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Aims: Metabolic syndrome (MetS) and chronic kidney disease (CKD) are significant risk fac-
tors for incident atrial fibrillation (AF). Few studies have reported the synergistic effect of
MetS and CKD on development of AF. We investigated the individual and synergistic effects
of MetS and CKD on the risk of incident AF.

Methods: We studied a retrospective cohort comprising 22,886,663 Koreans whose data was
obtained from the national health claims database established by the Korean National
Health Insurance Service between 2008 and 2013. Patients were classified into a MetS
and a CKD group and followed-up until 2016 for new-onset AF. A Cox proportional hazards
model assessed the independent and synergistic effect of MetS and CKD on the risk of inci-
dent AF.

Results: The prevalence of MetS and CKD in these patients was 27.4% and 5.4%, respec-
tively. During a mean follow-up of 5.4 years, AF developed in 225,529 patients (1% of the
total cohort). The adjusted hazard ratio (HR) for incident AF was 1.38 (95% confidence inter-
val [CI] 1.36-1.39) for MetS, and 1.35 (95% CI 1.34-1.37) for CKD. Patients with MetS and CKD
showed a higher risk of AF (HR 1.75, 95% CI 1.73-1.78) than that observed in those without
MetS and CKD.

Conclusions: The combination of MetS and CKD showed a high risk of development of AF in
a large-scale nationwide cohort. Further studies are warranted to determine whether phar-
macological and/or lifestyle interventions can control/manage these modifiable risk factors

to reduce the risk of development of AF.
© 2018 Elsevier B.V. All rights reserved.

v All authors take responsibility for all aspects of the reliability and freedom from bias of the data presented and its interpretation.
* Corresponding author at: Department of Internal Medicine, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul

03080, Republic of Korea.

E-mail address: choiekl7@snu.ac.kr (E.-K. Choi).

https://doi.org/10.1016/j.diabres.2018.12.004

0168-8227/© 2018 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2018.12.004&domain=pdf
https://doi.org/10.1016/j.diabres.2018.12.004
mailto:choiek17@snu.ac.kr
https://doi.org/10.1016/j.diabres.2018.12.004
https://doi.org/10.1016/j.diabres.2018.12.004
https://doi.org/10.1016/j.diabres.2018.12.004
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres

DIABETES RESEARCH AND CLINICAL PRACTICE 148 (2019) I14-22 15

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
observed in clinical practice, and its incidence and prevalence
have been progressively increasing with a rise in the aging
population and lifestyle changes [1,2]. AF not only affects a
patient’s quality of life due to distressing symptoms but also
leads to serious long-term consequences such as stroke and
heart failure [3]. The pathophysiology underlying the onset
and progression of AF is a complex process that remains
unclear despite thorough investigation over the past 3 dec-
ades. Well-established predisposing factors associated with
the occurrence of incident AF include conventional cardiovas-
cular risk factors such as hypertension, diabetes mellitus, and
dyslipidemia [4,5]. Additionally, metabolically healthy
patients with obesity have shown an increased risk of devel-
opment of AF, which indicates that obesity itself acts as an
independent risk factor for development of AF [6].

Metabolic syndrome (MetS) comprises a constellation of
interrelated metabolic risk factors associated with develop-
ment of AF, and several population-based observational stud-
ies have reported an association between these 2 common
disorders [7,8]. Chronic kidney disease (CKD) is also an impor-
tant consequence of these cardiovascular risk factors. The
relationship is cyclic in nature, and CKD confers a substantial
risk for the development of cardiovascular morbidities includ-
ing AF. Several studies have consistently demonstrated the
association between CKD and AF, and that the risk of develop-
ment of AF increases with worsening renal function [9,10].

Both MetS and CKD are perceived as significant public
health problems because they affect a considerable percent-
age of the adult population. [11,12]. Additionally, Koreans
show a high prevalence of cardiovascular risk factors, which
predispose the population to an increased risk of AF [13].
However, limited information is available regarding the addi-
tive effects of MetS and CKD on the risk of development of AF,
particularly in large-scale population analyses. Understand-
ing the epidemiological attributes of AF will help to identify
individuals most likely to benefit from primary prevention
and early diagnosis of this common arrhythmia with substan-
tial clinical effect/consequences. We aimed to evaluate the
synergistic effects of MetS and CKD on the occurrence of inci-
dent AF.

