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Background: Red blood cell distribution width (RDW) is associated with increased morbidity and 
mortality in several cardiovascular diseases. However, the prognostic significance of RDW in patients with 
hypertrophic obstructive cardiomyopathy (HOCM) who underwent septal myectomy remains unclear as no 
studies have been conducted on this topic. This study aimed to assess the prognostic significance of RDW in 
these patients. 
Methods: A total of 867 adults with HOCM who underwent septal myectomy at Fuwai Hospital from 2011 
to 2017 were retrospectively studied. All patients were assessed comprehensively, including their medical 
history, echocardiograms, and blood test results. 
Results: The median age of patients was 47.9 [interquartile range (IQR), 37.0–56.0] years and 61.5% of 
patients were men. During a median follow-up period of 32 (IQR, 17–53) months, 26 patients died and  
23 had a cardiovascular death during follow-up. Compared to patients in the lowest RDW quartile, those 
in the highest quartile had a significantly lower 5-year survival free from all-cause and cardiovascular death 
(95.9% vs. 87.6%, P<0.001; 95.9% vs. 89.9%, P<0.001). Compared with lower RDW, higher RDW was 
significantly associated with all-cause and cardiovascular death after adjustment for age, sex, body mass 
index, and relevant clinical risk factors [per RDW standard deviation (SD) hazard ratio (HR) increase =1.76, 
95% confidence interval (CI): 1.54–2.05, P<0.001; per RDW SD HR =1.91, 95% CI: 1.63–2.22, P for trend 
<0.001]. 
Conclusions: Higher RDW is independently associated with all-cause and cardiovascular death in patients 
with HOCM after septal myectomy. Therefore, this readily available biomarker could be considered as an 
additive biomarker for risk stratification in these patients.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a common 
inherited heart disease with a prevalence of approximately 
1:500 in the general population. Approximately two-thirds 
of patients with HCM have left ventricular outflow tract 
obstruction, which is considered hypertrophic obstructive 
cardiomyopathy (HOCM). When symptoms in these 
patients are refractory to optimal pharmacologic therapy, 
septal myectomy is recommended (1). Previous studies 
have reported that myocardial fibrosis, as measured using 
late gadolinium enhancement cardiovascular magnetic 
resonance, is an independent predictor of adverse outcomes 
in patients with HCM (2). However, considering the high 
cost and popularity of cardiac magnetic resonance, cheaper 
and more effective predictors are required. 

Red blood cel l  distr ibut ion width (RDW) is  a 
measurement parameter of the variability of the size of 
circulating red blood cells, and high RDW reflects an 
elevated reticulocyte level because of the possibility of 
iron deficiency, hemolytic anemia, or folate and vitamin 
B deficiency (3). Recently, many studies have reported 
that RDW is associated with morbidity and mortality in 
patients with heart failure (4,5), coronary artery disease (6,7), 
pulmonary hypertension (8), and those who have previously 
undergone transcatheter aortic valve implantation or 
coronary artery bypass surgery (7,9,10). In addition, high 
RDW is associated with inflammatory, the incidence of 
atrial fibrillation, and so on (11). All of these had an adverse 
impact on the clinical outcomes for patients with HCM. 
Furthermore, a recent study also found that high RDW is 
an independent predictor of heart failure hospitalization 
in these patients (12). However, studies on the prognostic 
significance of RDW in patients who underwent septal 
myectomy are scant. Therefore, the present study was 
conducted to assess the prognostic significance of RDW in 
these patients. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2528).

