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Background: The clinical implications of atrial fibrillation (AF) in hypertrophic cardiomyopathy (HCM)
patients are incompletely characterized. We investigated the impact of AF on stroke and mortality, assessed
the performance of the CHA2DS2-VASc score, and explored the predictors of stroke in HCM patients.
Methods: A nationwide cohort of HCM patients (n=8,349, mean age 60.7) identified from 2010 to 2015
from the Korean National Health Insurance database were followed up for occurrence of ischemic stroke or
all-cause death.

Results: During a mean follow-up of 2.5 years, the incidence rate of stroke was 2.69 and 5.87, and
mortality rate was 2.06 and 4.44 per 100 person-years in non-AF and AF patients, respectively. AF was
independently associated with a 60% and 50% increased risk for stroke and all-cause mortality, respectively.
The AF-associated increase in risk of stroke was more prominent in HCM patients with no or few risk
factors. The CHA2DS2-VASc score showed poor discrimination of stroke risk in HCM patients with AF,
mostly due to the high incidence of stroke in patients with scores of 0 or 1. Traditional risk factors were not
always associated with stroke in HCM patients with AF; age, heart failure, high blood pressure and GGT
were the strongest predictors of stroke in this population. HCM patients without AF also showed increased
incidence of stroke at CHA2DS2-VASc >1.

Conclusions: AF was independently associated with increased risks for stroke and all-cause mortality in
patients with HCM. The CHA2DS2-VASc score showed poor discrimination of stroke risk in HCM patients
with AF.
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia
in hypertrophic cardiomyopathy (HCM), and has been
associated with significant functional decline, morbidity,
especially stroke, and mortality (1-4). However, advances
in management strategies have substantially improved
the clinical course and survival of HCM patients (5).
In particular, AF was reported to be no longer a major
contributor to morbidity and mortality in HCM in the
modern management era (6). Meanwhile, other studies of
HCM populations spanning longer time periods reported
significantly increased adverse events and death attributable
to AF (3,4). In this regard, the clinical implications of AF
in HCM patients in the contemporary management era
are incompletely characterized. Furthermore, there is a
lack of data on the clinical impact of AF in Asian HCM
patients. Also, the prediction of stroke in HCM patients
is not straightforward, as the CHA,DS,-VASc score does
not appear to correlate well with thromboembolic risk in
HCM patients with AF (6,7). Although current guidelines
recommend anticoagulation in all HCM patients who
develop AF without a threshold of CHA,DS,-VASc scores
(8,9), concrete evidence for this recommendation is lacking.
Here, we investigated the clinical impact of AF on
stroke and mortality, explored the predictors of stroke, and
assessed the performance of the CHA,DS,-VASc score in a
nationwide cohort of HCM patients. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-1817).

Methods
Study population

This study used the National Health Insurance Service
(NHIS) database, which provides mandatory coverage for
all Korean citizens. The database contains information
on demographics, claims data on inpatient and outpatient
health care usage, diagnoses, prescriptions, treatments,
as well as the routine health examination data, and death
information data for the entire Korean population, and can
be used for population-based studies. The de-identified data
is available to researchers who apply online (nhiss.nhis.or.kr)
after approval by the Institutional Review Board. The NHIS
recommends enrollees to undergo regular standardized
health examinations annually or biennially depending
on occupation. According to statistics from the Korean
Statistical Information Service, the inspection rate was
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76.1% in a total of 17,633,406 subjects scheduled to take the
2015 health examinations. Standardized health examinations
were performed in hospitals certified by the NHIS and
subjected to regular quality control. Questionnaires,
anthropometric measurements, blood and urine tests, chest
x-ray, and dental examinations were included in the health
examinations. Blood samples including measurement of
serum glucose and lipid levels were drawn after an overnight
fast. Information on smoking and alcohol consumption,
physical activity was obtained by questionnaires. Smoking
status was checked as non-smoker, ex-smoker, and current
smoker, and alcohol consumption was checked as none, mild
(<30 g/day), and heavy drinker (=30 g/day). Regular exercise
was defined as performing moderate physical activity more
than 30 minutes at least five times per week or strenuous
physical activity more than 20 minutes at least three times
per week. Income data was included in the qualification
database, and low income was defined as lowest 20%.

