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Self-rated health and the risk of
incident atrial fibrillation in general
population

Yonggu Lee?, Jae Han Kim? & Jin-Kyu Park3**

The association between self-rated health (SRH) and the development of atrial fibrillation (AF) in the
general population remains underexplored. We reviewed the data of 9,895 participants in the Ansung-
Ansan cohort study, a community-based Korean study. SRH was categorised as ‘poor’, ‘fair’, or ‘good’.
A newly developed AF was identified through biennial electrocardiography examinations and/or a
self-reported history of physician-determined diagnoses. Over a median follow-up of 11 years, 149
patients (1.5%) developed AF. Compared with the ‘good’ group, the ‘poor’ group exhibited a higher
risk of incident AF (adjusted hazard ratio, 1.85; 95% confidence interval, 1.19-2.87). Old age, female
sex, lower educational level, smoking, cardiovascular diseases (hypertension, diabetes mellitus,

and coronary artery disease), and inflammation were associated with ‘poor’ SRH. Along with SRH,
age, male sex, urban residence, hypertension, and myocardial infarction were also associated with a
higher risk of incidental AF. The combined model, which included conventional risk factors and SRH,
demonstrated a marginally improved performance in predicting incident AF (concordance index: 0.704
vs. 0.714, P =0.058). Poor SRH is independently associated with the development of AF in Korean
adults. However, it plays a limited role in AF surveillance when combined with conventional AF risk
factors.
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Atrial fibrillation (AF) is a common type of cardiac arrhythmia associated with significant morbidity and
mortality!. It poses a considerable burden on healthcare systems worldwide owing to its high incidence; potential
complications, such as stroke and heart failure; and associated healthcare costs®. Identifying its risk factors is
crucial for the development of effective prevention and management strategies.

Self-rated health (SRH) encompasses the subjective assessment of an individual of their overall health and
well-being. Several studies have demonstrated the significance of SRH as a predictor of cardiovascular diseases
and mortality®*. Poor SRH is associated with the development of chronic kidney disease®, a major risk factor for
AFS. However, studies on the role of SRH in predicting the incidence of AF in the general population are limited.

Investigating the potential association between SRH and the development of AF could help in developing
a straightforward and cost-effective method for stratifying the risk of AF in the general population, potentially
facilitating more individualised screening for AF. This prospective longitudinal community-based cohort study
aimed to bridge this knowledge gap by investigating the association between SRH and incident AF in the general
population.

Results

Baseline characteristics

The study population had a mean age of 52.2 + 8.9 years, with 4,687 (47.4%) participants being men. Hypertension
(HTN) and diabetes mellitus (DM) were present in 1,526 (15.4%) and 659 (6.7%) patients, respectively. The
average body mass index (BMI) was 24.6 + 3.1 kg/m>.

Table 1 presents the baseline characteristics of the SRH group. Among the 9,895 participants surveyed,
3,380 (34.2%) rated their health status as ‘very poor’ or ‘poor. Most baseline characteristics significantly differed
among the SRH groups, except for physical activity and the presence of heart failure. Compared with the ‘fair’
and ‘good’ SRH groups, the participants in the ‘poor’ SRH group were more likely to be older, women, and rural
residents and have lower education levels. The ‘poor’ SRH group had a lower proportion of current smokers and
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Self-rated health (n=9,895)