Methods

Study population

We retrospectively included 867 consecutive patients with 
HOCM evaluated at Fuwai Hospital in Beijing between 
2011 and 2017. The diagnostic criteria of HOCM and 
surgical indications were consistent with the 2011 American 

Heart Association/American College of Cardiology 
guidelines and 2014 European Society of Cardiology 
guidelines, which mainly include an unexplained septal 
hypertrophy with a thickness of >15 mm (1,13). The 
indications for septal myectomy were (I) severe symptoms 
or syncope or near-syncope despite optimal medical therapy 
and (II) an LV outflow tract (LVOT) gradient >50 mmHg at 
rest or with provocation. Surgical approaches were detailed 
in our previous publication (14). Concomitant operations 
were appropriately performed based on preoperative 
evaluation and intraoperative exploration. Following 
discharge from the hospital, demographic and clinical data 
of all patients were collected. This study was approved by 
the Ethics Committee of Fuwai Hospital, Chinese Academy 
of Medical Sciences (Ethic committee study number:  
2019-1213). Informed consent was obtained from all 
patients. The study was conducted in accordance with the 
tenets of the Declaration of Helsinki (as revised in 2013).

Imaging analysis

Echocardiography was performed on patients by an 
experienced physician using an E9 ultrasound system. 
Diameters of the cardiac chambers were expressed as the 
maximum value of the anteroposterior diameter in cardiac 
cycles. The thicknesses of the interventricular septum 
and ventricular wall were determined during diastole. 
Aside from the maximum thickness, the representative 
interventricular septal thickness was also recorded to 
indicate the overall thickness. The LVOT gradient 
was calculated using a simplified Bernoulli equation. 
Measurements of left ventricular ejection fraction 
were determined by following the American Society of 
Echocardiography recommendations.

Laboratory measurements

A fasting blood sample was obtained from all patients on the 
second day of hospitalization before surgery. Hemoglobin 
levels, mean corpuscular volume, RDW, mean platelet 
volume, platelet distribution width, and platelet count 
were measured on an automatic hematology analyzer (XT-
1800i, Sysmex, Japan) on samples obtained for standard-
of-care evaluation. The inter-run coefficient of variation of 
the RDW assay during the study period was routinely 1%. 
Other laboratory parameters, including high-sensitivity 
C-reactive protein (hs-CRP), creatinine, and low-density 
and high-density lipoprotein, were also monitored 
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concurrently. We estimated the glomerular filtration rate 
using the following equation: a × (serum creatinine/b)c  
× (0.993)age; a=144 for women or 141 for men; b=0.7 
for women or 0.9 for men; c=−0.329 if the creatinine is  
<0.7 mg/dL or −1.209 if the creatinine is >0.7 mg/dL for 
women; c=−0.411 if the creatinine is <0.7 mg/dL or −1.209 
if the creatinine is >0.7 mg/dL for men.

Endpoints and follow-up data 

The clinical status was obtained through telephonic 
interviews with patients or family members at least once 
a year after septal myectomy. Patients who died were 
censored the same day. The last follow-up of survivors was 
conducted in June 2018. Survival analysis included both all-
cause and cardiovascular mortality.

Statistical analysis 

The Kolmogorov-Smirnov test was used to assess normal 
distribution of continuous variables. The results are 
expressed as mean ± standard deviation (SD), median 
[interquartile range (IQR)], or percentage, as appropriate. 
We used χ2 or one-way ANOVA to test for differences 
in categorical or continuous factors between different 
categories of RDW, respectively. Multivariable linear 
regression was used to analyze factors associated with 
RDW. The Kaplan-Meier method was used to calculate 
survival free from the endpoint events. A log-rank test was 
used to compare survival curves among the different patient 
groups. Differences in baseline characteristics among the 
groups were adjusted using multivariate Cox models. Enter 
techniques were used to identify variables independently 
associated with the endpoints in these analyses that were 
incorporated into the final models. Variables with P<0.1 on 
univariate analysis were entered into a multivariate analysis. 
All reported probability values were two-tailed, and a P 
value <0.05 was considered statistically significant. The 
SPSS version 24.0 statistical software (IBM) and GraphPad 
Prism 7.0 (GraphPad Software Inc., La Jolla, CA, USA) 
were used for calculations and illustrations, respectively. 

Results 

Baseline patient characteristics

We enrolled 867 patients with HOCM who underwent 
septal myectomy (533 men and 334 women). The median 

age of the entire population was 47.9 (IQR, 37.0–56.0) 
years. Baseline characteristics of subgroups based on the 
quartile of RDW are described in Table 1. 