2. Materials and methods
2.1. Data source and study population

This community-based observational cohort study obtained
data from the national health claims database established
by the Korean National Health Insurance Service (NHIS).
The NHIS is a single mandatory health insurance program
operated by the NHI Corporation of Korea and provides uni-
versal health insurance to nearly the entire Korean popula-
tion. The NHI Corporation also provides biennial general
health screening to all NHI members aged >40 years and also
all employed members regardless of age. This screening panel

comprises a physical examination, assessment of biochemi-
cal markers in blood and urine, and chest radiography. Thus,
the NHIS database comprises information on participants’
demographic variables, medical diagnoses, and prescription
records registered by medical service providers, and labora-
tory data from the health screening program [14].

Based on the information obtained from this NHIS cohort
database, we enrolled patients who had undergone at least
1 general health screening between January 2009 and Decem-
ber 2012. Using the screening data obtained, we classified
baseline comorbidities including the individual components
of MetS and CKD. In those who had undergone multiple
screening examinations during this period, data from the first
examination were used for classification. Patients diagnosed
with AF prior to the baseline health screening were excluded
from the analysis. The study adhered to the tenets of the Dec-
laration of Helsinki and was exempt from review by the Seoul
National University Hospital institutional review board (E-
1609-035-789).

2.2.  Definition of comorbidities

We adopted the modified National Cholesterol Education
Program-Third Adult Treatment Panel (NCEP-ATP III) defini-
tion of MetS [15]. MetS was defined as the presence of any 3
of the following 5 attributes: (1) waist circumference >80 cm
in women or >90 cm in men (according to the ethnic criteria
for Asians), (2) serum triglyceride >150 mg/dL, (3) serum high-
density lipoprotein cholesterol <50mg/dL in women or
<40 mg/dL in men, (4) blood pressure >130/85 mmHg or drug
treatment for elevated blood pressure, and (5) fasting plasma
glucose >100 mg/dL or drug treatment for elevated blood
glucose.

Patients with a glomerular filtration rate (GFR) <60 mL/
min/1.73 m? at the time of baseline evaluation were classified
as the CKD group. GFR was estimated using the Modification
of Diet in Renal Disease Study equation (GFR = 175 x [serum
creatinine in mg/dL]"**** x [age] ®?°® x [0.742 in women)])
[16]—corresponding to CKD > stage 3 based on the National
Kidney Foundation classification, which helps to identify
patients with clinically significant CKD [17].

The NHIS cohort database contains diagnoses codified by
the Korean Classification of Disease (KCD-5 between 2008
and 2010, KCD-6 between 2011 and 2015), which correspond
to the International Classification of Disease, Tenth Revision,
Clinical Modification (ICD-10-CM). Baseline comorbidities of
patients including hypertension, diabetes mellitus, dyslipi-
demia, heart failure, and history of myocardial infarction or
stroke were analyzed based on existing corresponding ICD
codes in the claims data, and were validated by previous
reports [1,18,19].

2.3.  Study endpoints
The primary endpoint was the occurrence of incident AFE.

Patients were followed through December 2015, and those
with diagnostic codes indicating paroxysmal, persistent,
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and/or permanent AF, as well as atrial flutter (1480-1484 and
1489) were considered to meet the criteria. To ensure diagnos-
tic accuracy and to exclude those with transient AF, we
defined patients with AF only when the diagnosis had been
confirmed at the time of hospital discharge or confirmed
more than twice at an outpatient clinic. Patients diagnosed
with mitral stenosis (1050, 10520, and I059) or reporting pre-
existing mechanical heart valve disorders (2952-7Z945) were
excluded from the study to limit our sample to patients with
non-valvular AFE.