From this database, we identified patients with HCM
from 1 January 2010 to the 31 December 2015 (n=16,886).
We excluded patients without health examination results
within =1 year of study enrollment (n=6,436) or with missing
values in health examination (n=127). Patients with history
of stroke prior to enrollment were washed out in order to
detect new-onset stroke (n=1,974), as prior and new events
were difficult to differentiate with diagnostic codes in the
claims database. Hence, a total of 8,349 HCM patients were
finally included (Figure I). Patients were classified into those
with AF, and those without. The study cohort was followed
up until 31 December 2016. Baseline characteristics were
collected in the year of enrollment, and initial health
examination results were assessed. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). This study was exempt from review by the Seoul
National University Hospital Institutional Review Board (E-
1806-016-949) due to the anonymized nature of the data and
individual consent was waived.

Definitions

Diseases were defined using the International Statistical
Classification of Diseases and Related Health Problems,
Tenth Revision, Clinical Modification (ICD-10-CM),
health care usage and medication, as in previous studies
(10-12), and are detailed in Table S1.

HCM was defined by (I) claims for diagnostic codes
(I42.1 or 142.2) with at least one admission or outpatient
clinic visit, and (II) registration in the rare intractable
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Figure 1 Study inclusion flow.

diseases (RID) program. The government-implemented
RID program is a welfare policy extending health insurance
coverage to 90% of medical costs for patients with specific
rare diseases. Therefore, registration is tightly controlled by
verification with clinical and imaging evidence, and reviews
by medical experts and health insurance professionals.
HCM was included in the rare diseases listed in the
RID program since 2004. To be registered in the RID
program, the patient must fulfill the criteria of HCM on
echocardiography and the attending physician must provide
clinical certification that the patient has HCM. When
validated with hospital data (n=1,110), the combination of
ICD-10-CM codes and registration in the RID program
showed a high positive predictive value and accuracy (13).

AF was defined with ICD-10-CM code 148, which was
validated in previous studies (10-12,14). CHA,DS,-VASc
scores were calculated by assigning 2 points each for age
>75 years and prior stroke/transient ischemic attack/systemic
thromboembolism and assigning 1 point each for age
65-74 years, female, congestive heart failure, hypertension,
diabetes mellitus, and vascular disease (peripheral artery
disease or prior myocardial infarction) (15). We used the
CHA,DS,-VASc score to represent the number of risk
factors for patients without AF as well, as this score has also
been shown to correlate with stroke risk in patients without
AF (16-18).

The endpoint was ischemic stroke and all-cause death.
Ischemic stroke was defined by diagnosis with ICD-10-CM
codes 163 or 164 during admission with claims for brain
imaging. When validated with hospital data (n=200), the
positive predictive value for ischemic stroke was 94.3%.
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Statistical analysis

Data are presented as mean = standard deviation for
continuous variables with normal distribution and
proportions for categorical variables; triglycerides, alanine
transaminase, aspartate transaminase (AST), gamma-
glutamyltransferase (GGT) levels showed positively skewed
distributions and are presented as geometric means with
95% confidence intervals (95% CI) after logarithmic
transformation. The Students’ #-test and y’ test were used
to compare variables between groups.

Incidence rates were calculated per 100 person-years. Cox
proportional hazards model was used to calculate hazard
ratios (HR) and 95% CIs for the risk of stroke and death,
and to identify independent predictors with multivariable
regression analysis. Proportional hazards assumptions were
tested graphically using log-log plots, and there was no
significant departure from proportionality in hazards over
time. The performances of the CHA,DS,-VASc score were
evaluated in patients using receiver operating characteristic
(ROC) curves with areas under the curves (AUCs) (19).
Statistical analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA), and 2-sided P values
<0.05 were considered statistically significant.

