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Syncope may be a surrogate marker of future SCA. The association was attenuated after adjusting for various L
Conclusion confounders. The risk increased by 91% and 29% before and after adjustment, respectively. Individuals with prior KJ I M \

syncops, older age, male sex, and cardiometabolic disorders had a higher risk of future SCA.

Background/Aims: The risk of sudden cardiac arrest (SCA) in patients with prior syncope events is not fully understood.
We examined the association between syncope and the risk of future SCA.

Methods: Data were obtained from the Korean National Health Insurance Service database. Of those individuals who un-
derwent the 2012 health screening, 40% were randomly sampled. The diagnoses of syncope and SCA were based on the
International Classification of Disease, 10th edition.

Results: A total of 4,600,635 subjects were analyzed with a mean of 9.2 + 1.3 years of follow-up. The incidence of SCA
per 1,000 person-years were 0.96 and 0.50 in people with and without syncope, respectively, within 5 years prior to health
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screening (hazard ratio [HR], 1.91; p < 0.001). After adjusting for various confounders, the presence of syncope was associ-
ated with a 29% increased risk of developing SCA (HR, 1.29; p < 0.001). Syncope within 3 years and within 1 year prior to
health screening was associated with a 30% and 36% increased risk of SCA, respectively. Dizziness was not associated with
the risk of future SCA. Significant interactions of syncope with age/hypertension were observed in young and hyperten-
sion-free individuals, who were more vulnerable to SCA.

Conclusions: Syncope may be a surrogate marker of future SCA. The association was attenuated after adjusting for various
confounders. The risk increased by 91% and 29% before and after adjustment, respectively. Individuals with prior syncope,

older age, male sex, and cardiometabolic disorders had a higher risk of future SCA.

Keywords: Sudden cardiac arrest; Death, sudden, cardiac; Syncope

INTRODUCTION

Sudden cardiac arrest (SCA) is a medical emergency that can
have grave consequences for both victims and society [1,2].
An important feature of SCA is its unpredictability. Various
risk factors for SCA have been identified, which include
hypertension, diabetes, obesity, and metabolic syndrome
[3-5]. Coronary artery disease and heart failure are other
important risk factors for SCA [6-9]. However, the symp-
toms preceding SCA have not been fully revealed. In fact,
most SCA events occur without any warning symptoms, as
reflected in the nomenclature (“sudden”).

The risk of SCA in patients with a history of syncope war-
rants further investigation. The major causes of syncope can
be classified as cardiogenic, neurogenic, or vestibular. The
causes of cardiogenic syncope can be diverse and include
tachy- or bradyarrhythmias, coronary artery disease, valvular
disease, or heart failure. Therefore, the risk factors for syn-
cope and SCA overlap. Some syncopal events may be milder
forms of SCA. For example, ventricular tachycardia that lasts
for a sufficiently long time can lead to SCA; however, the
consequences of brief tachycardia may be limited to synco-
pe rather than extend to SCA. Although a substantial pro-
portion of syncope events are due to noncardiac causes or
vasovagal responses, which usually show a benign clinical
course [10,11], some are due to cardiac causes and may
lead to SCA in future. However, clinical factors associated
with the risk of SCA in patients with prior syncope remain
unclear.

This study was conducted to evaluate the risk of devel-
oping SCA in patients with prior syncope. In addition, we
sought to identify risk factors that predispose patients with
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syncope to future SCA. Despite its grave prognosis, the inci-
dence of SCA is not high, at 0.5 cases per 1,000 person-year
according to our previous study [3,5]. Therefore, we utilized
a nationwide healthcare cohort in South Korea to obtain a
sufficient sample size to perform this analysis.

METHODS

Study cohort

This study used data from the Korean National Health Insur-
ance Service (K-NHIS) database. In South Korea, all citizens
are mandated to subscribe to the K-NHIS, an exclusive sin-
gle healthcare insurance system. A detailed description of
the K-NHIS data has been provided in the supplementary
material.

The K-NHIS database is open for use by medical research-
ers if both the official review committee (https:/nhiss.
nhis.or.kr/) of the K-NHIS and the researcher’s Institutional
Review Board approve the study. Our study obtained for-
mal approval from both the Institutional Review Board of
the Korea University of Medicine Anam Hospital (IRB No.
2021AN0185) and the Official Review Committee of the
K-NHIS. The need for obtaining informed consent was
waived by the institutional review board of Korea University
of Medicine Anam Hospital because this study was based
on a retrospective analysis. Both the principles of the 2013
Declaration of Helsinki and the legal regulations of South
Korea were strictly followed throughout the study.