2.4.  Statistical analysis

Baseline patient characteristics are presented as mean values
and standard deviations (SD) for continuous variables and as
numbers and percentages for categorical variables. Differ-
ences in baseline characteristics between groups were deter-
mined using the Student t-test for continuous and the X? test
for categorical variables. The incidence rate of AF in each
group was estimated by dividing the number of incident cases
by the person-years of the total observation. The Cox multi-
variate proportional hazards model was used to identify the
comorbidities associated with development of AF. All statisti-
cal analyses were performed using the SAS version 9.2 soft-
ware (SAS Institute, Cary, NC, USA). Two-sided P values
<0.05 were considered statistically significant.

3. Results
3.1.  Baseline patient characteristics

The baseline characteristics of the 22,886,661 patients ana-
lyzed have been presented in Table 1. The mean age of the
entire cohort was 47.5 years, and men comprised 50.7% of
the cohort. During the mean follow-up of 5.4 years (total
follow-up duration of 122,564,905 person-years), incident AF
was diagnosed in 225,529 (0.98%) patients showing an inci-
dence rate of 1.84 per 1000 person-years. The differential
characteristics of patients based on development of AF have
been summarized in Supplementary Table 1. Patients who
developed AF were more likely to be older, men, and showed
a higher prevalence of cardiovascular risk factors including
hypertension, diabetes mellitus, dyslipidemia, heart failure,
and a history of myocardial infarction, and stroke.

3.2.  Risk of incident atrial fibrillation based on the
prevalence of components of metabolic syndrome

MetS was diagnosed in 6,270,270 patients (27.4%) at the time
of the baseline evaluation based on the NCEP-ATP III defini-
tion. A total of 6,052,810 patients (26.4%) presented without
any of the 5 MetS components, and 1, 2, 3, 4, and 5 of the MetS
components were noted in 5,879,398 (25.7%), 4,684,183
(20.5%), 3,325,698 (14.5%), 2,073,390 (9.1%) and 871,182 (3.8%)
patients, respectively. Among the 5 metabolic risk factors, ele-
vated blood pressure was the most prevalent component
(43.1% of all patients) in our study population. Those with
MetS were significantly older, and more likely to show a
higher prevalence of hypertension, diabetes mellitus, dyslipi-

demia, heart failure, and history of myocardial infarction and
stroke, as well as a larger waist circumference and higher
body mass index than those without MetS.

After adjusting for age, sex, physical activity, alcohol con-
sumption, and smoking status, the hazard ratio (HR) for inci-
dent AF in patients with MetS was 1.38 (95% confidence
interval [CI] 1.36-1.39) compared to those without MetS. Each
MetS component showed an individual/independent associa-
tion with an increased risk of incident AF after multivariate
adjustment with the same variables (Table 2). Among these,
elevated blood pressure was the most potent predictor of AF
incidence (HR 1.51, 95% CI 1.50-1.52). We observed a graded
risk of AF based on the prevalence of metabolic risk factors
(the number of MetS components), and those presenting with
all 5 components demonstrated a 2.16-fold risk for incident
AF compared to those presenting without any MetS compo-
nents (Table 3).

3.3.  Risk of incident atrial fibrillation in relation to
decreased renal function

The mean estimated GFR (eGFR) in the studied patients was
89.6 (SD 39.5) mL/min/1.73m? and the overall distribution
of eGFR has been shown in Table 1. In all, 1,234,169 patients
(5.4%) showed an eGFR < 60 mL/min/1.73 m? and were diag-
nosed with CKD. Among those with CKD, the prevalence of
CKD stage 3 (eGFR 30-59 mL/min/1.73m? and stage 4-5
(eGFR < 30 mL/min/1.73 m? was 80.5% and 19.5%, respec-
tively. Overall, the CKD group demonstrated an epidemiolog-
ical profile similar to the MetS group, except in terms of
female predominance (Table 1).

The adjusted HR for incident AF in patients with CKD was
1.35 (95% CI 1.34-1.37) compared to those without CKD
(Table 2). Additionally, a graded risk for development of AF
was noted based on the severity of renal impairment. The
incidence rates and HRs of AF among patients stratified by
the eGFR values are shown in Table 3, and those with CKD
stage 4-5 showed a 1.84-fold risk for incident AF compared
to those without CKD.

