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Objective Previous studies investigating association of alcohol intake and fracture risk in elderly yielded conflicting results. We first ex-
amined the association between alcohol intake and total fracture risk in elderly subjects and further analyzed whether the association
varied by fracture locations.

Methods This is a nationwide population-based cohort study which included all people aged 66 (n=1,431,539) receiving the National
Screening Program during 2009-2014. Time-to-event were defined as duration from study recruitment, the day they received health
screening, to the occurrence of fracture.

Results Total fracture was significantly lower in mild drinkers [adjusted hazard ratio (aHR)=0.952; 95% confidence interval (95% CI)
=0.931-0.973] and higher in heavy drinkers (aHR=1.246; 95% CI=1.201-1.294) than non-drinkers. Risk pattern of alcohol consump-
tion and fracture differed according to affected bones. Similar J-shaped trends were observed for vertebra fractures, but risk of limb frac-
ture showed a linear relationship with alcohol intake. For hip fracture, risk decrement was more pronounced in mild and moderate
drinkers, and significant increment was noted only in very severe drinkers [=60 g/day; (aHR)=1.446; 1.162-1.801].

Conclusion Light to moderate drinking generally lowered risk of fractures, but association between alcohol and fracture risk varied

depending on the affected bone lesions.
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INTRODUCTION

Fracture in elderly is a common and an important public
health issue which contributes to high burden to healthcare
services.! With population of elderly people growing, incidence
of economic burden from fracture is also increasing world-
wide. South Korea (hereafter “Korea”) is one of the fastest ag-
ing countries in the world, and its aging index is estimated to
increase to 213.8% by 2030.> Accordingly; economic burden of
fracture in Koreans older than 65 years has already increased
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from US $88.8 million in 2007 to US $149.3 million in 2011.”

Excessive alcohol intake is an important risk factor of frac-
ture.* Numerous cohort studies acknowledged that mild to
moderate drinking does not increase, in fact decreases, risk of
fracture, whereas heavy consumption is associated with greater
fracture incidence.>® A meta-analysis consisted of more than
3,700,000 participants also showed that relationship between
alcohol consumption and hip fracture is non-linear with the
light alcohol drinkers having the lowest risk.” However, stud-
ies also demonstrated that the risk factor of fracture varies with
age.*® Likewise, literature on the association of alcohol intake
and fracture risk in elderly population is more diverse and com-
plicated. In the Framingham study, moderate and heavy drink-
ing were associated with a substantial risk of fracture in those
aged less than 65 years, but there was only a marginal and non-
significant increased risk in those aged 65 years or more." In
elderly group, the impact of alcohol in fracture incidence also
differed depending on the affected bones. Greater alcohol in-
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take was not associated with greater risk for non-spine frac-
tures,'! whereas the risk increment was more evident for ver-
tebral fractures.'” In addition, a prospective study showed that
alcohol intake had a U-shaped relationship with risk of hip
fracture.”

Despite contradictory association between alcohol intake
and incidence of fracture in the elderly, all well sized cohort
studies included subjects from various age groups.*' In stud-
ies conducted in elderly population only, none of previous re-
searches contained more than 150,000 subjects.”*"” Moreover,
all studies investigated impact of alcohol in limited number
of bones, and none investigated whether the fracture risk dif-
fered depending on the skeletal lesions. To fill in this gap, we
first aimed to examine the association of alcohol intake and
risk of all fractures in elderly subjects using a large nationwide
study from health insurance claims data. We further analyzed
whether the association varied by fracture location.

METHODS

Data source

The Korean National Health Insurance Service (KNHIS)
(http://nhis.orkr/static/html/wbd/g/a/wbdga0101.html) is a
mandatory public health insurance system, and it provides
universal coverage to all residents Korea. All Koreans who are
40 or older were required, by KNHIS, to receive a compulso-
ry health screening test every two years. The National Health
Insurance Service-Health Screening Cohort (NHIS-HEALS)
is a cohort who participated in this health screening programs.
An additional health screening named National Screening
Program for Transitional Ages (NSPTA) was initiated in 2007
for those aged 40 and 66 because they are regarded as transi-
tion to middle age and elderly respectively.' All these data are
systematically stored and organized by National Health In-
formation Database, which consists of healthcare data includ-
ing health screening data, sociodemographic variables, and
mortality for the whole Korean population https://nhiss.nhis.
orkr/bd/ab/bdaba000eng.do. Numerous epidemiological stud-
ies using this database has been published, and its detail de-

scription can be found elsewhere.>'>*

Study population

We first included all subjects aged 66 who participated in
the NSPTA program during 2009-2014 (n=1,555,103). There-
after, 96,847 participants having either incomplete or missing
data were excluded. A one-year lag was utilized, so those who
developed fracture or died within one from the health screen-
ing day were excluded (n=26,717). Finally; a total of 1,431,539
participants were included in our study (Figure 1), and their
mean duration of follow-up was 3.52+1.76 (maximum of 7)
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1,555,103 subjects aged 66 received health
screening 2009 and 2014