Patient selection

We screened people who underwent nationwide health
screening in 2012 in South Korea and who were aged 20

https://doi.org/10.3904/kjim.2025.205


www.kjim.org

Kim YG, et al. Syncope and sudden cardiac arrest

years or older. Patients younger than 20 years were exclud-
ed. Individuals who had experienced SCA before the health
screening in 2012 were excluded. The date of the 2012
health screening was the start of clinical follow-up. Because
the identification of SCA in this study was based on the In-
ternational Classification of Disease, 10th edition (ICD-10)
codes, ICD-10 codes assigned within 1 year of clinical fol-
low-up can reflect either a true SCA event or a repeat report
of ICD-10 codes for SCA that had occurred before the start
of follow-up. Therefore, we excluded SCA events that were
reported within 1 year of the 2012 health screening. The
participants were followed-up until December 2022.

Identification of SCA

The primary outcome of this study was SCA that occurred
1 year after the 2012 health screening. Both aborted and
non-aborted cases of SCA were included in the study. A re-
port on the ICD-10 codes for SCA in the emergency depart-
ment was required to diagnose SCA. Selected ICD-10 codes
for SCA were as follows: (i) cardiac arrest with successful
resuscitation (146.0); (i) SCA (146.1); (iii) cardiac arrest, cause
unspecified (146.9); (iv) ventricular fibrillation and flutter
(149.0); (v) instantaneous death (R96.0); and (vi) death oc-
curring less than 24 hours after symptom onset (R96.1).
The performance of cardiopulmonary resuscitation with a
reported procedure code in the emergency department, but
without a report of ICD-10 codes for SCA, was also classi-
fied as SCA. The accuracy of our strategy in identifying SCA
using ICD-10 codes has been verified in our previous reports
[3-5,12,13].

If a potential non-cardiac cause of death preceded a re-
port of ICD-10 codes for SCA by up to 6 months, that event
was not classified as SCA. Non-cardiac causes of death in-
cluded hemorrhagic or ischemic stroke, drowning, asphyxia,
suffocation, sepsis, major trauma, anaphylaxis, gastrointes-
tinal bleeding, lightning strike, electric shock, or burn. These
events were not considered SCA. Supplementary Table 1
describes the ICD-10 codes used to identify various medical
diseases.

Syncope

The ICD-10 code used for detecting syncope was R55. Peo-
ple who had a report of R55 within 5 years prior to the 2012
health screening were defined as having a history of synco-
pe. For sensitivity analysis, the diagnostic window was set at
3 years and at 1 year before the 2012 health screening. The
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risk of SCA was compared between patients with and with-
out syncope. The association between dizziness (R42) and
SCA was also evaluated. The incidence of SCA was calcu-
lated as the numbers per 1,000 person-years of follow-up.

Statistical analysis

Categorical variables are presented as numbers and pro-
portions while continuous variables are expressed as means
+ standard deviations or medians with interquartile rang-
es as appropriate. Student’s t-test (or the Mann-Whitney
U test if data were non-normally distributed) was used to
compare continuous variables. For categorical variables, the
chi-squared test or Fisher’s exact test was used, as appropri-
ate. The cumulative incidence of SCA was determined using
the Kaplan-Meier survival curve and was compared using
the log-rank test. Hazard ratios (HRs) and 95% confidence
intervals (Cls) were calculated using the Cox proportional
hazards model. For multivariate analysis, three models were
used: (i) Model 2 was adjusted for age and sex; (ii) Model 3
was adjusted for age, sex, body mass index, income level,
smoking, alcohol drinking, regular exercise level, diabetes
mellitus, hypertension, dyslipidemia, chronic kidney disease,
heart failure, atrial fibrillation, depression, hyperthyroidism,
and hypothyroidism; and (i) Model 4 was adjusted for
age, sex, waist circumference, income level, smoking, alco-
hol drinking, regular exercise level, fasting glucose, systolic
blood pressure, low-density lipoprotein, estimated glomeru-
lar filtration rate, heart failure, atrial fibrillation, depression,
hyperthyroidism, and hypothyroidism. All tests were two-
tailed, and statistical significance was set at p < 0.05. All
statistical analyses were performed using SAS version 9.2
(SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics
Among individuals aged 20 years and older who underwent
a nationwide health check-up in 2012, 4,910,068 were se-
lected through 40% random sampling (Fig. 1). Individuals
who (i) had a previous diagnosis of SCA (n = 820), (i) had
missing data (n = 296,952), or (jii) had an SCA event within
1 year of health screening (n = 11,661) were excluded. Fi-
nally, 4,600,635 subjects were included in the analysis.
During a mean of 9.2 = 1.3 years of follow-up, SCA oc-
curred in 21,513 (0.47%) individuals. The SCA group was
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significantly older (62.75 vs. 48.22) and had a higher propor-
tion of males (70.39% vs. 53.97%) than did the non-SCA
group (both p < 0.001; Table 1). Hypertension (58%), dys-
lipidemia (31.93%), and diabetes mellitus (28.85%) were
the three most common comorbidities in the SCA group.
A smaller proportion of participants in the non-SCA group
were diagnosed with these comorbidities. In the SCA group,
405 individuals (1.88%) experienced syncope, as compared
to 46,435 individuals (1.01%) in the non-SCA group. Addi-
tionally, diagnoses of syncope or dizziness were more fre-
quent in the SCA than in the non-SCA group (25.45% vs.
16.40%, p < 0.001). Cardiac diseases, such as heart failure
or atrial fibrillation, were rare but were significantly more
prevalent in the SCA than in the non-SCA group (4.16% vs.

