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ABSTRACT

Background: The association between renal dysfunction and cardiovascular outcomes has
yet to be determined in patients with hypertrophic cardiomyopathy (HCM). We aimed to
investigate whether mildly reduced renal function is associated with the prognosis in patients
with HCM.

Methods: Patients with HCM were enrolled at two tertiary HCM centers. Patients who were
on dialysis, or had a previous history of heart failure (HF) or stroke were excluded. Patients
were categorized into 3 groups by estimated glomerular filtration rate (eGFR): stage I (eGFR
> 90 mL/min/1.73 m? n = 538), stage II (eGFR 60-89 mL/min/1.73 m?, n = 953), and stage
II-V (eGFR < 60 mL/min/1.73 m? n = 265). Major adverse cardiovascular events (MACEs)
were defined as a composite of cardiovascular death, hospitalization for HF (HHF), or stroke
during median 4.0-year follow-up. Multivariable Cox regression model was used to adjust for
covariates.

Results: Among 1,756 HCM patients (mean 61.0 + 13.4 years; 68.1% men), patients with
stage III-V renal function had a significantly higher risk of MACEs (adjusted hazard ratio
[aHR], 2.71; 95% confidence interval [CI], 1.39-5.27; P= 0.003), which was largely driven by
increased incidence of cardiovascular death and HHF compared to those with stage I renal
function. Even in patients with stage II renal function, the risk of MACE (vs. stage I: aHR,
2.21’ 95% CI, 1.23-3.96; P= 0.008) and HHF (vs. stage I: aHR, 2.62; 95% CI, 1.23-5.58; P=
0.012) was significantly increased.

Conclusion: This real-world observation showed that even mildly reduced renal function
(i.e., eGFR 60-89 mL/min/1.73 m?) in patients with HCM was associated with an increased
risk of MACEs, especially for HHF.

Keywords: Hypertrophic Cardiomyopathy; Renal Function; Glomerular Filtration Rate;
Prognosis; Heart Failure
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INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is an inheritable, relatively common cardiomyopathy
that affects 1:200-1:500 of the general population.1,2 Adverse events are common during
the natural course of HCM, with up to 30% of patients experiencing heart failure (HF), atrial
fibrillation (AF), stroke, or sudden cardiac death (SCD).25 Aside from SCD, which can be
prevented by implantable cardioverter-defibrillator therapy, the life expectancy and quality
of life of patients with HCM are largely determined by the occurrence of cardiovascular
complications such as HF, AF, and stroke.2 Thus, continuous efforts have been made to
identify the prognosticators predicting these events.

Impaired renal function, defined by an estimated glomerular filtration rate [eGFR] < 60 mL/
min/1.73 m?, is one of the well-known prognostic factors for cardiovascular outcomes.67

The adverse effects of mildly reduced renal function (i.e., eGFR 60-89 mL/min/1.73 m?)

on cardiovascular outcomes in comparison to normal renal function (i.e., €GFR > 90 mL/
min/1.73 m?) have also been reported in a few studies.810 In the general population, it is
suggested that reduced renal function affects the sympathetic nervous system and the
renin-angiotensin-aldosterone system, finally contributing to left ventricular (LV) diastolic
dysfunction.11,12 Given the basic pathophysiology of HCM, i.e., a disease characterized by LV
diastolic dysfunction, it is plausible that reduced renal function elevates cardiovascular risk.
However, data on the association between renal dysfunction and cardiovascular outcomes in
patients with HCM, particularly in relation to mildly reduced renal function, are limited. We
thus aimed to evaluate the long-term risk of cardiovascular events among groups determined
by renal function in a sizable multicenter HCM cohort, stratifying patients into three distinct
groups based on their eGFR values (see Methods section for details).

METHODS

Study design and participants

The study population included patients with HCM who underwent initial echocardiography
at two tertiary referral hospitals in Korea (Seoul National University Hospital and Seoul
National University Bundang Hospital) between 2003 and 2020. HCM was defined as
increased LV wall thickness (end-diastolic LV wall thickness > 15 mm or > 13 mm in
patients with a family history of HCM) that could not be explained by other causes, such

as hypertension and aortic stenosis.3:13 Subjects were excluded if: 1) they were on dialysis;
2) serum creatinine level was unavailable; 3) they were lost to follow-up; or 4) they had a
previous history of HF or stroke (Fig. 1).

Renal function evaluation and categorization

The eGFR at enrollment was used to evaluate the renal function of study participants. The
eGFR of each patient was calculated using the simplified four-component Modification of
Diet in Renal Disease equation that included age, race, gender, and serum level of creatinine;
i.e., €GFR =186 x (Serum Creatinine Level [in mg/dL]) - 1.154 x (Age [in Years]) - 0.203.14
The result was multiplied by a correction factor of 0.742 for the women. Patients were then
divided by their renal function as follows: stage I (normal renal function with eGFR > 90 mL/
min/1.73 m?), stage II (mildly reduced renal function with eGFR 60-89 mL/min/1.73 m?), and
stage III-V (overt renal dysfunction with eGFR < 60 mL/min/1.73 m?) groups, according to the
Kidney Disease: Improving Global Outcomes (KDIGO) 2012 guidelines.15
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Patients with hypertrophic cardiomyopathy
enrolled from 2003 to 2020
N =2,

Excluded, n =355
- Patients on dialysis, n = 22
- Patients with missing values, n = 59
- Lost to follow-up, n =8
- Previous history of HF or stroke, n = 266

Study population for analysis

n=1,756
Stage I1I-V (eGFR < 60) Stage Il (eGFR 60-89) Stage | (eGFR > 90)
n =265 n =953 n =538

Risk of MACE according to renal function
MACE: Composite of CV death, hospitalization due to HF, and stroke
Median 4.0 years of follow-up

Fig. 1. Study flow of patients. Patients diagnosed with hypertrophic cardiomyopathy and without a previous
history of HF or stroke were enrolled. MACE, a composite of CV death, hospitalization for HF, and stroke, during
median 4.0 years of follow-up was analyzed according to the groups stratified by renal function (stage Il1-V, eGFR
<60 mL/min/1.73 m?; stage Il, eGFR 60-89 mL/min/1.73 m? and stage |, eGFR > 90 mL/min/1.73 m?).

eGFR = estimated glomerular filtration rate, HF = heart failure, CV = cardiovascular, MACE = major adverse
cardiovascular event.

