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Abstract Background This study aimed to evaluate racial differences in bleeding incidence by
conducting an ecological epidemiological study using data from Korea and the United
Kingdom.
Methods We included healthy participants from the Korean National Health Insur-
ance Service-Health Screening and the UK Biobank who underwent health examina-
tions between 2006 and 2010 and had no comorbidities or history of medication use.
Finally, 112,750 East Asians (50.7%men, mean age 52.6 years) and 210,995 Caucasians
(44.7%men,mean age 55.0 years) were analyzed. The primary outcomewas composed
of intracranial hemorrhage (ICH) and bleeding from the gastrointestinal, respiratory,
and genitourinary systems.
Results During the follow-up, primary outcome events occurred in 2,110 East Asians
and in 6,515 Caucasians. East Asians had a 38% lower 5-year incidence rate compared
with Caucasians (3.88 vs. 6.29 per 1,000 person-years; incidence rate ratio [IRR]: 0.62,
95% confidence interval [CI]: 0.59–0.65). East Asians showed a lower incidence of
major bleeding (IRR: 0.86, 95% CI: 0.81–0.91), bleeding from the gastrointestinal (IRR:
0.53, 95% CI: 0.49–0.56), and genitourinary systems (IRR: 0.49, 95% CI: 0.44–0.53)
compared with Caucasians. The incidence rates of ICH (IRR: 3.20, 95% CI: 2.67–3.84)
and bleeding from the respiratory system (IRR: 1.28, 95% CI: 1.11–1.47) were higher in
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Introduction

Various bleeding events across all anatomical sites can
frequently necessitate modifications to existing treatment
plans and adversely affect patient prognosis.1,2 Race plays a
major role in predicting the bleeding risk. For example, East
Asians, especially when on anticoagulant therapy, are known
to have a significantly higher risk of major bleeding and
intracranial hemorrhage (ICH) compared with non-East
Asians,3 leading to Japanese guidelines recommending a
lower target international normalized ratio range of 1.6 to
2.6 to prevent bleeding events.4However, since the burden of
the major causes of bleeding at different anatomical sites
varies by race (i.e., colorectal cancer and/or angiodysplasia
for bleeding from the gastrointestinal system), the relative
risk of bleeding based on its origin can differ between
races.5,6 This suggests the need to consider race-specific
characteristics in effective public health care planning and
allocation for each region/country. Nevertheless, with East
Asia being one of the most populous regions with over 1.5
billion people, its underrepresentation inmajor clinical trials

often complicates extrapolating their conclusions, and evi-
dence directly comparing differences between races using
patient-level data and consistent statistical methods is even
scarcer.7

In this study, we analyzed nearly one million individual
patient data extracted from cohorts conducted in South
Korea and the United Kingdom to understand bleeding
occurrences in East Asians and identify differences with
Caucasians. We designed an ecological epidemiological
study to investigate the overall bleeding incidence within
the two cohorts, validate differences using various analyses,
and assess the risk of bleeding by anatomical site and the
temporal trends of bleeding occurrences. Thus, this ecologi-
cal study bears the characteristics of an observational epi-
demiological study that associates exposure and disease at a
population level, rather than an individual level.

Methods

The data for this retrospective study were collected from the
Korean National Health Insurance Service-Health Screening

East Asians. Notably, East Asians consuming alcohol �3 times/week showed a higher
incidence of the primary outcome than Caucasians (IRR: 1.12, 95% CI: 1.01–1.25).
Conclusion This ecological study revealed significant racial differences in bleeding
incidence, influenced by anatomical sites and lifestyle habits, underscoring the need
for tailored approaches in bleeding management based on race.
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(K-NHIS-HealS) and the UK Biobank. The detailed informa-
tion of these cohorts has been reported previously and is also
demonstrated in►Supplementary Methods (available in the
online version).8,9 This study was approved by the Institu-
tional Review Board of the Yonsei University Health System
(4–2022–1241). The requirement for informed consent was
waived for the K-NHIS-HealS because personal de-identifi-
cation proceeded after the cohort was generated. The UK
Biobank study was approved by the North West Multicenter
Research Ethics Committee (REC approval 21/NM/0157) and
was conducted using the UK Biobank resource under appli-
cation 77793. Informed consent was obtained from all the
participants in the UK Biobank.