The median value of RDW in the overall population 
was 12.8% (IQR, 12.4–13.4%). Patients with higher RDW 
tended to be older, were more likely to women, and had 
higher body mass index, as well as lower hemoglobin 
levels, low-density lipoprotein, and mean corpuscular 
volume. Importantly, the prevalence of syncope increases 
significantly with RDW (7.3% vs. 16.8% vs. 14.1% vs. 
16.6%, P=0.008). Other factors that were independently 
associated with baseline RDW are shown in Table 1. 
In addition, RDW was significantly elevated in both 
patients who had an all-cause death and those who had a 
cardiovascular death compared with those who did not reach 
the endpoint (13.03±1.18 vs. 14.55±2.31 vs. 14.67±2.42, 
P<0.001) (Figure 1). Additional factors associated with the 
increase in RDW are shown in Table S1.

Perioperative data among the different groups

Perioperative data of subgroups according to the quartile of 
RDW are described in Table S2. Patients with higher RDW 
tended to have a higher proportion of concomitant Maze 
procedure and lower proportion of myocardial unroofing. 
In addition, the postoperative ventilation time and 
postoperative hospital stay tended to be longer in patients 
with a higher RDW. Nevertheless, no difference was found 
among the different groups in terms of other perioperative 
factors (Table S2).

Association between RDW and clinical outcomes

The mean follow-up period was 34.8±17.2 months. During 
the follow-up period, a total of 26 patients died and 23 
had a cardiovascular death. Of these deaths, 3 patients 
died of cancer, 13 died of sudden cardiac death, 1 died of 
infective endocarditis, 6 died of heart failure, and 1 died of 
myocardial infarction. In addition, 2 patients died during 
the perioperative period. The Kaplan-Meier curves showed 
that 5-year survival free from all-cause and cardiovascular 
death were significantly higher in those in the lowest 
quartile than in those in the highest quartile (95.9% vs. 
96.3% vs. 95.0% vs. 87.6%, P=0.003; 95.9% vs. 97.5% vs. 
95.0% vs. 89.9%, P=0.01) (Figure 2).

Univariate and multivariate Cox analyses demonstrated 
that as a continuous variable, RDW was associated with 
an increased risk of all-cause and cardiovascular mortality 
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Table 1 Baseline characteristics of patients, divided according to red blood cell distribution width

Variable
RDW

P value
Quartile 1 (n=246) Quartile 2 (n=202) Quartile 3 (n=220) Quartile 4 (n=199)

Demographics

Age, years 42.2±13.1 46.9±13.7 47.3±13.4 47.3±14.2 <0.001

Male sex, % 173 (70.3) 122 (60.4) 151 (68.6) 87 (43.7) <0.001

Body mass index, kg/m2 24.7±3.6 25.3±3.6 25.5±3.5 24.6±4.1 0.030

Heart rate, beats/min 73.2±9.8 72.2±9.7 73.9±9.4 72.0±9.1 0.139

NYHA class 2.9±0.5 2.8±0.5 2.9±0.5 2.9±0.5 0.137

Family history, % 40 (16.3) 34 (16.8) 31 (14.1) 32 (16.1) 0.874

Course of disease, years 4.0 (2.0–8.0) 5.0 (1.0–8.0) 5.0 (2.0–9.0) 5.0 (2.0–9.0) 0.450

Clinical presentation, n (%)

Dyspnea 67 (27.2) 77 (38.1) 68 (30.9) 78 (39.2) 0.020

Chest pain 58 (23.6) 58 (28.7) 60 (27.3) 57 (28.6) 0.564

Palpitation 31 (12.6) 20 (9.9) 25 (11.4) 31 (15.6) 0.355

Amaurosis 21 (8.5) 16 (7.9) 24 (10.9) 15 (7.5) 0.607

Syncope 18 (7.3) 34 (16.8) 31 (14.1) 33 (16.6) 0.008

Chest distress 121 (49.2) 111 (55.0) 124 (56.4) 120 (60.3) 0.020

Comorbidities, n (%)

