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Abstract

Aims: There are several non-genetic risk factors for new-onset atrial fibrillation, including age, sex, obesity, hyperten-
sion, diabetes, and alcohol consumption. However, whether these non-genetic risk factors have equal significance among
different age groups is not known. We performed a nationwide population-based analysis to compare the clinical
significance of non-genetic risk factors for new-onset atrial fibrillation in various age groups.

Methods and results: A total of 9,797,409 people without a prior diagnosis of atrial fibrillation who underwent a
national health check-up in 2009 were included. During 80,130,090 person-years of follow-up, a total of 196,136 people
were diagnosed with new-onset atrial fibrillation. The impact of non-genetic risk factors on new-onset atrial fibrillation
was examined in different age groups. Obesity, male sex, heavy alcohol consumption, smoking, hypertension, diabetes
and chronic kidney disease were associated with an increased risk of new-onset atrial fibrillation. With minor variations,
these risk factors were consistently associated with the risk of new-onset atrial fibrillation among various age groups.
Using these risk factors, we created a scoring system to predict future risk of new-onset atrial fibrillation in different age
groups. In receiver operating characteristic curve analysis, the predictive value of these risk factors ranged between
0.556 and 0.603, and no significant trends were observed.

Conclusions: Non-genetic risk factors for new-onset atrial fibrillation may have a similar impact on different age
groups. Except for sex, these non-genetic risk factors can be modifiable. Therefore, efforts to control non-genetic
risk factors might have relevance for both the young and old.

Keywords

Atrial fibrillation, risk factors, primary prevention, upstream therapy

Received 29 January 2020; accepted 7 March 2020

Introduction
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approaches for primary prevention of atrial fibrillation
deserve more attention.”'°

There are established risk factors for atrial fibrilla-
tion such as age, sex, body-mass index, systolic blood
pressure, hypertension, PR interval, clinically signifi-
cant cardiac murmur, heart failure and genetic predis-
position.!'? Age is one of the most important risk
factors for new-onset atrial fibrillation, with older
people having a significantly higher risk than young
people.'® Although atrial fibrillation is relatively rare
in young people, it is challenging to manage, especially
when the atrial fibrillation is highly symptomatic and
uncontrolled. Various side effects limit lifelong antiar-
rhythmic drug therapy, and the use of radiofrequency
catheter ablation in young patients is undermined due
to the potential risk of decreased left atrial func-
tion.'*!> Therefore, identification of potential risk fac-
tors for new-onset atrial fibrillation in young people is
critical, as it could enable primary prevention of atrial
fibrillation in these people.

It is generally assumed that new-onset atrial fibrilla-
tion in young people is more often due to genetic pre-
disposition as compared with elderly people.'®!’
However, the relative contribution of non-genetic risk
factors and genetic risk factors in young and old has
not yet been determined. Furthermore, whether estab-
lished risk factors of atrial fibrillation such as hyper-
tension, diabetes mellitus, obesity, heavy alcohol
consumption and sex status are equally important in
young people has not been addressed, mainly due to
the small sample size in previous studies.'> We per-
formed this population-based analysis to evaluate the
influence of non-genetic risk factors in various age
groups.

Methods

Patients

The Korean National Health Insurance Service
(K-NHIS) database was used for this study. The major-
ity of Koreans (97.1%) are mandatory subscribers to
the K-NHIS, a single medical insurer in the Republic of
Korea that is managed by the government.
Consequently, the K-NHIS database represents the
entire population of the Republic of Korea, and con-
tains baseline demographics, diagnosis codes of various
diseases, use of inpatient and outpatient services,
pharmacy dispensing claims and mortality data.
The K-NHIS offers a regular national health check-
up for all subscribers that includes the following: a
health questionnaire including alcohol consumption,
smoking status and physical activity; laboratory tests
such as lipid profile, serum creatinine and fasting blood
sugar (FBS); and measurement of blood pressure, body

weight, height and waist circumference. The database is
open for medical researchers if study protocols are
approved by the official review committee (https://nh
iss.nhis.or.kr/).