Assessment of Baseline Characteristics
Definitions of comorbidities in the K-NHIS-HealS and UK
Biobank are presented in►Supplementary Table S1 (available
in the online version), which have been validated in previous
studies.10,11 Sex and race were defined by using self-reported
data.12 To determine the comorbidities at baseline, diagnostic
and procedural codes associated with hospital encounters
wereutilized. Informationonmedicationusefor the treatment
of cardiovascular diseases was collected from linked general
practitioner electronic health records, which were obtained
through either self-report or prescription data.13 The frequen-
cy of moderate-to-vigorous-intensity physical activity was
assessed using a short-form survey derived from the Interna-
tional Physical Activity Questionnaire during health check-
ups.14 Participants were classified into three groups based on
their exercise habits: not engaged, 1 to 3 days/week, and 4 to 7
days/week.Questionnaireswereused toobtain informationon
smoking and alcohol intake. Participants were categorized as
non-, ex-, and current smokers, and their alcohol consumption
was classified as non-, 1 to 3 times/month, 1 to 2 times/week,
and �3 times/week.9

Study Outcomes
The primary outcome was a composite of ICH and bleeding
from the gastrointestinal, respiratory, and genitourinary
systems. Additionally, as a secondary outcome, we analyzed
not only each component of the primary outcome but also
major bleeding, defined as a composite of ICH, bleeding from
the gastrointestinal system, anemia caused by bleeding, and
bleeding-related death, and compared between racial
groups. Outcomes were defined using established ICD-10
(International Classification of Diseases, 10th Revision)
codes from the K-NHIS-HealS and UK Biobank claims data.
Related death records were utilized to define the outcomes
(►Supplementary Table S2 [available in the online ver-
sion]).13 These codes were in the primary position, and
procedure codes for concomitant brain imaging were re-
quired in cases of ICH. We investigated the risk of initial
bleeding events rather than that of recurrent events in these
participants.15

Selection of Participants
The process of selecting participants is detailed in
►Supplementary Methods (available in the online version)

and►Fig. 1. We identified 457,510 and 502,422 participants
aged�18 years in the K-NHIS-HealS and UK Biobank, respec-
tively. To match the timing and age of enrollment of partic-
ipants within the two cohorts, we included individuals who
had health check-ups between 2006 and 2010 and were
between 40 and 69 years old at the time of enrollment.
Participants were also excluded from the analysis if they had
missing information on comorbidities, medications, physical
activity, alcohol intake, or smoking habits. Based on previous
studies, we excluded participants who had underlying
comorbidities or were taking medications related to these
conditions.9

Statistical Analyses
The participants’ baseline characteristics were described
using descriptive statistics. To account for the varying fol-
low-up duration in the two cohorts, the age- and sex-
adjusted 5-year incidence rates (5-year IRs) of the primary
and secondary outcomes were calculated by dividing the
number of first-ever events by the sum of person-years
during the 5 years from enrollment and reported per 1,000
person-years by race. To compare IRs between the two racial
groups, we estimated IR ratios (IRRs) with 95% confidence
intervals (CIs) for Caucasians in the United Kingdom as a
reference. To identify temporal trends in the incidence of the
primary outcome within each racial group, IRs were calcu-
lated independently for participants in each year of enroll-
ment. Cox regression analysis was used to estimate the
hazard ratios and 95% CIs for participants in each year, which
were compared with those enrolled in 2006. The model was
adjusted for age, sex, body mass index (BMI), physical
activity, alcohol intake, and smoking habits.

In the sensitivity analyses, wefirst calculated the 1- and 3-
year IRs and the IRRs for those time periods. Second, to
address the imbalance in age, sex, and enrollment date
distribution between the two cohorts, one-to-one propensi-
ty score matching (PSM) was used. Standardized mean
differences were used to assess balance, with a value of 0.1
or higher set as the threshold to indicate imbalance. Third, for
Caucasians in the United Kingdom, we only used ICD-10
codes to define comorbidities at enrollment, similar to East
Asians in Korea. Fourth, given the impact of antithrombotic
agents (i.e., oral anticoagulants, aspirin, and P2Y12 inhibitors)
on bleeding events, we censored the data according to the
time of antithrombotic prescription. Finally, subgroup anal-
yses were conducted considering age, sex, BMI, physical
activity, alcohol intake, and smoking habits. All tests were
two-tailed, and statistical significancewas set at p<0.05.We
used R version 4.2.1 (The R Foundation, www.R-project.org)
for all analyses.