Hypertension 40 (16.3) 39 (19.3) 59 (26.8) 43 (21.6) 0.040

Hyperlipemia 24 (9.8) 25 (12.4) 32 (14.5) 29 (14.6) 0.355

Diabetes mellitus 14 (5.7) 13 (6.4) 14 (6.4) 6 (3.0) 0.381

Anemia 37 (15.0) 24 (11.9) 27 (12.3) 29 (14.6) 0.831

Echocardiographic indices

Aorta, mm 29.9±4.3 30.8±4.7 30.9±4.6 30.3±4.7 0.059

Left atrium, mm 43.2±7.6 44.4±7.5 44.5±8.2 45.8±7.2 0.006

LVEDD, mm 41.5±5.2 42.1±5.3 42.4±5.4 42.3±5.5 0.244

IVST, mm 20.6±5.7 20.2±5.2 20.6±5.7 20.2±5.3 0.824

Posterior LV wall, mm 11.7±2.7 11.9±2.7 12.1±2.6 12.3±2.7 0.068

LVOT gradient, mmHg 77.3±25.3 81.5±29.4 79.3±25.6 86.1±28.1 0.006

LVEF, % 71.3±6.6 71.3±5.9 71.9±6.5 71.6±6.2 0.755

Mitral regurgitation 1.7±0.7 1.9±0.7 1.8±0.7 2.0±0.6 0.004

Pulmonary hypertension 17 (6.9) 19 (9.4) 18 (8.2) 29 (14.6) 0.020

Medication, n (%)

Beta-blockers 175 (71.1) 145 (71.8) 168 (76.4) 147 (73.9) 0.592

Calcium-channel blockers 23 (9.3) 17 (8.4) 18 (8.2) 18 (9.0) 0.969

Table 1 (continued)
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[fully adjusted hazards ratio (HR) per RDW-SD increase: 
HR =1.76, 95% CI: 1.54–2.05, P<0.001; per RDW-SD 
increase =1.91, 95% confidence interval (CI): 1.63–2.22, 
respectively; Tables 2,3]. In addition, when participants were 
divided into four categories according to their baseline 
quartile of RDW, a graded relation between RDW and 
clinical outcomes remained. For instance, the fully adjusted 

risk of mortality and adverse cardiovascular events in the 
highest quartile of RDW was significantly higher (HR 
=2.54, 95% CI: 1.21–5.34, P for trend =0.001; HR =2.56, 
95% CI: 1.27–5.17, P for trend =0.002, respectively) than in 
the referent group (Table 4).

Discussion 

To the best of our knowledge, the present study is the 
first to assess the relationship between RDW values and 
the all-cause and cardiovascular mortality in patients 
with HOCM who underwent septal myectomy. The 
main finding of this study was that during the median 
follow-up period of 32 (IQR, 17–53) months, increased 
RDW was a strong independent predictor of greater all-
cause and cardiovascular death in these patients, whether 
as continuous or categorical variables. This association 
persisted even after adjustment for clinical and laboratory 
determinants, such as age, sex, body mass index, and NYHA 
class. 

RDW is a measure of variabil ity in the size of 
erythrocytes and has been found to be a powerful indicator 

Table 1 (continued)

Variable
RDW

P value
Quartile 1 (n=246) Quartile 2 (n=202) Quartile 3 (n=220) Quartile 4 (n=199)

Laboratory variables

Log(NT-pro-BNP) 2.99±0.50 3.03±0.48 3.11±0.47 3.26±0.10 <0.001

Creatinine, μmol/L 76.6±14.7 74.3±14.9 77.9±14.9 73.7±16.5 0.015

eGFR, mL/min 102.95±19.96 100.01±21.04 97.11±21.07 96.92±1.66 0.007

Hs-CRP, mg/L 0.9 (0.4–1.5) 1.0 (0.6–1.9) 1.1 (0.6–2.4) 1.2 (0.5–2.6) 0.012

LDL, mmol/L 2.7±0.8 2.7±0.8 2.6±0.9 2.5±0.8 0.007

HDL, mmol/L 1.1 (0.9–1.3) 1.1 (0.9–1.4) 1.1 (0.9–1.4) 1.2 (0.9–1.4) 0.797

MCV, fL 89.8 (87.4–92.3) 88.8 (86.5–92.0) 89.0 (86.7–92.1) 87.8 (82.5–90.7) <0.001