96,847 patients excluded due to
missing values

4
1,458,256 patients

26,717 patients excluded due to
»  occurrence fracture or death less
than 1 year after screening

1,431,539 patients were finally included

Figure 1. Flow chart depicting creation of study cohorts.

years. Information regarding health-related lifestyle, medical
history, basic physical data (including body mass index and
blood pressure), and clinical tests results are included in the
questionnaire obtained during the mandatory health screen-
ing. This study was approved by the Institutional Review Board
of Yeouido St. Mary’s Hospital, Seoul, Korea (No. SC19ZE-
S10124). Consent from individual subjects were not needed
because the study used publicly open, anonymous data.

Exposure variable - alcohol consumption

Frequency and amount of alcohol consumption was based
on questionnaire reports. All participants first responded to a
close-ended question regarding frequency of alcohol consump-
tion: “In average, how often do you drink alcohol per week?”
They were instructed to choose a specific number ranging from
0 (none)-7 (7 days/week). In terms of amount of alcohol con-
sumption, participants were then asked an open-ended ques-
tion: “When you consume alcohol, how many drinks do you
usually consume per day?” They were instructed to count
amount of alcohol consumption to “drinks/day” regardless of
alcohol type with a following detailed description: “a can of
beer (355 cc) is equivalent to 1.6 drinks.”

Based on these reports, we quantified their alcohol intake
to grams/day. The interpretation of a standard drink can vary
from country to country, and we used the most conservative
definition and calculated 1 standard drink to 8 grams of eth-
anol.” Thereafter, we calculated participants daily alcohol in-
take [(drinks/dayxdays/week*8 g/drinks)/7 days], and the
participants were divided in to four groups: not drinkers (none),
mild (<15 g/day), moderate (<30 g/day), and heavy drinkers
(=30 g/day).

Outcome variable-fractures
Participants having ICD-10 codes for vertebral fracture
(822.0, S22.1, S32.0, M48.4, and M48.5) and visited hospital



more than twice due to same codes were defined as having
vertebral fracture. Likewise, those having ICD-10 codes and
visited hospital more than twice with fracture of upper arm
(S42.0, S42.2, and S42.3), forearm (S52.5 and S52.6), or lower
leg (582.3, S82.5, and S82.6) were classified as having a limb
fracture. Almost all elderly with hip fracture require either sur-
gical treatment or supportive care via hospital admission. Thus,
hip fracture was defined as having ICD-10 codes of and hos-
pitalized to a hospital due to hip fracture (572.0 and S72.1). Fi-
nally, total fracture included fractures of vertebra, limbs, hip,
and others not listed above (i.e. S02.X for skull fracture, S12.
X for neck fracture, S62.X for hand, $92.X for foot).

Statistical analysis

Difference between the 4 groups in baseline demographic
and clinical characteristics were compared using analysis of
variance (ANOVA) for continuous variables and Chi-squared
test for categorical variables. The cohorts were followed from
the day they received the health screening, to the occurrence
of death, or the last follow-up day (December 31, 2016), which-
ever came first. Time-to-event were defined as the duration from
study recruitment, the day they received health screening, to
the occurrence of fracture. We performed Cox proportional-
hazard regression, with none drinkers as reference category,
to evaluate risk of total fracture. In addition, Cox proportion-
al-hazard regression for fracture of vertebral, hip, and limbs
were conducted to assess whether the association between
alcohol consumption and fracture risk differed depending on
the affected or fracture lesions. The cox proportional-hazard
model was adjusted for potential confounding variables known
to predict risk of fracture, which included gender, income, dia-
betes, hypertension, hyperlipidemia, smoking, physical exer-
cise body mass index, and fracture history."*** For all statisti-
cal analysis, we used SAS version 9.3 (SAS Institute, Cary, North
Carolina, USA) with p-values<0.05 considered significant.

