
10 www.eymj.org

INTRODUCTION

Heart failure (HF) and atrial fibrillation (AF) frequently coex-
ist and contribute majorly to morbidity, mortality, and hospi-
tal admission. Over 50% of patients with HF have AF, while 

one-third of those with AF develop HF.1 This “dual epidemic” 
affects millions of people worldwide, and both conditions are 
among the most common cardiovascular diagnoses associat-
ed with hospital admissions, morbidity, and mortality. Fur-
thermore, the incidence of HF and AF vary significantly among 
different ethnic populations, with African-Americans and His-
panics having a higher prevalence of HF than Caucasians.2 
Conversely, AF is more common in Caucasians than in Asians 
or Afro-Caribbean or other races.3-6 Obesity, a known risk factor 
for both of these conditions, may partially explain these ethnic 
disparities.7,8

Obesity has been linked to a range of adverse effects on the 
heart, particularly the left ventricular systolic and diastolic 
functions. Multiple studies have established obesity as a signif-
icant risk factor for the development of HF, with every 1-unit 
increase in body mass index (BMI) increasing the incidence 
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of HF by 5% and 7% in male and female, respectively, after ad-
justing for other risk factors.9 This risk persists across the en-
tire BMI spectrum, with obesity and associated conditions ac-
counting for up to 60% of documented increases in AF cases 
in the population.10-12 Weight gain and higher midlife BMI 
have also been strongly correlated with the incidence of AF 
later in life, with every 5-unit increase in BMI conferring a 29% 
greater risk of incident AF.13 However, in the Asian population, 
a J-shaped association was found between continuous BMI 
variables and AF risk.8

We hypothesized that the population-based differences in 
BMI values could contribute to the ethnic disparities in the in-
cidence of HF and HF-related AF. We compared patient-level 
data from two cohorts, the Korea National Health Insurance 
Service-Health Screening (K-NHIS-HealS) and the UK Biobank, 
with the aim to investigate whether obesity mediates associa-
tion between HF and HF-related AF in European and Asian 
populations.

MATERIALS AND METHODS

Study design and participants
This study is based on data from the K-NHIS-HealS cohort re-
leased in 2015, the profile for which has been described previ-
ously.14 K-NHIS-HealS is derived from national health screen-
ing programs in Korea that gather information from insured 
adults. These individuals are eligible to participate in a general 
health check-up program conducted every 2 years, starting at 
the age of 40 years. The K-NHIS-HealS cohort, initiated in 2002, 
included 457510 Koreans aged 40–79 years, and data related 
to lifestyle and behavior were collected through 2013 via ques-
tionnaires and major health examination results. The cohort 
consisted of a random sample of 10% of all individuals who 
underwent health examinations from 2002 to 2003. 

The UK Biobank cohort included 502422 male and female 
aged 40–69 years from 22 assessment centers across England, 
Scotland, and Wales, and their data were collected between 
2006 and 2010. Details of the study design and data collection 
have been described previously.15 The UK Biobank is a large 
prospective cohort study, primarily initiated to examine the 
factors related to genetic and lifestyle that influence various dis-
eases in the middle and later stages of life. At the time of recruit-
ment, detailed questionnaires, physical assessments, and bio-
chemical assays from collected biological specimens were used 
to acquire detailed data. Additionally, an ongoing program for 
enhanced data collection is being conducted within significant 
subsets of the cohort. 

In the present study, the two cohorts were established using 
similar enrollment methods. However, age restrictions (40–70 
years) were applied as the UK Biobank cohort included peo-
ple ≤70 years of age. Furthermore, owing to the distinct follow-
up periods within the two cohorts, we focused our analysis ex-
clusively on participants who were enrolled between March 
2006 and December 2010. We examined the incidence of the 
disease at the 7-year mark in both cohorts. Consequently, the 
following were excluded from the K-NHIS-HealS cohort: 1) in-
dividuals who were enrolled prior to March 2006 or after De-
cember 2010 (n=726); 2) individuals aged below 40 years or 
above 70 years (n=51532); 3) individuals with HF [Interna-
tional Classification of Diseases, 10th revision (ICD-10) codes 
I11.0, I50, and I97.1] before health check-up (n=10334); and 4) 
individuals with missing data regarding BMI or other vari-
ables (n=117). Finally, a total of 394801 participants from this 
cohort were included in this study (Fig. 1). The current analy-
sis excluded the following participants from the UK Biobank 
cohort: 1) individuals who were enrolled prior to March 2006 
or after December 2010 (n=113); 2) those aged below 40 years 
or above 70 years (n=10591); 3) those with HF (ICD-10 codes 
I11.0, I50, and I97.1) before health check-up (n=11957); and 