Hemoglobin, g/L 150 (138–1,158) 145 (135–157) 145 (133–155) 130 (117–145) <0.001

Mean platelet volume, fL 11.1±1.0 11.3±1.0 11.3±1.0 11.4±1.0 0.030

PDW, % 13.7±2.4 13.9±2.5 13.9±2.6 13.9±2.5 0.475

Platelet, 109/L 199.1±51.4 186.2±46.9 183.8±52.4 186.5±52.2 0.005

RDW quartiles 1 to 4 were defined by <12.5%, 12.5% to 12.8%, 12.9% to 13.4%, and >13.4, respectively. RDW, red blood distribution 
width; NYHA, New York Heart Association; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVEDD, left ventricular end 
diastolic dimension; IVST, interventricular septal thickness; LVOT, left ventricular outflow tract; LVEF, left ventricular ejection fraction; 
Hs-CRP, high sensitive C-reactive protein; eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density 
lipoprotein; MCV, mean corpuscular volume; PDW, platelet distribution width; BNP, brain natriuretic peptide. 

Figure 1 Comparison of red blood distribution width among 
patients without events, all cause death and cardiovascular death. *, 
P<0.05, all-cause and cardiovascular death vs. without events; #, P = 
NS, all-cause death vs. cardiovascular death.

24

21

18

15

12

R
ed

 c
el

l d
is

tr
ib

ut
io

n 
w

id
th

 (%
)

Without events      All cause death  Cardiovascular death

10

*
*
#

file:///C:\Program%20Files%20(x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=diastolic
file:///C:\Program%20Files%20(x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=interventricular
file:///C:\Program%20Files%20(x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=thickness
file:///C:\Program%20Files%20(x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=corpuscular
file:///C:\Program Files (x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=volume
file:///C:\Program Files (x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=platelet
file:///C:\Program%20Files%20(x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=distribution
file:///C:\Program%20Files (x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=width
file:///C:\Program Files (x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=brain
file:///C:\Program%20Files%20(x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=natriuretic
file:///C:\Program%20Files (x86)\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=peptide


587Journal of Thoracic Disease, Vol 13, No 2 February 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(2):582-591 | http://dx.doi.org/10.21037/jtd-20-2528

of mortality in other cardiac cohorts, including patients with 
chronic heart failure (5,15), pulmonary hypertension (8),  
those undergoing coronary artery bypass grafting (7), 
and even in the general population (16). Recently, a study 
revealed that high RDW is an independent predictor of 
hospitalization for heart failure in patients with HCM (12).  
No previous reports have been published on the relationship 
between RDW and HOCM in patients who underwent 
septal myectomy. In the present study, we found that RDW 
was significantly associated with adverse clinical outcomes 

in this population of patients. 
The mechanisms linking RDW to morbidity and 

mortality in patients with HOCM are unclear; however, 
this may indicate the severity and burden of disease. RDW 
is elevated in the conditions of ineffective erythropoiesis, 
such as inflammation, blood transfusion, iron deficiency, 
malnutrition, inadequate production of erythropoietin, 
oxidative stress, and impaired renal function (3). In our 
study, RDW was positively related to hs-CRP, which may 
reflect the chronic inflammatory state in these patients. 

Figure 2 Kaplan-Meier curves stratified per baseline red blood distribution width quartile for the all-cause and cardiovascular death. Q1, 
first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile.