Participants who underwent a national health check-
up in 2009 were included in this study. The screening
period was from January 2002 to December 2008. The
screening period was used to identify medical history
such as atrial fibrillation, hypertension, diabetes or dys-
lipidemia in a given people. The follow-up period was
from the date of the national health check-up to the
date of new-onset occurrence of atrial fibrillation or
December 2017 if no new-onset atrial fibrillation was
detected. Patients were excluded if they had already
been diagnosed with atrial fibrillation during the
screening period or if they were younger than 20
years old. Since diagnostic codes related to atrial fibril-
lation were retrieved, we were able to analyze the
impact of non-genetic risk factors for atrial fibrillation
throughout various age groups using a large number of
patients with a sufficient follow-up duration.

Definitions

The diagnosis of atrial fibrillation required two outpa-
tient records or one inpatient record of International
Classification of Disease, Tenth Revision (ICD-10)
codes in the K-NHIS database. The robustness of
this definition has been validated in previous stud-
ies."®1 The exact diagnosis codes for atrial fibrillation
and other diseases are described in Supplementary
Material Table S1 online.

Body weight status was classified into five groups
according to body mass index (BMI): underweight
(BMI < 18.5 (kg/m?)), normal reference (18.5 <
BMI < 23.0), upper normal (23.0 < BMI < 25.0), over-
weight (25.0 < BMI <30.0) and obese (BMI > 30.0).
Waist circumference (WC) was also utilized to comple-
ment BMI and was classified into six stages: (a)
WC<80.0 (cm), 80.0 < WC<850, 850 <
WC <90.0, 90.0 < WC<95.0, 95.0 < WC<100.0,
and WC > 100.0 for males and (b) WC < 75.0, 75.0
< WC<80.0, 80.0 < WC<85.0, 85.0 < WC<90.0,
90.0 < WC <95.0, and WC > 95.0 for females.

Smoking status was defined as follows: 1) current-
smokers were those who had smoked at least 100 cig-
arettes in their lifetime, and continued smoking within
one month of the 2009 national health check-up; 2) ex-
smokers were those who had smoked at least 100 cig-
arettes in their lifetime, but had not smoked within one
month of the 2009 national health check-up; and 3)
never-smokers were those who had smoked <100 cig-
arettes in their lifetime.

Based on the total amount of alcohol intake
per week, patients were classified as follows: (a)
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non-drinker, 0 g of alcohol per week; (b) mild- to
moderate-drinker, less than 210 g but more than 0 g
of alcohol per week; and (c) heavy-drinker, 210 g or
more of alcohol per week.

Diabetes was classified into four stages: non-diabetic
(FBS <100 mg/dl), impaired fasting glucose (IFG)
(fasting blood sugar 100-125 mg/dl), new-onset diabe-
tes (first detection of fasting blood sugar >126 mg/dl or
physician-diagnosed diabetes) and diabetes requiring
medication.

Hypertension was classified into three stages: (a)
hypertension, either systolic blood pressure (SBP)
>140mmHg or diastolic blood pressure (DBP)
>90mmHg; (b) pre-hypertension, either 120 mmHg
<SBP < 140mmHg or 80mmHg <SBP <90mmHg;
and (c) non-hypertension, SBP < 120 mmHg and DBP
<80mmHg.

Chronic kidney disease was diagnosed if the
estimated glomerular filtration rate was <60 ml/min
per 1.73 m>.

Based on a questionnaire acquired during nation-
wide health check-up, people who had one or more
sessions in a week with high (such as running, climbing,
intense bicycle activities) or moderate physical activity
(such as walking fast, tennis, moderate bicycle activi-
ties) were assumed to have regular physical activity.

Age

People were classified according to their age at 2009
when they had a national health check-up by decades:
20s, 30s, 40s, 50s, 60s and >70 years old. The impacts
of non-genetic risk factors on new-onset atrial fibrilla-
tion were tested on the different age groups.

Study endpoints

The occurrence of new-onset atrial fibrillation was the
endpoint of this study. The incidence of new-onset
atrial fibrillation was defined as the number of new-
onset atrial fibrillation cases calculated for 1000
patient-years of follow-up. The impact of the afore-
mentioned non-genetic risk factors was evaluated in
various age groups.