3.4.  Additive effect of metabolic syndrome and chronic
kidney disease on the incidence of atrial fibrillation

Patients with MetS and CKD share a common epidemiological
risk profile, and a positive relationship between the preva-
lence of MetS and CKD was observed in our study. Compared
to patients without MetS, CKD was significantly more preva-
lent among those with MetS, and vice versa (Table 1). To
investigate the synergistic effect of MetS and CKD on develop-
ment of AF, we divided all patients into 4 groups based on the
baseline prevalence of MetS and/or CKD. The crude incidence
rate of AF in MetS patients without CKD (MetS+/CKD-) was
3.3 per 1000 person-years, and the adjusted HR for incident
AF was 1.33 (95% CI 1.30-1.36) compared to subjects without
MetS or CKD (MetS-/CKD-). CKD patients without MetS
(MetS—/CKD+) showed a comparable risk for development of
AF, with a crude incidence rate of 3.0 per 1000 person-years,
and an adjusted HR of 1.36 (95% CI 1.35-1.37). Beyond the
independent significant effect of MetS and CKD, we found
an additive effect of these comorbidities on the incidence of



Table 1 - Baseline characteristic of the study population.

Total population

Metabolic syndrome

Chronic kidney disease

(N=22,886,661)  No MetS (N=16,616,391)  MetS (N=6,270,270)  P-value  No CKD (N =21,652,492) CKD (N =1,234,169)  P-value

MetS 6,270,270 (27.4) - - 5,663,319 (26.2) 606,951 (49.2) <0.0001
CKD 1,234,169 (5.4) 627,218 (3.8) 606,951 (9.7) <0.0001 - -
Age, yrs 47.5+14.3 445 + 13.6 55.5+13 <0.0001 46.8 + 14 59.4 + 15 <0.0001
Male 11,602,190 (50.7) 8,389,654 (50.5) 3,212,536 (51.2) <0.0001 11,122,885 (51.4) 478,634 (38.8) <0.0001
BMI, kg/rrl2 23.7 +3.3 229+29 25.8+3.2 <0.0001 23.7+3.3 242 +3.3 <0.0001
Waist circumference, cm 80+ 9.3 77.5+8.3 86.7 +8.1 <0.0001 79.9+9.3 82+9.2 <0.0001
Smoking <0.0001 <0.0001

None 14,154,666 (61.8) 10,339,599 (62.2) 3,815,067 (60.8) 13,263,033 (61.3) 891,633 (72.3)

Ex-smoker 3,079,488 (13.5) 2,098,692 (12.6) 980,796 (15.6) 2,912,366 (13.5) 167,122 (13.5)

Current smoker 5,652,507 (24.7) 4,178,100 (25.1) 1,474,407 (23.5) 5,477,093 (25.3) 175,414 (14.2)
Alcohol <0.0001 <0.0001

None 12,219,729 (53.4) 8,540,489 (51.4) 3,679,240 (58.7) 11,356,494 (52.5) 863,235 (69.9)

Mild 9,148,549 (40.0) 7,059,178 (42.5) 2,089,371 (33.3) 8,821,567 (40.7) 326,982 (26.5)

Heavy 1,518,383 (6.6) 1,016,724 (6.1) 501,659 (8.0) 1,474,431 (6.8) 43,952 (3.6)
Regular physical activity 11,368,239 (49.7) 8,438,357 (50.8) 2,929,882 (46.7) <0.0001 10,815,420 (50.0) 553,496 (44.9) <0.0001
Hypertension 5,925,310 (25.9) 2,269,848 (13.7) 3,655,462 (58.3) <0.0001 5,304,774 (24.5) 620,536 (50.3) <0.0001
Diabetes 2,089,679 (9.1) 519,287 (3.1) 1,570,392 (25.1) <0.0001 1,843,535 (8.5) 246,144 (19.9) <0.0001
Dyslipidemia 4,356,614 (19.0) 1,522,319 (9.2) 2,834,295 (45.2) <0.0001 3,945,903 (18.2) 410,711 (33.3) <0.0001
Heart failure 135,343 (0.6) 47,123 (0.3) 88,220 (1.4) <0.0001 106,139 (0.5) 29,204 (2.4) <0.0001
Previous MI 92,237 (0.4) 29,249 (0.2) 62,988 (1.0) <0.0001 78,344 (0.4) 13,893 (1.1) <0.0001
Previous stroke 388,303 (1.7) 131,822 (0.8) 256,481 (4.1) <0.0001 319,159 (1.5) 69,144 (5.6) <0.0001
GFR (mL/min/1.73 m) <0.0001

