waist circumference. All p
values are 2-sided and values of p < .05 were considered to indicate
statistical significance.

3. Results
3.1. Characteristics of subjects

Table 1 shows characteristics of subjects classified by alcohol intake.
The percentage of smokers was high in overall subjects (72.7%), and
there was no significant difference in the percentages of smokers in the
four groups of alcohol intake. Waist circumferences and waist-to-height
ratios in light, moderate and heavy drinkers were not significantly
different from those in nondrinkers. Systolic and diastolic blood pres-
sure levels were significantly higher in moderate and heavy drinkers
than in nondrinkers. Triglycerides, TG/HDL-C ratio and AIP were
higher in light, moderate and heavy drinkers than in nondrinkers and
tended to be higher with an increase of alcohol intake. LDL cholesterol
level and LDL-C/HDL-C ratio were significantly lower in light, mod-
erate and heavy drinkers than in nondrinkers and tended to be lower
with an increase of alcohol intake. LAP and CMI were significantly
higher in moderate and heavy drinkers than in nondrinkers. HDL cho-
lesterol and hemoglobin Alc were slightly but significantly higher and
lower, respectively, in moderate drinkers than in nondrinkers, while
these variables in light and heavy drinkers were not significantly dif-
ferent from those in nondrinkers.

Characteristics of overall subjects and non-, light, moderate and heavy drinker groups in men with hypo-HDL cholesterolemia.

Variable Overall Nondrinkers Light drinkers Moderate drinkers Heavy drinkers
Number 1760 974 153 429 204

Age (years) 473 £ 75 46.7 £ 7.7 46.6 = 7.5 48.4 £ 7.0 481 £ 7.0
Smokers (%) 72.7 72.7 71.2 72.0 75.0

Regular exercise (%) 7.6 6.4 8.5 8.9 9.8

Body mass index (kg/m?) 25.3 = 35 25.6 = 3.8 247 = 2.6 25.1 = 2.9 25.0 = 3.2
Waist circumference (cm) 88.2 + 8.7 88.5 + 9.5 86.8 + 6.5 88.0 + 7.4 88.3 + 8.3
Waist-to-height ratio 0.519 * 0.049 0.522 + 0.054 0.512 + 0.037 0.517 + 0.043 0.516 + 0.045
Systolic blood pressure (mm Hg) 129.8 = 16.7 128.0 = 17.0 128.6 = 15.6 132.6 = 15.9 133.9 = 15.7
Diastolic blood pressure (mm Hg) 79.2 = 12.0 77.8 = 12.2 789 = 11.5 81.0 = 11.5 821 = 11.1

Triglycerides (mg/dl)
Triglycerides (mmol/L)
LDL-C (mg/dl)
HDL-C (mg/dl)
HDL-C (mmol/L)
LDL-C/HDL-C ratio
TG/HDL-C ratio

AIP

LAP

CMI

Hemoglobin Alc (%)

227 (151, 339)
2.56 (1.70, 3.83)
116.6 = 33.6
353 = 3.4
0.913 + 0.088
3.32 = 0.96
6.33 (4.19, 9.83)
0.455 + 0.292
58.0 (34.1, 96.7)
3.31 (2.12, 5.23)
5.56 = 0.77

204 (135, 294)
2.30 (1.52, 3.32)
125.5 = 30.7
351 = 3.4
0.908 + 0.089
3.60 = 0.89
5.74 (3.77, 8.58)
0.397 + 0.263
52.0 (29.9, 84.4)
3.03 (1.90, 4.55)
5.61 = 0.80

229 (158, 330)
2.58 (1.78, 3.72)
112.3 = 30.0
35.7 = 2.9
0.923 + 0.075
3.15 = 0.82
6.16 (4.32, 9.85)
0.462 + 0.275
54.5 (33.2, 92.4)
3.19 (2.18, 5.15)
5.48 = 0.73