Echocardiographic examination

Commercially available echocardiography machines (GE Medical Systems, Philips
Healthcare, and Siemens Medical Solutions) were used. LV dimensions, end-diastolic wall
thickness, LV ejection fraction (LVEF), and left atrial dimensions were obtained in accordance
with the current guidelines.16 The LV outflow tract (LVOT) pressure gradient was estimated

at rest and with the Valsalva maneuver, and the maximum value was recorded. Patients with

a maximal LVOT gradient of > 50 mmHg were classified as having significant dynamic LVOT
obstruction (LVOTO). The ratio of early diastolic mitral inflow velocity (E) to early septal
mitral annular velocity (e) was used for LV filling pressure assessment. Apical HCM was
defined as LV hypertrophy affecting only the apical segments.

Study outcomes and follow-up

The primary outcome was major adverse cardiovascular events (MACEs) defined as a
composite of cardiovascular death, hospitalization for HF (HHF), and stroke. The secondary
outcomes were the individual components of the primary outcome. The occurrence and
causes of death were confirmed using the National Death Registration Records of Korea.
Cardiovascular death was defined as death due to HF, myocardial infarction, cardiac arrest,
ischemic stroke, or hemorrhagic stroke.l” HHF was defined as at least one episode of hospital
admission for HF that was clinically diagnosed based on worsening symptoms and signs

of congestion with volume overload, such as dyspnea and peripheral edema, or the use of
diuretics due to volume overload.18 Stroke was defined as a sudden neurological deficit
originating from brain vascular lesions, including thromboembolism, hemorrhage, or a
ruptured aneurysm that persisted for more than 24 hours.19 Dedicated research personnel
collected the clinical outcomes by reviewing electronic medical records and conducting
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telephone interviews. The date of the initial echocardiography was designated as the index
date. The study participants were followed up from the index date until the event, end of
follow-up, or death, whichever occurred first. Follow-up was censored at the 6-year time
point for primary and secondary outcomes.

Statistical analysis

Categorical variables are presented as numbers and frequencies (percentages) and were
compared using the y* test. Continuous variables are expressed as mean # standard deviation
and were compared using the Student’s +-test. Cumulative event rates were estimated using
Kaplan-Meier censoring estimates, and the log-rank test was used to compare clinical
outcomes among groups according to renal function. A multivariable Cox regression model
was used to adjust for the confounding factors. Covariates included in the multivariable
model were selected if they were significantly different between the two groups or assumed
to have predictive values, which are listed as follows: age > 60 years, sex, body mass index
(BMI) > 25 kg/m?, hypertension, diabetes mellitus, history of myocardial infarction, LVEF,
significant dynamic LVOTO, systolic blood pressure, use of beta-blockers, and apical form of
HCM (Supplementary Table 1). In addition, the primary outcome was compared among the
subgroups of interest according to renal function, and the interactions between each subgroup
were assessed using a multivariable Cox regression model. All probability values were two-
sided, and statistical significance was set at P < 0.05. The statistical software package Stata
(version 17.0; Stata Corp., College Station, TX, USA) was used for statistical analyses.

Ethics statement

The study protocol was reviewed and approved by the Institutional Review Board (IRB)

of each hospital (IRB No. H-2204-051-1314, Seoul National University Hospital) and was
conducted in accordance with the principles of the Declaration of Helsinki. The requirement
for written informed consent was waived because of the retrospective nature of this study.
Data supporting the findings of this study can be obtained from the corresponding author
upon request.

RESULTS

Characteristics of study population

Table 1 shows the baseline characteristics of the study population according to the groups
stratified by renal function. Of the 1,756 patients with HCM, 538 (30.6%) had stage I renal
function, 953 (54.3%) had stage II renal function, and 265 (15.1%) had stage III-V renal
function. The mean eGFRs were 102.3 + 12.3 mL/min/1.73 m?, 75.8 + 8.4 mL/min/1.73 m?, and
49.7 + 8.8 mL/min/1.73 m? in the stage I, II, and III-V groups, respectively. The stage I[I-V and
II groups were at a more advanced age than the stage I group, whereas the sex distribution
and BMI levels were similar among the three groups. The proportions of patients with
hypertension, diabetes mellitus, and a history of AF were significantly higher in the stage
III-V and II groups than in the stage I group. Although the difference among the three groups
was not statistically significant for LVEF, patients with worse renal function (stage [II-V

and II groups) had greater LV chamber size, E/e’ ratio, and left atrial diameter, with lower

E and septal e’ velocities. The proportion of patients with significant dynamic LVOTO was
significantly lower in the stage III-V group. The number of patients taking beta-blockers was
lower in the stage III-V and II groups than in the stage I group.

https://doi.org/10.3346/jkms.2024.39.e80 4/13



Mildly Reduced Renal Function and Prognosis in HCM

JKMS

Table 1. Baseline characteristics of subjected patients by stages of renal function

Parameters Stage Il1-V (eGFR < 60; n = 265) Stage Il (eGFR 60-89; n = 953) Stage | (eGFR > 90; n = 538) Pvalue
Age, yr 71.7 £ 10.0 62.2+11.5 53.6 £ 13.8 <0.001
> 60 yr 234 (88.3) 548 (57.5) 183 (34.0) <0.001
Male 171 (64.5) 662 (69.5) 363 (67.5) 0.291
BMI, kg/m? 24.9+3.6 25.0+3.3 95.0+ 3.5 0.946
BMI > 25 kg/m? 115 (46.7) 429 (47.9) 234 (50.0) 0.662
SBP, mmHg 130.2 £ 15.8 129.2 + 16.8 128.1+16.3 0.258
eGFR, mL/min/1.73 m? 49.7 £ 8.8 75.8+ 8.4 102.3+12.3 <0.001
Hypertension 178 (67.2) 498 (52.3) 253 (47.0) <0.001
Diabetes mellitus 74 (27.9) 187 (19.6) 91 (16.9) 0.001
Previous history of AF 90 (34.0) 148 (15.5) 46 (8.6) <0.001
Previous history of MI 9(3.4) 14 (1.5) 13 (2.4) 0.113
Echocardiographic parameters <0.001
LVEF, % 63.3+7.0 64.0+ 6.4 64.4+ 6.6 0.083
LVEDD, mm 46.1+ 6.0 46.7 = 5.0 45.7+5.4 0.001
Maximum LV wall thickness, mm 17.7 + 3.6 18.1 + 4.0 18.4+ 4.0 0.044
E velocity, m/s 0.6 £0.2 0.6+0.2 0.7 £0.2 0.006
Septal €', cm/s 4.7+1.8 5.0+£1.9 5.5+1.9 <0.001
E/e’ ratio 15.3+8.4 13.6 £ 6.2 13.1+£6.1 <0.001
LA diameter, mm 46.3 + 8.8 44.2 +7.4 41.6 + 6.7 <0.001
Significant dynamic LVOTO 11 (4.2) 81 (8.5) 53(9.9) 0.020
Apical type of HCM 91 (34.3) 292 (30.6) 106 (19.7) <0.001
Use of beta blocker 121 (45.7) 448 (47.0) 345 (64.1) <0.001

