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Electroanatomic Ratios and Mortality in 
Patients With Heart Failure: Insights from 
the ASIAN-HF Registry
Janice Y. Chyou , MD; Wan Ting Tay , MAppStat; Inder S. Anand , MD, DPhil; Tiew-Hwa Katherine Teng , MPH, PhD; 
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Arthur Mark Richards , MD, PhD; Javed Butler , MD, MPH; Carolyn S. P. Lam , MBBS, PhD

BACKGROUND: QRS duration (QRSd) is a marker of electrical remodeling in heart failure. Anthropometrics and left ventricular 
size may influence QRSd and, in turn, may influence the association between QRSd and heart failure outcomes.

METHODS AND RESULTS: Using the prospective, multicenter, multinational ASIAN-HF (Asian Sudden Cardiac Death in Heart 
Failure) registry, this study evaluated whether electroanatomic ratios (QRSd indexed for height or left ventricular end-diastole 
volume) are associated with 1-year mortality in individuals with heart failure with reduced ejection fraction. The study included 
4899 individuals (aged 60±19 years, 78% male, mean left ventricular ejection fraction: 27.3±7.1%). In the overall cohort, QRSd 
was not associated with all-cause mortality (hazard ratio [HR], 1.003; 95% CI, 0.999–1.006, P=0.142) or sudden cardiac death 
(HR, 1.006; 95% CI, 1.000–1.013, P=0.059). QRS/height was associated with all-cause mortality (HR, 1.165; 95% CI, 1.046–
1.296, P=0.005 with interaction by sex pinteraction=0.020) and sudden cardiac death (HR, 1.270; 95% CI, 1.021–1.580, P=0.032). 
QRS/left ventricular end-diastole volume was associated with all-cause mortality (HR, 1.22; 95% CI, 1.05–1.43, P=0.011) and 
sudden cardiac death (HR, 1.461; 95% CI, 1.090–1.957, P=0.011) in patients with nonischemic cardiomyopathy but not in 
patients with ischemic cardiomyopathy (all-cause mortality: HR, 0.94; 95% CI, 0.79–1.11, P=0.467; sudden cardiac death: HR, 
0.734; 95% CI, 0.477–1.132, P=0.162).

CONCLUSIONS: Electroanatomic ratios of QRSd indexed for body size or left ventricular size are associated with mortality in 
individuals with heart failure with reduced ejection fraction. In particular, increased QRS/height may be a marker of high risk 
in individuals with heart failure with reduced ejection fraction, and QRS/left ventricular end-diastole volume may further risk 
stratify individuals with nonischemic heart failure with reduced ejection fraction.

REGISTRATION: URL: https://Clini​caltr​ials.gov. Unique identifier: NCT01633398.
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Increased electrocardiographic QRS duration (QRSd) 
is a marker of electrical remodeling in heart failure with 
reduced ejection fraction (HFrEF). Prolonged QRSd 

has been associated with adverse outcomes in individu-
als with HFrEF.1-7 However, this relationship may be con-
founded by age, sex, race, and obesity.8-13 Differences in 

anthropometrics and left ventricular (LV) size are postu-
lated to contribute to variations of QRSd with sex, race, 
obesity,8,9,14 and to sex-based differences in response to 
cardiac resynchronization therapy.14,15

There is a need to better understand the relation-
ship of QRSd to body size and LV size with respect 
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to heart failure (HF) outcomes including mortality. We 
posit that ratios of QRSd to body size or LV size as 
electroanatomic ratios may provide quantitative in-
sights into electrical and anatomic remodeling in in-
dividuals with HFrEF and association with outcomes. 
We hypothesize that increased electroanatomic ra-
tios are associated with increased mortality in indi-
viduals with HFrEF. We further explore whether the 
association of electroanatomic ratio with mortality 
may be modified by sex or ischemic versus nonisch-
emic cause of HF.

METHODS
The study data and materials used to conduct the re-
search cannot be made available to other researchers 
for purposes of reproducing the results or replicating 
the procedure because  of the legal restrictions im-
posed by multinational jurisdictions.