>90 9,765,785 (42.7) 7,589,445 (45.7) 2,176,340 (34.7) 9,765,785 (45.1) =

60-89 11,886,707 (51.9) 8,399,728 (50.6) 3,486,979 (55.6) 11,890,000 (54.9) =

30-59 993,062 (4.3) 453,556 (2.7) 539,506 (8.6) - 993,062 (80.5)

<30 241,107 (1.1) 173,662 (1.1) 67,445 (1.1) = 241,107 (19.5)
Blood pressure

Systole, mmHg 122.2 +15.2 118.8 + 13.8 131.3+14.8 <0.0001 1219+ 15.1 126.5 + 16.5 <0.0001

Diastole, mmHg 76.1+10.1 74.2 £ 9.5 80.9 +10.1 <0.0001 76 £ 10.1 77.3+10.3 <0.0001
Cholesterol

Total, mg/dL 194.8 + 36.8 191.3 £ 34.2 203.9+41.6 <0.0001 194.5 + 36.6 199.2 +40.3 <0.0001

LDL-C, mg/dL 113.5+33.6 1121+ 314 117.2 + 38.8 <0.0001 113.3+33.4 116.9 + 36.5 <0.0001

HDL-C, mg/dL 55.5+16.7 57.8+16.2 49.3+16.5 <0.0001 55.5+16.1 54.6 +24.8 <0.0001

Data have been presented as means + SDs or n (%). Abbreviations: BMI: body mass index, CKD: chronic kidney disease, GFR: glomerular filtration rate, HDL-C: high-density lipoprotein cholesterol,
LDL-C: low-density lipoprotein cholesterol, MetS: metabolic syndrome, MI: myocardial infarction, SD: standard deviation.
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Table 2 - Risk associated with the incidence of atrial fibrillation in patients presenting with individual metabolic syndrome

components or chronic kidney disease.

Comorbidities  Prevalence, N (%)  Atrial fibrillation risk
Incidence rate Unadjusted Adjusted
(/1000 person-years) HR P-value HR P-value
Metabolic syndrome
Yes 6,270,270 (27.4) 3.340 2.612 (2.591-2.634)  <0.0001  1.376 (1.364-1.388)  <0.0001
No 16,616,391 (72.6)  1.277
Elevated waist circumference’
Yes 6,432,097 (28.1) 2.874 1.999 (1.982-2.016) <0.0001  1.372 (1.360-1.384)  <0.0001
No 16,454,564 (71.9) 1.437
Elevated triglycerides’
Yes 7,897,866 (34.5) 2.466 1.632 (1.619-1.646) <0.0001  1.124 (1.115-1.134) <0.0001
No 14,988,795 (65.5) 1.508
Reduced HDL-C'
Yes 6,486,065 (28.3) 2.752 1.859 (1.843-1.874)  <0.0001  1.241 (1.230-1.252)  <0.0001
No 16,400,596 (71.7) 1.480
Elevated blood pressure’
Yes 9,858,545 (43.1) 3.043 3.262 (3.232-3.292)  <0.0001  1.510 (1.495-1.524) <0.0001
No 13,028,116 (56.9)  0.931
Elevated fasting glucose'
Yes 7,199,755 (31.5) 2.775 1.963 (1.947-1.979)  <0.0001  1.194 (1.184-1.204)  <0.0001
No 15,686,906 (68.5) 1.414
Chronic kidney disease’
Yes 1,234,169 (5.4) 4.995 2.997 (2.962-3.032) <0.0001  1.353 (1.337-1.369)  <0.0001
No 21,652,492 (94.6)  1.659

Abbreviations: HDL-C: high-density lipoprotein cholesterol, HR: hazard ratio, NCEP-ATP III: National Cholesterol Education Program-Third Adult

Treatment Panel.