253 (168, 405)
2.86 (1.90, 4.57)
107.3 = 33.1
35.8 = 3.2
0.925 + 0.083
3.01 = 0.92
7.18 (4.57, 11.31)
0.514 + 0.297
69.1 (41.0, 106.1)
3.76 (2.38, 6.05)
5.47 = 0.63

315 (194, 509)
3.56 (2.19, 5.74)
97.1 = 36.0
35.2 = 4.0
0.910 + 0.103
2,76 = 1.02
8.77 (5.65, 13.98)
0.605 + 0.348
80.8 (44.6, 133.0)
4.51 (2.87, 7.33)
5.54 = 0.87

Shown are numbers, means with standard deviations, and medians with 25 and 75 percentile values of each variable. TG, triglycerides; LDL-C, LDL cholesterol; HDL-
C, HDL cholesterol; AIP, atherogenic index of plasma; LAP, lipid accumulation product; CMI, cardio-metabolic index. Asterisks denote significant differences from

nondrinkers
*p < .05.
= p < .01.
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Table 2
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Comparison of the mean levels of each risk factor in non-, light, moderate and heavy drinkers.

Risk factor Nondrinkers Light drinkers Moderate drinkers Heavy drinkers
Waist circumference (cm) 88.4 = 0.3 86.7 = 0.7 88.2 + 0.4 88.4 = 0.6
Waist-to-height ratio 0.522 =+ 0.002 0.512 + 0.004 0.517 =+ 0.002 0.516 += 0.003
Systolic blood pressure (mm Hg) 127.7 = 0.5 129.7 = 1.2 1325 = 0.7 1344 = 1.1
Diastolic blood pressure (mm Hg) 77.5 = 0.3 79.7 = 0.9 81.1 + 0.5 82.6 = 0.8
Log(triglycerides[mg/dl]) 2.30 = 0.01 2.39 = 0.02 2.43 = 0.01 2.51 = 0.02
Log(triglycerides[mmol/L]) 0.349 + 0.009 0.438 + 0.022 0.481 + 0.013 0.560 + 0.019
LDL cholesterol (mg/dl) 124.8 = 1.0 1142 = 25 108.1 = 1.5 97.2 £ 2.2
HDL cholesterol (mg/dl) 35.1 = 0.1 35.6 = 0.3 35.7 £ 0.1 35.3 £ 0.2
HDL cholesterol (mmol/L) 0.908 =+ 0.003 0.921 =+ 0.007 0.924 = 0.004 0.912 + 0.006
LDL-C/HDL-C ratio 3.58 + 0.03 3.21 + 0.07 3.30 + 0.04 2.76 + 0.06
Log(TG/HDL-C ratio) 0.754 + 0.009 0.835 * 0.023 0.877 * 0.014 0.963 + 0.020
AIP 0.393 =+ 0.009 0.475 + 0.023 0.517 + 0.014 0.604 = 0.020
Log(LAP) 1.68 = 0.01 1.75 = 0.03 1.82 = 0.02 1.89 *= 0.03
Log(CMI) 0.472 + 0.009 0.535 + 0.024 0.587 + 0.014 0.671 + 0.021
Hemoglobin Alc (%) 5.60 = 0.02 5.53 = 0.06 5.47 = 0.04 5.53 = 0.05

Shown are means with standard errors of each variable after adjustment for age and histories of smoking and regular exercise in ANCOVA. BMI was also added as an
explanatory variable in the analysis for risk factors except for waist-to-height ratio, LAP and CML TG, triglycerides; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol;
Log(TG/HDL-C ratio), Log(TG[mg/dl]/HDL-C[mg/dl] ratio); AIP, atherogenic index of plasma; LAP, lipid accumulation product; CMI, cardio-metabolic index.

Asterisks denote significant differences from nondrinkers
* p < .05.
= p < .01.