Table 2 Univariate and multivariate predictors all cause death according to the continuous of RDW

Variables
Univariable Multivariate

HR (95% CI) P value HR (95% CI) P value

Age 1.005 (0.97–1.04) 0.780 – –

Male sex 0.87 (0.40–1.89) 0.717 – –

Body mass index 1.09 (0.99–1.21) 0.082 – –

NYHA class 3.89 (1.89–7.99) <0.001 5.53 (2.31–13.24) <0.001

Left atrial diameter 1.07 (1.02–1.12) 0.006 – –

Low density lipoprotein 0.59 (0.37–0.94) 0.026 – –

Log(NT-pro-BNP) 4.76 (1.38–16.44) 0.014 – –

Maze procedure 3.51 (1.21–10.20) 0.021 – –

Hemoglobin 0.98 (0.96–1.002) 0.079 – –

Postoperative hospital stays 1.05 (1.03–1.08 <0.001 1.11 (1.07–1.16) <0.001

Per RDW-SD increasea 1.84 (1.59–2.11) <0.001 1.76 (1.54–2.05) <0.001
a, entered into risk factor as continuous variable. RDW, red blood distribution width; HR, hazard ratio; CI, confidence interval; NYHA, New 
York Heart Association; BNP, brain natriuretic peptide; SD, standard deviation.
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Table 3 Univariate and multivariate predictors of cardiovascular death according to the continuous of RDW

Variables
Univariable Multivariate

HR (95% CI) P value HR (95% CI) P value

Age 0.99 (0.97–1.03) 0.867 – –

Male sex 0.69 (0.31–1.57) 0.380 – –

Body mass index 1.09 (0.98–1.22) 0.102 – –

NYHA class 4.37 (2.03–9.41) <0.001 3.88 (1.58–9.51) 0.003

IVST 1.07 (1.01–1.14) 0.031 1.13 (1.05–1.21) 0.002

Left atrial diameter 1.07 (1.02–1.12) 0.005 – –

Log(NT-pro-BNP) 5.25 (1.46–5.93) 0.011 – –

Hemoglobin 0.98 (0.96–1.00) 0.048 – –

Postoperative hospital stays 1.06 (1.03–1.08) <0.001 1.15 (1.09–1.20) <0.001

Per RDW-SD increasea 1.87 (1.62–2.15) <0.001 1.91 (1.63–2.22) <0.001
a, entered into risk factor as continuous variable. RDW, red blood cell distribution width; HR , hazard ratio; CI, confidence interval; NYHA, 
New York Heart Association; IVST, interventricular septal thickness; BNP, brain natriuretic peptide; SD, standard deviation.

Table 4 Multivariable Cox proportional hazards analysis for predictors of the all cause and cardiovascular death according to baseline RDW 
quartiles

Variable Quartile 1 (n=246) Quartile 2 (n=202) Quartile 3 (n=220) Quartile 4 (n=246) P for trenda

All cause death

Median of RDW 12.1% 12.6% 13.1% 14.0%

No. of cases 2 4 6 14

Model 1 Reference 2.15 (0.39–11.74) 2.67 (0.54–13.23) 7.20 (1.63–31.73) 0.001

Model 2 Reference 2.04 (0.37–11.21) 2.39 (0.48–11.97) 7.10 (1.60–31.61) 0.001

Model 3 Reference 1.19 (0.52–2.72) 0.99 (0.44–2.22) 2.54 (1.21–5.34) 0.001

Cardiovascular events

No. cases 2 3 6 12

Model 1 Reference 1.63 (0.27–9.75) 2.70 (0.55–13.42) 6.25 (1.39–27.96) 0.002

Model 2 Reference 1.52 (0.26–9.16) 2.48 (0.50–12.38) 6.06 (1.34–27.27) 0.003

Model 4 Reference 1.15 (0.51–2.63) 0.98 (0.45–2.17) 2.56 (1.27–5.17) 0.002

HR and 95% CI were calculated with the use of Cox proportional hazards regression model. a, calculated by assigning the median level 
in each quartile to participants and evaluating this variable continuously. Model 1 has not been adjusted. Model 2 adjusted for age, sex, 
and body mass index. Model 3 additionally was adjusted for NYHA class, left atrial diameter, low density lipoprotein, log(NT-pro-BNP), 
postoperative hospital stay, maze procedure and hemoglobin. Model 4 additionally was adjusted for log(NT-pro-BNP), IVST, left atrial 
diameter, hemoglobin and postoperative hospital stay. RDW, red blood distribution width; BNP, brain natriuretic peptide; NYHA, New York 
Heart Association; IVST, interventricular septal thickness; HR , hazard ratio; CI, confidence interval.