Results

Baseline Characteristics
After exclusions, our final sample was 112,750 “healthy” East
Asians inKoreaand210,995Caucasians in theUnitedKingdom
at baseline, with mean (standard deviation) ages of 52.6 (6.5)
and 55.0 (7.9) years, respectively (►Table 1). Men accounted
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for 50.7% of East Asians in Korea and 45.5% of Caucasians in the
United Kingdom. East Asians in Korea had a lower BMI (23.7
[2.8] vs. 26.4 [4.2] kg/m2, p<0.001) and a higher proportion of
underweight participants (2.1% vs. 0.6%, p<0.001) than Cau-
casians in the United Kingdom. In addition, East Asians in
Korea tended to be physically inactive (4–7 days ofmoderate–
vigorous physical activity/week; 9.8% vs. 67.1%, p<0.001),
consumed alcohol less frequently (�3 times/week; 10.3% vs.
47.5%, p<0.001), and were less likely to have ever smoked
(nonsmokers; 71.8% vs. 57.7%, p<0.001) than Caucasians in
the United Kingdom.

Differences in 5-Year Incidence Rates for Primary and
Secondary Outcomes
►Table 2 and ►Fig. 2 demonstrated the 5-year IRs for
participants in both cohorts for the outcomes of interest.
The mean duration of follow-up for East Asians in Korea and
Caucasians in the United Kingdomwas 6.5 (1.2) years and 11.8
(1.3) years, respectively. During the 5 years after the initiation
of follow-up, 2,525 events of the primary outcome were
reported for East Asians in Korea, whereas 6,532 events
were reported for Caucasians in the United Kingdom
(►Table 2). When adjusted for age and sex composition, East
Asians in Koreawere associatedwith a 38% lower incidence of
the primary outcome than Caucasians in the United Kingdom
(5-year IR of 3.88 events per 1,000 person-years in East Asians

in Korea vs. 6.29 in Caucasians in the United Kingdom; IRR:
0.62, 95% CI: 0.59–0.65).

Consistent with the primary outcome, East Asians in Korea
also had a 14% lower incidence of major bleeding than Cau-
casians in the United Kingdom (5-year IR of 3.07 events per
1,000 person-years in East Asians in Korea versus 3.56 in
Caucasians in the United Kingdom; IRR: 0.86, 95% CI: 0.81–
0.91). This relative tendency for bleeding varied depending on
the anatomical sites of the bleeding. Of the participants includ-
ed in theanalysis, 2,233bleedingeventswereobserved in2,110
East Asians in Korea and 6,648 events were observed in 6,515
Caucasians in theUnitedKingdom; theproportionsbyanatom-
ical site are shown in►Fig. 3. In bothcohorts, bleeding fromthe
gastrointestinal system was the most common, followed by
bleeding from the genitourinary and respiratory systems and
ICH; however, ICH accounted for 13.8% of total bleeding events
in East Asians in Korea, comparedwith only 2.8% in Caucasians
in the United Kingdom. For ICH, East Asians in Korea had
approximately three times more incidence than Caucasians
in the United Kingdom (5-year IR of 0.56 events per 1,000
person-years inEastAsians inKoreavs.0.18inCaucasians inthe
United Kingdom; IRR: 3.20, 95% CI: 2.67–3.84). For bleeding
fromthegastrointestinal system, the5-year IR forEastAsians in
Koreawashalf thatofCaucasians intheUnitedKingdom(5-year
IR of 1.78 events per 1,000 person-years in East Asians in Korea
vs. 3.39 in Caucasians in the United Kingdom; IRR 0.53, 95%