40% random sampling from 2012
nationwide health check-up

N = 4,910,068
Exclusion
* Diagnosis of SCA prior to health
check-up (n = 820)
.

e Missing data (n = 296,952)
© SCA within 1 year after health
check-up (n = 11,661)

\4
4,600,635 people were analyzed

® Followed until December 2020

® 9.2 +1.07 years of follow-up

® SCA occurred in 21,513 people

® Impact of syncope on SCA was evaluated

Figure 1. Flowsheet of the study. SCA, sudden cardiac arrest.

Table 1. Baseline characteristics
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0.73% for heart failure; 2.51% vs. 0.50% for atrial fibrilla-
tion).

SCA and syncope

The SCA incidence was higher in individuals who had ICD-
10 codes for syncope than in those without syncope within
5 years prior to health screening (0.96 vs. 0.50 events per
1,000 person-years). In those who had a report of syncope
in the emergency department, the incidence of SCA was
higher, at 1.19 events per 1,000 person-years. The cumu-
lative incidence of SCA increased linearly during the fol-
low-up period, and the differences in the incidence of SCA
between patients with and without syncope diverged con-
sistently (Fig. 2). The same pattern of differences were seen
irrespective of the different definitions of syncope: syncope
within 5, 3, and 1 year prior to health screening (Fig. 2). The
difference was more pronounced between those who expe-
rienced syncope within 1 year prior to health screening and
those who did not. When symptoms of syncope and dizzi-
ness were included, a lower cumulative incidence of SCA
was noted in people who had experienced neither symptom
within 5 years prior to health screening (Supplementary Fig.
1). When the groups were divided into those with dizziness,
those with syncope, and those who were asymptomatic,
the highest SCA incidence probability was observed in the
group with syncope that occurred within 5 years prior to
health screening, whereas the lowest was observed in the
asymptomatic group (Supplementary Fig. 1).

SCA () (h =457,9122) SCA (+) (n = 21,513) p value
Age group < 0.001
<40 years 1,260,041 (27.52) 1,055 (4.9)
40-64 years 2,722,958 (59.46) 9,785 (45.48)
> 65 years 596,123 (13.02) 10,673 (49.61)
Sex < 0.001
Male 2,471,196 (53.97) 15,144 (70.39)
Female 2,107,926 (46.03) 6,369 (29.67)
BMI level (kg/m?) < 0.001
<185 166,328 (3.63) 1,039 (4.83)
<23 1,773,268 (38.73) 7,637 (35.5)
<25 1,117,870 (24.41) 5,199 (24.17)
<30 1,341,127 (29.29) 6,683 (31.06)
>30 180,529 (3.94) 955 (4.44)
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SCA (-) (h = 457,9122) SCA (+) (n = 21,513) p value
Lowest income quartile 854,455 (18.66) 4,882 (22.69) < 0.001
Smoking <0.001
Never-smoker 2,741,336 (59.87) 10,401 (48.35)
Former-smoker 716,400 (15.64) 4,590 (21.34)
Current-smoker 1,121,386 (24.49) 6,522 (30.32)
Drinking < 0.001
Non-drinker 2,341,080 (51.13) 12,838 (59.68)
Mild-drinker 1,903,046 (41.56) 6,831 (31.75)
Heavy-drinker 334,996 (7.32) 1,844 (8.57)
Conduction of regular exercise 877,165 (19.16) 4,294 (19.96) 0.003
Diabetes mellitus 456,494 (9.97) 6,206 (28.85) < 0.001
Hypertension 1,252,108 (27.34) 12,477 (58) < 0.001
Dyslipidemia 932,059 (20.35) 6,870 (31.93) <0.001
Chronic kidney disease 172,579 (3.77) 3,095 (14.39) < 0.001
Proteinuria 100,188 (2.19) 1,514 (7.04) < 0.001
Heart failure 33,584 (0.73) 894 (4.16) <0.001
Hyper- or hypothyroidism 181,472 (3.96) 920 (4.28) 0.019
Depression 186,118 (4.06) 1,809 (8.41) <0.001
Atrial fibrillation 23,115 (0.5) 540 (2.51) <0.001
Syncope 46,435 (1.01) 405 (1.88) <0.001
Syncope or dizziness 751,064 (16.4) 5,475 (25.45) < 0.001
Age (years) 48.22 +13.77 62.75 £ 12.97 < 0.001
Height (cm) 164.06 £ 9.23 162.34 £ 9.35 < 0.001
Weight (kg) 64.24 £ 11.92 63.17 £ 11.78 < 0.001
BMI (kg/mz) 23.76 £ 3.28 23.89 +3.47 < 0.001
Waist circumference (cm) 80.27 £9.28 83.56 +9.08 < 0.001
Fasting glucose (mg/dL) 97.74 £ 23.04 109.34 + 37.91 <0.001
Systolic blood pressure (mmHg) 121.95 + 14.78 128.59 + 16.54 <0.001
Diastolic blood pressure (mmHg) 76.08 £ 9.97 78.34 + 10.69 < 0.001
Total cholesterol (mg/dL) 194.73 + 36.58 192.71 £ 41.72 < 0.001
HDL-C (mg/dL) 555+ 17.54 52.23 + 16.86 < 0.001
LDL-C (mg/dL) 113.94 £ 33.99 112.07 + 38.55 < 0.001
eGFR (mL/min/1.73m?) 919 + 35.77 83.61 + 35.37 < 0.001
AST (IU/L) 23.38(23.37-23.39) 25.75 (25.59-25.9) <0.001
ALT (IU/L) 20.88 (20.87-20.89) 21.56 (21.4-21.72) <0.001
y-GTP (IU/L) 25.93 (25.91-25.95) 33.6(33.22-33.99) <0.001
Triglyceride (mg/dL) 109.48 (109.42-109.54) 124.22 (123.32-125.13) <0.001