Poor Fair Good

(n=3,380) (n=3,521) (n=2,994) P value
Age (years) 54.8+9.1 50.7 +8.4 51.3+8.8 <0.001
Males 1,215 (35.9) 1,773 (50.4) 1699 (56.7) <0.001
Urban residential area 1,517 (44.9) 1,734 (49.2) 1714 (57.2) <0.001
High education level 243 (7.2) 519 (14.8) 531(17.8) <0.001
Height (cm) 157.7+£8.5 160.7 £8.3 161.8+£8.6 <0.001
Weight (kg) 61.1+10.0 63.3+9.9 64.7+10.1 <0.001
BMI (kg/mz) 24.6+3.4 24.5+3.0 24.7+3.0 0.043
WC (cm) 83.1+9.3 82.3+8.6 82.6+8.4 <0.001
Smoking <0.001
Never-smoker 2,207 (66.2) 1,968 (56.5) 1,583 (53.3)
Ex-smoker 387 (11.6) 547 (15.7) 578 (19.5)
Current smoker 742 (22.2) 971 (27.9) 809 (27.2)
Alcohol consumption <0.001
Never-drinker 1,862 (55.5) 1,472 (42.1) 1,218 (40.8)
Ex-drinker 261 (7.8) 213 (6.1) 168 (5.6)
Current drinker 1,231 (36.7) 1,814 (51.8) 1,597 (53.6)
Physical activity (MET-h/day) | 23.5 [11.3-37.2] | 23.6 [11.6-35.0] | 24.0 [12.8-34.2] | 0.410
Comorbidity
Hypertension 741 (21.9) 480 (13.6) 305 (10.2) <0.001
Diabetes 407 (12.0) 156 (4.4) 96 (3.2) <0.001
Dyslipidaemia 89 (2.6) 98 (2.8) 56 (1.9) 0.042
Myocardial infarction 49 (1.5) 28 (0.8) 14 (0.5) <0.001
Heart failure 10 (0.3) 8(0.2) 3(0.1) 0.231
Coronary artery disease 48 (1.4) 20 (0.6) 8(0.3) <0.001
Asthma 121 (3.6) 65 (1.8) 30 (1.0) <0.001
Chronic lung disease 32(0.9) 19 (0.5) 14 (0.5) 0.034
Stroke 74 (2.2) 31(0.9) 11 (0.4) <0.001
Laboratory tests
HbAlc (%) 6.0+1.2 57+0.8 5.7+0.8 <0.001
Total-C (mg/dL) 191.7+37.8 190.5+35.0 192.6+34.7 0.052
HDL-C (mg/dL) 44.3+10.3 44.8+10.1 44.8+9.7 0.090
Triglyceride (mg/dL) 166.7 [104-193] | 159.7 [97-191] | 161.0 [98-187] | 0.022
WBC (x10%/uL) 6.6+1.9 6.6+1.8 6.5+1.8 0.003
CRP (mg/dL) 0.29 [0.08-0.29] | 0.21 [0.06-0.23] | 0.20 [0.06-0.23] | <0.001

Table 1. Baseline characteristics of the study population according to the self-rated health status. Data are
expressed as the mean + SD or number (%). For variables with a skewed distribution, the data are expressed as
the median [1st quartile value and 3rd quartile value]. BMI, body mass index; WC, waist circumference; MET,
metabolic equivalent task; C, cholesterol; HDL-C, high-density lipoprotein cholesterol; WBC, white blood cell;
CRP, C-reactive protein; SD, standard deviation.

current drinkers. Compared with the ‘fair’ and ‘good’ SRH groups, those in the ‘poor’ SRH group was more likely
to experience central obesity (waist circumference [WC] >90 cm for men and > 85 cm for women), HTN, DM,
myocardial infarction (MI), non-MI coronary artery disease (CAD), asthma, chronic lung disease, and stroke.
Laboratory data indicated that haemoglobin Alc, white blood cell count, and C-reactive protein (CRP) levels
were higher in the ‘poor’ SRH group than in the ‘fair’ and ‘good’ SRH groups.

Risk of AF according to the SRH status

During a median follow-up period of 11.0+4.3 years (interquartile range, 6-12 years), new-onset AF was
observed in 149 (1.5%) participants. Of these, 129 participants were identified as having new-onset AF through
a 12-lead electrocardiography (ECG). The total observation period amounted to 86,587.1 person-years resulting
in an AF incidence rate of 172.1 cases per 100,000 person-years. The Kaplan-Meier curves for the cumulative
incidence of AF according to the SRH status are shown in Fig. 1. The incidence of AF was significantly higher in
the ‘poor’ SRH group than in the ‘good’ SRH group (1.9% vs. 1.2%; log-rank P=0.01). In the Cox proportional
hazard model, as shown in Table 2, the ‘poor’ SRH group had a higher risk of incident AF than that in the ‘good’
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Fig. 1. The cumulative incidence of AF based on the SRH group. The incidence of AF was significantly higher
in the poor SRH group than in the good SRH group. AF, atrial fibrillation; SRH, self-rated health.

SRH group after adjusting for all relevant covariates (adjusted hazard ratio, 1.79; 95% confidence interval [CI],
1.16-2.76).