3.2. Comparison of the mean levels of each cardiovascular risk factor in the
groups classified by alcohol intake

Mean levels of each cardiovascular risk factor were compared by
multivariate analysis of covariance (Table 2). Waist circumferences and
waist-to-height ratios in light, moderate and heavy drinkers were not
significantly different from those in nondrinkers. Systolic and diastolic
blood pressure levels were significantly higher in moderate and heavy
drinkers than in nondrinkers and tended to be higher with an increase
of alcohol intake. Log-transformed triglycerides, log-transformed TG/
HDL-C ratio and AIP were significantly higher in light, moderate and
heavy drinkers than in nondrinkers and tended to be higher with an
increase of alcohol intake. LDL cholesterol and LDL-C/HDL-C ratio were
significantly lower in light, moderate and heavy drinkers than in non-
drinkers and tended to be lower with an increase of alcohol intake. LAP
and CMI were significantly higher in moderate and heavy drinkers than
in nondrinkers and tended to be higher with an increase of alcohol
intake. HDL cholesterol and hemoglobin Alc were slightly but sig-
nificantly higher and lower, respectively, in moderate drinkers than in
nondrinkers, but these variables in light and heavy drinkers were not
significantly different from those in nondrinkers. The results for tri-
glycerides and HDL cholesterol in a unit of mmol/L were similar to the
results for triglycerides and HDL cholesterol in a unit of mg/dl.

Table 3

3.3. Comparison of the prevalences of each cardiovascular risk factor in the
groups classified by alcohol intake

Table 3 shows the prevalences of each risk factor in non-, light,
moderate and heavy drinkers and in overall subjects. The prevalences of
hypertension, hyper-triglyceridemia, high TG/HDL-C ratio, high LAP
and high CMI were significantly higher in moderate and heavy drinkers
than in nondrinkers. The prevalences of hyper-LDL cholesterolemia and
high LDL-C/HDL-C ratio were significantly lower in light, moderate and
heavy drinkers than in nondrinkers. The prevalences of high waist-to-
height ratio and diabetes were not significantly different in the three
drinker groups and the nondrinker group.

3.4. Odds ratios for each risk factor of light, moderate and heavy drinkers
vs. nondrinkers

Table 4 shows results of multivariate logistic regression analysis for
relationships of different degrees of alcohol intake with each cardio-
vascular risk factor. Odds ratios of moderate and heavy drinkers vs.
nondrinkers for hypertension, high LAP and high CMI were sig-
nificantly higher than the reference level of 1.00. Odds ratios of light,
moderate and heavy drinkers vs. nondrinkers for hyper-triglyceridemia
and high TG/HDL-C ratio were significantly higher than the reference

Comparison of the prevalences of each risk factor in light, moderate and heavy drinkers vs. nondrinkers.

Risk factor Overall Nondrinkers Light drinkers Moderate drinkers Heavy drinkers
High waist-to-height ratio 65.2 65.2 57.5 67.1 66.7
Hypertension 30.3 26.1 26.1 37.5 38.2
Hyper-triglyceridemia 75.5 70.3 76.5 81.6 86.3
Hyper-LDL cholesterolemia 23.4 30.8 13.1 15.6 12.3

High LDL-C/HDL-C ratio 41.1 53.3 28.1 28.2 20.1

High TG/HDL-C ratio 79.7 75.2 81.0 85.1 88.7

High LAP 71.7 65.9 71.2 78.6 85.3

High CMI 83.1 79.4 84.3 87.4 91.2

Diabetes 5.6 6.3 2.6 4.4 6.9

Prevalence of each risk factor is shown.
= p < .01.
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Table 4
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Odds ratios for each risk factor of light, moderate and heavy drinkers vs. nondrinkers.