Values are presented as mean = standard deviation or median (quartile). Proteinuria was defined as urine protein + 1 or higher in
the urine dipstick test. AST, ALT, y-GTP, and triglyceride levels were non-normally distributed.
SCA, sudden cardiac arrest; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine transaminase; y-GTP, gamma-

glutamyl transferase.
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In the multivariate analysis, individuals who experienced
syncope within 5 years prior to health screening had a 29%
increased risk of SCA as compared to those without synco-
pe (adjusted HR, 1.29; 95% Cl, 1.17-1.42; p < 0.001; Table
2). Dizziness within 5 years prior to health screening was not
associated with an increased risk of SCA (adjusted HR, 1.03;
95% Cl, 0.99-1.06; Table 2). In the group that experienced
either syncope or dizziness, a 4.2% increased risk of SCA
was observed (adjusted HR, 1.04; 95% Cl, 1.01-1.08; p <
0.013; Table 2). In the group diagnosed with syncope in the
emergency department, a significantly higher risk of SCA
was noted than in other groups (adjusted HR, 1.43; 95% Cl,
1.24-1.66; p < 0.001; Table 2).

Individuals who experienced syncope within 3 years pri-
or to the health screening showed a 30% increased risk of
SCA (adjusted HR, 1.30; 95% Cl, 1.16-1.46; p < 0.001;
Table 3). When the window was limited to 1 year prior to
health screening, the SCA risk increased by 36% (adjusted
HR, 1.36; 95% Cl, 1.14-1.62; p < 0.001; Table 3). More
specifically, visiting the emergency department due to syn-
cope within 1 year prior to health screening was associated
with the highest risk of SCA (adjusted HR, 1.78; 95% Cl,
1.37-2.31; p < 0.001; Table 3).

Subgroup analysis

The impact of syncope within 5 years before health screen-
ing on SCA risk was assessed among various subgroups.
In general, individuals who experienced syncope showed
an increased risk of SCA across various subgroups (Fig. 3).
Age and hypertension demonstrated significant interactions
with syncope.

The Korean Journal of Internal Medicine Vol. 41, No. 6, November 2026

Among individuals who had experienced syncope, those
under the age of 40 years were more vulnerable to SCA
than were those who were middle-aged or those aged 65
years and older (adjusted HR, 2.17 vs. 1.44 vs. 1.18 for each
group; p-value for interaction = 0.023). Additionally, indi-
viduals without hypertension who experienced syncope had
a significantly higher risk of SCA than did those with hy-
pertension who experienced syncope (HR, 1.47 vs. 1.19 for
each group; p-value for interaction = 0.045).

High-risk syncope

Among the 46,840 people who had experienced syncope
within 5 years prior to health screening, 405 experienced
SCA during the follow-up period. Their baseline character-
istics are summarized in Table 4. Those in the SCA group
were older (65.42 + 13.12 vs. 51.97 + 15.48 years; p <
0.001) and were more often men than were those in the
non-SCA group (63.21% vs. 45.84%; p < 0.001; Table 4).
The prevalence of hypertension (66.9% vs. 38.2%), diabe-
tes mellitus (38.8% vs. 14.6%), dyslipidemia (43.2% vs.
27.2%), chronic kidney disease (23.7% vs. 7.0%), heart fail-
ure (8.4% vs. 2.2%), and atrial fibrillation (6.2% vs. 2.2%)
was also significantly higher (all p < 0.001) in the SCA than
in the non-SCA group.