RESULTS

Participant characteristics

Among 1,431,539 participants, the number of subjects for
none, mild, moderate, and heavy drinking groups were 1,027,575
(71.8%), 247,669 (17.3%), 88,643 (6.2%), and 67,652 (4.7%) re-
spectively. The four groups did not differ in age because they
were all enrolled at age of 66. Frequency and amount of alco-
hol intake increased sequentially from none to heave drinking
group illustrating that the participants were properly allocated
based on their drinking habits and intensity. Male ratio was
lowest in none group and highest in heavy drinking group. Di-
abetes, hypertension, weight, height, triglyceride level, smok-
ers, waist circumference, and blood pressure were higher in
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moderate ~ heavy drinking groups than none ~ low drinking
groups. In contrast, rate of hyperlipidemia decreased sequen-
tially from none to heave drinking group. History of fall was
also more prevalent in none drinking group than other
drinking groups. Lastly, a reversed-U shape was observed be-
tween physical activity and drinking groups (Table 1).

Group differences in fracture risk

In cox regression, compared with non-drinkers, total frac-
ture was significantly lower in the mild drinking group [ad-
justed hazard ratio (aHR)=0.952; 95% confidence interval (95%
CI)=0.931-0.973] and higher in the heavy drinking group
(aHR=1.246; 95% CI=1.201-1.294). In terms of specific frac-
tures, similar trends were observed for vertebra. However, the
risk of hip fracture decreased in both mild (aHR=0.787; 0.72-
0.86) and moderate (aHR=0.773; 0.675—0.884) drinking groups,
and the significance was not found in heavy (aHR=1.112; 0.979-
1.262) drinking group. Lastly, risk of limb fracture showed a
linear relationship with alcohol intake (Figure 2).

Fracture risk according to frequency of alcohol
intake

In terms of total fracture, we found a 21.9% (aHR=1.219;
1.177-1.263) increased risk in those drinking more than or
equal to 5 times/week compared to none drinking group. In
addition, the fracture risk significantly declined in those drink-
ing less than 3 times/week (aHR=0.944; 0.922-0.965). This J-
shaped association between frequency of alcohol intake and
fracture risk were also noted for vertebra. The risk decrement
from mild~moderate drinking was more pronounced for hip
fracture (24% for drinking less than 3 times/week and 6% for
drinking 3-4 times/week). In contrast, the risk of fracture height-
ened linearly as frequency of drinking increased (aHR=1.116;
1.062-1.174 for those drinking 3-4 times/week and (aHR=
1.253; 1.187-1.322 for drinking 3-4 times/week) (Table 2).

Fracture risk according to amount of alcohol intake
Once again, a J-shaped association was observed for daily
alcohol intake and risk of total fracture. The risk became high-
er from those drinking >30 g/day (aHR=1.15; 1.076-1.229),
and we found a 47.5% increased risk in those drinking =60
g/day. Similar trend was observed for vertebral fractures. The
risk decrement was more pronounced for hip fractures, and
the significant increase was only observed for those drinking
=60 g/day (aHR=1.446; 1.162-1.801). The risk of limb fracture
increased linearly with amount of alcohol intake, and there was
54.1% increment for those drinking =60 g/day (Figure 3).
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Table 1. Baseline characteristics of patients who received mandatory public health screening at age of 66