113 who were enrolled before 
2006. 3 or after 2010. 12

10591 who were younger than 
40 or older than 70

11957 who were diagnosed with 
HF before enrollment

2878 with missing data117 with missing data

10334 who were diagnosed with 
HF before enrollment

51532 who were younger than 
40 or older than 70

726 who were enrolled before 
2006. 3 or after 2010. 12

Exclusion criteria Exclusion criteria
457510 participants 

in K-NHIS-HealS
502422 participants 

in UK Biobank

456784 
participants

405252 
participants

394918 
participants

394801 participants 
from K-NHIS-HealS cohort

476883 participants 
from UK Biobank cohort

502309 
participants

491718 
participants

479761 
participants

Fig. 1. Flow diagram of the study population. K-NHIS-HealS, Korean National Health Insurance Service-Health Screening; HF, heart failure.
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4) those with missing data regarding BMI or other variables 
(n=2878). In total, the present study included 476883 partici-
pants from this cohort (Fig. 1).

Ethical approval
This retrospective study was performed in accordance with 
the ethical standards of the 1964 Declaration of Helsinki and 
its later amendments, and was approved by the Institutional 
Review Board of Yonsei University Health System (4-2023-
0377). The requirement for informed consent was waived by 
the Institutional Review Board due to the retrospective nature 
of the data. The UK Biobank study received approval from the 
Northwest Multicenter Research Ethics Committee. Partici-
pants who chose to withdraw their consent after the initial en-
rollment were not included in this study. Both studies followed 
the relevant regulations.

Outcome ascertainment
In the K-NHIS-HealS cohort, HF was defined as the first oc-
currence during more than two different days of hospital visits 
(outpatient) or the first admission with a diagnosis of HF us-
ing the ICD-10 code (I11.0, I50, and I97.1). New-onset AF was 
defined as the first occurrence during more than two different 
days of hospital visits (outpatient) or the first admission with a 
diagnosis of AF using the ICD-10 code (I48). 

In the UK Biobank study, HF was defined as having multiple 
admissions or two primary medical records containing ICD-10 
codes within the database. Additionally, self-reported codes 
(1076) were taken into account. New-onset AF was determined 
based on more than one hospital inpatient admission or two 
primary care records containing the relevant ICD-10 codes 
within the database. Similarly, self-reported non-cancer illness 
codes (1471, 1483) were considered. Detailed definitions of 
the comorbidities and outcomes are presented in Supplemen-
tary Tables 1 and 2 (only online).

Statistical methods
Data are presented as mean±SD for continuous variables and 
proportions for categorical variables. The Student’s t-test was 
used to compare continuous variables, while the chi-squared 
test was used to analyze categorical variables. For comparing 
continuous variables among different BMI groups, one-way 
ANOVA and either the chi-squared test or Fisher’s exact test as 
a post-hoc analysis were used. BMI was assessed as both cate-
gorical and continuous variable, following the classification sys-
tem of the World Health Organization (underweight, <18.5; nor-
mal, 18.5 to <25.0; overweight, 25.0 to <30.0; obese, >30.0; and 
severely obese, ≥40.0 kg/m2; respectively). Abdominal obesity 
was defined as waist circumference (WC) measurements ≥90 
cm for male and ≥80 cm for female.8,16