DISCUSSION

We observed an association between a history of syncope
and the risk of future SCA in a nationwide representative
cohort of South Koreans. In the time-based analyses of this

0.010 7 — No syncope 0.012 54 — No syncope 0.012 4 — No syncope
— Syncope — Syncope — Syncope
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z z z
= = 0.008 = 0.008
8 0.006 - E g
< [S S
o = 0.006 2 0.006
o1 51 g
_g 0.004 g g
B3] S 0.004 S 0.004

0.002 0.002 0.002

0.000 T T T T T 0.000 T T T T 0.000 T T T T T

0 2 4 6 8 10 0 2 6 8 10 0 2 4 6 8 10

Time (Years) E Time (Years) Time (Years)

Figure 2. Probabilities of sudden cardiac arrest incidence. (A) Symptoms within 5 years of health screening. (B) Symptoms within 3 years

of health screening. (C) Symptoms within 1 year of health screening.
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Subgroup HR 95% Cl P for interaction
Age 0.023
<40 o 217 (1.30-3.61)
40-64 ———t 1.44 (1.22-1.70)
> 65 —— 118 (1.04-1.34)
Sex 0.120
Male —— 1.22 (1.08-1.38)
Female —— 1.43 (1.22-1.69)
Income 0.903
Q2-Q4 —— 1.29 (1.15-1.44)
MA or Q1 (Lowest) —— 1.31 (1.06-1.61)
BMI, kg/m? 0.082
<25 ——i 1.37 (1.22-1.54)
> 25 M 1.13 (0.95-1.36)
Smoking status 0.461
Non-Former —— 1.32 (1.18-1.47)
Current —— 1.21 (0.98-1.49)
Drinking 0.723
Non-Mild - 1.28 (1.16-1.42)
Heavy ———— 1.38 (0.94-2.03)
Regular exercise 0.987
No —— 1.29 (1.16-1.44)
Yes —— 1.29 (1.03-1.67)
Diabetes mellitus 0.393
No —— 1.24 (1.09-1.40)
Yes —— 1.35 (1.15-1.58)
Hypertension 0.045
No — 1.47 (1.24-1.74)
Yes —— 1.19 (1.05-1.34)
Dyslipidemia 0.545
No ——i 1.25 (1.10-1.42)
Yes —— 1.33 (1.14-1.55)
CKD 0.854
No —— 1.28 (1.14-1.43)
Yes ——— 1.25 (1.02-1.53)
AF 0.140
No —— 1.32 (1.19-1.46)
Yes [ — 0.97 (0.65-1.44)
Heart failure 0.398
No —— 1.31 (1.18-1.45)
Yes ——— 112 (0.80-1.58)
Hyper/Hypo-thyroidism 0.392
No o 1.28 (1.15-1.47)
Yes —_— 1.49 (1.06-2.09)
Depression 0.355
No o 1.32 (1.18-1.47)
Yes —— 1.16 (0.90-1.49)
I i T T 1
0.00 1.00 2.00 3.00 4.00
Decrease SCA risk <& » Increased SCA risk

Figure 3. Subgroup analysis of SCA risk in patients who experienced syncope. The adjusted risk of SCA in Model 4 is shown as a forest
plot. The risk of SCA was compared between patients who experienced syncope within 5 years of health screening and those who did
not. Hazard ratios were adjusted for age, sex, waist circumference, income, smoking status, alcohol consumption status, regular exercise,
systolic blood pressure, fasting glucose level, low-density lipoprotein cholesterol level, estimated glomerular filtration rate, heart failure,
atrial fibrillation, thyroid disease, and depression. HR, hazard ratio; Cl, confidence interval; Q, quartile; MA, medical aid; BMI, body-mass
index; CKD, chronic kidney disease; AF, atrial fibrillation; SCA, sudden cardiac arrest.
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Table 4. Baseline demographics between SCA (-) vs. SCA (+) among people with syncope

SCA () (n = 46,435) SCA (+) (n = 405) p value

Age group < 0.001

< 40 years 10,431 (22.46) 15(3.7)

40-64 years 25,460 (54.83) 146 (36.05)

> 65 years 10,544 (22.71) 244 (60.25)
Sex < 0.001

Male 21,286 (45.84) 256 (63.21)

Female 25,149 (54.16) 149 (36.79)
BMI level (kg/m?) 0.538

<185 2,301 (4.96) 25 (6.17)

<23 18,523 (39.89) 159 (39.26)

<25 10,947 (23.57) 100 (24.69)

<30 13,088 (28.19) 112 (27.65)

> 30 1,576 (3.39) 9(2.22)
Lowest income quartile 9,246 (19.91) 90 (22.22) 0.247
Smoking <0.001

Never-smoker 30,573 (65.84) 232 (57.28)

Former-smoker 6,999 (15.07) 84 (20.74)

Current-smoker 8,863 (19.09) 89 (21.98)
Drinking <0.001

Non-drinker 28,093 (60.5) 284 (70.12)

Mild-drinker 15,673 (33.75) 95 (23.46)