Fig. 1 Flow chart of enrollment and analysis of the participants. aMedications include oral anticoagulants, aspirin, P2Y12 inhibitors,
statins, β blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, loop diuretics,
and potassium-sparing diuretics. AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; K-NHIS-HealS, Korean National Health
Insurance Service-Health Screening.
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CI:0.49–0.56). Inaddition,EastAsians inKoreahada28%higher
incidenceofbleeding fromrespiratory system(5-year IRof0.60
eventsper 1,000person-years inEastAsians inKoreavs. 0.47 in
Caucasians intheUnitedKingdom; IRR:1.28,95%CI:1.11–1.47)
compared with Caucasians in the United Kingdom, and a 51%
lower incidence of bleeding from genitourinary system (5-year
IR of 1.13 events per 1,000 person-years in East Asians in Korea

vs. 2.33 in Caucasians in theUnitedKingdom; IRR: 0.49, 95% CI:
0.44–0.53).

Temporal Trends in the Incidence of Bleeding
The temporal trends in incidence of the primary outcome are
shown in ►Supplementary Table S3 (available in the online
version). For East Asians in Korea, the 5-year IR for the

Table 1 Baseline characteristics of study participants according to race

Characteristics East Asians
in Korea
(N¼112,750)

Caucasians
in the UK
(N¼210,995)

SMD

Age, y 52.6 (6.5) 55.0 (7.9) 0.33

40–45 6,346 (5.6) 26,092 (12.4)

45–50 37,391 (33.2) 35,374 (16.8)

50–55 32,114 (28.5) 36,920 (17.5)

55–60 16,881 (15.0) 39,010 (18.5)

60–65 13,456 (11.9) 45,195 (21.4)

65–70 6,562 (5.8) 28,404 (13.5)

Men 57,116 (50.7) 94,323 (44.7) 0.12

Enrollment year 1.98

2006 66,933 (59.4) 49 (0.0)

2007 18,894 (16.8) 22,411 (10.6)

2008 14,341 (12.7) 81,469 (38.6)

2009 7,887 (7.0) 72,341 (34.3)

2010 4,695 (4.2) 34,725 (16.5)

Body mass index (kg/m2) 23.7 (2.8) 26.4 (4.2) 0.78

<18.5 2,337 (2.1) 1,226 (0.6)

18.5–23 44,817 (39.8) 40,330 (19.2)

23–25 32,037 (28.4) 43,287 (20.6)

25–30 31,478 (27.9) 89,909 (42.7)

�30 2057 (1.8) 35,651 (16.9)

Frequency of moderate-to-vigorous
physical activity

1.52

Not engaged 55,890 (49.6) 22,597 (10.7)

1–3 days/week 45,856 (40.7) 46,804 (22.2)

4–7 days/week 11,004 (9.8) 141,594 (67.1)

Alcohol intake (frequency) 1.50

Non- 66,032 (58.6) 11,032 (5.2)

1–3 times/month 17,100 (15.2) 42,295 (20.0)

1–2 times/week 17,987 (16.0) 57,365 (27.2)

�3 times/week 11,631 (10.3) 100,303 (47.5)

Smoking 0.63

Non- 80,955 (71.8) 121,842 (57.7)

Ex- 9,825 (8.7) 67,826 (32.1)

Current- 21,970 (19.5) 21,327 (10.1)

Abbreviation: SMD, standardized mean difference.
Note: Data are presented as means (standard deviations) or No. (%).
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primary outcome was 4.41 for participants enrolled in 2006
and 4.51 for participants enrolled in 2010, with an overall
stable temporal trend observed (p for trend¼0.51). In con-
trast, for Caucasians in the United Kingdom, the 5-year IR for
the primary outcome was 7.04 for participants enrolled in
2007 and 5.76 for participants enrolled in 2010, with a
significant decreasing temporal trend (p for trend<0.001).

Sensitivity Analysis
The 1- and 3-year IRs for primary and secondary outcomes
are presented in►Supplementary Tables S4 and S5 (available

in the online version). The results were consistent with the
main findings, suggesting that the differences in bleeding
incidence between the two racial groups was evident from
the early phase of the follow-up period. Through one-to-one
PSM, differences in age, sex, and enrollment timing between
the two cohorts were successfully adjusted, and 43,360
participants were selected in each group (►Supplementary

Table S6 [available in the online version]). Despite the PSM,
East Asians in Korea still had a lower BMI, engaged in less
physical activity, and had higher proportions of nondrinkers
and nonsmokers than Caucasians in the United Kingdom.