Groups according to drinking severity

None Mild Moderate Heavy p
Number 1,027,575 247,669 88,643 67,652
Person-years 3,618,682.12 865,544.39 310,740.01 241,259.04
Age 6610 6610 6610 6610
Gender (male, %) 316,389 (30.79) 194,705 (78.62) 83,694 (94.42) 65,681 (97.09) <0.0001
Alcohol intake
Days/week <0.0001
None 1,027,575 (100) . - .
<3 . 200,452 (80.94) 29,166 (32.9) 3,586 (5.3)
3-4 . 39,371 (15.9) 38,861 (43.84) 17,753 (26.24)
>5 . 7,846 (3.17) 20,616 (23.26) 46,313 (68.46)
Grams/day <0.0001
None 1,027,575 (100) - - -
<10 - 199,605 (80.59) - -
>10 - 48,064 (19.41) 42,440 (47.88) -
>20 . - 46,203 (52.12) -
>30 - - - 20,041 (29.62)
>40 - - - 19,805 (29.27)
>50 - - - 13,509 (19.97)
>60 - . - 14,297 (21.13)
Income_low 288,145 (28.04) 74,824 (30.21) 27,673 (31.22) 19,236 (28.43) <0.0001
Smoking <0.0001
None 839,346 (81.68) 112,248 (45.32) 26,308 (29.68) 18,571 (27.45)
Ex-smoker 111,094 (10.81) 84,290 (34.03) 33,392 (37.67) 23,556 (34.82)
Current 77,135 (7.51) 51,131 (20.64) 28,943 (32.65) 25,525 (37.73)
PA_regular 443,814 (43.19) 148,894 (60.12) 49,577 (55.93) 32,501 (48.04) <0.0001
GDS
Loss of interest 179,926 (17.51) 35,911 (14.5) 12,481 (14.08) 10,607 (15.68) <0.0001
Worthelessness 84,757 (8.25) 15,551 (6.28) 5,356 (6.04) 4,797 (7.09) <0.0001
Hopelessness 90,713 (8.83) 17,510 (7.07) 6,053 (6.83) 5,268 (7.79) <0.0001
Fall (yes)* 77,276 (7.52) 14,491 (5.85) 4,591 (5.18) 3,956 (5.85) <0.0001
Diabetes (yes) 204,801 (19.93) 48,636 (19.64) 20,570 (23.21) 16,841 (24.89) <0.0001
Hypertension (yes) 539,275 (52.48) 134,372 (54.25) 53,024 (59.82) 41,173 (60.86) <0.0001
Hyperlipidemia (yes) 413,838 (40.27) 82,488 (33.31) 27,423 (30.94) 18,940 (28) <0.0001
Weight (kg) 60.2+9.3 64.5419.24 66.2819.21 66.08+9.48 <0.0001
Height (cm) 157.1+7.88 163.35+7.62 165.3816.26 165.64+5.98 <0.0001
BMI (kg/m?) 24.3613.1 24.15+2.83 24.2+2.85 24.0512.96 <0.0001
Waist circ 82.381+8.31 84.33+7.78 85.6417.74 85.821+7.95 <0.0001
Systolic BP 127.54+15.21 128.39114.87 130.48+15 131.64+15.47 <0.0001
Diastolic BP 77.21+9.64 78.221+9.6 79.2619.59 79.7519.78 <0.0001
TG (in log value) 117.26 (117.15-117.37) 116.7 (116.46-116.93) 126.82 (126.38-127.26) 132.56 (132.01-133.11) <0.0001

*history of fall in the past 6 months. BMI: body mass index, BP: blood pressure, circ: circumference, GDS: Geriatric Depression Scale, TG:

triglyceride, PA: physical activity, SD: standard drinks
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Figure 2. Risk of fractures according to groups. *Incidence rate per 1,000 years.

DISCUSSION

To the best of our knowledge, this is the largest nationwide
cohort study investigating association between alcohol con-
sumption and risk of fracture in elderly population. As expect-
ed, male ratio was lowest in none drinking group and highest
in heavy drinking group. Chronic medical conditions (i.e., di-
abetes, hypertension, smoking, and others) related with met-
abolic syndrome were also higher in moderate to heavy drink-
ing groups than none to low drinking groups, which corresponds
with previous researches.***” However, rate of hyperlipidemia
decreased sequentially from none to heave drinking group.

Increased hepatic secretion of very-low-density lipoprotein and
impairment in the removal of triacylglycerol-rich lipoproteins
from plasma are two important mechanisms of alcoholic hy-
perlipidemia, where former plays more major role.*® With more
chronic and intense alcohol intake, the hyperlipemia tends to
disappear because of enhanced lipolytic activity and aggrava-
tion of liver injury.® Thus, inverse relationship between hy-
perlipidemia and alcohol intake might indirectly suggest that
participants were properly allocated based on their drinking
habits and intensity.

In terms of association between alcohol and total fracture,
we first replicated previous findings and confirmed that the

www.psychiatryinvestigation.org 1017



Alcohol Intake and Fracture Risk Varied by Bones

Table 2. Risk of fractures according to frequency of alcohol intake

Alcohol HR (95% CI)

intake ~ Number Event Duration* IRt
(days/week) Model 1 Model 2 Model 3 Model 4
Total fractures

None 1,027,575 69,444 3,618,682.12 19.1904 1 (ref) 1 (ref) 1 (ref) 1 (ref)

<3 233,204 10,029 813,626.75 12.3263 0.643(0.63,0.657) 0.931(0.911, 0.953) 0.942 (0.921, 0.964) 0.944 (0.922, 0.965)

34 95,985 3,968 336,810.4 11.7811 0.615 (0.596, 0.635) 1.009 (0.975, 1.044) 1.004 (0.97,1.039) 1.009 (0.975, 1.044)

>5 74,775 3,788  267,106.28 14.1816 0.738 (0.714,0.763) 1.239 (1.197,1.283) 1.203 (1.162, 1.246) 1.219 (1.177, 1.263)
Vertebral fracture

None 1,027,575 32,497 3,618,682.12 8.98034 1 (ref.) 1 (ref)) 1 (ref)) 1 (ref.)