Heavy-drinker 2,669 (5.75) 26 (6.42)
Conduction of regular exercise 9,055 (19.5) 80 (19.75) 0.898
Diabetes mellitus 6,792 (14.63) 157 (38.77) < 0.001
Hypertension 17,728 (38.18) 271 (66.91) < 0.001
Dyslipidemia 12,618 (27.17) 175 (43.21) <0.001
Chronic kidney disease 3,266 (7.03) 96 (23.7) < 0.001
Proteinuria 1,334 (2.87) 42 (10.37) < 0.001
Heart failure 1,035 (2.23) 34 (8.4) < 0.001
Hyper- or hypothyroidism 3,297 (7.1) 35 (8.64) 0.229
Depression 4,766 (10.26) 63 (15.56) < 0.001
Atrial fibrillation 1,027 (2.21) 25 (6.17) < 0.001
Age (years) 51.97 + 15.48 65.42 + 13.12 < 0.001
Height (cm) 162.29 £ 9.15 161.41 £ 8.83 0.053
Weight (kg) 62.23  11.53 61.23 £ 11.11 0.083
BMI (kg/mz) 23.54 + 3.31 2343 £3.35 0.517
Waist circumference (cm) 79.89 + 9.57 83.19+9.19 < 0.001
Fasting glucose (mg/dL) 98.63 + 25.26 111.17 £ 40.13 < 0.001
Systolic blood pressure (mmHg) 121.84 + 15.38 128.64 + 17.87 < 0.001
Diastolic blood pressure (mmHg) 75.54 + 10.11 77.8 + 10.45 < 0.001
Total cholesterol (mg/dL) 191.58 + 37.56 185.42 +41.03 < 0.001
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Table 4. Continued

SCA (-) (n = 46,435) SCA +) (n = 405) p value
HDL-C (mg/dL) 55.61 + 16.51 51.26 + 13.54 < 0.001
LDL-C (mg/dL) 111.3+£34.32 105.6 + 38.38 < 0.001
eGFR (mL/min/1.73m?) 89.57 + 36.72 78.31 + 27.66 <0.001
AST (IU/L) 23.44 (23.36-23.52) 25.02 (23.96-26.12) < 0.001
ALT (IU/L) 19.91 (19.81-20) 20.27 (19.26-21.34) 0.496
y-GTP (IU/L) 24.76 (24.6-24.93) 31.99 (29.38-34.83) < 0.001
Triglyceride (mg/dL) 106.58 (106.04-107.12) 122.51 (116.06-129.31) < 0.001

Values are presented as mean + standard deviation or median (interquartile range). Proteinuria was defined as urine protein +1 or
higher in the urine dipstick test. AST, ALT, y-GTP, and triglyceride levels were non-normally distributed.

SCA, sudden cardiac arrest; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine transaminase; y-GTP, gamma-

glutamyl transferase.

fixed cohort, syncope was assessed within 1, 3, and 5 years
before the 2012 health screening date. Participants were
considered to have syncope if the ICD-10 code R55 was re-
corded during each corresponding period before the index
health screening. Sensitivity analyses using the 1-year and
3-year periods were conducted to evaluate whether more
recent syncope was associated with a higher risk of SCA.
Follow-up for SCA started on the date of the health screen-
ing and continued until SCA, death, or December 2022,
whichever occurred first. As syncope was defined using
claims recorded before the index date, exposure status was
established at baseline. In people who experienced synco-
pe within 5 years of enroliment (date of nationwide health
screening), the HR for future SCA was 1.9. After adjusting
for multiple covariates, including hypertension, diabetes
mellitus, atrial fibrillation, heart failure, and depression, a
history of syncope was associated with a 29% increase in
the risk of SCA. The higher HRs observed for shorter time
windows (HR, 1.29 for 5 years; 1.30 for 3 years; and 1.36
for 1 year) may indicate a stronger association between
recent syncope and subsequent SCA risk. The association
between syncope and SCA was stronger in individuals with-
out hypertension, who had a 47% increase in the risk of
SCA among those who experienced syncope. The results are
summarized in graphical abstract.

The large sample size and low probability of underdetec-
tion of SCA are the major strengths of this study. The con-
sequences of SCA are grave, but its incidence is very low,
making statistical analyses with sufficient power difficult to
achieve. To overcome this limitation, a significantly larger

https://doi.org/10.3904/kjim.2025.205

sample size, such as that of our cohort, is required. Detec-
tion of SCA can be difficult because SCA victims usually do
not come to the hospital that manages the research cohort,
but rather go to the hospital closest to the location at which
the SCA occurs. Therefore, a risk remains for underdetec-
tion of SCA events. However, since we analyzed the K-NHIS
database, which is a single, exclusive, and mandatory medi-
cal insurance system that does not allow unsubscribing, un-
derdetection of SCA was unlikely in this study.