This study employed Cox proportional hazards regression 
analysis to evaluate the relationship between BMI, WC, and 
the risk of developing HF and HF-related AF. Adjustment for 

clinical variables was performed, including age, sex, hyperten-
sion, diabetes mellitus, dyslipidemia, myocardial infarction, 
chronic kidney disease, transient ischemic attack or stroke, 
heavy alcohol consumption, and former or current smoking. 
For estimating HF, the Fine and Gray method was used to re-

Table 1. Baseline Characteristics of the Total Population of the Korean 
NHIS-HealS and UK Biobank Cohorts

Korean 
NHIS-HealS
(n=394801)

UK 
Biobank

(n=476883)
p value

Age, yr 53.8±7.2 56.7±8.0 <0.001
Male 217892 (55.2) 216404 (45.4) <0.001
BMI, kg/m2 24.0±2.9 27.4±4.8 <0.001
BMI categories <0.001

Underweight (<18.5 kg/m2) 7184 (1.8) 2506 (0.5)
Normal (18.5 to <25.0 kg/m2) 250751 (63.5) 156476 (32.8)
Overweight (25.0 to <30.0 kg/m2) 126352 (32.0) 202409 (42.4)
Obese (30.0 to <40.0 kg/m2) 10450 (2.6) 106422 (22.3)
Severely obese (≥40.0 kg/m2) 64 (0.0) 9070 (1.9)

WC, cm 82.0±7.8 90.1±13.4 <0.001
Abdominal obesity 117481 (31.2) 319187 (66.9) <0.001

SBP, mm Hg 125.2±16.3 137.8±18.7 <0.001
DBP, mm Hg 78.3±10.7 82.3±10.2 <0.001
Hypertension 106574 (27.0) 129091 (27.1) 0.283
Diabetes mellitus 28398 (7.2) 23818 (5.0) <0.001
Ischemic stroke or TIA 13642 (3.5) 4941 (1.0) <0.001
Previous MI 2953 (0.7) 9809 (2.1) <0.001
Hyperthyroidism 9718 (2.5) 4764 (1.0) <0.001
Hypothyroidism 9979 (2.5) 25567 (5.4) <0.001
Osteoporosis 47603 (12.1) 10724 (2.2) <0.001
Dyslipidemia 91456 (23.2) 66688 (14.0) <0.001
ESRD or CKD 2454 (0.6) 4460 (0.9) <0.001
COPD 7520 (1.9) 7562 (1.6) <0.001
History of malignant neoplasm 24037 (6.1) 45166 (9.5) <0.001
Aspirin 64554 (46.3) 0 (0) NA
P2Y12 inhibitor 7830 (21.3) 0 (0) NA
Statin 41510 (29.3) 0 (0) NA
ACEi or ARB 50138 (39.2) 0 (0) NA
Betablocker 57792 (50.5) 0 (0) NA
Glucose, mg/dL 98.2±26.6 92.2±22.1 <0.001
Creatinine, mg/dL  1.0±1.0  0.8±0.2 <0.001
Cholesterol, mg/dL 198.9±36.8 220.2±44.0 <0.001
Triglycerides, mg/dL 144.1±97.9 154.6±91.1 <0.001
LDL, mg/dL 119.2±38.1 137.6±33.4 <0.001
HDL, mg/dL 55.6±30.0 56.0±14.7 0.071
NA, not available; ACEi, angiotensin-converting-enzyme inhibitor; ARB, angio-
tensin receptor blocker; BMI, body mass index; CKD, chronic kidney disease; 
DBP, diastolic blood pressure; ESRD, end-stage renal disease; HDL, high-den-
sity lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; NHIS-
HealS, National Health Insurance Service-Health Screening; SBP, systolic 
blood pressure; TIA, transient ischemic attack; WC, waist circumference; 
COPD, chronic obstructive pulmonary disorder.
Values are presented as mean±SD or n (%).
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gard death as a competing risk.17 The proportional hazards as-
sumption test, utilizing scaled Schoenfeld residuals, was per-
formed to evaluate the adherence of the Cox regression model 
to the proportional hazards assumption.