" The associations were tested using a Cox proportional hazards model adjusted for age, sex, alcohol consumption, smoking status, and

physical activity.

T The components of metabolic syndrome were defined based on the NCEP-ATP III definition as: (1) waist circumference >80 cm in women or
>90 cm in men, (2) serum triglycerides >150 mg/dL, (3) serum high-density lipoprotein (HDL) cholesterol <50 mg/dL in women or <40 mg/dL in
men, (4) blood pressure >130/85 mmHg or drug treatment for elevated blood pressure, and (5) fasting serum glucose >100 mg/dL or drug

treatment for elevated blood glucose.

* Chronic kidney disease was defined as a glomerular filtration rate <60 mL/min/1.73 m?.

Table 3 - Risk of incident atrial fibrillation based on the prevalence of metabolic syndrome components (number of

components identified in each patient) and the estimated glomerular filtration rate.

N of subjects (%)

Atrial fibrillation risk

Incidence rate Unadjusted’ Adjusted

(/1000 person-years) HR P-value HR P-value
Metabolic syndrome components, n <0.0001 <0.0001
0 6,052,810 (26.4) 0.610 1 (Reference) 1 (Reference)
1 5,879,398 (25.7) 1.322 2.161 (2.125-2.198) 1.283 (1.261-1.305)
2 4,684,183 (20.5) 2.075 3.392 (3.337-3.448) 1.496 (1.471-1.521)
3 3,325,698 (14.5) 2.770 4.528 (4.454-4.604) 1.663 (1.635-1.691)
4 2,073,390 (9.1) 3.664 5.994 (5.892-6.097) 1.866 (1.833-1.899)
5 871,182 (3.8) 4.771 7.813 (7.664-7.965) 2.155 (2.112-2.198)
Estimated GFR, ml/min/1.73 m? <0.0001 <0.0001
>90 9,765,785 (42.7) 1.233 1 (Reference) 1 (Reference)
60-89 11,886,707 (51.9) 1.999 1.614 (1.599-1.629) 1.039 (1.029-1.049)
30-59 993,062 (4.3) 5.596 4.515 (4.454-4.578) 1.346 (1.327-1.366)
<30 241,107 (1.1) 2.687 2.147 (2.077-2.219) 1.841 (1.781-1.904)

Abbreviations: GFR: glomerular filtration rate, HR: hazard ratio.
" The associations were tested using a Cox proportional hazards model adjusted for age, sex, alcohol consumption, smoking status, and

physical activity.
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Fig. 1 - Kaplan-Meier curves showing the cumulative event-free survival for atrial fibrillation in patients classified into 4
groups based on the presence/absence of metabolic syndrome and chronic kidney disease. *The associations were tested
using a Cox proportional hazards model adjusted for age, sex, alcohol consumption, smoking status, and physical activity.
Abbreviations: CI, confidence interval, CKD chronic kidney disease; HR, hazard ratio; MetS, metabolic syndrome.

AF. Kaplan-Meier survival curves demonstrated that patients
with both MetS and CKD were at a significantly higher risk for
development of AF (Fig. 1). Those with both MetS and CKD
(MetS+/CKD+) showed the highest risk for the occurrence of
incident AF, with an incidence rate of 6.9 per 1000 person-
years and an adjusted HR of 1.75 (95% CI 1.73-1.78). However,
our study did not show a multiplicative interaction between
MetS and CKD in our patients in terms of the risk for develop-
ment of AF.

3.5.  Subgroup analysis

Results of the Cox regression analysis to determine the inci-
dence of AF for different subgroups are shown in Supplemen-
tary Fig. 1. The point estimates of HRs of the MetS-/CKD+,
MetS+/CKD—, and MetS+/CKD+ groups compared to the
MetS-/CKD- group were observed to be consistently >1.0 in
all subgroups, and we observed a graded additive risk for
the occurrence of incident AF regardless of age, sex, obesity,
and history of myocardial infarction, or stroke. The synergis-
tic effect of MetS and CKD on the incidence of AF was most
prominently noted in patients aged <60 years. However, we
observed a trend showing a reduced risk of AF incidence in
patients belonging to the MetS+/CKD- group with concomi-
tant heart failure.