Results

Baseline characteristics of study population

In a total of 8,349 HCM patients (mean age 60.7+11.9, male
69.2%), prevalence of AF was 14.0% (n=1,169). Patients with
AF were significantly older (64.6£10.8 vs. 60.1x12.0 years),
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had higher CHA,DS,-VASc scores (2.8+1.6 vs. 2.1x1.5),
higher prevalence of most comorbidities including
hypertension, heart failure, ischemic heart disease,
peripheral artery disease, chronic obstructive pulmonary
disease, and lower prevalence of dyslipidemia compared
to non-AF counterparts (Table 1). They had lower
systolic blood pressure, total cholesterol, low density
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lipoprotein-cholesterol, triglyceride, creatinine clearance
and hemoglobin levels, and higher AST and GGT levels.
Patients with AF were less likely to smoke, drink heavily, or
exercise regularly. Of HCM patients with AF, approximately
half (51.3%) were on oral anticoagulants, mostly warfarin,
while a very small proportion of HCM patients without AF
(1.6%) were on oral anticoagulants.

Table 1 Baseline characteristics of hypertrophic cardiomyopathy patients with and without atrial fibrillation

Total (n=8,349) Non-AF (n=7,180) AF (n=1,169) P value

Age 60.7+11.9 60.1+12.0 64.6+10.8 <0.001
Male sex 5779 (69.2) 4975 (69.3) 804 (68.8) 0.725
CHA,DS,-VASc score 2.2+1.5 2115 2.8+1.6 <0.001
Hypertension 5,638 (67.5) 4,807 (67.0) 831 (71.1) 0.005
Diabetes mellitus 1,575 (18.9) 1,332 (18.6) 243 (20.8) 0.070
Dyslipidemia 4,052 (48.5) 3,541 (49.3) 511 (43.7) 0.004
Heart failure 190 (2.3) 127 (1.8) 63 (5.4) <0.001
Prior MI 122 (1.5) 94 (1.3) 28 (2.4) 0.004
PAD 908 (10.9) 760 (10.6) 148 (12.7) 0.035
COPD 1,045 (12.5) 842 (11.7) 203 (17.4) <0.001
ESRD 32 (0.38) 25 (0.35) 7 (0.60) 0.199
Body mass index 25.2+3.2 25.2+3.2 25.0+3.2 0.130
Waist circumference 86.0+8.9 86.0+8.9 86.3+9.1 0.210
SBP 124.9+15.5 125.2+15.5 123.3+15.4 <0.001
DBP 75.7+10.3 75.8+10.2 75.5+10.9 0.510
Fasting glucose 103+23 10323 10323 0.964
Total cholesterol 181+38 182+38 175+35 <0.001
LDL-C 104+41 105+42 99432 <0.001
HDL-C 51.1+12.9 51.1+13.0 51.1+12.9 0.919
Triglycerides 118 (117-120) 120 (119-121) 109 (106-112) <0.001
CrCl 82452 83154 74+37 <0.001
ALT 25.7 (25.5-26.0) 25.8 (25.5-26.1) 25.3 (24.6-26.0) 0.170
AST 28.5 (28.3-28.7) 28.3 (28.1-28.6) 29.7 (29.1-30.3) <0.001
GGT 36.2 (35.7-36.7) 35.1 (34.5-35.6) 441 (42.3-46.0) <0.001
Hemoglobin 14.4+1.6 14.4+1.6 14.3+1.7 0.043
Lifestyle habits

Current smoker 1,688 (20.2) 1,518 (21.1) 170 (14.5) <0.001

Heavy drinker 497 (6.0) 446 (6.2) 51 (4.4) 0.013

Table 1 (continued)
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Table 1 (continued)
Total (n=8,349) Non-AF (n=7,180) AF (n=1,169) P value
Regular exercise 4,234 (50.7) 3,705 (51.6) 529 (45.3) <0.001
Low income 1,476 (17.7) 1,261 (17.6) 215 (18.4) 0.491
Anti-hypertensives 7,572 (90.7) 6,445 (89.8) 1,127 (96.4) <0.001
ACE inhibitor 783 (9.4) 634 (8.8) 149 (12.8) <0.001
ARB 3,550 (42.5) 3,014 (42.0) 536 (45.9) 0.013
CCB 3,805 (45.6) 3,214 (44.8) 591 (50.6) <0.001
Diuretic 2,494 (29.9) 1,912 (26.6) 582 (49.8) <0.001
Beta-blocker 5,374 (64.4) 4,588 (63.9) 786 (67.2) 0.027
Alpha-blocker 150 (1.8) 128 (1.8) 22 (1.9 0.813
Oral anticoagulation 712 (8.5) 112 (1.6) 600 (51.3) <0.001
Warfarin 684 (8.2) 104 (1.5) 580 (49.6) <0.001
NOAC 58 (0.7) 9(0.1) 49 (4.2) <0.001

AF, atrial fibrillation; MI, myocardial infarction; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; ESRD,
end-stage renal disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; CrCl, creatinine clearance; ALT, alanine transaminase; AST, aspartate transaminase; GGT,
gamma-glutamyltransferase; ACE, angiotensin-converting-enzyme; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker;

NOAC, non-vitamin K antagonist oral anticoagulants.