Statistical significance was defined as two-sided p values< 
0.05. All statistical analyses were conducted using the R version 
4.2.2 (www.R-project.org; R Foundation for Statistical Com-
puting, Vienna, Austria).

RESULTS

Baseline characteristics
Table 1 compares the baseline characteristics of individuals in 
both populations. In the K-NHIS-HealS cohort, which included 
394801 participants with a mean age of 53.8 years (55.2% male), 
7184 (1.8%) were classified as underweight, 250751 (63.5%) as 
normal weight, 126352 (32.0%) as overweight, and 10514 (2.7%) 
as obese. In the UK Biobank cohort, which included 476883 
participants with a mean age of 56.7 years (45.4% male), 2506 
(0.5%) were underweight, 156476 (32.8%) were normal weight, 
202409 (42.4%) were overweight, and 115492 (24.2%) were 
obese. The UK Biobank cohort showed significantly higher per-
centage of obese and severely obese participants compared to 
the K-NHIS-HealS cohort (p<0.001). In addition, the propor-
tion of participants with abdominal obesity was significantly 
higher in the UK population than in the Korean population 
(66.9 vs. 31.2%, p<0.001). Supplementary Tables 3 and 4 (only 
online) provide the baseline characteristics for the BMI cate-
gories.

HF and obesity
During the follow-up period, 683 (0.17%) individuals (57.0% 
male) developed HF at 7 years in the K-NHIS-HealS cohort. 
Table 2 presents the adjusted incidence rates of HF based on 
different BMI categories in the Korean cohort. The age- and 
sex-adjusted HF incidence rates per 1000 person-years were 

0.50, 0.20, 0.27, and 0.52 for the underweight, normal weight, 
overweight, and obese groups, respectively. In the UK Biobank 
cohort, 1247 (0.26%) participants (66.9% male) developed HF 
at 7 years. In this cohort, the total age - and sex-adjusted inci-
dence of HF per 1000 person-years were 0.50, 0.18, 0.29, and 
0.73 for the underweight, normal weight, overweight, and 
obese groups, respectively (Table 2). The overall age- and sex-
adjusted HF incidence rate was significantly higher in the UK 
cohort than in the Korean cohort (0.36 vs. 0.24 per 1000 per-
son-years, p<0.001). The accumulated incidence of HF was 
higher in overweight and obese individuals than in the nor-
mal weight group in both cohorts. (p<0.001) (Supplementary 
Fig. 1A, only online).

Regressions with the four BMI categories were assessed to 
examine the impact of BMI (Table 3). After adjustment for co-
variates, it was confirmed that obesity was associated with HF 
occurrence in both the Korean and UK populations [subdistri-
bution hazard ratio (sHR), 1.82; 95% confidence interval (CI), 
1.30–2.55 (Korea) vs. sHR, 2.00; 95% CI, 1.69–2.37 (UK)] (p< 
0.001 for interaction) (Table 3). In the Korean cohort, the anal-
ysis of spline curve showed a J-shaped relationship between the 
continuous BMI variables and the risk of developing HF (Fig. 
2A). A 5-unit increase in BMI was found to be correlated with 
a 44% higher risk of HF in the UK Biobank cohort (p<0.001), 
but not in the K-NHIS-HealS cohort (p= 0.277) (Table 3).

HF-related AF and obesity
In the K-NHIS-HealS cohort, 236 (0.06%) individuals (65.7% 
male) developed HF-related AF, whereas in the UK Biobank co-
hort, 618 (0.13%) participants (69.7% male) developed HF-re-
lated AF at 7 years. The age- and sex-adjusted incidence of HF-
related AF was significantly greater in the UK population than 
in the Korean population (0.18 vs. 0.08 per 1000 person-years, 
p<0.001). In both cohorts, the age- and sex-adjusted HF-relat-
ed AF incidence increased in obese and overweight groups, 
regardless of sex (Table 4, Fig. 2B). In addition, the accumulat-
ed incidence of HF-related AF was higher in overweight and 