Statistical analysis

Student’s t-test was used to compare continuous vari-
ables, which are described as mean =+ standard devia-
tion. Categorical variables are presented as percentile
values and were compared with a chi-square test or
Fisher’s exact test as appropriate. Univariate and mul-
tivariate Cox regression analyses were performed to
calculate the hazard ratio and its 95% confidence inter-
val for each independent variable. A multivariate
model was adjusted for age, sex, alcohol consumption,

smoking status, physical activity, income level, diabe-
tes, hypertension, dyslipidemia and chronic kidney dis-
ease. Receiver operating characteristic (ROC) curve
analysis with area under curve (AUC) calculation
was performed to evaluate the predictive value of
non-genetic risk factors. All tests were two-tailed, and
p values <0.05 were considered statistically significant.
All statistical analyses were performed with SAS ver-
sion 9.2 (SAS Institute, Cary, North Carolina, USA).

Results

Patients

A total of 9,797,409 patients were included in the
analysis, with a total of 80,130,090 person-years of
follow-up. A flowchart of study population enrollment
is summarized in Figure 1. Baseline clinical character-
istics of study patients stratified by age group are
summarized in Table 1. Significant differences in
all baseline characteristics were observed among the
different age groups. However, our main analysis was
performed for each age group separately.

Waist circumference and BMI

The impact of BMI and waist circumference on new-
onset atrial fibrillation is summarized in Table 2.
Overweight and obesity had significantly higher risks
for new-onset atrial fibrillation in patients who were
>30 years old. In 20s, overweight and obesity was
not associated with increased risk of new-onset atrial
fibrillation and the impact of obesity on new-onset
atrial fibrillation was more pronounced in old age
people (p for interaction <0.001). Underweight was
associated with an increased risk of new-onset atrial
fibrillation in patients who were >60 years old. The
risk of new-onset atrial fibrillation increased gradually
as waist circumference increased in patients who were
>40 years old. Such association was weakened in the
30s and not obvious in the 20s. In the subgroup anal-
ysis, similar trends were observed for both men and
women. However, underweight was associated with
new-onset atrial fibrillation in male patients >60
years old and not in females.

Sex, smoking, alcohol and regular exercise

The association between sex and lifestyles with new-
onset atrial fibrillation is described in Table 3.
Throughout all age groups, female sex was associated
with a decreased risk of new-onset atrial fibrillation.
Current-smokers aged between 30 and 70 years had
an increased risk of new-onset atrial fibrillation. Ex-
smokers were at increased risk of new-onset atrial
fibrillation if they were 30 to 60 years old. In subgroup
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[ National health check-up in 2009: 10,505,818 participants
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708,409 particpants were excluded due to
1. Prior diagnosis of AF: 132,023
2. Missing data: 561,059

9,797,409 patients were included in the analysis
- Followed-up to 2017

- with a total of 80,130,090 person-years follow-up

3. Age < 20: 15,327

| —

The influence of non-genetic risk factors
were evaluated throughout different age
groups

/196,136 participants developed new-onset atrial fibrillation
- 20s: 4067 new-onset AF (0.402 per 1000 patient-years)
- 30s: 10,091 new-onset AF (0.650 per 1000 patient-years)
- 40s: 26,641 new-onset AF (1.250 per 1000 patient-years)
- 50s: 43,296 new-onset AF (2.526 per 1000 patient-years)
- 60s: 56,994 new-onset AF (5.347 per 1000 patient-years)

Kz?O years: 55,047 new-onset AF (10.242 per 1000 patient-ye@

\

Figure I. Flowchart of the study.
AF: atrial fibrillation

analysis, smoking had more deleterious effects on
female patients throughout the various age groups.
Heavy-drinkers had a significantly increased risk of
new-onset atrial fibrillation if they were >30 years
old. No significant association was observed in the
20s. Mild- to moderate-drinkers showed increased
risk of atrial fibrillation only if they were >60 years
old. In the subgroup analysis, the association between
heavy-drinking and new-onset atrial fibrillation was
weakened in female patients. Regular exercise was
associated with a decreased risk of new-onset atrial
fibrillation in patients who were >50 years old.