Values are presented as number (%) or mean + standard deviation.
eGFR = estimated glomerular filtration rate, BMI = body mass index, SBP = systolic blood pressure, AF = atrial fibrillation, MI = myocardial infarction, LVEF = left
ventricular ejection fraction, LVEDD = left ventricular end-diastolic dimension, LV = left ventricular, E velocity = early diastolic transmitral inflow velocity, Septal

e’ = early diastolic mitral annular velocity, LA = left atrial, LVOTO = left ventricular outflow tract obstruction, HCM = hypertrophic cardiomyopathy.

https://jkms.org

Clinical outcomes according to renal function
During a median follow-up of 4.0 years (Q1-Q3 1.6-6.0 years), 127 events (cumulative
incidence 0f 11.5%) of MACE (cardiovascular death, n = 37 [3.5%]; HHF, n = 67 [6.0%]; or
stroke, n = 41 [4.1%]) occurred, with significant differences among the groups stratified by
renal function (P < 0.001) (Fig. 2).

25
—— Stage IlI-V (eGFR < 60 mL/min/1.73 m?)
20 Stage Il (€GFR 60-89 mL/min/1.73 m?) 21.5%
-------- Stage | (eGFR > 90 mL/min/1.73 m?)
S 15 4 Log-rank P<0.001
m
) - 11.6%
g 10 4 "'_"_,__,..--f'
S 1 4.8%
04
T T T T
0 2 4 6
Years after enrollment
No. at risk
Stage IlI-V 265 185 126 95
Stage Il 953 686 488 352
Stage | 538 350 215 131

Fig. 2. Cumulative incidence of MACE in groups by renal function. When MACE was defined as a composite of
all-cause death, hospitalization for heart failure, and stroke, the cumulative incidence of MACE was significantly
higher even in patients with stage Il renal function, as compared to those with stage | renal function.

eGFR = estimated glomerular filtration rate, MACE = major adverse cardiovascular event.

https://doi.org/10.3346/jkms.2024.39.e80
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Event N/ Cumulative Adjusted HR?

Total N incidence (95% CI) P

Stage | (eGFR 2 90)
MACE 17/538 4.8% 1(ref) - ®
Cardiovascular death 5/538 1.7% 1 (ref) - Q
Hospitalization for HF 10/538 3.0% 1 (ref) - ®
Stroke 6/538 2.2% 1(ref) - ®

Stage Il (eGFR 60-89) vs. Stage | as a reference
MACE 71/953 11.6% 2.21(1.23-3.96) 0.008 —
Cardiovascular death 15/953 2.5% 1.22 (0.39-3.81) 0.738 ——
Hospitalization for HF 39/953 6.1%  2.62(1.23-5.58) 0.012 ——
Stroke 26/953 4.6% 1.55(0.59-4.06) 0.368 —_—

Stage Il1-V (eGFR < 60) vs. Stage | as a reference
MACE 39/265 21.5% 2.71(1.39-5.27) 0.003 ——
Cardiovascular death 17/265 9.8%  3.08(0.92-10.30) 0.068 >
Hospitalization for HF 18/265 10.7% 2.79 (1.16-6.71) 0.022 ——
Stroke 9/265 5.4% 1.05 (0.31-3.61) 0.938 —_—

T
1 10

Fig. 3. Risks of MACE and its individual components in each category of renal function. The number of events,
cumulative incidence, and multivariable-adjusted HR with 95% CI of MACE (a composite of all-cause death,
hospitalization due to HF, and stroke) and its individual outcomes are illustrated in each category of renal
function with stage | as a reference.

MACE = major adverse cardiovascular event, HF = heart failure, HR = hazard ratio, Cl = confidence interval.
2Adjusted for age > 60 years, sex, body mass index > 25 kg/m?, hypertension, diabetes mellitus, previous history
of myocardial infarction, left ventricular ejection fraction, significant dynamic left ventricular outflow tract
obstruction, systolic blood pressure, use of beta blocker, and apical type of hypertrophic cardiomyopathy.

Fig. 3 depicts a comparison of the cumulative incidences and adjusted risks of MACE and
each individual outcome among the three groups. In patients with HCM with stage III-V renal
function, the incidence of MACE was significantly higher compared with that in patients

with stage I renal function (multivariable-adjusted hazard ratio [aHR], 2.71; 95% confidence
interval [CI], 1.39-5.27; P=0.003). For individual outcome, the stage III-V renal function
group had higher risks of cardiovascular death (aHR, 3.08; 95% CI, 0.92-10.30; P=0.068)
and HHF (aHR, 2.79; 95% CI, 1.16-6.71; P= 0.022) than the stage I renal function group, but
statistical significance was achieved only for the HHF. The stage III-V renal function was not
associated with an increased risk of stroke compared with stage I renal function (aHR, 1.05;
95% CI, 0.31-3.61; P=0.938).

In the stage II renal function group, the adjusted risk of MACE was significantly higher than
in the stage I renal function group (aHR, 2.21; 95% CI, 1.23-3.96; P = 0.008), which was
mainly driven by a significantly elevated risk of HHF in the stage II group (vs. stage I: aHR,
2.62; 95% CI, 1.23-5.58; P=0.012). The incidences of cardiovascular death (aHR, 1.22;

95% CI, 0.39-3.81; P= 0.738) and stroke (aHR, 1.55; 95% CI, 0.59-4.06; P= 0.368) were not
statistically different between the stage II and I groups. The results were consistent in various
multivariable models including AF (Supplementary Table 2) or parameters of LV diastolic
dysfunction (Supplementary Table 3).

