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Relationship between bone mineral density and alcohol
consumption in Korean men: the Fourth Korea National
Health and Nutrition Examination Survey (KNHANES),
2008-2009
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'Department of Family Medicine, Seoul National University Hospital, Seoul, Korea
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Background and Objectives: Drinking is a risk factor of osteoporosis, but controversy surrounds the relation-
ship between alcohol consumption and bone mineral density (BMD). We performed an analysis of the association
between alcohol consumption and BMD. Methods and Study Design: A cross-sectional study was performed
including 2421 men, aged 40-93 years, who participated in the fourth Korea National Health and Nutrition Exam-
ination Survey in 2008-2009. Alcohol intake was determined by self-administered questionnaires, and BMD was
measured by dual energy x-ray absorptiometry. ANOVA was used to determine the relationship between alcohol
intake and BMD, and ANCOVA was performed after adjusting for age, body mass index, education, household
income, smoking status, calcium intake, physical activity, and serum 25-hydroxyvitamin D levels. Results: BMD
increased significantly in the lumbar spine, total femur, and femoral neck with increased alcohol intake (p for
trend=0.028, <0.001, <0.001, respectively). However, after adjusting for age, the relation was no longer statisti-
cally significant in any of 3 bone sites (lumbar, p for trend=0.606; total femur, p for trend=0.342; femoral neck, p
for trend=0.549). Additionally, after adjusting for all other confounders, no significant relationships were report-
ed in the 3 bone sites (lumbar, p for trend=0.451; total femur, p for trend=0.150; femoral neck, p for trend=0.343).
In the stratified analysis, there were no significant correlations according to age, smoking status, physical activity
or obesity. Conclusions: After adjusting for age and other confounders, no significant relationship was found be-
tween alcohol intake and BMD.
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INTRODUCTION men over the age of 19 years was 77.8% with a steady

According to the World Health Organization (WHO),
osteoporosis, a disease of the skeletal system, is charac-
terised by decreased bone mass and a micro-architectural
disorder and is defined as a condition in which bones be-
come weaker and more prone to fracture.' Osteoporosis is
primarily of interest in studies of postmenopausal women,
but its incidence among men has also increased along
with a recent explosion in the aging population. One
study reported that the annual mortality rate after a hip
fracture was 31% in men, a value much higher than that
of 17% in women.” The prevalence rate of osteoporosis in
men was 13.6%, according to a study of men aged 40-79
years,’ but another study reported that the disease is treat-
ed in only 23.3% of diagnosed male patients.*

Most cases of osteoporosis in men, unlike those in
women, are regarded as secondary osteoporosis and may
be caused by binge drinking and smoking, hypogonadism,
steroid use or hyperparathyroidism, among others.” Of
these, drinking and male gender are closely related in
modern society. In Korea, the monthly drinking rate of

increase evident in 2010. Additionally, the proportion of
high-risk drinkers (i.e., average alcohol consumption per
occasion >7 drinks and drinking more than twice per
week) has been reported to be 24.9% and seems to be
increasing.’ This is a high prevalence albeit less than the
American monthly drinking rate of 59.2%.’

Drinking has long been recognised as a risk factor of
osteoporosis, and excessive alcohol intake reportedly re-
duces the bone mineral density (BMD).*'" Yet some
studies have reported that drinking increases the BMD,'>
"> with recent studies to show that moderate drinking
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increases BMD, leading to much controversy.'*'®

This study focused on the relation between alcohol in-
take and BMD in adult Korean men who participated in
the Korea National Health and Nutrition Examination
Survey (KNHANES), a large and highly reliable survey
that represents the Korean population.