Study Population
The ASIAN-HF (Asian Sudden Cardiac Death in Heart 
Failure) registry16 is a contemporary multinational regis-
try of individuals aged ≥18 years with symptomatic HF 
(stage C, with at least 1 episode of decompensated HF 
in the antecedent 6 months resulting in hospitalization 
or outpatient clinic treatment) and LV systolic dysfunc-
tion (ejection fraction [LVEF] <40% on baseline echo-
cardiography). Participants were recruited between 
October 1, 2012 and December 31, 2015. Individuals 
with ≤1-year life expectancy, or unable or unwilling to 
give consent, or concurrently participating in a clinical 
trial were excluded. Ethics approvals were obtained 
from institutional review committee of each participat-
ing center and all participants gave informed consent.

Participants in the ASIAN-HF registry with available 
QRSd on baseline resting 12-lead ECG, baseline echo-
cardiogram measurements of LV, and anthropometric 
parameters of height and weight were eligible for this 
study and included.

Electroanatomic Ratios
QRSd, LV end-diastolic volume (LVEDV), and height 
and weight measurements used were all uniformly 
based on measurements obtained for Visit 1 (base-
line visit) of the ASIAN-HF registry for each subject. 
QRSd values were based on machine-automated 
measurements from resting 12-lead ECGs. LVEDV 
measurement values were based on transthoracic 
echocardiograms. Height and weight values were 
based on measurements by trained clinical or research 
staff. Electroanatomic ratios (Figure 1) were derived as 
the ratio of QRSd to anatomic measures of body size 
(such as height, as QRS/height) or LV size (measured 
by LVEDV, as QRS/LVEDV).

Outcomes of Interest
The primary outcome for this analysis was 1-year all-
cause mortality. Secondary outcomes were 1-year 
cardiovascular mortality and 1-year sudden cardiac 
death (SCD). Mortality events were adjudicated in 
accordance with US Food and Drug Administration 
standardized definitions.17 Details on death data col-
lection and the adjudication process for the ASIAN-HF 
registry have been previously reported.16 Each mor-
tality event and its cause were adjudicated by an in-
dependent committee, based on review of data from 

CLINICAL PERSPECTIVE

What Is New?
•	 Increased electroanatomic ratios of QRS dura-

tion indexed for body size or left ventricular size 
were associated with increased mortality in in-
dividuals with heart failure with reduced ejection 
fraction, with influence of sex and heart failure 
cause.

•	 In particular, increased electroanatomic ratios 
of QRS/height may be a marker of high-risk in 
individuals with heart failure with reduced ejec-
tion fraction and increased electroanatomic 
ratios of QRS/left ventricular end-diastolic vol-
ume may further risk stratify individuals with 
nonischemic heart failure with reduced ejec-
tion fraction.

What Are the Clinical Implications?
•	 Our findings highlight electroanatomic ratios 

as predictors of mortality and underscore the 
importance of considering body and heart 
size in evaluating prognostic utility of QRS 
duration.

•	 Development of electroanatomic ratios to 
quantify the proportion of electrical and ana-
tomic remodeling may serve as a model for 
understanding electroanatomic remodeling 
and association with outcomes, applicable as a 
framework for research in other cardiovascular 
conditions and across racial cohorts.

Nonstandard Abbreviations and Acronyms

ASIAN-HF	 Asian Sudden Cardiac Death in 
Heart Failure

HFrEF	 heart failure with reduced ejection 
fraction

QRSd	 QRS duration
SCD	 sudden cardiac death
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case report forms, death certificates, hospital dis-
charge summaries, and any other relevant information 
requested by members of the event adjudication com-
mittee. All deaths were classified as cardiac or non-
cardiac. SCD was defined as unexpected observed or 
unobserved, and when sufficient information regarding 
preceding symptoms was available, SCD was defined 
as death that occurred within 1 hour of onset of car-
diac symptoms.16

Statistical Analysis
Categorical variables were compared between sub-
cohorts of men and women by Pearson χ2 test. 
Continuous variables were compared using in-
dependent t tests. The Cox proportional hazards 
method was used to compute hazard ratios (HRs) for 
1-year mortality for each electroanatomic ratio, first 
in univariable models then in multivariable models 

without violation of proportional hazards assump-
tion. HRs of the electroanatomic ratios were com-
puted per SD increase. Bonferroni adjustment was 
applied for multiple testing of electroanatomic ratios 
indexed for 3 and 5 measures of body and LV sizes, 
respectively.