Subgroup analysis

Fig. 4 summarizes the results of the subgroup analysis. No statistically significant interaction
was observed in the risk of MACE in terms of the different subgroups (P for interaction in

all subgroups > 0.05). However, an increased risk of MACE in patients with impaired renal
function tended to be more prominent in women, BMI > 25 kg/m?, LVEF > 60%, or without a
history of AF.

https://doi.org/10.3346/jkms.2024.39.e80 6/13
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MACE by subgroup Event N/ Total N (%) Adjusted HR* (95% CI) P P for interaction
Age > 60 years 0.451
Stage | (eGFR 2 90) 10/183 (8.0%) ® 1(ref) -
Stage Il (eGFR 60-89) 58/548 (17.7%) — —— 2.13 (1.03-4.39) 0.041
Stage IlI-V (eGFR < 60) 36/234 (21.9%) —_———— 2.54 (1.16-5.55) 0.020
Age < 60 years
Stage | (eGFR > 90) 7/355 (3.2%) > 1 (ref) -
Stage Il (eGFR 60-89) 13/405 (4.3%) ® 2.18 (0.79-6.01) 0.131
Stage I11-V (eGFR < 60) 3/31(18.0%) ® 4.80 (1.06-21.70) 0.041
Male 0.217
Stage | (eGFR > 90) 10/363 (4.4%) ] 1(ref) -
Stage Il (eGFR 60-89) 35/662 (8.4%) — 1.44 (0.66-3.15) 0.356
Stage 11I-V (eGFR < 60) 23/171(21.0%) ® 2.40 (1.00-5.77) 0.050
Female
Stage | (eGFR 2 90) 7/175 (5.5%) b 1 (ref) -
Stage Il (eGFR 60-89) 36/291(18.6%) & 3.77 (1.53-9.27) 0.004
Stage 11I-V (eGFR < 60) 16/94 (22.4%) & 3.21(1.12-9.20) 0.030
BMI > 25 kg/m? 0.877
Stage | (eGFR 2 90) 7/234 (4.3%) Y 1 (ref) -
Stage Il (eGFR 60-89) 29/4929 (11.2%) ° 2.85 (1.20-6.78) 0.018
Stage IlI-V (eGFR < 60) 18/115 (23.0%) ® 3.44(1.31-9.01) 0.012
BMI < 25 kg/m?
Stage | (eGFR > 90) 9/234 (5.6%) 3 1 (ref) -
Stage Il (eGFR 60-89) 38/466 (11.5%) ———————— 1.96 (0.88-4.33) 0.098
Stage IlI-V (eGFR < 60) 18/131(19.0%) L d 2.34(0.92-5.92) 0.074
LVEF < 60% 0.146
Stage | (eGFR 2 90) 8/123 (10.5%) J 1 (ref) -
Stage Il (eGFR 60-89) 26/228 (19.6%) ® 1.79 (0.71-4.49) 0.215
Stage 11I-V (eGFR < 60) 14/73 (23.0%) L g 1.38 (0.45-4.19) 0.571
LVEF > 60%
Stage | (eGFR > 90) 9/415 (3.1%) b 1 (ref) -
Stage Il (eGFR 60-89) 45/725 (9.3%) — 2.53 (1.16-5.52) 0.019
Stage I11-V (eGFR < 60) 25/192 (20.6%) & 4.03(1.70-9.56) 0.002
Previous history of AF: Yes 0.323
Stage | (eGFR 2 90) 6/46 (14.7%) 4 1 (ref) -
Stage Il (eGFR 60-89) 97/148 (28.8%) ® 1.09 (0.43-2.80) 0.850
Stage 11I-V (eGFR < 60) 25/90 (39.9%) L4 1.41(0.52-3.79) 0.497
Previous history of AF: No
Stage | (eGFR > 90) 11/492 (3.8%) > 1 (ref) -
Stage Il (eGFR 60-89) 44/805 (8.6%) —_— 2.76 (1.30-5.85) 0.008
Stage 11I-V (eGFR < 60) 14/175 (11.9%) ® 1.97 (0.73-5.33) 0.179

0.5

Hazard ratio

Fig. 4. Subgroup analysis by age, sex, BMI, LVEF, and previous history of AF.
MACE = major adverse cardiovascular event, HR = hazard ratio, Cl = confidence interval, eGFR = estimated glomerular filtration rate, BMI = body mass index, AF
= atrial fibrillation, LVEF = left ventricular ejection fraction, ref = reference.
2Adjusted for age > 60 years, sex, body mass index > 25 kg/m?, hypertension, diabetes mellitus, previous history of myocardial infarction, left ventricular

ejection fraction, significant dynamic left ventricular outflow tract obstruction, systolic blood pressure, use of beta blocker, and apical type of hypertrophic

cardiomyopathy, except for each corresponding variable for subgroup.

https://jkms.org

DISCUSSION

In this large, two-center HCM cohort, more than half (54.3%) of the patients had stage II
renal function (i.e., mild renal dysfunction) and 15.1% had stage III-V renal function. Given
the elevated risk of end-stage renal disease in patients with HCM,7 clinicians need to closely
monitor and regularly follow up patients with HCM and mild renal dysfunction for kidney
and cardiovascular outcomes.
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This study can be summarized as follows. First, patients with HCM with stage IT and III-V
renal function had a significantly increased risk of MACEs compared with those with

stage I renal function. Second, the increased risks of MACEs in the stage II and III-V renal
function groups were mainly driven by a significantly higher risk of HHF. Third, the risk of
cardiovascular death increased only in the stage III-V renal function group with borderline
statistical significance, whereas stage II renal function was not associated with the elevated
risk of cardiovascular death. Fourth, stroke risk was not associated with the degree of renal
function. Lastly, a subgroup analysis showed that women with HCM, those with obesity or
normal LVEF (defined as > 60%) or those without a history of AF tended to be at increased
risk of MACE in the presence of renal dysfunction, even in the stage II renal function.20

Chronic kidney disease is a well-known risk factor for cardiovascular events in the general
population.® However, the association between renal dysfunction and cardiovascular
outcomes in patients with HCM remains underexplored. While the prevalence of stage

III-V renal function in the general population is at 0.35%, it is significantly higher in HCM
patients, ranging from 16-38%.21,22 Similar to the general population, HCM patients with
stage III-V renal function demonstrate an elevated risk of cardiovascular events. For instance,
in a cohort of 581 Chinese patients with HCM, 90 individuals (16.0%) with an eGFR < 60
mL/min/1.73 m? exhibited a higher incidence of mortality and hospitalization due to HF
compared to those with an eGFR > 60 mL/min/1.73 m*.2! Additionally, a Japanese study
including 450 HCM patients found that the subset with stage III-V renal function (n = 171)
had an elevated risk of SCD.22 Our study aligns with these findings, demonstrating that HCM
patients with stage III-V renal function had a significantly higher risk of MACEs, primarily
driven by an increased risk of cardiovascular death and HHF.