MATERIALS AND METHODS

Study population

In this study, we used data from the Health Interview
Survey and Health Examination Survey, administered
during the second and third years of the fourth season of
the KNHANES. KNHANES has been conducted since
1998 and is enforced for compiling statistics on citizens’
health levels, health consciousness and behaviours, and
the actual conditions of food intake and nutrition. A total
of 13,800 households have been extracted from 600 enu-
meration districts that comprise every family; individuals
older than 1 year who live in the Republic of Korea were
targeted from selected households.® Those participants
who did not respond to the survey or physical examina-
tion were considered missing; from a total 4275 men old-
er than 40 years (from 20,277 total participants), 1333
men who did not undergo surveys, physical examinations,

or body density measurements were excluded. A total of
2421 subjects were targeted for the analysis, excluding
490 who did not provide nutrition surveys or blood sam-
ples, and 31 who were under osteoporosis medication that
might have affected the BMD status or were affected by
chronic renal failure or endocrine diseases such as thyroid
disease. (Figure 1) In this study, ethical approval was not
required as the KNHANES IV survey data are publically
available. All the participants signed an informed consent
form.

Data collection and analysis

The Health Interview Survey and Health Examination
Survey were conducted through mobile examination cen-
tres, while the health nutrition survey was administered
by visiting target households. All topics associated with
education and economic activity, previous disease status,
medical uses, and the nutrition survey were investigated
in interviews, and information about health behaviours
such as smoking or drinking was self-provided in writing.
The Health Examination was performed to direct the
measurements, inspections, and sample analyses, among
other parameters.® Alcohol intake was determined from
self-administered questionnaires about the average

Health Interview Survey and Health Examination

Survey of KHANES IV 2008-2009
N=20,277

- Women (N=11,064)

[ N=4,275

'L- Age <40 years (N=4,938)

- Participants who did not undergo
dual-energy x-ray absorptiometry
scans (N=1,265)

[ N=2,942

> Participants who did not respond to
the interview (N=60)
- Participants whose body mass indices

were not measured (N=8) /

Participants who did not respond to
the nutritional intake questionnaire

[ N=2,452

measured (N=85) /

Participants using anti-osteoporotic
medications (N=13)
Participants with chronic kidney

A 4

=( (N=405)
- Participants whose serum 25-
hydroxyvitamin D levels were not

disease (N=3)
- Participants with thyroid disease
(N=15)

/

Study population
N=2,421

Figure 1. Flow diagram of study participant inclusion or exclusion. KNHANES IV: Fourth Korea National Health and Nutrition Exami-

nation Survey.
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amount of drinking and drinking frequency over the past
12 months. A standard drink was defined as a single glass
of liquor, wine, or the Korean traditional drink So-ju (Ko-
rean distilled liquor). One bottle of beer (355 mL) was
counted as 1.6 standard drinks. According to the WHO
osteoporosis assessment, we considered the amount of
alcohol per 1 standard drink as 10 g, and the average
amounts of daily alcohol intake were calculated and clas-
sified into 3 groups: 0 g/day, <30 g/day, and >30 g/day."’
Smoking habits were categorised as never smoked, ex-
smoker, and smoker. The household income levels were
divided into 3 groups as <1 million won, 1 to <3 million
won, and >3 million won, and the personal education
levels were divided into 4 groups: elementary school,
middle school, high school, and beyond college. Calcium
intake was measured and determined through visiting
interviews from recalled events over the preceding 24
hours. This value was calibrated according to the residual
method because its value depends on the individual total
caloric intake.'"® Physical examinations measured the
body mass index (BMI, kg/m?), using only weight and
height that were measured while the participants wore
light clothes. Blood 25-hydroxyvitamin D (25(OH) Vit D,
ng/mL) concentrations were calibrated by radioimmuno-
assay with a Biosource reagent (Life Technologies Corp.,
Carlsbad, CA, USA) after collecting venous blood sam-
ples.® The Korean-translated version of the International
Physical Activity Questionnaire (IPAQ) was used to
measure physical activity, and physical activity was cal-
culated as the Metabolic Equivalent Task (MET)-
minute/week."” Alcohol use behaviour was evaluated us-
ing the Alcohol Use Disorder Identification Test-Korea
(AUDIT-K), a Korean-translated version of AUDIT de-
veloped by the WHO. BMD of the lumbar spine, total
femur, and femoral neck was measured by Dual Energy
X-ray Absorptiometry (DXA) with a DISCOVERY-W
machine (Hologic, Inc., Bedford, MA, USA).® According
to the measured BMD and WHO criteria, the group with
T scores <-1.0 and >-2.5 was defined as osteopenic, and
the”group with T scores <-2.5 was defined as osteoporot-
ic.