Table 2. Age- and Sex-Adjusted Incidence of HF by BMI

Korean NHIS-HealS UK Biobank
Underweight

(n=7184)
Normal

(n=250751)
Overweight
(n=126352)

Obese
(n=10514)

Underweight
(n=2506)

Normal
(n=156476)

Overweight
(n=202409)

Obese
(n=115492)

Overall
Numbers of events/PYRs 26/51638 370/1839943 248/923737 39/75510 9/17845 201/1134277 427/1465800 610/832919
HF incidence (/1000 PYRs)* 0.50 0.20 0.27 0.52 0.50 0.18 0.29 0.73

Female
Numbers of events/PYRs 10/24099 144/846091 118/376666 22/42018 6/14354 89/742270 116/693765 202/440610
HF incidence (/1000 PYRs)† 0.41 0.17 0.31 0.52 0.42 0.12 0.17 0.46

Male
Numbers of events/PYRs 16/27539 226/993852 130/547071 17/33492 3/3521 112/392008 311/772036 408/392310
HF incidence (/1000 PYRs)† 0.58 0.23 0.24 0.51 0.85 0.29 0.40 1.04

HF, heart failure; BMI, body mass index; NHIS-HealS, National Health Insurance Service-Health Screening; PYRs, person-years.
*Age- and sex-adjusted HF incidence; †Age-adjusted HF incidence.
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obese individuals than in the normal weight group in both 
cohorts (p<0.001) (Supplementary Fig. 1B, only online). 

After adjustment for clinical variables, it was confirmed that 
obesity was associated with HF-related AF occurrence in both 
cohorts [sHR, 2.21; 95% CI, 1.26–3.88 (Korea) vs. sHR, 2.24; 
95% CI, 1.76–2.86 (UK)] (p<0.001 for interaction) (Table 5). A 
5-unit increase in BMI was associated with a 52% (p<0.001) 
greater risk of HF-related AF in the UK population, but not in 
the Korean population (p= 0.275) (Table 5).

HF and HF-related AF according to abdominal obesity 
Participants with abdominal obesity had a higher risk of de-

veloping HF and HF-related AF than those without abdominal 
obesity, as demonstrated by the age- and sex-adjusted inci-
dence rates in both the Korean and UK populations. Additional-
ly, each 1-SD increase in WC was associated with an increased 
risk of these conditions in both cohorts (Supplementary Table 
5–8, Supplementary Fig. 2, only online). In the UK cohort, a 
linear relationship was observed between WC and the risks of 
HF and HF-related AF, and this trend was more prominent 
than that in the Korean cohort (Supplementary Fig. 3, only 
online).

Table 3. HF Risk of BMI According to the Age-, Sex-, and Clinical Variable–Adjusted Model in the Total Population

Korean NHIS-HealS UK Biobank
p for interaction

sHR (95% CI) p value sHR (95% CI) p value
With BMI as a 1-SD increase 1-SD (2.9 kg/m2) 1-SD (4.8 kg/m2) 

Age, sex adjusted 1.14 (1.06–1.23) <0.001 1.73 (1.66–1.81) <0.001 <0.001
Adjusted for clinical variables* 1.04 (0.97–1.12) 0.277 1.42 (1.35–1.49) <0.001 <0.001

With BMI as 5-unit increase
Age, sex adjusted 1.26 (1.11–1.43) <0.001 1.77 (1.70–1.85) <0.001 <0.001
Adjusted for clinical variables* 1.08 (0.94–1.23) 0.277 1.44 (1.37–1.51) <0.001 <0.001

With BMI as a categorical variable
Age, sex adjusted <0.001

Underweight (<18.5 kg/m2)  2.10 (1.41–3.13) <0.001 3.53 (1.81–6.89) <0.001
Normal (18.5 to <25 kg/m2) 1 (reference) 1 (reference)
Overweight (25 to <30 kg/m2)  1.27 (1.08–1.49) 0.004 1.28 (1.08–1.51) 0.005
Obese (≥30 kg/m2)  2.43 (1.74–3.38) <0.001 3.45 (2.94–4.05) <0.001