Factors associated with poor SRH

Older age, HTN, DM, cardiovascular or cerebrovascular disease, asthma, chronic lung disease, and higher
CRP levels were associated with poor SRH (Table 3). However, male sex, urban residence, high education level,
current smoking, and drinking were negatively associated with poor SRH. In the multivariate model, various
factors such as older age, sex, education level, current drinking, HTN, DM, CAD, asthma, stroke, and high CRP
level remained significantly associated with poor SRH. Current smoking showed a positive association with poor
SRH in the multivariate model, which was the opposite to the result in the univariate model.

SRH and AF risk discrimination

SRH alone only yielded a modest Harrell’s concordance index (C-index) for predicting incident AF (Model 0;
C-index, 0.607 [95% CI, 0.540-0.675]; P<0.001) (Fig. 2; Table 4). The C-index for predicting incident AF using
conventional risk factors was significantly higher than that achieved using SRH alone (Model 1; C-index, 0.708;
95% CI, 0.667-0.749). The predictive performance of the model comprising both SRH and conventional risk
factors (Model 2) showed a slight improvement compared with that of the model comprising only conventional
risk factors (Model 1), with only a marginal increase in the C-index (Model 2 vs. Model 1:0.714 [95% CI, 0.675-
0.755] vs. 0.704 [95% CI, 0.664-0.745], P=0.058).

Scientific Reports |

(2024) 14:24651

| https://doi.org/10.1038/s41598-024-76426-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

SRH group
Poor Fair Good
The number of participants with new-onset AF | 63 (1.9%) 51 (1.4%) 35 (1.2%)
OR (95% CI) P value | OR (95% CI) P value | Reference
Model 0 1.78 (1.18-2.70) | 0.006 1.25(0.81-1.92) | 0.315 m
Model 1 1.84 (1.20-2.80) | 0.005 1.39 (0.90-2.14) | 0.135 m
Model 2 1.84 (1.20-2.82) | 0.005 | 1.41(0.91-2.17) | 0.120 |1
Model 3 1.78 (1.16-2.75) | 0.009 1.38 (0.89-2.13) | 0.147 m
Model 4 1.79 (1.16-2.76) | 0.009 | 1.38 (0.89-2.12) | 0.148 |V

Table 2. Hazard ratio for incident atrial fibrillation according to the self-rated health group. The HR and 95%
CI were calculated using Cox proportional hazard regression analysis. Model 0: SRH Model 1: Model 0 + age,
sex, residence, and education level Model 2: Model 1 +BMI, physical activity, alcohol, smoking, and eGFR
(CKD-EPI) Model 3: Model 2+ HTN, DM, dyslipidaemia, heart failure, MI, non-MI CAD, asthma, chronic
lung disease, and stroke Model 4: Model 3 + LDL cholesterol levels and CRP levels SRH, self-rated health; HR,
hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney
Disease Epidemiology Collaboration; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery
disease; MI, myocardial infarction; LDL, low-density lipoprotein; CRP, C-reactive protein.

Univariate Multivariate

OR (95% CI) P OR (95% CI) P
Age (years) 1.049 (1.044-1.054) | <0.001 | 1.035 (1.029-1.041) | <0.001
Males 0.492 (0.452-0.536) | <0.001 | 0.493 (0.438-0.554) | <0.001

Urban residential area 0.724 (0.666-0.787) | <0.001 | - -
High education level 0.404 (0.349-0.468) | <0.001 | 0.584 (0.498-0.684) | <0.001

BMI 0.999 (0.986-1.012) | 0.900 - -
Current smoking 0.751 (0.681-0.829) | <0.001 | 1.422 (1.252-1.607) | <0.001
Current drinking 0.522 (0.479-0.569) | <0.001 | 0.746 (0.673-0.826) | <0.001
Hypertension 2.049 (1.835-2.289) | <0.001 | 1.420 (1.256-1.607) | <0.001
Diabetes 3.402 (2.890-4.004) | <0.001 | 2.889 (2.423-3.445) | <0.001
Dyslipidaemia 1.117 (0.857-1.455) | 0.413 - -

Myocardial infarction 2.267 (1.498-3.430) | <0.001 | - -

Coronary artery disease | 3.337 (2.090-5.328) | <0.001 | 2.692 (1.641-4.416) | <0.001

Asthma 2.509 (1.911-3.293) | <0.001 | 2.019 (1.510-2.698) | <0.001
Chronic lung disease 1.877 (1.152-3.058) | 0.011 - -