Statistical analysis

The participants were divided into 3 groups according to
daily alcohol intake, and a univariate analysis was per-
formed for each variable, including age, height, weight,
BMI, smoking status, physical activity levels, calcium
intake, blood 25(OH) Vit D concentration, education lev-
el, income level, and BMD (lumbar spine, total femur,
femoral neck). To determine statistical differences in the
average BMD according to each alcohol intake group, an
analysis of variance (ANOVA) was used for each lumbar
spine, total femur, and femoral neck. We also used an
analysis of covariance (ANCOVA) that was adjusted in
repeat tests for age, BMI, education levels, income levels,
smoking status, physical activity levels, calcium intake
based on calorie intake, and blood 25(OH) Vit D concen-
trations. To ensure the relevance of drinking and BMD in
certain groups, stratified analyses were performed for the
following variables: age, smoking status, exercise status,
and obesity. Finally, an additional analysis was performed
for more specific factors such as the AUDIT scores. All

statistical data analyses were completed with the STATA
software package (version 12.0; StataCorp LP, College
Station, TX, USA). A p-value <0.05 was considered sig-
nificant.

RESULTS

General characteristics

This study included a total of 2421 participants, and each
variable according to alcohol intake is featured in Table 1.
According to alcohol consumption, there were significant
trends in age, height, weight, smoking status, physical
activity, calcium intake, serum 25(OH) Vit D level, edu-
cation, house income. The osteoporosis prevalence, ac-
cording to the femoral neck BMD, was lower (p<0.001)
in the group that consumed >30 g of alcohol (1.2%) than
in the group that abstained (4.8%), and similar results
were observed (p<0.001) for the osteoporosis prevalence
according to the total femur BMD (0.2% and 0.8%, re-
spectively). However, there was no statistical difference
between the groups with regard to osteoporosis preva-
lence according to the lumbar BMD (p=0.084).

Correlations between BMD and each variable

A correlation analysis was conducted to investigate the
relationships between BMD and several variables that
affected the BMD. As shown in table 2, the positively
correlated values included BMI, physical activity, calci-
um intake, and alcohol intake. BMI correlated significant-
ly with all 3 BMD measurements. Alcohol intake corre-
lated with the total femur and femoral neck BMD, but not
the lumbar spine BMD. On the other hand, a negative
correlation was observed between age and BMD.

Association of alcohol intake with BMD

Estimated marginal mean of the lumbar spine, total femur,
and femoral neck BMD with alcohol intake both before
and after adjusting for variables such as age are shown in
Table 3. Before adjusting for variables, the BMD in the
total femur and femoral neck differed significantly among
the alcohol intake groups, and the BMD in the lumbar
spine, total femur, and femoral neck tended to increase
significantly. However, after adjusting for age, the rela-
tion was no longer statistically significant in any of the 3
bones assessed. This remained so after adjusting for each
variable, including BMI, smoking status, physical activity,
calcium intake, blood 25(OH) Vit D concentration, edu-
cation level, and income level. BMD increased with in-
creased alcohol intake, so there was no inflection point
for the correlation between alcohol intake and BMD. For
a detailed evaluation of the association between alcohol
consumption and BMD, we performed analysis by more
subdividing groups. For quartiles based on alcohol intake,
no significant differences was observed (lumbar spine, p
for trend=0.510; total femur, p for trend=0.053; femoral
neck, p for trend=0.445). Even with smaller intervals of
alcohol intake, namely 0 g, 0-15 g, 15-30 g, and >30 g,
the results were the same (lumbar spine, p for
trend=0.462; total femur, p for trend=0.150; femoral neck,
p for trend=0.375). Additionally, the questionnaire, based
on the number of drinks per occasion, i.e., 0 drinks, 1-2
drinks, 3-6 drinks, and >7 drinks, did not demonstrate any
significance (lumbar spine, p for trend=0.356; total femur,