Table 2 Five-year incidence rates for primary and secondary outcomes according to race

East Asians
in Korea
(N¼ 112,750)

Caucasians
in the UK
(N¼ 210,995)

Primary outcome

Number of events 2,110 6,515

Person-years 544,336 1,035,171

Incidence rate (95% CI)a 3.88 (3.71–4.04) 6.29 (6.14–6.45)

Incidence rate ratio (95% CI) 0.62 (0.59–0.65) 1 [reference]

Secondary outcome

Major bleeding

Number of events 1,674 3,714

Person-years 545,220 1,042,056

Incidence rate (95% CI)a 3.07 (2.92–3.22) 3.56 (3.45–3.68)

Incidence rate ratio (95% CI) 0.86 (0.81–0.91) 1 [reference]

Intracranial hemorrhage

Number of events 309 185

Person-years 548,159 1,050,374

Incidence rate (95% CI)a 0.56 (0.50–0.63) 0.18 (0.15–0.20)

Incidence rate ratio (95% CI) 3.20 (2.67–3.84) 1 [reference]

Bleeding from gastrointestinal system

Number of events 975 3,532

Person-years 546,762 1,042,395

Incidence rate (95% CI)a 1.78 (1.67–1.90) 3.39 (3.28–3.50)

Incidence rate ratio (95% CI) 0.53 (0.49–0.56) 1 [reference]

Bleeding from respiratory system

Number of events 329 493

Person-years 548,147 1,049,704

Incidence rate (95% CI)a 0.60 (0.54–0.67) 0.47 (0.43–0.51)

Incidence rate ratio (95% CI) 1.28 (1.11–1.47) 1 [reference]

Bleeding from genitourinary system

Number of events 620 2,438

Person-years 547,452 1,044,648

Incidence rate (95% CI)a 1.13 (1.04–1.22) 2.33 (2.24–2.43)

Incidence rate ratio (95% CI) 0.49 (0.44–0.53) 1 [reference]

Abbreviation: CI, confidence interval.
aIncidence rates were presented as per 1,000 person-years.
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The results remained consistent with the main findings when
one-to-one PSM was applied (►Supplementary Table S7

[available in the online version]), when baseline comorbidities
in the UK Biobank cohort were defined solely by ICD-10 codes
(►Supplementary Table S8 [available in the online version]),
andwhenparticipants prescribed antithrombotic agentswere
censored on the prescription date (►Supplementary Table S9

[available in the online version]). Most subgroup analyses also
showed consistent results; however, in the subgroup of par-
ticipantswhoconsumedalcohol�3 times/week, EastAsians in
Koreahadhigher incidencesof theprimaryoutcome (5-year IR

of6.58eventsper1,000person-years inEastAsians inKoreavs.
5.85 in Caucasians in the United Kingdom; IRR: 1.12, 95% CI:
1.01–1.25), major bleeding (5-year IR of 5.48 events per 1,000
person-years in East Asians in Korea vs. 3.25 in Caucasians
in the United Kingdom; IRR: 1.69, 95% CI: 1.49–1.91),
and bleeding from the gastrointestinal system (5-year IR
of 3.86 events per 1,000 person-years in East Asians in
Korea vs. 3.08 in Caucasians in the United Kingdom; IRR:
1.26, 95% CI: 1.09–1.45) than Caucasians in the United
Kingdom (►Supplementary Figs. S1–S6 [available in the
online version]).

Fig. 2 Bar graph of 5-year incidence rates according to race. The incidence rates of the primary outcome are presented in panel (A), and the
incidence rates of each component of the secondary outcome are presented in panel (B). Error bars indicate 95% confidence intervals for the
incidence rates.