<3 233204 4,514 813,626.75 5548  0.619(0.6,0.638)  0.877(0.849,0.907) 0.89(0.861,0.92) 0.891 (0.862, 0.922)

3-4 95985 1,792 336,8104 53205 0.593(0.565,0.622) 0.944 (0.898,0.993) 0.938 (0.892,0.987) 0.943 (0.896, 0.992)

>5 74,775 1,818 267,106.28 6.80628 0.756 (0.721,0.793) 1.229 (1.168,1.292) 1.182(1.123,1.243) 1.197 (1.138, 1.26)
Hip fractures

None 1,027,575 3,570 3,618,682.12 0.98655 1 (ref) 1 (ref) 1 (ref) 1 (ref)

<3 233,204 605 813,626.75 0.74358 0.756 (0.693,0.824) 0.725 (0.662, 0.795) 0.759 (0.692, 0.833) 0.759 (0.692, 0.832)

3-4 95,985 294 336,8104  0.87289 0.886 (0.786,0.998) 0.841 (0.742,0.953) 0.833 (0.734, 0.945) 0.836 (0.737, 0.948)

25 74,775 323 267,106.28 1.20926 1.221(1.09,1.369) 1.158 (1.026, 1.307) 1.072(0.948,1.211) 1.085 (0.96, 1.227)

Fractures of limbs (upper arm, forearm, and lower leg)

None 1,027,575 32,847 3,618,682.12 9.07706
<3 233,204 4,833 813,626.75 5.94007
3-4 95985 1,846 336,810.4  5.48083
=5 74,775 1,599  267,106.28 5.98638

1 (ref.)
0.655 (0.635, 0.675)
0.605 (0.577, 0.634)
0.66 (0.628, 0.694)

1 (ref.)
1.025 (0.993, 1.059)
1.111 (1.057, 1.168)
1.25(1.185, 1.319)

1 (ref.)
1.031 (0.997, 1.065)
1.11 (1.056, 1.168)
1.237 (1.172, 1.305)

1 (ref.)
1.032 (0.999, 1.067)
1.116 (1.062, 1.174)
1.253 (1.187, 1.322)

Model 1: unadjusted, Model 2: gender, Model 3: gender, income, diabetes, hypertension, and hyperlipidemia, smoking, physical exercise,
body mass index, Model 4: gender, income, diabetes, hypertension, and hyperlipidemia, smoking, physical exercise, body mass index, frac-

ture history. *person-years, fincidence rate per 1,000 years

1.6 7 - Total fractures
1.5 4 —®— Vertebral fracture
—o— Hip fractures
14 .
—m— Fractures of limbs (upper arm,
o 137 forearm, and lower leg)
E o124
=
§ 1.1
F10
0.9
0.8
0.7 T T T T T T T 1
None <10 >10 >20 >30 >40 >50 =60

Figure 3. Risk of fractures according to amount of alcohol intake.
*adjusted for gender, income, diabetes, hypertension, and hyper-
lipidemia, smoking, physical exercise, body mass index, fracture
history.

J-shaped association between alcohol consumption and frac-
ture risk remained even in the elderly population (=66). We
found that heavy drinkers having the highest (24.6% greater)
and mild drinkers having the lowest (4.5% less) risk of fracture
compared with none drinkers. Similar association was observed
for the weekly alcohol consumption frequency.
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In addition, the fracture risk was decreased in the lowest dai-
ly alcohol consumption (<10 g/day=5.4%) group, and the risk
became sequentially greater from those drinking =30 g/day
(15%) to >60 g/day (47.5%).