Stroke 3.449 (2.356-5.049) | <0.001 | 2.467 (1.635-3.721) | <0.001
CRP (mg/dL) 1.471 (1.321-1.638) | <0.001 | 1.453 (1.298-1.626) | <0.001

Table 3. Factors associated with poor self-rated health. OR, odds ratio; CI, confidence interval; BMI, body
mass index; CRP, C-reactive protein

Original SRH response and new-onset AF

Although the log-rank test was not significant, the Kaplan-Meier survival curve showed a significant trend
toward increased incidence of AF as the original SRH responses worsened (Supplementary Fig S2). The
multivariate Cox proportional hazards (CPH) model showed that poor SRH was significantly associated with
a higher risk of new-onset AF after adjusting for covariates. Additionally, a marginally significant variation of
incident AF was found among the original SRH responses in the analysis of variance (P=0.0585, Supplementary
Table S1).

Discussion

In this large population-based cohort study, the incidence of newly developed AF was significantly higher in
patients with poor SRH than in those with good SRH. The findings indicate that the likelihood of developing
AF varied based on the responses to the SRH questionnaire. New-onset AF only occurred in 62.3% of the
participants who rated their health as ‘good’ compared with those who rated it as ‘poor’. This result suggests
a significant link between subjective health perceptions and the pathophysiology of AF development in the
general population. Poor SRH was significantly associated with conventional risk factors including old age, low
education level, HTN, DM, cardiovascular diseases, and high inflammatory marker levels. Although ‘poor’ SRH
was significantly associated with incident AF its inclusion did not improve the predictive power of the model
that incorporated conventional AF risk factors.
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Fig. 2. The Harrell’s concordance index of the prediction models for the incident AE. Model 0 included
SRH; Model 1 included age, sex, urban residence, hypertension, and MI; and Model 2 included SRH and the
covariates in Model 1. AF, atrial fibrillation; SRH, self-rated health; MI, myocardial infarction.

C-index (95% CI)* | AIC Predictors HR (95% CI) Pvalue
Model 0 | 0.607 (0.540-0.675) | 2596.2 SRH
Fair vs. Good 1.25(0.81-1.92) | 0.314
Poor vs. Good 1.78 (1.18-2.70) | 0.006
Model 1 | 0.704 (0.664-0.745) | 2541.1 Age (every 10 years) 1.79 (1.46-2.20) | <0.001
P<0.001 AAIC=55.1 | Male sex 1.72 (1.24-2.39) | 0.001
vs. Model 0 vs. Model 0 | Urban residential area | 1.92 (1.35-2.72) | <0.001
Hypertension 1.60 (1.14-2.24) | 0.006
Myocardial infarction | 3.61 (1.58-8.26) | 0.002
Model 2 | 0.714 (0.675-0.755) | 2538.0 SRH
P=0.058 AAIC=3.1 | Fairvs. Good 1.36 (0.88-2.09) | 0.166
vs. Model 1 vs. Model 1 | Poor vs. Good 1.76 (1.15-2.70) | 0.009
Age (every 10 years) 1.75 (1.42-2.15) | <0.001
Male sex 1.88 (1.34-2.63) | <0.001
Urban residential area | 1.95 (1.37-2.77) | <0.001
Hypertension 1.56 (1.11-2.19) | 0.010
Myocardial infarction | 3.46 (1.51-7.92) | 0.003

Table 4. Prediction models for incidental atrial fibrillation with self-rated health. Model 1 included age, sex,
residence and education, BMI, physical activity, alcohol, smoking, eGFR, HTN, DM, dyslipidaemia, heart
failure, MI, non-MI CAD, asthma, chronic lung disease, stroke, LDL cholesterol level, and CRP levels. Model
2 included covariates in Model 1 plus SRH. The models were reduced to the best-fit model using a backward
variable selection procedure (criterion, P> 0.05). C-index, concordance index; CI, confidence interval; AIC,
Akaike’s information criterion; HR, hazard ratio; SRH, self-rating health index; BMI, body mass index; eGFR,
estimated glomerular filtration rate; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease;
MI, myocardial infarction; LDL, low-density lipoprotein; CRP, C-reactive protein.

To the best of our knowledge, this study is the first to investigate the association between SRH and the
development of AF in a general population. In a cohort of older patients with AF, Abu et al. reported that one
in every six older patients with AF rated their health status in the two lowest categories out of five, and a poorer
health status was more prevalent in patients with multimorbidity”. However, their study did not investigate
whether SRH was a risk factor for AF. Instead, they speculated that AF might serve as an indicator of frailty,
which could manifest as poor SRH.