Fig. 3 Proportional distribution of components within the primary outcome. This figure illustrates the proportion, in No. (%), of each anatomical
site of bleeding origin within the total bleeding events.
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Discussion

In this ecological epidemiological study utilizing patient-
level data from South Korea and the United Kingdom, the
principal findings are as follows: first, employing various
statistical methods, East Asians in Korea exhibit a lower
overall incidence of both primary outcome and major bleed-
ing compared with Caucasians in the United Kingdom.
Second, certain anatomical sites of bleeding, including ICH,
were reported more frequently among East Asians in Korea
than among Caucasians in the United Kingdom. Third, in
contrast to Caucasians in the United Kingdom, the bleeding
rates among East Asians in Korea remained relatively consis-
tent regardless of the time of enrollment. Fourth, even
among healthy participants from both cohorts, lifestyle
differences were noted, whereby frequent alcohol intake
(�3 times/week) was associated with a higher bleeding
incidence, particularly in East Asians in Korea.

Differences in Bleeding Tendency Based on Anatomical
Sites
In a meta-analysis examining the incidence of ICH, the inci-
dence was approximately twofold higher in Asian people
comparedwith white people.16 A prior epidemiological study
also noted that major bleeding events were more frequent in
Chinese people than in European people, attributed to a
heightened risk of ICH in the former.17 One hypothesis sug-
gested that the increased susceptibility of East Asians to ICH is
significantly influenced by the high prevalence of cardiovas-
cular comorbidities, combined with a narrow therapeutic
window for antithrombotic agents due to distinct pharmaco-
kinetic and pharmacodynamic profiles.18However, our study,
focusing exclusively on “healthy” East Asians, revealed a
persistent predisposition to ICH, even after excluding partic-
ipants who received antithrombotic agents during the follow-
up. This suggests that factors beyond medication use, such as
racial differences in hemostatic states or vascular properties,
could be contributing factors. Previous studies have indicated
that the presence of microbleeds at baseline was correlated
with an increased risk of subsequent ICH (odds ratio: 3.0), and
the prevalence of microbleeds is notably higher in Asian
patients with ICH compared with non-Asian patients (68.4%
vs. 56.9%).19 The higher incidence of brain arteriovenous
malformation reported in Asians compared with Western
populations may also partly explain the vulnerability to
ICH.20–22 Additionally, racial differences in salt sensitivity, as
observed in experimental studies, may be relevant.23 Asian
populations tend to exhibit greater salt sensitivity and intake
compared with Western populations, and a high salt intake is
associatedwith a significantly increased risk of cardiovascular
disease, thereby potentially augmenting the likelihood of ICH
in East Asians.24

In this study, over 40% of total bleeding events were
bleeding from the gastrointestinal system, which emerged
as a key factor largely determining the racial differences in
primary outcome andmajor bleeding events. South Korea has
a high IR of stomach cancer related to Helicobacter pylori
infection, leading to biennial endoscopy for all individuals

over 40 years old.25 Thewidespread implementation of eradi-
cation therapy for H. pylori infection, particularly the reduced
infection rates in younger generations, has led to a decrease in
the incidence of peptic ulcer disease over time.26Additionally,
the exclusion of individuals taking medications that could
promote bleeding from the gastrointestinal system, and the
fact that major lower gastrointestinal bleed causes, such as
diverticulosis, aremore common inWesternpopulations,may
partially explain the lower incidence in East Asians.5

Studies reporting racial differences in bleeding rates at the
anatomical site other than ICH and bleeding from the gastro-
intestinal systemarelimited. Ina studyevaluating thebleeding
risk of dabigatran in patients with atrial fibrillation, a signifi-
cant interaction between anatomical sites and bleeding risk
was identified.27 This suggests that the anatomical site of
bleeding can be a major confounding factor in the analysis of
bleeding-related outcomes. For example, the prevalence of
tuberculosis, a cause of hemoptysis, is higher in East Asia,
particularly in South Korea, while urogenital cancers, a com-
mon cause of hematuria, are more frequent in Western
countries.28,29