The multivariable model, selected based on predic-
tors of all-cause mortality in individuals with congestive 
HF,18,19 incorporated age, ischemic cause of HF, previ-
ous hospitalization for HF, New York Heart Association 
(NYHA) class III-IV versus I-II, heart rate, systolic blood 
pressure, presence of S3, history of atrial fibrillation 
or flutter, history of ventricular tachycardia or fibril-
lation, presence of left bundle branch block (LBBB), 
β-blockade therapy, and angiotensin-converting en-
zyme inhibitor/angiotensin receptor blocker therapy 
for analyses of all-cause and cardiovascular mortality. 
Multivariable model for SCD, developed based on pub-
lished predictors of sudden death in patients with con-
gestive heart failure,18 included age, ischemic cause of 
HF, previous hospitalization for HF, NYHA class III-IV 
versus I-II, presence of S3, history of atrial fibrillation or 
flutter, history of ventricular tachycardia or fibrillation, 
β-blockade therapy, presence of LBBB, chronic kid-
ney disease, and cardiac implantable electronic device 
therapy.

The interactions between sex or ischemic cause of 
HF with the association of each electroanatomic ratio 
with 1-year all-cause mortality were analyzed as pre-
specified subaims of this study. When interaction was 
detected (interaction P<0.10), additional subgroup-
specific univariable and multivariable analyses of the 
affected electroanatomic ratios for all-cause mortality 
were conducted.

In 2 separate sensitivity analyses, we repeated the 
analyses for the primary outcome of 1-year all-cause 
mortality excluding participants with cardiac implant-
able electronic devices (CIED, inclusive of pacemak-
ers and defibrillators) in 1 sensitivity analysis, and 
excluding participants with LBBB in the other sensi-
tivity analysis.

Stata version 14 (Stata Corp, College Station, TX) 
and R statistical program version 3.2.4 (R Foundation 
for Statistical Computing, Vienna, Austria) were used 
for statistical analyses. All P values were 2-sided 
and P values <0.05 were considered statistically 
significant.

RESULTS
Study Participants
Our study cohort consisted of 4899 individuals (3820 
men and 1079 women; mean age: 60±19 years; 
mean LVEF: 27.3±7.1%) from the ASIAN-HF regis-
try. Demographic and clinical characteristics of study 

Figure 1.  Schema of electroanatomic ratios.
Electroanatomic ratios were derived as the ratio of QRS duration 
to anatomic measures of body size (indexing QRS duration for 
height, as QRS/height) or left ventricular size (indexing QRS 
duration for LV end-diastolic volume, as QRS/LVEDV). LVEDV 
indicates left ventricular end-diastolic volume.
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participants are summarized in Table 1. HFrEF was of 
ischemic cause in 50% of study participants and 35% 
of study participants were classified as NYHA class 
III-IV.

Small but statistically significant differences were 
seen between male and female participants in age, 
geographic distribution, LVEF, ischemic cause of HF, 
NYHA classification, and baseline diastolic blood pres-
sure. Men and women also differed in history of prior 
hospitalization for HF, chronic kidney disease, and 
cancer.

Electroanatomic Parameters and 
Electroanatomic Ratios
Electroanatomic ratios of the overall study cohort and 
sex-specific subcohorts are summarized in Table 2. In 
the overall cohort, QRSd was 115.2±32.6 ms, LVEDV 
was 178.7±65.5  mL, and height was 1.64±0.09  m. 

While measures of QRSd, LVEDV, and height were 
larger in men than women, women had significantly 
higher ratios of QRS/height and QRS/LVEDV.

Electroanatomic Ratios and All-Cause 
Mortality
Of 4899 eligible study participants, 4445 (91%) had 1-
year follow-up data available. Four hundred seventy-eight 
study participants (10.8% of 4445 study participants) 
died within 1 year. Similar rates were seen in men (379 
of 3487; 11%) and women (99 of 958; 10.0%, P=0.636). 
The relationships between electroanatomic ratios and 
all-cause mortality are summarized in Table 3.