Risk factor Nondrinkers Light drinkers Moderate drinkers Heavy drinkers

High waist-to-height ratio 1.00 0.72 (0.51-1.02) 1.06 (0.83-1.35) 1.06 (0.77-1.46)
Hypertension 1.00 1.24 (0.83-1.87) 1.91 (1.47-2.48) 2.05 (1.46-2.88)
Hyper-triglyceridemia 1.00 1.59 (1.06-2.39) 1.97 (1.48-2.63) 2.77 (1.80-4.27)
Hyper-LDL cholesterolemia 1.00 0.37 (0.23-0.61) 0.44 (0.33-0.60) 0.31 (0.12-0.49)
High LDL-C/HDL-C ratio 1.00 0.38 (0.26-0.56) 0.35 (0.27-0.45) 0.20 (0.14-0.29)
High TG/HDL-C ratio 1.00 1.64 (1.06-2.54) 1.99 (1.46-2.71) 2.73 (1.71-4.36)
High LAP 1.00 1.29 (0.89-1.88) 1.92 (1.47-2.51) 2.95 (1.96-4.46)
High CMI 1.00 1.42 (0.90-2.26) 1.79 (1.29-2.48) 2.56 (1.53-4.26)
Diabetes 1.00 0.55 (0.19-1.55) 0.77 (0.45-1.33) 1.19 (0.64-2.23)

Shown are odds ratios for each risk factor of each drinker group vs. the nondrinker group estimated after adjustment for age and histories of smoking and regular
exercise. BMI was also added as an explanatory variable in the logistic regression analysis for risk factors except for high waist-to-height ratio, high LAP and high

CML. Asterisks denote significant differences from the reference level of 1.00.
*p < .05.
= p < .01.

level and tended to be higher with an increase of alcohol intake. Odds
ratios of light, moderate and heavy drinkers vs. nondrinkers for hyper-
LDL cholesterolemia and high LDL-C/HDL-C ratio were significantly
lower than the reference level. Odds ratios for high waist-to-height ratio
and diabetes of any drinker groups vs. the nondrinker group were not
significantly different from the reference level.

4. Discussion

In this study, the associations between habitual alcohol intake and
cardiovascular risk factors were, for the first time, demonstrated in
persons with hypo-HDL cholesterolemia. There were dose-dependent
positive associations of alcohol intake with blood pressure and trigly-
cerides, while a dose-dependent inverse association was found between
alcohol intake and LDL cholesterol. Since a J-shaped association be-
tween alcohol intake and triglycerides has been shown in a general
population [8], light drinking is suggested to have opposite effects on
triglycerides in men with and men without hypo-HDL cholesterolemia.

Regarding the mechanisms for alcohol-induced hyper-triglycer-
idemia, alcohol inhibits lipoprotein lipase activity, resulting in post-
prandial hyper-triglyceridemia, and increases synthesis of large VLDL
particles in the liver [7]. However, the reason for the decrease in tri-
glyceride levels caused by habitual low alcohol consumption in a gen-
eral population remains to be clarified. It is also not known why the
association between light drinking and triglyceride levels was different
in men with and men without hypo-HDL cholesterolemia. Triglyceride
levels are usually reciprocally related to HDL cholesterol levels [24]. In
fact, as shown in Tables 1 and 3, the median triglyceride level was
much higher than its cutoff value (227 mg/dl vs. 150 mg/dl) and three
fourths of the subjects showed high triglyceride levels (= 150 mg/dl) in
the subjects of the present study. Thus, alteration in metabolism of
triglycerides in persons with hypo-HDL cholesterolemia might be re-
lated to the above difference in the association between light drinking
and triglyceride levels.

In the present study, there were linear positive associations of al-
cohol intake with TG/HDL-C ratio, AIP, LAP and CMI, which reflect
triglyceride levels. Since no apparent associations of alcohol intake with
HDL cholesterol, waist circumference and waist-to-height ratio were
found in the present study, the differences in the lipid-related indices in
drinkers and nondrinkers were attributable to theirdifference in tri-
glycerides. The associations between alcohol and the lipid-related in-
dices found in this study are also different from previously reported
findings in a general population: TG-HDL-C ratio, LAP and CMI were
lower in light drinkers than in nondrinkers in a general population
[25-27]. The above differences in the relations of alcohol with the
lipid-related indices can be mainly explained by the aforementioned
difference in the relation of alcohol with triglycerides in men with and
men without hypo-HDL cholesterolemia: triglycerides were higher in
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light drinkers than in nondrinkers in men with hypo-HDL cholester-
olemia, while triglycerides were lower in light drinkers than in non-
drinkers in a general population [8].