The pathophysiological basis of alcohol consumption and
fracture risk having a non-linear relationship is still obscure.
Studies repeatedly showed that light to moderate drinking re-
sulted in higher bone mineral density (BMD) and reduced age-
related bone loss.***! In contrast, heavy alcohol intake was as-
sociated negative impact in bone quality, decreased BMD, and
higher age-related bone loss.”>** Likewise, light to moderate
drinkers were shown to have better health-promoting behav-
iors such as increased physical activity, social interactions,
and a nutritious diet, which will also culminate to reduced age-
related bone loss.*** In contrast, heavy drinkers tended to make
unhealthy lifestyle choices and have higher risk of alcohol-as-
sociated disease and altered endocrine signaling, which results
in negative impact in bone remodeling.**** Studies also showed
that light alcohol drinkers had a lower risk of incident falls than
non-drinkers." In line with this hypothesis, a reverse U shape
between physical activity and drinking groups was also ob-



served in our cohort. The fact that history of fall was more com-
mon in none-drinking group could also be an important con-
tributing factor. In the other perspective, large proportion of
subjects in non-drinkers might already have been physically
too frail to enjoy alcohol consumption. Likewise, non-drink-
ers were also shorter, had lower weight, and conducted less
physical exercise. Thus, the higher risk of fall and fracture in the
non-drinker group could have been a result of physically frailty
rather than from alcohol abstinence. Further large cohort stud-
ies with longitudinal design are needed to clarify this impor-
tant controversy.

Interestingly, risk pattern of alcohol consumption and frac-
ture differed according to affected bones. For vertebral bones,
a similar J-shaped association was noted between drinking
group, drinking frequency, and daily alcohol consumption
with that of fracture risk. However, this this J-shape was not
evident, and the risk tended to increase linearly in limb frac-
ture. Alcohol intake, even in low amount, is known to be asso-
ciated with impaired judgement and poor motor control re-
sulting in traumatic injury.**' The poor body coordination
might have increased with alcohol consumption intensity which
resulted in linear association between alcohol intake and frac-
ture of the limbs. Osteoporosis might have been another im-
portant cause because BMI tended to decrease linearly associ-
ated with increasing drinking intensity.

In contrast, the fracture risk decrement from mild to mod-
erate drinking was more pronounced for hip fracture, and the
risk increment did not show statistical significance even in the
severe drinking group. Likewise, there was more than 20% dec-
rement for those drinking <10 g/day and 10-20 g/day, and the
significant increase of hip fracture was only observed for very
severe drinkers [those drinking >60 g/day (aHR=1.446)]. All
the participants in our study were aged 66, which can be clas-
sified as “young-old.* Unlike fracture of limbs, light trauma
may not have resulted in hip fracture in these “young-old” be-
cause their osteoporosis might not have been critically severe.
In addition, for light to moderate alcohol drinkers, the bene-
fits of alcohol in bone mineral density could have out weighted
the risk of fracture occurring from minor traumatic events.
In with our hypothesis, risk factors for hip fracture are known
to change with age.® Studies suggested that falls and fall- re-
lated factors were most predictive of hip fracture in those who
are older than =75, but in those who are younger.” Likewise,
many other studies also showed that hip fractures were in-
creased only in heavy drinking groups.'*"

Our study has other strengths. First, we included all people
aged 66, a total of 1,431,539 subjects, who received health screen-
ing from 2009-2014. Thus, besides having the largest cohort,
we were able to prevent selection bias and minimize recruit-
ment setting effect, thereby our results have higher generaliz-
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ability. By including patients with 66 only, we were also able to
completely remove “age” as a potential cofactor and focus on
impact of alcohol consumption in the fracture incidence. In
addition, we are the first to show that the fracture risk from al-
cohol intake could be different depending on the affected bones.

This paper also has several limitations. The intake of alcohol
was based on a self-reported questionnaire. Thus, reporting bias
is an important issue. Osteopenia, osteoporosis, and bone min-
eral density are all important risk factors of fracture, but we
did not include them in the analysis. We were not able to inves-
tigate relationship among cause of fracture, fracture sites, and
alcohol consumption intensity despite their potential associa-
tions. Lastly, association among gender, alcohol preference or
type of alcohol, and fracture risk was not addressed.

In conclusion, we showed that there is a J-shaped associa-
tion between alcohol consumption and risk of total fracture.
We further demonstrated that pattern of fracture risk differed
depending on the skeletal sites. Vertebra showed a similar J-
shaped association between alcohol consumption and fracture
risk, but the fracture risk tended to increase linearly for limbs.
For hip bones, fracture risk decrement from mild to moderate
drinking was more pronounced and risk increment was only
noted in very severe drinkers.
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