A previous study has shown that patients with HCM have a much higher risk of mortality due
to cardiovascular causes than those without HCM.23 We also noted a borderline threefold
increase in the risk of cardiovascular death in the stage III-V renal function group compared
with the stage I group. The risk of cardiovascular mortality was similarly increased in 90
Chinese patients with HCM with stage III-V renal function (aHR, 2.98; 95% CI, 1.36-6.50).21
Taken together, a higher mortality risk in patients with HCM and overt renal dysfunction can
be largely explained by cardiovascular causes.

HF is a major cardiovascular complication of HCM and significantly affects quality of life and
prognosis.24 Alteration in renal function is recognized to be directly associated with short-
and long-term deterioration in cardiac function and incident HF.25 Decreased renal function
activates the sympathetic nervous system and the renin-angiotensin-aldosterone system, and
subsequent electrolyte imbalances may also promote an inflammatory response and change
the myocardial structure, resulting in a proarrhythmic condition.!! Renal dysfunction is also
linked to LV diastolic dysfunction in a spectrum of cardiovascular conditions.12 In the current
study, an approximately threefold increase in the cumulative incidence of HHF was noted

in patients with stage III-V renal function compared with the stage I renal function group.
Thus, it is plausible that HCM itself and reduced renal function have a synergistic effect on
incident HF in patients with HCM.

It is well established that an eGFR < 60 mL/min/1.73 m? is a significant prognostic factor for
cardiovascular disease in the general population as well as patients with HCM. However, the
impact of mildly reduced renal function on cardiovascular risk remains controversial. This
is crucial given that nearly 40% to 60% of the general population have mildly reduced renal
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function.10,26 Various studies have investigated the prognostic significance of this condition
in diverse groups. The subgroup analysis of the VALIANT trial identified mildly reduced
renal function, defined as an eGFR of 60.0-74.9 mL/min/1.73 m?, as a major risk factor for
cardiovascular events after myocardial infarction.? Similarly, the Framingham Offspring
Study also reported elevated risks of cardiovascular diseases in individuals with eGFR
ranges of 60-69 and 70-79 mL/min/1.73 m?, compared to those with eGFR > 90 mL/min/1.73
m?2.10 However, a recent study found that this association was not observed in patients with
coronary artery disease who underwent multivessel coronary revascularization.2’ Notably,
the relationship between mildly reduced renal function and cardiovascular risk remains
unknown in HCM patients, who have 40-60% prevalence of stage II renal function.21,22

To the best of our knowledge, the present study is the first to show that patients with HCM
and mildly reduced renal function have an elevated cardiovascular risk compared with

those with normal renal function. Particularly, in our study, HHF was a major driver of
adverse cardiovascular events in association with mildly reduced renal function. Several
pathophysiological mechanisms could explain this finding. Mildly reduced renal function
may be an indirect early indicator of occult vascular disease or elevated levels of inflammatory
mediators.28,29 When compared with those with normal eGFR over 90 mL/min/1.73 m?, those
with eGFR 60-89 mL/min/1.73 m? had an increased risk of subclinical cardiovascular diseases
and had higher levels of surrogate markers, such as growth/differentiation factor-15 and brain
natriuretic peptide, indicating myocardial injury.10 Additionally, the burden of coronary
artery calcification progresses even in a mildly reduced eGFR range, which was a major
predictor of incident HF.30,31

At present, early diagnosis and rapid management of cardiovascular comorbidities, such as
HEF, are becoming more important issues in determining the long-term prognosis of patients
with HCM.32 Hence, our findings highlight the clinical relevance of identifying HCM patients
at risk, simply by monitoring eGFR with regular blood test; that is, if eGFR declines below
60 mL/min/1.73 m?, additional attention should be paid to the presence or absence of HF
symptoms and/or subclinical coronary disease for the establishment of early interventions.
Physicians should also be aware that patients with HCM and mildly reduced renal function,

a group accounting for more than 50% of the total HCM population, are more than twice

as likely to progress to HF as those with normal renal function. Furthermore, whenever
possible, patients with HCM and mildly reduced renal function should undergo screening
for cardiometabolic risk factors and receive prompt management for obesity, hypertension,
diabetes mellitus, and dyslipidemia.

Notably, sodium-glucose transporter protein 2 (SGLT2) inhibitors are reported to prevent the
progression of chronic kidney disease and reduce MACEs in patients with HF, irrespective
LVEE.33,34 Given the results of this study, further research exploring whether SGLT2 inhibitors
could provide benefits in HCM patients with mildly reduced renal function may be of merit.

We observed that women with HCM and obesity, normal LVEF, or the absence of AF were
subgroups in which the association between mildly reduced renal function and the risk of
MACESs was more pronounced. Some points need to be mentioned based on these findings.
First, given the absolute cutoff value of LV wall thickness required to diagnose HCM without
considering body surface area, HCM can be presumed to be already in an advanced stage
when diagnosed in women.35 Therefore, despite the lower cardiovascular risk profile in
women in the general population,3¢ women with HCM are more likely to manifest with
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advanced HF symptoms leading to hospitalization and thus have worse prognosis.1%35 Also,
the increased susceptibility to HF admission in women with HCM, particularly those with
mildly reduced renal function, may have been influenced by biological differences such as
sex hormone levels including estrogen.3” Second, the risk of cardiovascular events in patients
with HCM and reduced renal function seem to be partly modified by obesity. Individuals
with obesity were reported to have a significantly higher incidence of clinical HCM; thus,
obesity can be regarded as a modifiable risk factor for HCM.38 Moreover, obesity contributes
to an increased risk of unfavorable outcomes in individuals with HCM, particularly
rehospitalization for HF.39 Obesity is also independently associated with increased LV mass
and unfavorable LV remodeling, suggesting that obesity may determine the progression of
HF symptoms.40 Indeed, BMI is one of the most relevant factors in explaining HF-related
symptoms in a cohort of patients with chronic kidney disease.#! Finally, decreased LVEF and
the presence of AF are established predictors of cardiovascular mortality and HHF in patients
with HCM.20,42 Therefore, in the presence of decreased LVEF or AF, renal dysfunction is
anticipated to increase the risk of MACEs by acting as an accomplice. However, we observed
no increase in the risk of MACEs in patients with decreased LVEF or AF, while patients with
preserved LVEF or without AF had a significantly higher relative risk of MACEs. We speculate
that HCM patients with decreased LVEF or AF may have received closer monitoring and