Metabolic disorders

The associations between metabolic disorders and new-
onset atrial fibrillation are summarized in Table 4. Pre-
hypertension was associated with an increased risk of
new-onset atrial fibrillation among all age groups
except for those >70 years old. Presence of hyperten-
sion significantly increased the risk of new-onset atrial
fibrillation in all age groups. There was a trend towards
higher risk in younger patients (p for interaction
<0.001). Similar trends were observed for both sex cat-
egories. Diabetes requiring medication was a strong
risk factor for new-onset atrial fibrillation and the

degree of increased risk was higher in young patients
(p for interaction <0.001). Diabetic patients not taking
medication were also at increased risk of new-onset
atrial fibrillation, but to a lesser degree than those
taking medication. In addition to overt diabetes, IFG
was also a significant risk factor for new-onset atrial
fibrillation in patients who were 20 to 50 years old.
Increased low-density lipoprotein level was not associ-
ated with new-onset atrial fibrillation. Chronic kidney
disease was associated with a significantly increased
risk of new-onset atrial fibrillation in patients >30
years old. The hazard ratios of different non-genetic
risk factors in various age groups are depicted in
Figure 2.

Predictive value of non-genetic risk factors

Non-genetic risk factors including waist circumference,
sex, smoking history, alcohol consumption pattern,
hypertension, diabetes and chronic kidney discase
were used to create a scoring system for the prediction
of future risk of new-onset atrial fibrillation (Table 5).
Risk score allocation was based on hazard ratios
obtained from multivariate Cox-regression model for
each risk factor (Tables 2-4) and feasibility of calcula-
tion was also considered. In the ROC curve analysis,
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Table 4. Continued.

All patients

40s 50s 60s >70s

30s

20s

Age group

| (reference) | (reference) | (reference) | (reference) | (reference)

| (reference)

Non-hypertension

Diabetes mellitus

0.971 (0.937—1.006)

1,012 (0.973-1.052)
0.992 (0.911-1.079)

1.127 (1.060-1.198)
1.119 (1.005-1.246)
0.993 (0.949-1.038)
| (reference)

1,226 (1.079-1.393)
1.032 (0.855-1.246)
1.170 (1.096-1.248)

| (reference)

1.099 (0.597-2.023)
1.290 (0.781-2.131)

2.056 (0.757-5.583)

Diabetes on medication
New-onset diabetes

0.978 (0.911-1.050)

1.934 (0.996-3.758)
1286 (1.046—1.582)

| (reference)

1.012 (0.981-1.045)

| (reference)

0.991 (0.957-1.026)
| (reference)

1.200 (1.014-1.420)

| (reference)

Impaired fasting glucose
Non-diabetes

Dyslipidemia

1.105 (0.861—1.418) 1.091 (1.009-1.178)  0.946 (0.905-0.989)  0.868 (0.839-0.897)  0.864 (0.838-0.891)
0.951 (0.893-1.011)

0.946 (0.662—1.352)

g/dl on statin

LDL >150 m

0.841 (0.814-0.870)

0.831 (0.800-0.863)

| (reference)

0.879 (0.839-0.920)
| (reference)

0.988 (0.853—1.145)
| (reference)

0.901 (0.756—1.074)

| (reference)

g/dl without statin

LDL >150 m

| (reference)

| (reference)

LDL < 150 mg/dl
Chronic kidney disease

1.103 (0.853-1.427) 1.014 (0.902—1.141) 1.243 (1.158-1.334) 1.222 (1.178-1.269) 1.184 (1.150-1.219)

1.102 (0.842—1.443)

Hazard ratios are adjusted for age, sex, waist circumference, smoking status, alcohol consumption, physical activity, income level, hypertension, diabetes, dyslipidemia and chronic kidney disease.

LDL: low-density lipoprotein.

Therefore, regular exercise can be recommended to
the general population, especially those who are >50
years old.

The impact of smoking needs further validation.
A recent meta-analysis reported an increased risk of
new-onset atrial fibrillation in smokers.>* The univari-
ate analysis in our study also revealed a significantly
increased risk of new-onset atrial fibrillation through-
out all age groups to a similar degree found in the
previous meta-analysis.** However, this association
was significantly weakened after multivariate adjust-
ment to a 5.4-8.7% increase in people aged between
30 and 69 years.