Adjusted for clinical variablesa <0.001
Underweight (<18.5 kg/m2)  2.40 (1.61–3.58) <0.001 3.33 (1.71–6.51) <0.001
Normal (18.5 to <25 kg/m2) 1 (reference) 1 (reference)
Overweight (25 to <30 kg/m2)  1.10 (0.94–1.30) 0.233 1.04 (0.90–1.27) 0.429
Obese (≥30 kg/m2)  1.82 (1.30–2.55) <0.001 2.00 (1.69–2.37) <0.001

HF, heart failure; BMI, body mass index; NHIS-HealS, National Health Insurance Service-Health Screening; sHR, subdistribution hazard ratio; CI, confidence in-
terval; TIA, transient ischemic attack; MI, myocardial infarction; ESRD, end stage renal disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmo-
nary disorder.
*Adjusted for age, sex, and clinical variables such as hypertension, diabetes mellitus, ischemic stroke or TIA, previous MI, hyperthyroidism, hypothyroidism, os-
teoporosis, dyslipidemia, ESRD or CKD, COPD, and history of malignant neoplasm.

Table 4. Age- and Sex-Adjusted Incidence of HF-Related AF by BMI

Korean NHIS-HealS UK Biobank
Underweight

(n=7182)
Normal

(n=250731)
Overweight
(n=126341)

Obese
(n=10511)

Underweight
(n=2505)

Normal
(n=156453)

Overweight
(n=202351)

Obese
(n=115398)

Overall
Number of events/PYRs 10/51658 125/1840540 87/924118 14/75574 4/17883 92/1134390 207/1465940 315/832981
HF incidence (/1000 PYRs)* 0.19 0.07 0.09 0.19 0.22 0.08 0.14 0.38

Female
Number of events/PYRs 3/24107 40/846333 31/379866 7/42055 2/14362 35/742356 55/693803 95/440701
HF incidence (/1000 PYRs)† 0.12 0.05 0.08 0.17 0.14 0.05 0.08 0.22

Male
Number of events/PYRs 7/27551 85/994207 56/547252 7/33519 2/3522 57/392034 152/772136 220/392280
HF incidence (/1000 PYRs)† 0.25 0.09 0.10 0.21 0.57 0.15 0.20 0.56

HF, heart failure; AF, atrial fibrillation; BMI, body mass index; NHIS-HealS, National Health Insurance Service-Health Screening; PYRs, person-years.
*Age- and sex-adjusted HF-related AF incidence; †Age-adjusted HF-related AF incidence.
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Sensitivity analysis 
The age- and sex-adjusted HF and HF-related AF incidence 
rates were examined in the overall population, which included 
participants aged below 40 years or above 70 years. The results 
are presented in Supplementary Table 9 (only online). The ad-
justed risks for HF and HF-related AF in the total population 
are presented in Supplementary Table 10 (only online). It was 

observed that both the incidence and risk of HF and HF-relat-
ed AF increased with higher BMI. The age- and sex-adjusted 
incidence rates and adjusted risks of HF and HF-related AF 
were found to be higher in the UK population than in the Ko-
rean population.
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Fig. 2. Cubic spline graph for adjusted hazard ratio for (A) HF and (B) HF-related AF according to BMI in Korean-NHIS-HealS and UK Biobank cohort. Ad-
justed for age, sex and clinical variables such as hypertension, diabetes mellitus, ischemic stroke or TIA, previous MI, hyperthyroidism, hypothyroidism, 
osteoporosis, dyslipidemia, ESRD or CKD, COPD, history of malignant neoplasm. HF, heart failure; AF, atrial fibrillation; BMI, body mass index; NHIS-HealS, 
National Health Insurance Service-Health Screening; TIA, transient ischemic attack; MI, myocardial infarction; ESRD, end stage renal disease; CKD, 
chronic kidney disease; COPD, chronic obstructive pulmonary disorder.