thus appropriate HF-related medications, thereby attenuating the adverse impact of renal
dysfunction on the risk of MACEs. Conversely, patients with preserved LVEF or without

a previous history of AF may have received less attention to renal dysfunction. However,
patients with HCM with LVEF > 60% and mild renal dysfunction had a similar incidence

rate of MACEs as those with LVEF < 60% but normal renal function (9.3% vs. 10.5%; Fig. 4).
Furthermore, the incidence of MACEs in patients without a previous history of AF, but with
mild renal dysfunction was 8.6% (44/805; Fig. 4), a value that cannot be overlooked in our
daily clinical practice. Taken together, even mild renal dysfunction can play a significant role
in cardiovascular risk and should not be ignored in patients with HCM.

Several limitations need to be acknowledged. First, establishing causality was challenging
due to the retrospective nature of the study. Second, data on albuminuria and use of diuretics
were unavailable. Third, despite multivariable adjustments, controlling for strong risk factors
such as age might not be sufficient. Fourth, renal function was assessed only at enrollment,
limiting the consideration of longitudinal changes during follow-up. Finally, serum
creatinine levels and eGFR were used as surrogate markers of renal function, although direct
GFR measurement with radioactive isotopes or inulin could be more precise.

In conclusion, even mild renal dysfunction is significantly associated with a higher risk of
cardiovascular outcomes, particularly HHF.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Univariable analysis for risk of major adverse cardiovascular events

Supplementary Table 2
Crude and adjusted HR of MACE and its individual components in each category of renal function
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Adjusted risk of MACE and its individual components in various multivariable models

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Marian AJ, Braunwald E. Hypertrophic cardiomyopathy: genetics, pathogenesis, clinical manifestations,
diagnosis, and therapy. Circ Res 2017;121(7):749-70.  PUBMED | CROSSREF

Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, et al. 2020 AHA/ACC guideline for the
diagnosis and treatment of patients with hypertrophic cardiomyopathy: a report of the American College
of Cardiology/American Heart Association joint committee on clinical practice guidelines. Circulation
2020;142(25):€558-631. PUBMED | CROSSREF

Authors/Task Force members, Elliott PM, Anastasakis A, Borger MA, Borggrefe M, Cecchi F, et al. 2014
ESC guidelines on diagnosis and management of hypertrophic cardiomyopathy: the Task Force for the
Diagnosis and Management of Hypertrophic Cardiomyopathy of the European Society of Cardiology
(ESC). Eur Heart ] 2014;35(39):2733-79.  PUBMED | CROSSREF

Lee HJ, Kim J, Chang SA, Kim YJ, Kim HK, Lee SC. Major clinical issues in hypertrophic cardiomyopathy.
Korean Circ ] 2022;52(8):563-75. PUBMED | CROSSREF

Song MK, Baek SM, Kim GB, Lee SY, Kwon HW, Lee HJ, et al. Relationship between life-threatening
events and electromechanical window in patients with hypertrophic cardiomyopathy: a novel parameter
for risk stratification of sudden cardiac death. Heart Rhythm 2022;19(4):588-94. PUBMED | CROSSREF

Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, Mann JF, et al. Chronic kidney
disease and cardiovascular risk: epidemiology, mechanisms, and prevention. Lancet 2013;382(9889):339-52.
PUBMED | CROSSREF

Lee H, Han K, Park JB, Hwang IC, Yoon YE, Park HE, et al. Risk of end-stage renal disease in patients
with hypertrophic cardiomyopathy: a nationwide population-based cohort study. Sci Rep 2019;9(1):14565.
PUBMED | CROSSREF

Manjunath G, Tighiouart H, Coresh J, Macleod B, Salem DN, Griffith JL, et al. Level of kidney function as
arisk factor for cardiovascular outcomes in the elderly. Kidney Int 2003;63(3):1121-9. PUBMED | CROSSREF

Anavekar NS, McMurray J], Velazquez EJ, Solomon SD, Kober L, Rouleau JL, et al. Relation between renal
dysfunction and cardiovascular outcomes after myocardial infarction. N Engl | Med 2004;351(13):1285-95.
PUBMED | CROSSREF

Ataklte F, Song RJ, Upadhyay A, Musa Yola I, Vasan RS, Xanthakis V. Association of mildly reduced kidney
function with cardiovascular disease: the Framingham Heart Study. ] Am Heart Assoc 2021;10(16):020301.
PUBMED | CROSSREF

Cerasola G, Nardi E, Palermo A, Mulé G, Cottone S. Epidemiology and pathophysiology of left ventricular
abnormalities in chronic kidney disease: a review. | Nephrol 2011;24(1):1-10. PUBMED | CROSSREF

Gori M, Senni M, Gupta DK, Charytan DM, Kraigher-Krainer E, Pieske B, et al. Association between renal
function and cardiovascular structure and function in heart failure with preserved ejection fraction. Eur
Heart ] 2014;35(48):3442-51. PUBMED | CROSSREF

Lee HJ, Kim HK, Lee SC, Kim J, Park JB, Hwang IC, et al. Supplementary role of left ventricular global
longitudinal strain for predicting sudden cardiac death in hypertrophic cardiomyopathy. Eur Heart |
Cardiovasc Imaging 2022;23(8):1108-16. PUBMED | CROSSREF

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: a new prediction equation. Ann Intern Med
1999;130(6):461-70. PUBMED | CROSSREF

Stevens PE, Levin A; Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guideline
Development Work Group Members. Evaluation and management of chronic kidney disease: synopsis
of the kidney disease: improving global outcomes 2012 clinical practice guideline. Ann Intern Med
2013;158(11):825-30. PUBMED | CROSSREF