Relationship between BMD and alcohol in Korean men 311

p for trend=0.190; femoral neck, p for trend=0.696). Fi-
nally, division into 3 groups according to the AUDIT-K
scores (0-7, 8-15, and 16-40 points) did not reveal signifi-
cance for the lumbar spine or femoral neck; only the total
femur had a borderline p-value (lumbar spine, p for
trend=0.238, femoral neck, p for trend=0.393; total femur,
p for trend=0.051).

Relationship between alcohol intake and BMD in par-
ticular groups

The results of the stratified analysis according to groups
by age, smoking status, physical activity status, and obe-
sity, related to alcohol intake and femoral neck BMD, are
shown in Table 4. The age groups of <50 years, 50-64
years or >65 years did not showed any statistical signifi-
cance (p for trend=0.900, 0.528, and 0.487, respectively).

Table 1. Characteristics of study participants according to alcohol intake (n=2,421)"

Alcohol intake

Variables 0 g/day <30 g/day >30 g/day p-value*

n=523 n=1,481 n=417

Age, yr 63.0+11.8 57.3+11.3 55.4+10.6 <0.001

Height, cm 166+6.4 168+6.0 168+6.0 <0.001

Weight, kg 65.6+10.5 67.2+9.8 68.7+10.8 <0.001

BMI, kg/m’ 23.743.2 23.942.9 24.243.2 0.065

Smoking (%) <0.001
Non-smoker 149 (28.5) 220 (14.9) 40 (9.6)

Ex-smoker 245 (46.9) 687 (46.4) 162 (38.9)
Current-smoker 129 (24.7) 574 (38.8) 215 (51.6)

Physical activity', MET-min/wk 2760+4977 3053+4859 391046940 0.003

Calorie adjusted calcium intake, mg/day 554+389 5374297 4724317 <0.001

25-hydroxyvitamin D, ng/mL 21.5+7.4 22.2+7.2 23.1+7.7 0.004

Education level (%) <0.001
Elementary school or below 214 (40.9) 386 (26.1) 125 (30.0)

Middle school 88 (16.8) 277 (18.7) 87 (20.9)
High school 117 (22.4) 445 (30.1) 135 (32.4)
College or higher 104 (19.9) 373 (25.2) 70 (16.8)

Monthly house income, won (%) <0.001
<1,000,000 236 (45.1) 403 (27.2) 120 (28.8)
1,010,000~3,000,000 175 (33.5) 601 (40.6) 158 (37.9)
>3,000,000 112 (21.4) 477 (32.2) 139 (33.3)

Lumbar BMD, g/cm? 0.937+0.160 0.951+0.146 0.958+0.144 0.079

Femoral neck BMD, g/cm’ 0.743+0.131 0.772+0.124 0.784+0.126 <0.001

Total femur BMD, g/cm? 0.921+0.134 0.954+0.129 0.963+0.127 <0.001

Lumbear spine (%) 0.084
Normal 303 (57.9) 924 (62.4) 264 (63.3)

Osteopenia 184 (35.2) 486 (32.8) 139 (33.3)
Osteoporosis 36 (6.9) 71 (4.8) 14 (3.4)

Femoral neck (%) <0.001
Normal 289 (55.3) 952 (64.3) 282 (67.6)

Osteopenia 209 (40.0) 498 (33.7) 130 (31.2)
Osteoporosis 25 (4.8) 31(2.1) 51.2)

Total femur (%) <0.001"
Normal 424 (81.1) 1,325 (89.5) 374 (89.7)

Osteopenia 95 (18.2) 150 (10.1) 42 (10.1)
Osteoporosis 4 (0.8) 6 (0.4) 1(0.2)

BMD: bone mineral density; BMI: body mass index; MET: metabolic equivalent task.