Impact of AF on the risk of stroke and death in HCM
patients

During a mean follow-up of 2.5£1.5 years, ischemic stroke
occurred in 484 (6.7%) of non-AF patients and 152 (13.0%)
of AF patients. The incidence rate of stroke was 2.69 and
5.87 per 100 person-years in non-AF and AF subjects,
respectively. Patients with AF showed a 60% increase in risk
for stroke compared to those without AF after multivariable
analysis adjusting for confounding variables including
anticoagulation (HR 1.60, 95% CI: 1.26-2.04) (Table 2).

Of note, the impact of AF on increased risk for stroke
was even stronger in HCM patients who had fewer risk
factors, represented by lower CHA,DS,-VASc scores (Figure
24). HCM patients with AF showed high incidence rates
of stroke even with few risk factors: 3.37 and 2.94 per 100
person-years for CHA,DS,-VASc =0 and 1, respectively.
Patients who had AF and no other risk factors (CHA,DS,-
VASc =0) showed more than 4-fold increased risk for stroke
compared to those without AF and CHA,DS,-VASc =0.
Meanwhile, in HCM patients with multiple risk factors
(CHA,DS,-VASc score >4), the increase in AF-associated
stroke risk was not significant.

On the other hand, during a mean follow-up of
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2.6x1.5 years, all-cause death occurred in 391 (5.4%) of
non-AF patients and 127 (10.9%) of AF patients. Mortality
rate was 2.06 and 4.44 per 100 person-years in non-AF and
AF patients, respectively. HCM patients with AF showed a
49% increase in risk for death compared to those without
AF in multivariable analysis (Table 2). AF-associated risk
for death was consistently increased in HCM patients
throughout CHA,DS,-VASc scores (Figure 2B).

Performance of CHA,DS,-VASc score for predicting stroke
in HCM patients not on anticoagulation

The incidence rates and hazard ratios for developing
ischemic stroke according to CHA,DS,-VASc scores
in HCM patients not on anticoagulation are shown in
Figure 3. HCM patients with AF and low CHA,DS,-
VASc scores showed high incidences of stroke: 2.50 and
2.75 per 100 person-years for CHA,DS,-VASc =0 and 1,
respectively. Incidence rates of stroke generally increased
with higher CHA,DS,-VASc scores, and patients with very
high CHA,DS,-VASc scores (>6) had markedly elevated
incidence rates of stroke. Due to the high incidence of
stroke in HCM patients with low CHA,DS,-VASc scores,
there were no statistically significant differences in risk of
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Table 2 Impact of atrial fibrillation (AF) on the risk of stroke and mortality in hypertrophic cardiomyopathy patients

Non-AF (n=7,180) (reference) AF (n=1,169)
Event IR Event IR Crude HR (95% Cl) Adjusted HR* (95% ClI)
Stroke 484 2.69 152 5.87 2.16 (1.80-2.59) 1.60 (1.26-2.04)
All-cause death 391 2.06 127 4.44 2.22 (1.82-2.71) 1.49 (1.14-1.95)

"Incidence rate: per 100 person-years. *Adjusted for age, sex, comorbidities (hypertension, diabetes mellitus, dyslipidemia, heart failure,
prior myocardial infarction, peripheral artery disease, chronic obstructive pulmonary disease, end-stage renal disease), body mass index,
creatinine clearance, smoking, drinking, exercise, presence of oral anticoagulation. HR, hazard ratio; Cl, confidence interval.
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Figure 2 Impact of atrial fibrillation (AF) on the risk of (A) stroke and (B) mortality in hypertrophic cardiomyopathy patients, stratified by