Because it is obvious that the personal perception of well-being cannot facilitate future AF development,
the observed association between poor SRH at baseline and incident AF during follow-up might appear to be
reversed in the temporal dimension. Nevertheless, several factors may explain this baffling association. First,
poor SRH and AF share common risk factors. Advanced age, HTN, and cardiovascular diseases such as MI
are all established risk factors for AF. These risk factors were also associated with poor SRH, as observed in our
results and previous studies®-!°. Additionally, increased systemic inflammation, as indicated by elevated CRP
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levels, has also been associated with poor SRH and incident AF!®!!. Consequently, a negative perception of
one’s health status resulting from these underlying comorbidities and conditions may precede the onset of AF
by several years.

Second, new-onset AF was identified using a standard 12-lead ECG and self-reported physician-based
diagnosis. These AF identification methods are susceptible to delays between the onset of symptoms and the
formal diagnosis of AE. All cases of AF identified in this study, except for two, were persistent chronic AE. Typical
AF begins with an episode of tachycardia by paroxysmal AF. This episode may be followed by recurrent episodes
of paroxysmal AF, eventually progressing to chronic AF with stable symptoms over a longer follow-up period.
Therefore, delays between the true onset of AF and the identification of AF are likely. Although ambulatory
ECG monitoring may facilitate the detection of subclinical or paroxysmal AF'2, the scheduled biennial ECG
assessment method used in our study may have caused a time delay between symptom onset and AF diagnosis.
This time lag may account for the apparent predictive value of SRH for new-onset AE.

Third, unmeasured confounders, especially those related to social, psychological, or behavioural
predispositions affecting both SRH status and AF incidence, may influence the observed association between
SRH and new-onset AF. Obstructive sleep apnoea, a significant behavioural risk factor for AF, is also known to
affect self-reported general health status, assessed using the short form (SF)-36 questionnaires!>. Previous studies
have indicated that lower educational levels are associated with poor SRH, which is consistent with our results’.
Poor SRH is also associated with various variables related to socioeconomic status. This association creates
different levels of discrepancy between SRH and physical health depending on socioeconomic status, which is
considered a limitation of SRH'%. However, the tendency for poor SRHs in participants with low socioeconomic
status may explain the link between poor SRH and incident AF, as the association between socioeconomic status
and incident AF has been established!®.

SRH is useful for comparing the health status across population groups as an outcome variable in clinical
trials and as a risk assessment tool in routine clinical practice!®. SRH can predict mortality and hospitalisation.
It also has a predictive value for stroke when added to a model that includes traditional risk factors, including
smoking, high BMI, high cholesterol levels, HTN, and DM, and the Framingham risk stratification model for
coronary heart disease and cardiovascular death!®. Although we found that the improvement in the predictive
power of the model for incident AF was only marginally significant, further investigations in diverse populations
could determine whether the model has additional predictive value for current risk assessment tools.

The strength of the current study lies in its inclusion of a large sample size of a well-managed prospective
cohort of the general population, which provides robust confidence in the association between poor SRH and
the incidence of AF. The SRH employed in this study was a simple yet powerful, valid, and reproducible measure
for quantifying health perception. However, this study has several limitations. First, owing to the observational
nature of the current study, establishing a causal relationship was challenging. Although we adjusted for relevant
covariates such as age, sex, socioeconomic status, and comorbidities, the unmeasured confounding factors may
have contributed to the association between SRH and incident AF. Second, the incidence of AF was relatively
low compared with that in other cohort studies'®?, which may indicate an under-recognition of AE. The use of
biennial 12-lead standard ECG and self-reported physician diagnosis could have resulted in under-recognition
of paroxysmal AF. However, Northeast Asians have the lowest prevalence of AF worldwide?!, and a previous
study by Lee et al. reported a similarly low incidence of AF in a nationwide insurance claims database of the
Korean population?’. Therefore, the under-recognition of paroxysmal AF may not have significantly affected
the results of this study. Third, SRH was measured once at baseline, although it would most likely have varied
throughout the follow-up period. Using time-varying CPH models with SRH as a time-varying covariate may
have yielded different insights into the association between SRH and the risk of AF. However, unlike variables
with established causal links such as blood pressure, a poor perception of health does not have a direct causal
effect on AF development. Therefore, this study focused on examining the predictive value of SRH for new-onset
AF. Finally, as death prevents the observation of new-onset AF, competing risk models may have provided an
unbiased and accurate estimate of the cumulative incidence of AF. However, given that the participants were
relatively healthy middle-aged community residents with a low risk of death, and the primary hypothesis of the
study was to examine the independent association between SRH and incident AF, competing risk models may
yield results similar to those obtained in this study.