"Data are presented as the means and standard deviation (SD) or percentages and standard error (SE).

ip value from ANOVA for continuous variables or chi-squared test for categorical variables.

"Physical activity was defined by the IPAQ scoring protocol.

*p value from Fisher’s exact test because of the small number of each cell.

Table 2. Correlations between bone mineral density and variables

Variable Lumbar p value Total femur p value Femoral neck p value

BMD (7) BMD (7) BMD (7)

Age -0.164 <0.001 -0.365 <0.001 -0.422 <0.001

BMI 0.354 <0.001 0.454 <0.001 0.408 <0.001

Physical activity 0.032 0.112 0.083 <0.001 0.067 0.001

Calcium intake 0.052 0.010 0.076 <0.001 0.094 <0.001

Serum 25-hydroxyvitamin D -0.005 0.804 0.036 0.076 0.019 0.358

Alcohol intake 0.036 0.074 0.071 <0.001 0.074 <0.001

r: Pearson correlation coefficient; BMI: body mass index (kg/mz); lumbar BMD: lumbar spine bone mineral density (g/cmz); total femur
BMD: total femur bone mineral density (g/cm?); femoral neck BMD: femoral neck bone mineral density (g/cm?).
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Table 3. Bone mineral density by alcohol intake category’

Alcohol intake

0 g/day

<30 g/day

>30 g/day

p value
(ANCOVA)

p for
trend

F-neck BMD only
Age-adjusted
Fully-adjusted

F-total BMD only
Age-adjusted
Fully-adjusted

Lumbar BMD only
Age-adjusted
Fully-adjusted

0.743 (0.732, 0.754)
0.764 (0.754, 0.774)
0.765 (0.755, 0.774)
0.921 (0.910, 0.933)
0.941 (0.930, 0.951)
0.941 (0.931, 0.951)
0.937 (0.924, 0.950)
0.947 (0.934, 0.960)
0.946 (0.934, 0.958)

0.772 (0.765, 0.778)
0.768 (0.762, 0.774)
0.767 (0.762, 0.773)
0.954 (0.947, 0.961)
0.950 (0.944, 0.957)
0.950 (0.945, 0.956)
0.951 (0.943, 0.958)
0.949 (0.942, 0.957)
0.949 (0.942, 0.956)

0.784 (0.772, 0.796)
0.771 (0.760, 0.782)
0.772 (0.761, 0.782)
0.963 (0.951, 0.975)
0.951 (0.940, 0.963)
0.951 (0.941, 0.962)
0.958 (0.944, 0.972)
0.952 (0.938, 0.966)
0.953 (0.940, 0.967)

<0.001
0.693
0.630
<0.001
0.269
0.235
0.079
0.873
0.744

<0.001
0.549
0.343
<0.001
0.342
0.150
0.028
0.606
0.451

BMI: body mass index (kg/m’); lumbar BMD: lumbar spine bone mineral density (g/cm?); F-total BMD: total femur bone mineral density

(g/cm®); F-neck BMD: femoral neck bone mineral density (g/cm?).

TAll values are estimated marginal means (95% confidence intervals). Confounders include age, BMI, education, household income, se-
rum 25-hydroxyvitamin D level, total calorie adjusted calcium intake, smoking status, and physical activity.

Table 4. Femoral neck bone mineral density by alcohol intake category and each status’

Alcohol intake

p value p for

Adjusted F-neck BMD

0 g/day <30 g/day >30 g/day (ANCOVA) trend

Age

<50 0.839 (0.815, 0.864) 0.817 (0.807, 0.828) 0.830 (0.812, 0.848) 0.182 0.900

50-64 0.776 (0.760, 0.792) 0.785 (0.777, 0.794) 0.785 (0.769, 0.801) 0.594 0.528

>65 0.694 (0.682, 0.707) 0.703 (0.693, 0.713) 0.699 (0.678, 0.720) 0.573 0.487
Smoking status