Syncope as a surrogate marker

Syncope and SCA share some common etiologies, such as
coronary vasospasm, lethal ventricular arrhythmias, aortic
stenosis, coronary artery disease, and hypertrophic cardio-
myopathy [14-16]. The consequence of transient coronary
vasospasm may be limited to clinical syncope, whereas
prolonged vasospasm might lead to SCA. Non-sustained
ventricular fibrillation may not result in SCA, sustained
ventricular fibrillation might. Therefore, syncope may be a
weaker indicator of potential SCA-causing conditions. In a
case-control study performed with a prospective SCA reg-
istry in the Portland, Oregon, metropolitan region, synco-
pe was associated with an increased risk of SCA in patients
with coronary artery disease, with an odds ratio of 2.8 [14].
We also observed a significant association between a his-
tory of syncope and the risk of SCA. This association was
maintained after adjusting for potential causes of SCA, such
as atrial fibrillation, chronic kidney disease, and heart fail-
ure [17]. These results suggest that some syncope events,
particularly those of cardiogenic origins, could present as
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SCA in future. The etiology of syncope is diverse. Vasovagal
and neurally mediated syncope, particularly in young peo-
ple, usually shows a benign clinical course [10]. However, as
many cases of vasovagal syncope occur in individuals with
inherited arrhythmias such as Long QT syndrome and Bru-
gada syndrome, it is challenging to categorize syncope in
young people as benign [18-20]. Thus, efforts to clinically
differentiate inherited arrhythmias are also necessary. More-
over, syncope events in people with underlying cardiovas-
cular disease should be managed carefully, because these
patients can present with SCA in the near future.

Risk stratification

A strategy to stratify the risk of syncope events has been
presented in a prior study [21]. Symptoms and signs indicat-
ing high-risk syncope include accompanying chest discom-
fort, palpitations before syncope, syncope during exertion,
a relevant family history, and the presence of structural
heart disease, such as aortic stenosis, cardiomyopathies,
and congenital heart disease [21]. According to our data,
factors that were associated with future SCA in people with
prior syncope were old age, male sex, increased waist cir-
cumference, hypertension, diabetes mellitus, dyslipidemia,
chronic kidney disease, heart failure, atrial fibrillation, and
depression. In our non-adjusted analysis, syncope was asso-
ciated with a 91% increased risk of SCA occurring. The HR
reduced from 1.91 to 1.38 after adjusting for age and sex.
After further adjustments for lifestyle, body weight status,
metabolic conditions, heart failure, and atrial fibrillation, a
29% increase in the risk of SCA was found in individuals
with prior syncope. This suggests that, despite syncope be-
ing independently associated with future SCA risk, part of
its association is related to important confounders, such as
age, sex, and accompanying metabolic and cardiovascular
diseases. Since age, male sex, and various cardiometabolic
diseases are significant risk factors for future SCA in people
with prior syncope, it may be beneficial for older male pa-
tients to undergo intensive evaluation for cardiovascular dis-
orders to determine the etiology of syncope in an attempt
to prevent SCA.

Our findings should be interpreted cautiously, particularly
in younger individuals without hypertension. Although the
absolute risk of SCA was low, the observed interaction sug-
gests that syncope may deserve additional attention even in
some individuals who appear otherwise healthy. These re-
sults are not intended to imply that all isolated syncope car-
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ries high risk, but they support careful clinical decision-mak-
ing and appropriate sequential evaluation when other
concerning features are present, such as exertional syncope,
palpitations, or a family history of sudden death. The stron-
ger association observed in younger individuals and those
without hypertension may further suggest that syncope has
particular clinical relevance in subgroups with fewer con-
ventional ischemic heart disease risk factors. However, be-
cause the present study did not classify SCA according to its
underlying cause, these findings should not be interpreted
as direct evidence that syncope is more specifically associ-
ated with non-ischemic SCA. The characteristics of patients
with SCA in our study were generally consistent with pre-
viously established risk factors for SCA, including older age
and male [22]. Given that coronary artery disease is a ma-
jor cause of SCA in older individuals, our findings may also
suggest a possible association with ischemic heart disease.
However, because this study did not classify SCA accord-
ing to its underlying cause, these interpretations should be
made with caution.

Limitations

This study had some limitations. We identified various med-
ical conditions, including SCA, through reports of ICD-10
codes; however, coding errors may have existed. Never-
theless, our coding strategy, particularly for SCA, has been
validated in our prior studies [4,12,23]. Another limitation
was the low incidence of SCA in the general population.
Throughout a mean of 9.2 years of follow-up, 0.47% of the
participants experienced SCA. However, the low incidence
of SCA is the reason we utilized a nationwide healthcare in-
surance cohort in order to achieve sufficient statistical pow-
er, despite the intrinsic limitations of such an analysis, such
as the potential presence of coding errors. Additionally, be-
cause this study was based on ICD codes, it may encompass
a broad spectrum of syncope types, including vasovagal and
non-cardiac causes, not limited to cardiac syncope. Lastly,
the results of this study may not be directly applicable to
other ethnic groups, as our cohort exclusively consisted of
East Asians. Fourth, the use of ICD-10 code R42 to define
dizziness is another limitation of this study. In clinical prac-
tice, R42 is often used when a specific diagnosis has not
yet been established. Moreover, when syncope is diagnosed
as R55, dizziness is not commonly coded separately. As a
result, analyses based on claims codes alone may not ful-
ly capture the relationship between dizziness and syncope.