However, multiple Cox analysis revealed no relation 
between hs-CRP and all-cause death. This was consistent 
with a previous study’s finding that there is no association 
between RDW and inflammatory cytokines in patients 

with heart failure (17). In addition, we found that RDW 
is positively associated with left ventricular outflow tract 
gradient and mitral valve regurgitation. Increased left 
ventricular outflow tract gradient may lead to increased 
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blood shear stress, leading to increase in RDW (18), 
and may further increase the severity of mitral valve 
regurgitation. Previous studies have reported that anemia 
is associated with left ventricular hypertrophy and adverse 
cardiovascular events in patients with heart failure (19). 
However, in the present study, the percentage of anemia 
did not differ among the different RDW quartiles groups. 
Furthermore, we found that the prevalence of syncope 
was significantly higher in patients with higher RDW. A 
recent meta-analysis has demonstrated that syncope was 
a significant prognostic factor for cardiovascular death in 
patients with HCM (20). However, the exact mechanism 
behind the relationship between RDW and syncope in 
these patients is unclear; further studies will be required to 
elucidate this.

There are several mechanisms that might be associated 
with RDW levels and HOCM patients. First, studies have 
reported that the renin-angiotensin system is associated with 
an increased risk in patients with HCM (21). In addition, 
activation of the renin-angiotensin system is associated with 
increased erythropoiesis, which could also increase RDW (22).  
Therefore, one could speculate that a possible link between 
RDW and HCM lies in the increased angiotensin or 
adrenergic hormone levels, which could increase RDW and 
reduce cardiac function. Second, a recent study has shown 
that iron deficiency has a detrimental impact on the long-
term survival of patients with heart failure, which is partially 
independent of red cell indices (23); this can, in turn, result 
in left ventricular diastolic dysfunction because iron plays 
a key role in oxygen metabolism and energy production 
in cardiomyocytes. In addition, it is also associated with 
reduced cardiac energetic reserve. Furthermore, iron 
deficiency is associated with an increase in RDW. Whether 
these relationships can lead to morbidity and mortality in 
patients with HOCM after surgery will require further 
study. Third, the estimated glomerular filtration rate 
was negatively associated with the increase in RDW in 
our study. Previous studies have attributed the persistent 
increase of RDW in cardiovascular diseases to the effective 
stimulation of erythropoiesis by erythropoietin, a hormone 
secreted by the kidneys during hypoxic events, which in turn 
promotes the release of enlarged red blood cells from bone 
marrow (11). In addition, a recent study has reported that 
there is a risk of estimated glomerular filtration rate decline 
in patients with HCM and obstructive sleep apnea (24). 
These may contribute to adverse clinical outcomes in these 
patients. Thus, further research is warranted to identify the 
exact connections between these pathophysiological links.

Therefore, it is important to determine an inexpensive, 
yet effective, predictor of the long-term results in these 
patients prior to surgery. RDW is directly available as part 
of the automated full blood count, a routine component 
of standard blood testing. The measurement is easy, 
inexpensive, rapid, does not require specific skills or 
instrumentation, and is readily available in virtually all 
clinical laboratories worldwide. The findings of previous 
studies and our current research demonstrate that RDW 
should not only be used as an indicator of differential 
diagnosis of anemia but also used as a potentially effective 
predictor of long-term prognosis in cardiovascular diseases, 
including HOCM, following septal myectomy. This 
readily available biomarker could be considered an additive 
biomarker for risk stratification in patients with HOCM 
who underwent septal myectomy.