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for
cardiac chamber quantification by echocardiography in adults: an update from the American Society
of Echocardiography and the European Association of Cardiovascular Imaging. | Am Soc Echocardiogr
2015;28(1):1-39.e14. PUBMED | CROSSREF

Lee HJ, Kim HK, Lee SC, Ommen SR, Kim J, Park JB, et al. Age-related sex differences in the outcomes of
patients with hypertrophic cardiomyopathy. PLoS One 2022;17(2):e0264580. PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2024.39.e80 11/13


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2024.39.e80&fn=jkms-39-e80-s003.doc
http://www.ncbi.nlm.nih.gov/pubmed/28912181
https://doi.org/10.1161/CIRCRESAHA.117.311059
http://www.ncbi.nlm.nih.gov/pubmed/33215931
https://doi.org/10.1161/CIR.0000000000000937
http://www.ncbi.nlm.nih.gov/pubmed/25173338
https://doi.org/10.1093/eurheartj/ehu284
http://www.ncbi.nlm.nih.gov/pubmed/35929051
https://doi.org/10.4070/kcj.2022.0159
http://www.ncbi.nlm.nih.gov/pubmed/34933113
https://doi.org/10.1016/j.hrthm.2021.12.016
http://www.ncbi.nlm.nih.gov/pubmed/23727170
https://doi.org/10.1016/S0140-6736(13)60595-4
http://www.ncbi.nlm.nih.gov/pubmed/31601873
https://doi.org/10.1038/s41598-019-50993-5
http://www.ncbi.nlm.nih.gov/pubmed/12631096
https://doi.org/10.1046/j.1523-1755.2003.00838.x
http://www.ncbi.nlm.nih.gov/pubmed/15385655
https://doi.org/10.1056/NEJMoa041365
http://www.ncbi.nlm.nih.gov/pubmed/34387110
https://doi.org/10.1161/JAHA.120.020301
http://www.ncbi.nlm.nih.gov/pubmed/20437402
https://doi.org/10.5301/JN.2010.2030
http://www.ncbi.nlm.nih.gov/pubmed/24980489
https://doi.org/10.1093/eurheartj/ehu254
http://www.ncbi.nlm.nih.gov/pubmed/34542591
https://doi.org/10.1093/ehjci/jeab187
http://www.ncbi.nlm.nih.gov/pubmed/10075613
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
http://www.ncbi.nlm.nih.gov/pubmed/23732715
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/pubmed/25559473
https://doi.org/10.1016/j.echo.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/35213653
https://doi.org/10.1371/journal.pone.0264580

Mildly Reduced Renal Function and Prognosis in HCM

JKMS

https://jkms.org

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC guidelines for the diagnosis
and treatment of acute and chronic heart failure: the task force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC): developed with the special contribution of
the Heart Failure Association (HFA) of the ESC. Eur Heart ] 2016;37(27):2129-200. PUBMED | CROSSREF

Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, Culebras A, et al. An updated definition
of stroke for the 21st century: a statement for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 2013;44(7):2064-89. PUBMED | CROSSREF

Choi Y], Kim HK, Hwang IC, Park CS, Rhee TM, Lee HJ, et al. Prognosis of patients with hypertrophic
cardiomyopathy and low-normal left ventricular ejection fraction. Heart 2023;109(10):771-8.  PUBMED |
CROSSREF

Huang FY, Zhang JL, Huang BT, Peng Y, Chen SJ, Chen M. Renal function as a predictor of outcomes in
patients with hypertrophic cardiomyopathy: a cohort study of a hospitalized population. Clin Chim Acta
2021;512:92-9. PUBMED | CROSSREF

Higuchi S, Minami Y, Shoda M, Shirotani S, Kanai M, Kataoka S, et al. Effect of renal dysfunction on
risk of sudden cardiac death in patients with hypertrophic cardiomyopathy. Am J Cardiol 2021;144:131-6.
PUBMED | CROSSREF

Kwon S, Kim HK, Kim B, Lee HJ, Han KD, Hwang IC, et al. Comparison of mortality and cause of death
between adults with and without hypertrophic cardiomyopathy. Sci Rep 2022;12(1):6386. PUBMED | CROSSREF

Melacini P, Basso C, Angelini A, Calore C, Bobbo F, Tokajuk B, et al. Clinicopathological profiles of
progressive heart failure in hypertrophic cardiomyopathy. Eur Heart J2010;31(17):2111-23.  PUBMED | CROSSREF

Mullens W, Damman K, Testani JM, Martens P, Mueller C, Lassus J, et al. Evaluation of kidney function
throughout the heart failure trajectory - a position statement from the Heart Failure Association of the
European Society of Cardiology. Eur | Heart Fail 2020;22(4):584-603. PUBMED | CROSSREF

Coresh J, Selvin E, Stevens LA, Manzi ], Kusek JW, Eggers P, et al. Prevalence of chronic kidney disease in
the United States. JAMA 2007;298(17):2038-47. PUBMED | CROSSREF

Kim TO, Kang DY, Ahn JM, Kim SO, Lee PH, Lee ], et al. Prognostic impact of mildly impaired renal function
in patients undergoing multivessel coronary revascularization. ] Am Coll Cardiol 2022;79(13):1270-84.
PUBMED | CROSSREF

Tbahriti HF, Meknassi D, Moussaoui R, Messaoudi A, Zemour L, Kaddous A, et al. Inflammatory status
in chronic renal failure: the role of homocysteinemia and pro-inflammatory cytokines. World ] Nephrol
2013;2(2):317. PUBMED | CROSSREF

Mihai S, Codrici E, Popescu ID, Enciu AM, Albulescu L, Necula LG, et al. Inflammation-related
mechanisms in chronic kidney disease prediction, progression, and outcome. ] Immunol Res
2018;2018:2180373. PUBMED | CROSSREF

Suh-Chiou C, Moysés RM, Bittencourt MS, Bensenor IM, Lotufo PA. Chronic kidney disease and

coronary artery calcification in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). Clin Cardiol
2017;40(12):1309-15. PUBMED | CROSSREF

Budoff MJ, Rader DJ, Reilly MP, Mohler ER 3rd, Lash J, Yang W, et al. Relationship of estimated GFR and
coronary artery calcification in the CRIC (Chronic Renal Insufficiency Cohort) Study. Am | Kidney Dis
2011;58(4):519-26. PUBMED | CROSSREF