CHA,DS,-VASc scores. Incidence rates (per 100 person-years) of stroke for each CHA,DS,-VASc scores are shown in bar graphs at the

bottom with scales on the left. Hazard ratios with 95% confidence intervals representing the risk of stroke for each CHA,DS,-VASc scores

are shown in line graphs with scales (base 10 logarithmic) on the right, with a dotted line at 1.

stroke among patients with CHA,DS,-VASc scores 1-5
compared to those with CHA,DS,-VASc =0, though there
was a trend for linear increase in stroke risk in proportion
to CHA,DS,-VASc scores (Figure 3A4). The risk of stroke
was significantly increased only at very high CHA,DS,-
VASc scores (>6) in multivariable adjusted Cox regression
analysis. Analyses in total AF patients showed similar
results, with high incidence rates of stroke at low CHA,DS,-
VASc scores, and no significant difference in stroke risk
at CHA,DS,-VASc <6 (Table S2). The CHA,DS,-VASc
scoring system showed poor discrimination of stroke risk in
HCM patients with AF (AUC 0.591, 95% CI: 0.501-0.673)
at three years of follow-up (Figure 3B).

On the other hand, incidence rates and hazard ratios
of developing ischemic stroke showed an increase with
higher CHA,DS,-VASc scores in HCM patients without

© Annals of Translational Medicine. All rights reserved.

AF (Figure S1). The CHA,DS,-VASc scoring system
showed better discrimination of stroke risk in HCM
patients without AF at three years of follow-up (AUC 0.717,
95% CI: 0.691-0.742) compared to those with AF (P for
comparison of independent ROC curves =0.002).

Risk factors for stroke in HCM patients with and without
AF

In AF-free HCM patients, traditional risk factors such
as age, female sex, hypertension, diabetes mellitus,
dyslipidemia, heart failure, peripheral artery disease, and
chronic obstructive pulmonary disease were associated with
incident stroke in univariable analysis, and of these, age and
peripheral artery disease remained significantly associated
with increased risk for stroke in multivariable analysis.
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Meanwhile, in HCM patients with AF, age and heart failure
in univariable and multivariable analysis were associated
with incident stroke (Figure 4, Table S3).

Of various health checkup variables (Figure 4, Table S4),
low creatinine clearance (<60 mL/min), high AST and
GGT [highest quartile (Q); Q4] were associated with
higher stroke risk, while high body mass index (>25) was
associated with lower stroke risk in AF-free HCM patients.
Meanwhile, in HCM patients with AF, high blood pressure
(2160/100 mmHg) and GGT (Q4) were associated with
incident stroke. Quartile ranges are shown in Table S5.

Discussion

We found that in a nationwide cohort of patients with HCM,
AF was common (14%), and independently associated with
approximately 60% and 50% increased risk for stroke and
mortality, respectively, in multivariable analysis adjusting
for confounding variables such as comorbidities, lifestyle,
body mass index, kidney function, and anticoagulation.
In particular, the AF-associated increase in risk of stroke
was more prominent in HCM patients with fewer risk
factors. The CHA,DS,-VASc scoring system showed a poor
performance at stroke prediction in HCM patients with AF,
and those with low scores showed high incidence rates of
stroke. Traditional risk factors were not always associated

© Annals of Translational Medicine. All rights reserved.

with stroke in HCM patients with AF; age, heart failure, high
blood pressure and GGT were the strongest predictors of
stroke in this population.