Limitations 

This study has several limitations. First, our analysis is 
retrospective and may be only viewed as hypothesis-
generating; prospective data regarding the prognostic value 
of RDW in patients with HOCM who underwent septal 
myectomy are required. Second, not all patients in the study 
underwent cardiac magnetic resonance imaging; therefore, we 
did not compare the results of RDW with cardiac magnetic 
resonance imaging data. Third, the study lacked data regarding 
erythropoietin, folate, vitamin B12, and iron levels, as well as 
the activation level of renin–angiotensin system; these may 
have contributed to the mechanisms underlying the association 
between RDW and clinical outcomes.

Conclusions 

Higher RDW is independently associated with all-cause 
death and adverse cardiovascular events in patients with 
HOCM after septal myectomy. This readily available 
biomarker could be considered an additive biomarker for 
risk stratification in these patients. However, future research 
is warranted for further evaluation of the association 
between RDW and outcomes in patients with HOCM 
who underwent septal myectomy, in order to improve 
understanding of the pathophysiology and enhance risk 
stratification for these patients.
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Table S1 Factors associated with higher levels of RDW in multivariable linear regression

Variables β coefficient 95% CI P value

Hemoglobin −0.028 −0.033 to −0.023 <0.001

Mean corpuscular volume −0.091 −0.105 to −0.076 <0.001

Left atrial diameter, mm 0.022 0.012 to 0.032 <0.001

eGFR, mL/min −0.007 −0.011 to −0.004 <0.001

Syncope 0.316 0.104 to 0.528 0.004

Male sex 0.323 0.128 to 0.518 0.001

Low density lipoprotein −0.091 −0.177 to −0.004 0.04

Aortic valve ring diameter, mm −0.037 −0.072 to −0.002 0.04

NYHA class 0.162 0.010 to 0.314 0.04

eGFR, estimated glomerular filtration rate; NYHA, New York Heart Association.

Table S2 Perioperative data among different groups

Variable Quartile 1 (n=246) Quartile 2 (n=202) Quartile 3 (n=220) Quartile 4 (n=199) P value

Concomitant procedures

Mitral valvuloplasty 25 (10.2%) 20 (9.9%) 25 (11.4%) 17 (8.5%) 0.818

Mitral valve replacement 3 (1.2%) 4 (2.0%) 4 (1.8%) 6 (3.0%) 0.598

Double valve replacement 0 (0.0%) 0 (0.0%) 1 (0.5%)) 3 (1.5%) 0.02

Tricuspid valvuloplasty 15 (6.1%) 17 (8.4%) 17 (7.7%) 24 (12.1%) 0.04

RVOTO correction 3 (1.2%) 1 (0.5%) 2 (0.9%) 3 (1.5%) 0.772

WPW pathway amputation 5 (2.0%) 1 (0.5%) 2 (0.9%) 0 (0.0%) 0.134

Maze procedure 6 (2.4%) 8 (4.0%) 16 (7.3%) 17 (8.5%) 0.02

CABG 29 (11.8%) 12 (18.8%) 13 (17.3%) 12 (14.6%) 0.176

Myocardial unroofing 27 (11.0%) 9 (4.5%) 8 (3.6%) 8 (4.0%) 0.002

CPB time, min 94 (79–114) 95 (77–117) 99 (78–131) 96 (82–130) 0.229

Aortic cross-clamping time, min 64.0 (50.8–79.0) 63.0 (49.8–79.0) 64.0 (52.0–94.8) 64.0 (53.0–86.0) 0.247

Ventilation time, hour 17 (13–18) 17 (13–20) 17 (14–20) 18 (15–21) 0.01

Postoperative hospital stays, day 7 (6–8) 7 (6–8) 7 (7–9) 7 (7–9) 0.01

Intensive care unit stay, day 2.2±1.4 2.3±2.1 2.4±2.9 2.5±2.2 0.664

RDW quartiles 1 to 4 were defined by <12.5%, 12.5% to 12.8%, 12.9% to 13.4%, and >13.4, respectively. RVOTO, right ventricular 
outflow tract obstruction; WPW, Wolff Parkinson White; CPB, cardiopulmonary bypass time; CABG, coronary artery bypass grafting.
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