4, Discussion

4.1.  Primary findings

The primary findings of this nationwide population-based
study are: (1) Patients with MetS and CKD showed an
increased risk for the development of AF, (2) all MetS compo-
nents showed an individual/independent association with
the incidence of AF, and an increase in the prevalence of MetS
components (number of MetS components identified in a
patient) was associated with a corresponding graded increase

in the risk of development of AF, (3) CKD was also a significant
predictor of AF, and those with a lower eGFR were more likely
to develop incident AF in a dose-dependent manner, (4) the
combined effect of MetS and CKD on the occurrence of inci-
dent AF was greater than the individual effect of either
disease.
4.2.  Metabolic syndrome and the risk of atrial fibrillation
MetS represents a cluster of metabolic abnormalities. Despite
the use of variable definitions and diagnostic criteria, com-
mon key features (which might differ marginally between
patients) of MetS include abdominal obesity, elevated blood
pressure, glucose intolerance, and dyslipidemia [15,20]. Insu-
lin resistance and visceral obesity underlie these phenotypic
clinical components [21] and promote a prothrombotic and
proinflammatory environment that enhances the risk of
development of multiple cardiovascular diseases including
AF [15]. The association between MetS and an increased risk
of development of AF has been demonstrated in many
community-based epidemiological and observational studies
[7,8,22]. The present analysis performed in a large-scale
nationwide population-based Korean cohort corroborates
the findings of previous reports showing an association
between MetS and the incidence of AF. Greater the number
of MetS components identified in a patient, higher the risk
of occurrence of incident AF in a progressive and graded man-
ner. Each MetS component was independently associated
with an increased risk of incident AF. Elevated blood pressure
followed by obesity, showed the highest relative effect on the
incidence of AF. Notably, an elevated triglyceride level was
observed to be a significant risk factor for AF in the current
analysis, although the effect size was relatively small (HR
1.11, 95% CI 1.10-1.12)—a finding in disagreement with the
results of previously reported major observational studies,
which showed that hypertriglyceridemia was not an indepen-
dent predictor for development of AF [23]. An explanation for
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the inconsistency in the association between hypertriglyc-
eridemia and AF remains unclear. Triglyceride levels are
known to decrease with advanced age >70years, whereas
the prevalence of AF continuously increases with aging, and
it has been proposed that this epidemiological characteristic
may offset the effect of hypertriglyceridemia on the incidence
of AF in observational studies [24]. Our patients were rela-
tively younger than those enrolled in previous studies—a fac-
tor that could have determined the role of
hypertriglyceridemia on the risk of development of AF.

4.3.  Chronic kidney disease and the risk of atrial
fibrillation development

The kidney represents a target organ that is commonly
affected by the cardiovascular risk factors associated with
MetS. Moreover, CKD is an independent factor for the devel-
opment of cardiovascular disorders. The association between
CKD and AF has been well-established in several population-
based observational studies [9,10,25,26]. Although the exact
causal mechanism has not been completely understood,
pathophysiological conditions observed in CKD including
inflammation, activation of the renin-angiotensin-
aldosterone system, and hemodynamic overload-induced
mechanical atrial stretch have been proposed as possible fac-
tors associated with the risk of development of AF [27-29].
Our current study confirmed the significant relationship
between CKD and the occurrence of incident AF. The associa-
tion between CKD and the risk of development of AF was con-
sistently observed in all patients with and without MetS, and
Cox regression analysis showed a dose-dependent associa-
tion between decreased eGFR and an increased risk of inci-
dent AF. The overall effect size of CKD (adjusted HR 1.35,
95% CI 1.34-1.37) on the occurrence of incident AF was com-
parable to that of MetS (adjusted HR 1.38, 95% CI 1.36-1.39),
which is a constellation of metabolic disorders that may mul-
tiply a patient’s risk for development of AF.