In conclusion, the incidence of AF increases in patients who perceive their health as poor compared with
those who perceive it as healthy. Poor perception of health is independently associated with incident AF and
shares common risk factors with AFE, including advanced age, lower education level, current smoking status,
HTN, DM, CAD, asthma, stroke, and inflammation. Although SRH alone does not improve the predictive power
of the conventional risk factor model for the incident AF, it may serve as a simple indicator of the risk of AF in
the general population.

Methods
Study population
This study included 9,895 participants, aged 40-69 years, from the Ansung-Ansan cohort of the Korean Genome
Epidemiology Study, conducted by the Korea Disease Control and Prevention Agency. This study investigated
the genetic and environmental factors contributing to the prevalence of metabolic and cardiovascular diseases.
Individuals residing in rural (Ansung) and urban (Ansan) communities were enrolled between June 2001 and
January 2003. The detailed protocols have been described in previous publications?>?*,

A total of 10,030 eligible individuals who had resided in Ansung (n=>5,018) or Ansan (n=5,012) for at least
6 months were enrolled in the study. Participants diagnosed with AF at baseline (n="74) and those without SRH
records (n=61) were excluded, resulting in a final population of 9,895 participants.
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A myriad of comprehensive health examinations, detailed on-site interviews, and meticulous laboratory
tests were conducted during the baseline visit to a tertiary hospital. Six serial reassessments, following the
entire cohort protocol, were performed through scheduled revisits every other year until 2014. All participants
voluntarily enrolled in the study and provided written informed consent at the baseline assessment and each
follow-up visit. The study adhered to the principles of the Declaration of Helsinki and was approved by the
Korean National Research Institute of Health and the Institutional Review Board (IRB) of Hanyang University
Medical Center (IRB no. HYUH 2017-12-033).

Assessment of lifestyle and medical history, physical examination, and laboratory tests
Well-trained investigators conducted comprehensive on-site interviews, collected critical lifestyle and clinical
data, and performed physical examinations at tertiary hospitals during each visit. A structured questionnaire was
used to obtain data on smoking, alcohol intake, education level, and specific medical conditions, such as HTN,
DM, dyslipidaemia, cerebrovascular disease, CAD, and heart failure. Higher education was defined as obtaining
a college degree or higher. The type and duration of physical activity were assessed using detailed questionnaires
and quantified using estimated daily metabolic equivalent task scores. Blood pressure was measured by trained
examiners using a mercury sphygmomanometer positioned at the level of the heart. Measurements were taken at
least twice with the participant in a sitting position, and the results were averaged. If a blood pressure difference
of >5 mmHg was observed between the two measurements, a third measurement was taken, and the last two
measurements were averaged. WC was measured at the midpoint between the lowest rib and iliac crest at the
end of expiration in a standing position.

Blood samples were collected after overnight fasting and analysed to determine the lipid profiles, haemoglobin
Alc levels, white blood cell counts, and CRP levels using an automated analyser. Laboratory evaluations were
performed in a single core clinical laboratory accredited and participating annually in inspections and surveys
by the Korean Association of Quality Assurance for Clinical Laboratories. Blood concentrations of glucose,
total cholesterol, high density lipoprotein (HDL)-cholesterol, and triglyceride were measured using the enzyme
method (ADVIA 1650 and ADVIA 1800; Siemens Healthineers). Low-density lipoprotein (LDL)-cholesterol
levels were calculated using the Friedewald formula®>. CRP was measured using a turbidimetric assay method
(ADVIA 1650 and ADVIA 1800; Siemens Healthineers). HTN was defined as a diagnosis of HTN made by
a physician or the regular use of antihypertensive medications. DM was defined as a diagnosis of DM by a
physician, regular use of antidiabetic medications, or a haemoglobin Alc level of >6.5%. Dyslipidaemia was
defined as a diagnosis of dyslipidaemia by a physician, the regular use of statin without a history of cardiovascular
disease or DM, or the presence of at least one of the following abnormal laboratory test results: total cholesterol
level > 240 mg/dL, triglyceride level > 150 mg/dL, or HDL cholesterol level < 45 mg/dL.