Maron BJ, Rowin EJ, Udelson JE, Maron MS. Clinical spectrum and management of heart failure in
hypertrophic cardiomyopathy. JACC Heart Fail 2018;6(5):353-63. PUBMED | CROSSREF

Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA
guideline for the management of heart failure: a report of the American College of Cardiology/American
Heart Association joint committee on clinical practice guidelines. Circulation 2022;145(18):895-1032.
PUBMED | CROSSREF

Yau K, Dharia A, Alrowiyti I, Cherney DZ. Prescribing SGLT2 inhibitors in patients with CKD: expanding
indications and practical considerations. Kidney Int Rep 2022;7(7):1463-76. PUBMED | CROSSREF

van Driel B, Nijenkamp L, Huurman R, Michels M, van der Velden J. Sex differences in hypertrophic
cardiomyopathy: new insights. Curr Opin Cardiol 2019;34(3):254-9. PUBMED | CROSSREF

Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, cardiovascular risk factors, and coronary heart
disease: a prospective follow-up study of 14 786 middle-aged men and women in Finland. Circulation
1999;99(9):116572.  PUBMED | CROSSREF

Regitz-Zagrosek V, Kararigas G. Mechanistic pathways of sex differences in cardiovascular disease. Physiol
Rev2017;97(1):1-37.  PUBMED | CROSSREF

Park JB, Kim DH, Lee H, Hwang IC, Yoon YE, Park HE, et al. Obesity and metabolic health status

https://doi.org/10.3346/jkms.2024.39.e80 12/13


http://www.ncbi.nlm.nih.gov/pubmed/27206819
https://doi.org/10.1093/eurheartj/ehw128
http://www.ncbi.nlm.nih.gov/pubmed/23652265
https://doi.org/10.1161/STR.0b013e318296aeca
http://www.ncbi.nlm.nih.gov/pubmed/36581445
https://doi.org/10.1136/heartjnl-2022-321853
http://www.ncbi.nlm.nih.gov/pubmed/33279500
https://doi.org/10.1016/j.cca.2020.11.022
http://www.ncbi.nlm.nih.gov/pubmed/33383012
https://doi.org/10.1016/j.amjcard.2020.12.063
http://www.ncbi.nlm.nih.gov/pubmed/35430580
https://doi.org/10.1038/s41598-022-10389-4
http://www.ncbi.nlm.nih.gov/pubmed/20513729
https://doi.org/10.1093/eurheartj/ehq136
http://www.ncbi.nlm.nih.gov/pubmed/31908120
https://doi.org/10.1002/ejhf.1697
http://www.ncbi.nlm.nih.gov/pubmed/17986697
https://doi.org/10.1001/jama.298.17.2038
http://www.ncbi.nlm.nih.gov/pubmed/35361350
https://doi.org/10.1016/j.jacc.2022.01.035
http://www.ncbi.nlm.nih.gov/pubmed/24175263
https://doi.org/10.5527/wjn.v2.i2.31
http://www.ncbi.nlm.nih.gov/pubmed/30271792
https://doi.org/10.1155/2018/2180373
http://www.ncbi.nlm.nih.gov/pubmed/29243272
https://doi.org/10.1002/clc.22829
http://www.ncbi.nlm.nih.gov/pubmed/21783289
https://doi.org/10.1053/j.ajkd.2011.04.024
http://www.ncbi.nlm.nih.gov/pubmed/29655822
https://doi.org/10.1016/j.jchf.2017.09.011
http://www.ncbi.nlm.nih.gov/pubmed/35363499
https://doi.org/10.1161/CIR.0000000000001063
http://www.ncbi.nlm.nih.gov/pubmed/35812300
https://doi.org/10.1016/j.ekir.2022.04.094
http://www.ncbi.nlm.nih.gov/pubmed/30747730
https://doi.org/10.1097/HCO.0000000000000612
http://www.ncbi.nlm.nih.gov/pubmed/10069784
https://doi.org/10.1161/01.CIR.99.9.1165
http://www.ncbi.nlm.nih.gov/pubmed/27807199
https://doi.org/10.1152/physrev.00021.2015

Mildly Reduced Renal Function and Prognosis in HCM

JKMS

https://jkms.org

39.

40.

41.

42.

are determinants for the clinical expression of hypertrophic cardiomyopathy. Eur | Prev Cardiol
2020;27(17):1849-57. PUBMED | CROSSREF

Chen Z, Xu B. Clinical significance of overweight in patients with hypertrophic cardiomyopathy: a
retrospective cohort study. Medicine (Baltimore) 2021;100(40):€27445. PUBMED | CROSSREF

Shi K, Huang S, Li X, Xu HY, Yang MX, Li Y, et al. Effect of obesity on left ventricular remodeling and
clinical outcome in Chinese patients with hypertrophic cardiomyopathy: assessed by cardiac MRI. ] Magn
Reson Imaging 2023;57(3):800-9. PUBMED | CROSSREF

Walther CP, Benoit JS, Gregg LP, Bansal N, Nambi V, Feldman HI, et al. Heart failure-type symptom
scores in chronic kidney disease: the importance of body mass index. Int ] Obes (Lond) 2022;46(10):1910-7.
PUBMED | CROSSREF

Chamberlain AM, Redfield MM, Alonso A, Weston SA, Roger VL. Atrial fibrillation and mortality in heart
failure: a community study. Circ Heart Fail 2011;4(6):740-6. PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2024.39.e80 13/13


http://www.ncbi.nlm.nih.gov/pubmed/31787021
https://doi.org/10.1177/2047487319889714
http://www.ncbi.nlm.nih.gov/pubmed/34622863
https://doi.org/10.1097/MD.0000000000027445
http://www.ncbi.nlm.nih.gov/pubmed/35715897
https://doi.org/10.1002/jmri.28306
http://www.ncbi.nlm.nih.gov/pubmed/35978101
https://doi.org/10.1038/s41366-022-01208-x
http://www.ncbi.nlm.nih.gov/pubmed/21920917
https://doi.org/10.1161/CIRCHEARTFAILURE.111.962688

	Mildly Reduced Renal Function Is Associated With Increased Heart Failure Admissions in Patients With Hypertrophic Cardiomyopathy
	INTRODUCTION
	METHODS
	Renal function evaluation and categorization
	Echocardiographic examination
	Study outcomes and follow-up
	Statistical analysis
	Ethics statement

	RESULTS
	Clinical outcomes according to renal function
	Subgroup analysis

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3

	REFERENCES