Clinical implications of AF in HCM in the contemporary
management era

The evolution of contemporary therapeutic strategies have
substantially improved the clinical course and longevity of
HCM patients, achieving a low mortality rate comparable
to that of the general population (5). In studies of HCM
patients followed up before 2000 (1,2,20), and also in more
contemporary studies spanning periods before and after
2000 (3,4), AF was associated with a substantially higher
risk of stroke and death, especially stroke- and heart failure-
related mortality. Meanwhile, a study by Rowin et al.
from a single-institution referral HCM population using
standardized management with a high rate of aggressive
procedures, evaluated between 2004 and 2014, found
that AF impairs the quality of life, but does not increase
all-cause or HCM-related death or progression of heart
failure (6), which was attributed to improved contemporary
management strategies, including effective anticoagulation
to prevent embolic stroke. However, most of the data are
from Western countries, and the clinical implications of AF
in contemporary Asian HCM patients are lacking.
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Non-AF (n=7180) AF (n=1169)
IRt HR (95% Cl) for stroke* IRt HR (95% Cl) R for stroke*
() (ref)  (+) () (ref)  (+)
Age 265 140  4.83 2.93 (2.37-3.63) —e—— 405 746 1.73(1.21-2.51) P
Female sex 224 365 0.96(0.76-1.22) ret 540  6.85 1.00(0.66-1.52) .-,_.
Hypertension 209  3.00 1.10(0.89-1.36) .-.-. 6.14 576  0.92(0.64-1.32) .-.-.
Diabetes mellitus 2.51 350 1.15(0.93-1.42) Fot 6.39  4.02 0.55(0.35-0.87) |-o-|
Dyslipidemia 240  3.01 1.06(0.89-1.28) ..-. 5.80 5.96  1.07 (0.77-1.49) ot
Heart failure 265 526 1.41(0.83-2.38) .—.—. 5.63 102 2.05(1.17-3.60) .—.—.
Prior myocardial infarction 2.68  3.84 1.28 (0.66-2.49) .—.—. 595 298 0.42(0.10-1.72) .-.—.
Peripheral artery disease 249  4.32 1.30 (1.02-1.64) .-.-. 5.65 7.32  1.17(0.75-1.81) .—.—.
COPD 248  4.80 1.21(0.96-1.53) .-.-. 579 623 0.91(0.60-1.38) »-—-
Obesity (BMI225) 3.14 225 0.80(0.67-0.96) n-: 6.44 5.24  0.88(0.63-1.23) .-..-.
SBP/DBP2160/100° 258  3.20 1.48(0.76-2.90) .—.—. 554 220 3.82(1.17-12.5) .—.—
Low CrCl (<60mL/min) 238 463 1.26(1.01-1.57) .-.-. 5.48 7.03  1.03(0.72-1.50) -o—-
High ALT" 339 217 0.96 (0.74-1.27) Eal 6.12 5.35 1.10(0.68-1.78) .-.—.
High AST" 250  3.07 1.37(1.06-1.78) 1-.—. 524 673 1.33(0.83-2.13) --—.
High GGT" 279  3.03 1.78(1.35-2.35) —— 4.22 7.68  2.26 (1.30-3.93) ——y
Regular exercise 3.30 2.08 0.84(0.69-1.01) m 6.58 495 0.79 (0.56-1.11) -o—c
o 1 3 4 o 1 2 3 4

Figure 4 Risk factors for stroke in hypertrophic cardiomyopathy patients with and without AF. "Incidence rate: per 100 person-years.

*Adjusted for age, comorbidities (hypertension, diabetes mellitus, dyslipidemia, heart failure, prior myocardial infarction, peripheral artery
disease, COPD, ESRD), BMI, CrCl, smoking, drinking, exercise, presence of oral anticoagulation. Svs. SBP/DBP <120/80 (reference). Q4
(4th quartile) vs. Q1 (Ist quartile; reference). AF, atrial fibrillation; HR, hazard ratio; CI, confidence interval; COPD, chronic obstructive

pulmonary disease; ESRD, end-stage renal disease; BMI, body mass index; CrCl, creatinine clearance; ALT, alanine transaminase; AST,

aspartate transaminase; GGT, gamma-glutamyltransferase.

In our study, AF remains a significant contributor to
morbidity and mortality in a nationwide HCM cohort from
2010 to 2016. Our study population included all HCM
patients from a nationwide health insurance database, and
thus the study population is free from referral bias and
is more community-based, which is different from the
above studies performed with tertiary referral population.
Anticoagulation rates were sub-optimal in the present study,
as only 51.7% of HCM patients with AF were anticoagulated;
however, this proportion is not so different from that of
other cohort studies involving HCM patients with AFE, where
anticoagulation rates ranged from 41% to 78% (3,6). In this
referral bias-free setting, AF was still associated with higher
stroke and mortality rates even after multivariable adjustment
including the presence of anticoagulation, especially in HCM
patients with fewer risk factors.