Non-smoker 0.770 (0.754, 0.787) 0.767 (0.754, 0.781) 0.792 (0.760, 0.824) 0.369 0.479

Ex-smoker 0.762 (0.749, 0.776) 0.765 (0.757, 0.773) 0.765 (0.749, 0.782) 0.952 0.772

Current smoker 0.766 (0.746, 0.785) 0.771 (0.762, 0.780) 0.772 (0.757, 0.786) 0.868 0.659
Physical activity*

Physically non-active 0.737 (0.724, 0.750) 0.741 (0.732, 0.749) 0.752 (0.735, 0.769) 0.358 0.186

Physi%ally active 0.785 (0.772, 0.798) 0.785 (0.779, 0.792) 0.785(0.772, 0.798) 0.997 0.992
Obesity’

Not obese 0.740 (0.729, 0.751) 0.739 (0.732, 0.745) 0.746 (0.733, 0.759) 0.605 0.549

Obese 0.808 (0.790, 0.825) 0.820 (0.810, 0.830) 0.821 (0.803, 0.838) 0.487 0.332

MET: metabolic equivalent task; BMI: body mass index (kg/m?); F-neck BMD: femoral neck bone mineral density (g/cm?).
TAll values are estimated marginal means (95% confidence intervals). Confounders include age, BMI, education, household income, se-

rum 25-hydroxyvitamin D level, total calorie adjusted calcium intake, smoking status, and physical activity.

i:Physically non-active group is defined by a MET-min/week of zero.
SObesity is defined as a BMI > 25 kg/m’.

Similarly, no differences were found between the never
smoked, ex-smokers, and smokers groups (p for
trend=0.479, 0.772, and 0.659, respectively), nor between
the groups of different physical activity levels or obesity
(non-active, p for trend=0.186 and activity, p for
trend=0.992; non-obese, p for trend=0.549 and obese, p
for trend=0.332). There were also no statistically signifi-
cant differences in the BMD analyses of the total femur
and lumbar spine (data not shown).

DISCUSSION

In this study, the correlation between alcohol intake in
healthy adult men and BMD in the lumbar spine, total
femur, and femoral neck seemed to increase significantly
with alcohol intake, but all relevant statistical significance
disappeared after adjusting for age. This was also true for
the other variable-adjusted analyses that enabled an anal-
ysis of the effects of variables such as BMI, education
level, income level, physical activity, calcium intake,
blood 25(0OH) Vit D concentration, and smoking status,
on BMD. To determine relevance in specific groups,
stratified analyses were conducted according to age,
smoking status, physical activity, and obesity, and the

results remained insignificant.

Previous research findings regarding the correlation be-
tween alcohol intake and BMD are controversial. Alcohol
intake was previously defined as the cause of osteoporo-
sis, and the actual osteoporosis risk was reported to be
2.4-fold higher (p=0.002) than normal, with excessive
alcohol intake.® Even a cross-sectional study from South
Korea showed that 14 drinks per week increases the risk
in those who belong to the lower tertile groups and that
increased alcohol intake tended to lead to decreasing
BMD.*

However, subsequent research has shown that moder-
ate drinking promotes an increase in BMD. In the Cardi-
ovascular Health Study cohort, the femoral neck and hip
joint BMD increased by approximately 5% (95% confi-
dence interval, 1-9%) in the group that ingested 14 drinks
per week, compared to the group that abstained.”’ Addi-
tionally, the Framingham Heart Cohort Study reported
that the average BMD increased by 3.9% in the group that
drank >14 oz. of alcohol.” A number of studies that sup-
port these findings have been recently reported,'*'® but
the most recent systematic review and meta-analysis
proved that osteoporotic fractures increased by 28% in
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the group that consumed >10 drinks per week; hence, this
is a controversial issue.”