https://doi.org/10.3904/kjim.2025.205
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In addition, claims data do not provide sufficient detail to
distinguish syncope subtypes, such as cardiogenic, neurally
mediated, or orthostatic syncope. Studies based on more
detailed clinical data will be needed to clarify the relationship
between cause-specific syncope and future SCA risk. Fifth,
misclassification of SCA is a potential pitfall of this study. Al-
though SCA was identified using ICD-10 codes, claims data
cannot fully distinguish cardiac from non-cardiac causes of
sudden death. Therefore, some non-cardiac sudden deaths
may have been included despite the exclusion criteria. This
limitation may have attenuated the observed association be-
tween syncope and SCA. Sixth, important clinical variables
that inform cardiac risk in routine practice, including elec-
trocardiographic findings, echocardiographic parameters,
and detailed cardiac disease history, are not captured in the
K-NHIS database. The inability to adjust for these variables
suggest there can be residual confounders in this study
which is an inherent limitation to claims-based research.

In conclusion, syncope is associated with an increased risk
of SCA. The association was attenuated, despite retaining
statistical significance, after adjustment for age, sex, and
accompanying cardiovascular disease, indicating that synco-
pe could be a surrogate marker or milder presentation of
medical conditions that predispose patients to SCA. Among
those who experienced syncope, old age, male sex, and
cardiometabolic disorders were associated with future SCA,
suggesting that syncope in this subgroup should prompt in-
tensive examination to help prevent future SCA.

KEY MESSAGE

1. People who experienced syncope within 5 years of
enrollment exhibited a 29% increased risk of SCA
after adjust.

2. The association between syncope and SCA was
more pronounced in individuals without hyperten-
sion, showing a 47% higher risk of SCA among
those who had experienced syncope.

3. Specifically, Patients who reported syncope in the
emergency department within one year prior to
screening demonstrated a 78% increased risk of
SCA.
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SUPPLEMENTARY METHOD

Those who cannot afford the Korean National Health In-
surance Service (K-NHIS) subscription fee are cared for by
a separate medical aid system. However, all medical data
are integrated into the K-NHIS database. Therefore, data
derived from the K-NHIS database represent the entire
South Korean population. The K-NHIS database has oth-
er strengths in medical research. First, no uncensored fol-
low-ups are lost. People who emigrated are censored at the
moment of a change in their nationality. All deaths in South

Supplementary Table 1. Definitions of disease
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Korea or overseas are mandatorily reported to the K-NHIS
system. Second, a nationwide health screening program is
provided to subscribers biennially, which include (i) self-re-
ported questionnaires on lifestyle factors, such as alcohol in-
take pattern, smoking status, and physical exercise level; (ii)
medical examinations, including body weight, height, waist
circumference, and blood pressure measurements; and (iii)
laboratory tests, such as complete blood cell count, renal
function, liver function, fasting blood glucose levels, and
lipid profiles.

Disease

Definition

Sudden cardiac arrest
Sudden cardiac arrest
Cardiac arrest with successful resuscitation

Cardiac arrest, cause unspecified
Ventricular fibrillation and flutter
Instantaneous death
Heart failure
Thyroid disease
Depression
Atrial fibrillation
Alcohol consumption
Non-drinker
Mild drinker
Heavy drinker
Smoking
Non-smoker
Ex-smoker

ICD-10 codes (146.0, 146.1, 146.9, 149.0, R96.0, R96.1)
ICD-10 codes (146.1)
ICD-10 codes (146.0)
Death occurring less than 24 hours from symptom onset ICD-10 codes (R96.1)
ICD-10 codes (146.9)
ICD-10 codes (149.0)
ICD-10 codes (R96.0)
ICD-10 codes 150 (all sub-codes)
ICD-10 codes EQ3, EO5 (all sub-codes)
ICD-10 codes F32, F33 (all sub-codes)
ICD-10 codes 148 (all sub-codes)

Average consumption of alcohol = 0 g per day
0 g per day < average consumption of alcohol < 30 g per day
Average consumption of alcohol > 30 g per day

< 100 cigarettes in the lifetime
> 100 cigarettes in the lifetime, but did not smoke within 1 month of health

examination

Current smoker

> 100 cigarettes in the lifetime, and continued smoking within 1 month of

health examination

Regular exercise

Those who were reported to have mid-term exercise (such as walking fast,

tennis, or moderate bicycle activities > 5 days) or vigorous exercise (such
as running, climbing, intense bicycle activities > 3 days) in a week

Hypertension

Systolic blood pressure > 140 mmHg, diastolic blood pressure > 90 mmHg,

or on anti-hypertensive medications

Diabetes mellitus
Chronic kidney disease

Fasting glucose > 126 mg/dL, or on hypoglycemic agents
Estimated glomerular filtration rate < 60 mL/min/1.73 m2 by the

Modification of Diet in Renal Disease equation, or on dialysis at the time
of health screening

|CD-10, International Classification of Disease, 10th edition.
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Supplementary Figure 1. Incidence probabilities of sudden cardiac arrest. (A, B) Symptoms within 5 years of health screening. SCA,
sudden cardiac arrest.
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