Prediction of stroke in HCM patients

The CHA,DS,-VASc scoring system showed poor

© Annals of Translational Medicine. All rights reserved.

discrimination of stroke risk, which only increased
significantly at very high scores (=6), in HCM patients with
AF. A main reason behind its poor performance was that
those with low CHA,DS,-VASc scores, even 0 or 1, showed
high stroke rates. The presence of HCM itself conferred
a steep increase in risk of stroke, which attenuated further
increase in stroke risk by addition of other risk factors, and
thus led to the poor performance of the CHA,DS,-VASc
score. This is consistent with previous studies showing high
incidence rates of stroke in HCM patients with AF and low
CHA,DS,-VASec scores (21,22). These results support that
the CHA,DS,-VASc score should not be used in HCM
patients with AF in the decision to start anticoagulation,
and also corroborate current guidelines recommending that
HCM patients with AF should be anticoagulated regardless
of CHA,DS,-VASc scores (8,9). The hemodynamics of
HCM including diastolic dysfunction, left atrial dilatation,
and outflow obstruction may provide a potent substrate for
stagnancy, turbulence and thrombus formation. This may be
synergized by the development of AF, which could explain

Ann Transl Med 2020;8(21):1386 | http://dx.doi.org/10.21037/atm-20-1817
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the steep rise in stroke rates even at low CHA,DS,-VASc
scores in HCM patients with AF. Interestingly, even HCM
patients without AF had increased incidence of stroke, and
the CHA,DS,-VASc score showed good discrimination of
stroke risk in this population. The incidence of stroke in
HCM patients without AF was similar to that of the general
population with AF derived from the same database (23)
or from previous studies (24), again suggesting that HCM
per se increases the risk for stroke, perhaps approximately
as much as AF in the general population. In particular,
HCM patients without AF at baseline but CHA,DS,-VASc
>1 showed >1% yearly incidence of ischemic stroke, and
further studies exploring whether anticoagulation could be
beneficial in this group would be of interest.

Considering the suboptimal performance of the
CHA,DS,-VASc score in HCM patients with AF, we explored
the potential predictors of stroke in this population. While the
current study may not have sufficient power to be conclusive,
we found that age, heart failure, high blood pressure and
GGT were the strongest predictors of stroke in HCM
patients with AF, while other traditional risk factors were not.
GGT is expressed in the cerebrovascular endothelium as well
as in the liver and kidney, and besides being a proxy marker
of alcohol consumption, also plays a role in oxidative stress
and the pathogenesis of atherosclerosis. Previous studies have
also reported that GGT is associated with cardiovascular
disease including ischemic stroke, metabolic syndrome, and
AF, independently of alcohol intake or liver disease (25-28).
We here first demonstrated the possibility of GGT as a
biomarker predicting stroke in HCM patients with and
without AF.

Limitations

Several limitations need to be mentioned. First, we
excluded HCM patients without health examination results
from the prevalent HCM population (38%, 6,436/16,886),
and thus the study population may not reflect the full
spectrum of the HCM population. Subjects who did not
undergo routine health examinations may show different
characteristics from those who did; they may be ‘sicker’
and thus prone to skip check-ups due to frequent hospital
visits, or socially isolated without convenient access to
healthcare, or poorly adherent. In this respect, selection
bias cannot be completely excluded. Second, patient groups
with and without AF show different characteristics, and
despite multiple adjustments, residual confounding may
exist. Third, we did not include patients with prior stroke

© Annals of Translational Medicine. All rights reserved.
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for accurate assessment of clinical outcomes in the claims
database, which may lead to selection bias. Fourth, although
the presence or absence of anticoagulation was adjusted for
in multivariate analysis, information on the effectiveness of
anticoagulation, especially in warfarin users, could not be
collected. Finally, detailed echocardiographic information
was unavailable in the claims database, which would have
strengthened our results.

Conclusions

In a nationwide contemporary population of HCM patients
with AF in Korea, AF was independently associated with
approximately 60% and 50% increased risk for stroke and
mortality, respectively. AF-associated increase in stroke
was especially marked in patients with fewer risk factors.
The CHA,DS,-VASc score showed poor discrimination
of stroke risk in HCM patients with AF, mainly due to
the high incidence of stroke even at low CHA,DS,-VASc
scores, and should not be used in deciding whether to start
anticoagulation in patients with HCM and AF. Age, heart
failure, high blood pressure, and GGT emerged as the
strongest predictors of stroke in patients with HCM and AF.
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