As a result of the present study, many studies reported
a lack of correlation between alcohol intake and BMD.
According to a study of 283 healthy adult men aged 40-
69 years, alcohol intake had no association with BMD,**
and among other studies that conducted surveys of post-
menopausal women in particular, as well as men, a study
reported that neither lifetime alcohol intake nor recent
alcohol intake were independent risk factors of BMD.*
Interestingly, a recent study assessing the correlation be-
tween BMD and alcoholic beverages, which were divided
into beer, wine, and liquor subgroups, found that after
adjusting for lifestyle, only beer had a protective effect
(»p=0.005) on BMD."* Similarly, in this study, significant
results might not be obtained in Korea, where the drinks
include So-ju (Korean distilled liquor) and Makgeolli
(raw rice-wine), as well as beer.

In contrast with recent studies, there was no significant
relationship between alcohol intake and BMD in the pre-
sent study most likely attributable to the relationship be-
tween age and BMD apparently being very strong. In our
study, BMD was shown to be very strongly negatively
correlated with age, whereas BMD was shown to be only
weakly associated with alcohol intake. As shown in table
1, subjects with higher alcohol intake tended to be young-
er and younger subjects tended to have higher BMD. Alt-
hough BMD was shown to be correlated with alcohol
intake, this relationship lacked statistical power, possibly
due to its strong association with age. The fact that smok-
ing is also a known risk factor for low BMD,’ possibly
explains why subjects with higher alcohol intake also
tended to be current smokers, and why the association
between low BMD and smoking was shown to lack statis-
tical power. There have been many controversies regard-
ing the correlation between alcohol intake and BMD, and
several hypotheses have been presented about the mecha-
nism that affects BMD. According to the traditional con-
sensus, alcohol directly interacts with osteoblasts to gen-
erally reduce the BMD,”® and a secondary nutrition defi-
ciency or reduction in physical activity could also reduce
BMD."

However, since controversy has arisen over the rele-
vance of alcohol intake to BMD, various hypotheses have
been presented. Despite a report showing that alcohol
intake enabled transmutation of the parathyroid hormone
or calcitonin, which could affect bone metabolism and
thus increase BMD,”’ no impact of alcohol intake was
found in a follow-up study of the report.”® There also
were reports showing that alcohol intake could affect se-
rum oestrogen levels® or that phenolic compounds, pre-
sent in beer or wine, could also act on oestrogen receptors
in osteoblasts or osteoclasts to increase BMD;>* however,
thus far, no exact mechanism has been proven, and an
additional larger clinical study is necessary. A recent
study was conducted to determine whether silicon, con-
tained in beer, could increase BMD; however, further
research would be necessary to confirm the results.”

Our study has a number of limitations. First, the inter-
actions between alcohol intake and BMD could not be
explained because this was a cross-sectional study. Sec-
ond, because the alcohol intake survey replaced self-

administered recall over a year, the questionnaire might
not accurately reflect the exact alcohol intake, and the
answers might have been underestimated with regard to
the actual amount consumed. Third, other factors such as
bone markers were not considered, and BMD alone is not
enough to properly assess the impact of alcohol. However,
despite these limitations, this study confirms the previ-
ously reported research because it referred to KNHANES,
the largest representative database of adults in Korea, and
the findings are meaningful because we adjusted for all
well-known variables that could affect BMD.

In conclusion, this study assessing the relationship be-
tween alcohol intake and BMD seemed to show an in-
crease in BMD before adjusting for variables such as age
and other confounding factors, but no such significant
correlations were observed after the adjustments. Most
recent studies of the relationship between alcohol intake
and BMD have reported positive trends with regard to
increasing BMD;'*'® however, protective effects of alco-
hol intake on BMD in Korean adult men cannot be assert-
ed on current evidence. Abroad interpretation requires
consideration of the social effects of drinking in Korea
which may entail, as elsewhere, the risk of falls and frac-
ture irrespective of alcohol’s association with BMD. A
prospective cohort study, an interventional study, and
other social and metabolic studies which reflect global
risks for fracture and utilise bone markers as well as
BMD will be necessary to resolve satisfactorily the alco-
hol-bone health nexus.
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