4.4.  Synergistic effect of metabolic syndrome and chronic
kidney disease on atrial fibrillation development

MetS and CKD share common risk factors, and patients diag-
nosed with MetS are more likely to develop CKD and vice versa.
Thus, these multiple risk factors including insulin resistance,
abnormal lipid metabolism, hypertension, and systemic
inflammation might act synergistically to precipitate AF in
patients with MetS and CKD. Our current analysis indicated
that the risk of occurrence of incident AF is significantly
increased in patients with both MetS and CKD. After adjusting
for confounding epidemiological factors, the MetS+/CKD
+ showed a 75% increased risk of occurrence of incident AF
than the MetS-/CKD- group. Subgroup analysis corroborated
the robustness of this relationship. However, the effect of MetS
and CKD on the occurrence of incident AF was observed to be
additive, and not greater than the sum of the individual compo-
nents. This finding emphasizes thatidentification of individual
risk factors is important for AF risk stratification, considering
the high prevalence of comorbidities.

4.5.  Results with different thresholds of abdominal
obesity

There is an important issue concerning the multiplicity of
diagnostic criteria of the MetS [30]. Specifically, the definition
of abdominal obesity using original NCEP-ATP III cut points
may underestimate the prevalence of abdominal obesity
and MetS in Asians, and different criteria are required in this
population. Usually, waist circumferences of >80cm in
women and >90 cm in men are recommended cut points for
the diagnosis of abdominal obesity in Asians, but there is
no universal agreement with these criteria in different popu-
lations [30]. Previously, Lee et al. indicated that cut points of
abdominal obesity in the Korean population should be
>85 cm in women and >90 cm in men, to reflect the meta-
bolic risk most accurately [31]. To confirm whether our results
are significantly affected by different diagnostic cut points,
we further analyzed the national registry data by applying
these criteria of abdominal obesity (waist circumferences of
>85cm in women and >90 cm in men). As expected, the
prevalence of MetS decreased from 27.4% to 20.0% with these
higher cut points. However, despite this change in the preva-
lence of major independent variable, our results have
remained consistent. MetS was associated with an increased
risk of incident AF by HR of 1.38 (95% CI 1.37-1.39), and the
additive effect of MetS and CKD on AF incidence was main-
tained: the adjusted HR for incident AF in patients with
MetS+/CKD—, MetS—/CKD+, and MetS+/CKD+ groups com-
pared to those without any of these diseases were 1.33 (95%
CI 1.30-1.35), 1.36 (95% CI 1.35-1.38), and 1.75 (95% CI 1.72-
1.78), respectively. These values are nearly identical to the
previous analysis with only minor changes in the confidence
intervals, and based on these, we concluded that our results
are robust, even with substantial changes in the diagnostic
criteria of the MetS.

4.6.  Study limitations and strengths

Limitations of our study: (1) The study population com-
prised a homogeneous cohort of Korean ancestry; hence,
our findings may not be generalizable, and the repro-
ducibility of the current results should be investigated in
other populations. (2) The study population was classified
based on a single measurement of the MetS components
and eGFR obtained from routine screening evaluation. How-
ever, a large sample size generalizes the validity of patient
categorization. (3) The diagnosis of incident AF was based
on the claims database of the NHIS cohort; thus, some
missing data and overestimation of outcomes are expected
drawbacks. To avoid the overestimation of incident AF, we
used the validated definition of AF from a previous study
involving the NHIS cohort database [1]. (3) As is noted with
observational and retrospective analyses, our results could
not identify causality in the association between MetS
and CKD with the incidence of AF. Despite these limita-
tions, this study was the largest population-based study
evaluating the synergistic effect of MetS and CKD on devel-
opment of AF.
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5. Conclusions

We demonstrated in our large-scale nationwide Korean
cohort that the synergistic effect of MetS and CKD represents
a strong risk factor for incident AF. MetS and CKD are both
individually significant predictors of the development of AF,
and their combination further increases the risk of incident
AF, independent of baseline confounders. The incidence and
prevalence of both disease entities are rapidly growing world-
wide, which will therefore significantly affect the develop-
ment and the consequent medical and socioeconomic
consequences of incident AF. Further research is warranted
to determine whether pharmacological and/or lifestyle inter-
ventions can better manage/control these modifiable risk fac-
tors to reduce the risk of development of AF.
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