In the overall cohort, the association between QRSd 
alone and all-cause mortality was not statistically sig-
nificant (Table 3, HR, 1.003; 95% CI, 0.999–1.006, 
P=0.142). While a modest interaction with sex was 
seen (pinteraction=0.06), QRSd alone was not significantly 

Table 1.  Demographic and Clinical Characteristics of Study Participants

Overall Cohort 
(n=4899)

Subcohorts

Men (n=3820) Women (n=1079)
P Value Men vs 

Women

Age (y; mean±SD) 60±19 60±13 61±14 0.006

Male (%) 3820 (78) … … …

Northeast Asia/South Asia/Southeast Asia (%) 31%/ 28%/ 41% 30%/ 27%/ 43% 36%/ 30%/ 34% <0.001

Height (m, mean±SD) 1.64±0.09 1.55±0.07 <0.001

Weight (kg, mean±SD) 67±16 70±15 59±13 <0.001

Body mass index (kg/m2, mean±SD) 24.9±5.1 25.0±5.0 24.5±5.2 0.003

Body surface area (m2, mean±SD) 1.74±0.20 1.79±0.21 1.58±0.20 <0.001

NYHA Class, I/II vs III/IV(%) 65% vs. 35% 67% vs. 33% 61% vs. 39% 0.002

Ischemic cause of HF (%) 50% 53% 38% <0.001

LVEF % (mean±SD) 27.3±7.1 27.0±7.1 28.6±6.7 <0.001

QRSd (ms, mean±SD) 115.2±32.6 116.2±32.4 111.5±33.2 <0.001

Systolic blood pressure (mm Hg, mean±SD) 118±20 118±20 119±21 0.053

Diastolic blood pressure (mm Hg, mean±SD) 72±13 73±13 71±12 <0.001

Heart rate (bpm, mean±SD) 80±16 79±16 81±16 0.357

Previous hospitalization for HF (%) 63% 64% 58% 0.001

History of hypertension (%) 52% 52% 50% 0.245

History of stroke (%) 6.5% 6.6% 6.1% 0.614

History of atrial fibrillation/atrial flutter (%) 18% 18% 17% 0.534

History of ventricular tachycardia/ventricular fibrillation (%) 8.0% 8.2% 7.3% 0.334

ICD/PPM/CRT (%) 14% 14% 14% 0.698

Diabetes mellitus (%) 43% 43% 42% 0.616

Chronic kidney disease (%) 44% 43% 50% <0.001

Cancer (%) 3.2% 2.5% 5.5% <0.001

On BB (%) 78% 78% 76% 0.103

On ACEi/ARB (%) 76% 76% 74% 0.180

On mineralocorticoid receptor antagonist (%) 58% 59% 56% 0.145

On diuretic (%) 83% 82% 83% 0.464

ACEi indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, β-blocker; bpm, beats per minute; CRT, cardiac 
resynchronization therapy; HF, heart failure; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; 
PPM, permanent pacemaker; and QRSd, QRS duration.
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associated with all-cause mortality in either sex when 
analyzed separately for men and women in the overall 
cohort (men HR, 1.093; 95% CI, 0.969–1.232, P=0.148; 
women HR, 1.087; 95% CI, 0.826–1.429, P=0.551, 
Figure 2). Interaction with LBBB (pinteraction=0.525), hy-
pertension (pinteraction=0.233), and ischemic cause of HF 
(pinteraction=0.963) were not significant. There was a sig-
nificant interaction between ethnicity and the relation-
ship of QRSd with all-cause mortality (pinteraction=0.011).

QRSd indexed for body size was associated with all-
cause mortality in the overall cohort (QRS/height: HR, 
1.17; 95% CI, 1.05–1.30, P=0.005, similar relationships 
observed for QRS/body surface area [BSA], QRS/body 
mass index [BMI], Table 3). Sex-based differences were 
seen (Figure 2). In the overall cohort, QRS/height was 
associated with mortality in men (HR, 1.20; 95% CI, 
1.07–1.36, P=0.003) but not in women (HR, 1.07; 95% 
CI, 0.84–1.38, P=0.57; pinteraction=0.020 for sex, similar 
interaction with sex for QRS/BSA, QRS/BMI, Table 3).