Assessment of self-rated health

Participants were asked to evaluate their overall health by responding to the question, ‘How do you generally
perceive your health?’ The responses were initially divided into five categories: ‘very poor, ‘poor; ‘fair; ‘good, and
‘very good. Due to the relatively small numbers of participants who responded ‘very poor’ (n=411) and ‘very
good’ (n=154), we reclassified the responses into three categories: ‘poor (very poor/poor)’ SRH (n=3,380), ‘fair’
SRH (n=3,521), and ‘good (good/very good)’ SRH (n=2,994).

Standard 12-lead ECG and identification of AF

Standard 12-lead ECG (GE Marquette MAC 5000°, GE Marquette Inc., Milwaukee, WI, USA) was performed in
all participants at baseline and during every revisit. All ECG tracings were recorded at a paper speed of 25 mm/s
and an amplitude of 0.1 mV/mm. The results were interpreted by a cardiologist and coded according to the
Minnesota code classification system. AF was identified either through the presence of AF on a 12-lead ECG or a
self-reported history of AF using a questionnaire administered by a physician before the baseline visit or during
follow-up visits. The Minnesota codes 8-3-1, 8-3-2, 8-3-3, and 8-3-4 were used to classify AF. Newly developed
AF was defined as the first identification of AF between visits. The date of new AF development was defined as
the date when AF was first detected on ECG or when it was diagnosed by a physician.

Statistical analysis

The baseline characteristics of the participants were compared between the groups. One-way analysis of variance
was used for analysing continuous variables, such as BMI, WC, and LDL-cholesterol levels, while Pearson’s chi-
square test was used for analysing categorical variables, including sex, comorbidities, and smoking history. Post-
hoc analyses using Bonferroni correction were used to perform multiple comparisons. For continuous variables
with a skewed distribution, comparisons between groups were performed using the Kruskal-Wallis test. The
Shapiro-Wilk test was used to assess the normality of the distribution of continuous variables.

All variables had approximately 1% missing values. The missing values of individual variables ranged from 0
to 4.9%. Among the covariates in the multivariate regression models, the missing values of individual variables
ranged from 0 to 1.04% (Supplementary Fig. S1). Rather than excluding cases with missing data, multiple
imputations were performed using a bootstrap expectation-maximization algorithm?®. Five possible imputed
datasets were generated. The average value was used for continuous variables, while the most frequent value was
adopted for categorical variables.

The associations between SRH and incident AF were evaluated using a CPH model adjusted for age, sex,
residence, education, BMI, physical activity, comorbidities (including HTN, DM, heart failure, dyslipidaemia,
MI, non-MI CAD, asthma, and chronic lung disease), smoking status, alcohol consumption, and laboratory
data (including LDL cholesterol levels and CRP levels. The factors associated with the ‘poor’ SRH group were
analysed using logistic regression analysis. To determine whether SRH provided an additional predictive value
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for incident AF when combined with conventional risk factors, we developed prediction models for new-onset
AF with and without the SRH variable using multivariate CPH models. The goodness of fit of these prediction
models was estimated using Harrell’s C-index and Akaike information criterion (AIC). Harrell’s C-indices were
compared using the method proposed by Haibe-Kains et al.?’. The linear predictors identified using multivariate
CPH models were employed as risk predictors for the C-index estimation. A difference of > 10 between the two
AIC values was considered significant.

To evaluate the impact of reclassifying SRH responses from five to three categories based on the survey results,
we performed a sensitivity analysis using a Kaplan-Meier survival analysis and a multivariate CPH model with
the original five-category SRH responses. Due to the small number of ‘very good’ responses, the ‘good’ response
was used as a reference when calculating the coefficients in the multivariate CPH model.

All statistical analyses were performed using the statistical software R-4.3.2 (R Core Team, R Foundation for

>

Statistical Computing, Vienna, Austria) and its packages ‘tableone, ‘rms, ‘Amelia, ‘survival, ‘BiocManager, and
‘survcomp’ in RStudio-2023.12.1, Build 402 (RStudio Team, RStudio Inc., Boston, MA, USA). A P value of <0.05
was considered significant.

Data availability
The datasets generated and/or analysed in the current study are available from the corresponding author upon
reasonable request.
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