Drinkers who show hypo-HDL cholesterolemia are thought to be less
sensitive to the HDL cholesterol-elevating effect of alcohol than drin-
kers without hypo-HDL cholesterolemia. Moreover, the present study
demonstrated that in men with hypo-HDL cholesterolemia, triglycerides
and related indices such as TG/HDL-C ratio, AIP, LAP and CMI were
higher in light drinkers than in nondrinkers. Thus, the results suggest
that the beneficial (HDL cholesterol-lowering) and harmful (triglycer-
ides-elevating) effects of alcohol on cardiovascular risk are smaller and
greater, respectively, in men with hypo-HDL cholesterolemia than in
men with normo-HDL cholesterolemia. Therefore, even light drinking,
which is believed to be generally beneficial for cardiovascular health,
should be avoided in men with hypo-HDL cholesterolemia.

There are limitations of this study. Although the number of subjects
in the original database was large, the prevalence of hypo-HDL choel-
sterolemia was low (10.4%), and after further exclusion of opportunistic
drinkers and subjects receiving medication therapy for dyslipidemia,
hypertension and diabetes, the number of subjects for analysis was not
large enough for more detailed analysis using stratified subgroups of
subjects, e.g., nonsmokers and smokers. Polymorphism of genes for al-
cohol-metabolizing enzymes, especially aldehyde dehydrogense 2, is
known to determine the sensitivity to alcohol in Asians [28,29]. The
subjects of this study were men with hypo-HDL cholesterolemia and
might thus be less sensitive to alcohol than men with normo- or hyper-
HDL cholesterolemia since alcohol has a potent HDL cholesterol-ele-
vating action. However, no information on the above polymorphism was
included in the database used in this study. Consuming a light-to-mod-
erate amount of red wine has been shown to be more beneficial for
cardiovascular health than beer or a spirit, and this beneficial effect of
red wine is mainly explained by the antioxidant action of compounds
such as polyphenols contained in red wine [30]. It would be interesting
to elucidate in future studies whether the antioxidant action of red wine
on LDL is similar in persons with normo-HDL cholesterolemia and per-
sons with hypo-HDL cholesterolemia. On the other hand, the blood
pressure-elevating action of alcohol has been shown to be independent of
the type of alcoholic beverage [31]. It was also shown that there was no
clear relationship between type of alcoholic beverage and triglyceride
level [32]. The association between alcohol drinking and metabolic
syndrome was also reported to be independent of the type of beverage
consumed [33]. Thus, the difference in alcoholic beverages may not af-
fect the associations of alcohol intake with blood pressure and trigly-
ceride levels in men with hypo-HDL cholesterolemia, although in-
formation on the type of alcoholic beverage was not available in the
present study. Finally, since the design of this study is cross-sectional,
further prospective studies are needed to clarify causality of the relation
of alcohol to cardiovascular risk in hypo-HDL cholesterolemic men.
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In conclusion, in men with hypo-HDL cholesterolemia, alcohol in-
take shows dose-dependent positive associations with blood pressure
and triglycerides and shows a dose-dependent inverse association with
LDL cholesterol, resulting in lower LDL-C/HDL-C ratio and higher TG/
HDL-C ratio, AIP, LAP and CMI in drinkers than in nondrinkers. The
detrimental effect of habitual alcohol intake on cardiovascular health
may be stronger in persons with hypo-HDL cholesterolemia than in
persons with normo-HDL cholesterolemia.
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