In the overall cohort, QRS/LVEDV was associ-
ated with all-cause mortality in univariable analysis 
(P=0.009). However, this association was no longer 
significant after multivariable adjustment (P=0.360) 
because of significant interaction with ischemic 
cause of HF (pinteraction=0.014) such that QRS/LVEDV 
was significantly associated with all-cause mortality 
in participants with nonischemic HF (HR, 1.22; 95% 
CI, 1.05–1.43, P=0.011) but not in participants with 
ischemic HF (HR, 0.94; 95% CI, 0.79–1.11, P=0.467, 
Figure 3). Hypertension (pinteraction=0.879), LBBB (pin-

teraction=0.280), and NYHA class (pinteraction=0.408) did 
not significantly modify the relationship between QRS/
LVEDV and all-cause mortality.

Electroanatomic Ratios and 
Cardiovascular Mortality
Cardiovascular death occurred in 414 study partici-
pants (9.3% of 4445 study participants with 1-year fol-
low-up data available) within 1 year. Similar rates were 
seen in men (333 of 3487, 9.6%) and women (81 of 958 

women, 8.5%; P=0.302). The relationships between 
electroanatomic ratios and 1-year cardiovascular mor-
tality are summarized in Table 3.

QRSd alone was not associated with 1-year cardio-
vascular mortality (HR, 1.002; 95% CI, 0.996–1.005, 
P=0.387) in the overall cohort. There was a trend to-
ward association of increased electroanatomic ratio 
of QRSd indexed for anthropometrics with increased 
1-year cardiovascular mortality (Table 3, QRS/height, 
HR, 1.121; 95% CI, 0.999–1.259, P=0.0503, similar for 
QRS/BSA and QRS/BMI) with significant interaction 
with sex (pinteraction=0.026 for QRS/height, similar for 
QRS/BSA and QRS/BMI). When analyzed separately 
by sex, QRS/height was significantly associated with 
1-year cardiovascular mortality in men (HR, 1.158; 95% 
CI, 1.017–1.317, P=0.027) but not in women (HR, 1.089; 
95% CI, 0.823–1.442, P=0.550; similar for QRS/BSA, 
QRS/BMI). The relationship of QRS/LVEDV and 1-year 
cardiovascular mortality was significantly affected by 
interaction with ischemic cause of HF (pinteraction=0.013).

Electroanatomic Ratios and SCD
SCD occurred in 122 study participants within 1 year 
(2.7% of 4445 study participants with 1-year follow-
up data available). Similar rates were seen in men 
(98 of 3487, 2.8%) and women (24 of 958, 2.5%; 
P=0.609). The relationships between electroanatomic 
ratios and 1-year SCD are summarized in Table 4.

Whereas QRSd alone was not independently as-
sociated with SCD (HR, 1.006; 95% CI, 1.000–1.013, 
P=0.059), electroanatomic ratios of QRSd to anthropo-
metrics were significantly associated with SCD. Increased 
QRS/height was strongly associated with increased 1-
year SCD (QRS/height: HR, 1.270; 95% CI, 1.021–1.580, 
P=0.032; similarly for QRS/BSA and QRS/BMI, Table 4). 
Sex, cause of HF, LBBB, NYHA class, and hypertension 
did not significantly modify the relationships between 
QRSd indexed for anthropometrics with SCD.

QRS/LVEDV was significantly associated with 
SCD in participants with nonischemic HF (HR, 1.461; 

Table 2.  Electroanatomic Parameters and Electroanatomic Ratios of Study Participants

Overall Cohort 
(n=4899)