Lifestyle Habits and Bleeding Risks
Lifestyle habits such as smoking and alcohol intakehavebeen
associated with the bleeding occurrence in previous studies.
A study in the Danish general population reported that
current smokers had a higher risk of bleeding in all anatomi-
cal sites, including the brain and gastrointestinal system,
compared with never smokers.30 Similarly, another study
among Danes found that individuals consuming alcohol
�420 g/week had over twice the risk of ICH and bleeding
from the gastrointestinal system compared with those con-
suming 12 to 72 g.31 The specific mechanisms behind this
increased risk of bleeding are complex, with various hypoth-
eses proposed. For smoking, its inclusion of several thousand
chemicals can generate free radicals and decrease the pro-
duction of nitric oxide in the endothelium. This can increase
arterial rigidity and lead to a leaky endothelium allowing
various cells and proteins to pass through.32 For alcohol, it
can damage the processes of blood coagulation and throm-
bolysis, reduce platelet aggregation, and dose-dependently
decrease the number and function of blood cell precursors in
the bone marrow.31,33 Moreover, bleeding from the gastro-
intestinal system is associated with alcohol causing severe
gastric epithelial damage and necrosis of deeper layers of the
mucosa, increasing permeability.31

In our study, East Asians in Korea who drank �3
times/week showed particularly poorer outcomes compared
with their Caucasian counterparts. The mechanism explain-
ing this racial-driven heterogeneity is unclear, but factors
including lower BMI of East Asians and genetic variations
related to alcohol metabolism may contribute. Generally,
leaner individuals can exhibit higher blood alcohol concen-
trations when consuming the same amount of alcohol, and
various statistical methods have consistently shown that
East Asians have a lower BMI compared with Caucasians,
potentially making them more vulnerable to alcohol.34

Moreover, over 90% of alcohol is detoxified in the liver
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through first-pass metabolism, a process in which the mito-
chondrial enzyme ALDH2 plays a crucial role. However,
variants like the ALDH2�2 allele, which reduces enzyme
activity by over 60%, are observed much more frequently
in East Asians than in Caucasians.35 This leads to increased
exposure to acetaldehyde following alcohol consumption,
resulting in poor prognosis for alcohol-related adverse
outcomes.36

Implications of Health Screening across the General
Population, Including High-Risk Cohorts
This study, based on health check-ups, emphasizes the need
for race-specific holistic approaches to risk stratify, prevent,
and treat bleeding.3,37 Although participants who are over
70 years old or thosewith underlying comorbidities (i.e., atrial
fibrillation, multimorbidity, polypharmacy, and frailty are
common, with major implications for outcomes, including
bleeding) were not included in this study, the likelihood of
such populations experiencingmore bleeding events suggests
that interventions tailored to the race-specific bleeding pre-
dictors and prevalent bleeding sites identified could have a
significant impact. Conducting health check-ups across the
general population, including high-risk cohorts, would enable
a more effective allocation of medical resources.38–40 It would
also facilitate holistic approaches that reflect the character-
istics of different populations, as recommended in guidelines,
and ultimately lead to better outcomes.41,42

Limitations
Some limitations still exist in our study. First, as an observa-
tional ecological study, there are concerns regarding residual
confounding factors, and we cannot determine the causality
of the observed differences. Second, because the diagnosis
was dependent on the ICD-10 codes, a misdiagnosis due to a
coding error cannot be excluded. In addition, as medication
use is based on self-reported information, measurement
errors may exist. Third, while K-NHIS-HealS data are consid-
ered to be representative of the general population because
10% of all Koreans are randomly selected, the UK Biobank
participants are volunteer participants who are relatively
healthy comparedwith the general population, and are likely
to be from high socioeconomic areas and women.43 Fourth,
because participants over the age of 70 or under the age of 40
were not included in this study, we cannot extrapolate our
findings to this population. Fifth, changes in anthropometric
and comorbidity variables over time were not accounted for
in the statistical analysis. Sixth, because the East Asians we
studied were all from South Korea, our findings cannot be
applied to Asians from other regions.

Conclusion

This ecological epidemiological study highlighted that East
Asians in Korea tended to have fewer bleeding events overall
compared with Caucasians in the United Kingdom, but the
relative incidence of bleeding between the two racial groups
varied depending on the anatomical sites of the bleeding and
lifestyle habits. Of note, the IRs of ICH and bleeding from the

respiratory system were higher in East Asians. Tailored
approaches in bleeding management based on race may be
needed.
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