Table 5. HF-Related AF Risk of BMI According to Age-, Sex-, and Clinical Variable–Adjusted Model in the Total Population

Korean NHIS-HealS UK Biobank
p for interaction

sHR (95% CI) p value sHR (95% CI) p value
With BMI as 1-SD increase 1-SD (2.9 kg/m2) 1-SD (4.8 kg/m2) 

Age, sex adjusted 1.15 (1.02–1.30)   0.028 1.80 (1.70–1.91) <0.001 <0.001
Adjusted for clinical variables* 1.07 (0.95–1.22)   0.275 1.50 (1.40–1.60) <0.001 <0.001

With BMI as 5-unit increase
Age, sex adjusted 1.27 (1.03–1.58)   0.028 1.85 (1.74–1.97) <0.001 <0.001
Adjusted for clinical variables* 1.13 (0.91–1.41)   0.275 1.52 (1.42–1.64) <0.001 <0.001

With BMI as a categorical variable
Age, sex adjusted <0.001

Underweight (<18.5 kg/m2)  2.36 (1.24–4.50)   0.009 3.56 (1.31–9.70)   0.013
Normal (18.5 to <25 kg/m2) 1 (reference) 1 (reference)
Overweight (25 to <30 kg/m2)  1.33 (1.01–1.75)   0.042 1.32 (1.03–1.69)   0.029
Obese (≥30 kg/m2)  2.77 (1.59–4.82) <0.001 3.83 (3.04–4.84) <0.001

Adjusted for clinical variables2 <0.001
Underweight (<18.5 kg/m2)  2.55 (1.33–4.88)   0.005 3.60 (1.32–9.82)   0.012
Normal (18.5 to <25 kg/m2) 1 (reference) 1 (reference)
Overweight  (25 to <30 kg/m2)  1.20 (0.91–1.58)   0.202 1.09 (0.85–1.40)   0.485
Obese (≥30 kg/m2)  2.21 (1.26–3.88)   0.006 2.24 (1.76–2.86) <0.001

HF, heart failure; AF, atrial fibrillation; BMI, body mass index; NHIS-HealS, National Health Insurance Service-Health Screening; sHR, subdistribution hazard ratio; 
CI, confidence interval; TIA, transient ischemic attack; MI, myocardial infarction; ESRD, end stage renal disease; CKD, chronic kidney disease; COPD, chronic ob-
structive pulmonary disorder.
*Adjusted for age, sex, and clinical variables, such as hypertension, diabetes mellitus, ischemic stroke or TIA, previous MI, hyperthyroidism, hypothyroidism, os-
teoporosis, dyslipidemia, ESRD or CKD, COPD, and history of malignant neoplasm.
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DISCUSSION

The principal finding of this analysis was that the prevalence 
of obesity in the UK was nearly nine times higher than that in 
Korea. Second, it was consistently observed that the overall 
frequency of incident HF and HF-related AF was higher in the 
UK cohort than in the Korean cohort. Third, when BMI was 
analyzed as a categorical variable, obesity was identified as a 
significant risk factor for HF and HF-related AF in both co-
horts. However, a 5-unit increase in BMI was found to be a sig-
nificant risk factor for HF and HF-related AF only in the UK co-
hort, suggesting that the increases in the incidence of HF and 
HF-related AF in Western populations compared to Asians are 
related to the higher number of obese individuals. Our find-
ings indicated that among Korean female, a 5-unit increase in 
BMI correlated with a 26% higher risk of HF (p<0.013), while 
no significant correlation was observed among Korean male 
(p=0.276). Notably, even with higher obesity rates in the UK co-
hort compared to South Korea, this suggests that genetic pre-
disposition, hormonal disparities, inflammatory reactions, and 
environmental factors could contribute to these outcomes. Ad-
ditionally, unadjusted underlying diseases and medications 
might also influence HF and associated AF.