Previous study suggested that maintaining normal
body weight, stop smoking and reducing alcohol
intake were associated with a significant reduction in
the risk of new-onset atrial fibrillation.?* Physical activ-
ity was able to offset some, although not all, risk of
new-onset atrial fibrillation associated with obesity.*
The importance of these adequate lifestyle modifica-
tions should be kept in mind in both physicians and
atrial fibrillation patients. Increased incidence of atrial
fibrillation-related emergency department visit due to
short-term exposure to particulate matter <2.5um
raises concern about the atrial fibrillation-triggering
effect of air pollutants and is an important area of
future research.?’

Metabolic disorders

In accordance with previous studies, hypertension
and diabetes mellitus were significant risk factors
for new-onset atrial fibrillation."”?® Our study
revealed that such increased risk was maintained
throughout different age groups but to a different
degree; the increased risk was most profound in
young people (Table 4). Pre-hypertension and IFG
were also associated with new-onset atrial fibrillation
but to a lesser degree. Our results indicate that pre-
vention and control of hypertension and diabetes
mellitus are important in young people to prevent
new-onset atrial fibrillation.

Interestingly, high low-density lipoprotein (LDL)
was not associated with an increased risk of new-
onset atrial fibrillation in our cohort. The univariate
analysis showed some association between high LDL
and new-onset atrial fibrillation in people aged between
30 and 59 years old. However, such associations were
lost after multivariate adjustment.

Young versus old age

Genetic predisposition is generally considered to have
a bigger impact in younger people. However,
we found that non-genetic risk factors for new-onset
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Figure 2. Relative importance of each risk factor.

Hazard ratios of each risk factor are depicted for different age groups.

CKD: chronic kidney disease

Table 5. Risk prediction model for new-onset atrial fibrillation.

Table 5. Continued.

A: Scoring system Score

Age, years
20 < age< 30
30 < age <40
40 < age <50
50 < age< 60
60 < age<70
Age > 70

Sex
Male |

Body mass index
<18.5
18.5-23
23-25
25-30
30-

Hypertension
Non-hypertension
Pre-hypertension |
Hypertension 2

Diabetes
Non-diabetic 0
Impaired fasting glucose |
Diabetes 2

Alcohol consumption
Non- to moderate-drinker 0
Heavy-drinker |

Smoking
Non-smoker 0
Ex- or current-smoker 0.5

U A WN—O

N — O O —

o

(continued)

A: Scoring system Score
Chronic kidney disease

No 0

Yes |
Score range

0-15
B: ROC curve analysis AUC (95% ClI)
20s 0.580 (0.512-0.649)
30s 0.566 (0.517-0.615)
40s 0.603 (0.548-0.658)
50s 0.597 (0.576-0.619)
60s 0.574 (0.564-0.584)
>70 0.556 (0.545-0.584)

Total, including age 0.747 (0.739-0.755)

Stated variable for ROC curve analysis was new-onset atrial fibrillation
occurrence within up to five years of follow-up.

AF: atrial fibrillation; AUC: area under curve; Cl: confidence interval;
ROC: receiver operating characteristic.

atrial fibrillation were equally important in the young
and the old. ROC curve analysis revealed that the pre-
dictive value of non-genetic risk factors for new-onset
atrial fibrillation did not differ among different
age groups. Lifestyle modifications such as
maintaining optimal body weight, smoking cessation
and reducing alcohol consumption are important
regardless of age.
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Limitations

The current study has several limitations. First, our
analysis was based on a nationwide administrative
database. Accordingly, the results might have been
contaminated by coding inaccuracies, although our
coding strategy has been validated in multiple previous
studies.'®?° Second, our analysis was based on South
Korean patients and caution is required when applying
our results to other ethnic groups. Third, we were not
able to distinguish specific types of atrial fibrillation
such as paroxysmal, non-paroxysmal, or valvular
atrial fibrillation, which might have different patho-
physiology. Identifying unique risk factors for non-
paroxysmal atrial fibrillation would guide a more tar-
geted treatment strategy. Fourth, the event number
(new-onset atrial fibrillation) was significantly lower
in younger people, which may have limited statistical
power. Finally, there can be genetic predisposition for
hypertension, diabetes, chronic kidney disease and obe-
sity. Therefore, the influence of these risk factors on
new-onset atrial fibrillation may not be fully
modifiable.
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