Ethnic differences in HF and HF-related AF
This study found a significantly higher prevalence of HF and 
HF-related AF in Caucasians than in Asians, a previously un-
identified ethnic difference. Recently, Choi, et al.6 reported that 
age- and sex-adjusted incidence rates of AF were greater in par-
ticipants from the UK Biobank cohort than in the K-NHIS-
HealS cohort (4.30 vs. 3.04 per 1000 person-years). In a large 
survey study of veterans, the age-adjusted incidence of AF was 
observed to be 5.7% in Caucasians and 3.6% in Asians.18 It is 
noteworthy that the long-term risk of AF was higher in Cauca-
sians than in non-Caucasians. For instance, the Atherosclerosis 
Risk in Communities study reported that the long-term preva-
lence of AF is higher in white Europeans than in non-whites 
(36%, 30%, 21%, and 22% in white male, white female, African-
American male, and African-American female, respectively). 
Furthermore, it is recognized that the incidence of stroke and 
bleeding associated with oral anticoagulants use in patients 
with AF can differ among different racial groups.19,20 The rea-
sons for these differences remain unclear, but they may be re-
lated to the higher prevalence of cardiovascular risk factors 
and diseases, including smoking, obesity, hypertension, isch-
emic heart diseases, and diabetes, in Western countries.21

Obesity causes ethnic differences in HF and HF-related 
AF
The prevalence of overweight and obesity is higher in Western 
populations than in Asian populations. In fact, this study found 
that the proportion of obesity (BMI >30 kg/m2) in the UK was 
nearly nine times higher than that in Korea (2.7% vs. 24.2%, re-

spectively). Our investigation revealed that obesity may play a 
significant role in the higher incidence of HF and HF-related AF 
in the UK compared to Korea. Excessive accumulation of fat in 
the heart and liver leads to an increase in blood volume and re-
lease of inflammatory factors. This, in turn, contributes to ele-
vated stroke volume and myocardial injury, ultimately resulting 
in the development of concentric left ventricular hypertrophy 
and both diastolic and systolic cardiac failure.4,22,23 BMI is com-
monly used as a measure of obesity and considered as a main 
risk factor for cardiometabolic diseases and overall mortality. 
Numerous community-based cohorts have shown a link be-
tween general obesity, increased BMI, and an elevated risk of 
AF during follow-up periods.24-26 Moreover, obesity progression 
has been observed, with a BMI in the range of 30–34.9 kg/m2 
being associated with a 54% increased likelihood of transition-
ing from paroxysmal to permanent AF and class 2 obesity (BMI: 
35.0–39.9 kg/m2) being associated with an 87% higher risk.27 
Notably, when adjustments were made for left atrial size in the 
Framingham study, the association between BMI and AF was 
less significant, suggesting that the presence of left atrial en-
largement in obese individuals might play a crucial role in con-
tributing to the development of AF. Additionally, WC is consid-
ered a sensitive measure of central obesity,28 and both WC and 
waist-to-hip circumference ratio are associated with an ele-
vated risk of AF.8,26

Study limitations
This study has some limitations that need to be considered. 
First, there may be a selection bias as the recommendation for 
health examinations was not mandatory in the K-NHIS-HealS 
cohort, unlike in the UK Biobank cohort, which had partici-
pants screened and investigated in detail. Second, the study 
had a relatively short follow-up duration; also, participants who 
died during the study period may have already experienced 
serious health problems. Third, individuals who were not in-
cluded due to missing data may have differed from those in-
cluded, which could have underestimated the health inequali-
ties in the study. However, missing data were imputed and the 
results remained similar. Fourth, the detection of incident HF-
related AF during hospitalization may miss shorter and fewer 
symptomatic/asymptomatic/subclinical episodes of the dis-
ease. Fifth, it is notable that the genetic background and envi-
ronmental influences of the participants in both cohorts were 
not comprehensively accounted for. Therefore, we recommend 
including an additional discussion that delves into these factors 
to elucidate the racial disparities observed in the outcomes. 
Finally, HF-related AF was defined when AF developed in pa-
tients with HF. However, the relationship between AF and HF 
could not be identified.

In conclusion, obesity was associated with an increased risk 
of HF and HF-related AF in both Korean and UK populations. 
However, the higher incidence of HF and HF-related AF in the 
UK population was likely due to the higher proportion of obese 
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individuals in that cohort, particularly those in the obese BMI 
category.
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