Subcohorts

Men (n=3820) Women (n=1079) P Value Men vs Women

Electroanatomic parameters

QRSd, ms 115.2±32.6 116.2±32.4 111.5±33.2 <0.001

Height, m 1.64±0.09 1.67±0.07 1.55±0.07 <0.001

LVEDV, mL 178.7±65.5 186.5±65.6 151.4±58.0 <0.001

Electroanatomic ratios

QRS/height, ms/m 70.5±20.2 70.0±19.8 72.4±21.5 <0.001

QRS/LVEDV, ms/mL 0.73±0.36 0.69±0.31 0.85±0.47 <0.001

LVEDV indicates left ventricular end-diastolic volume; and QRSd, QRS duration.
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95% CI, 1.090–1.957, P=0.011) but not in participants 
with ischemic HF (HR, 0.734; 95% CI, 0.477–1.132, 
P=0.162). While an interaction with sex was seen (pinter-

action=0.035), QRS/LVEDV was not significantly associ-
ated with SCD in either sex when analyzed separately 
for men and women in the overall cohort (men: HR, 
0.861; 95% CI, 0.601–1.233, P=0.413; women: HR, 
1.320; 95% CI, 0.935–1.864, P=0.114).

Sensitivity Analyses
Sensitivity analyses excluded participants with CIED 
(520 participants with defibrillator and 140 participants 
with pacemaker, whose clinical and demographic 
characteristics were quite different from those without 
CIED, Table S1) or LBBB (679 participants). As shown 
in Table 5, results of sensitivity analyses were gener-
ally consistent with analyses in the entire cohort. While 
with the exclusion of patients with CIED, the associa-
tion between QRSd and mortality became statistically 
significant, the HR remained marginal (HR, 1.005; 
95% CI, 1.001–1.010, P=0.013, Table 5).

DISCUSSION
In this analysis of a large, real-world population with 
HFrEF, electroanatomic ratios relating QRSd to body 
and heart size were associated with mortality risk, 
whereas QRSd alone was not. Our study represents 
a novel investigation of electroanatomic ratios and pre-
sents a new pathway for future research.

QRSd and Mortality
In our study, QRSd alone was not associated with 1-
year all-cause mortality, cardiovascular mortality, or 
SCD in the overall cohort. While the association be-
tween QRSd and all-cause mortality crossed into 
statistical significance in sensitivity analysis excluding 
participants with CIED, the effect size was very mod-
est. These findings are overall consistent with prior ob-
servations from the Singapore Heart Failure Outcomes 
and Phenotypes (SHOP) cohort. In an analysis that as-
sessed QRSd and outcomes in both Asian participants 
with HFrEF from the SHOP cohort and White partici-
pants with HFrEF from the Swedish HF Registry, a 10-
ms increase in baseline QRSd conferred a significant 
increase in hazard for composite of HF hospitalization 
or all-cause death in White participants (HR, 1.06; 95% 
CI, 1.04 to 1.07, P<0.001) but not in Asian participants 
(HR, 1.01; 95% CI, 0.94 to 1.05, P=0.861) with HFrEF 
(defined by LVEF<50%).8

Race-based differences in the relationship of QRSd 
with all-cause mortality have also been seen in other 
contemporary studies, although with some hetero-
geneity in directionality. In an American cohort of Ta
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individuals with LVEF ≤35%, QRS prolongation was 
associated with increased all-cause mortality in Black 
but not White participants.2 On the other hand, analy-
sis of the Swedish HF Registry alone (European, White, 
LVEF <40%) found association of QRSd with increased 
all-cause mortality.20,21

Earlier studies1,3,5,6 reporting an association be-
tween QRSd and all-cause mortality were conducted 
in predominantly White populations, with further im-
portant differences compared with our cohort in-
cluding in medications (lower use of β-blockade,1,3,5,6 
use of mineralocorticoid not reported1,3,5,6), the na-
ture of the study population (clinical trials1,3), length 
of follow-up for all-cause mortality,3,5,6 and the sex 
composition of the study population (>98% men in 1 
report3). Subsequent studies reporting an association 

between QRSd and all-cause mortality included 
post hoc analyses from the EVEREST (Efficacy of 
Vasopressin Antagonism in HF Outcome Study with 
Tolvaptan) trial and the EMPHASIS-HF (Eplerenone 
in Mild Patients Hospitalization and Survival Study 
in HF) trial.4,7 While the proportions of overall study 
population on angiotensin-converting enzyme inhib-
itors/angiotensin II receptor blockers, β-blockade, 
and mineralocorticoid antagonists in these studies4,7 
were similar to those observed in our study, these 
cohorts differed from ASIAN-HF in other respects. 
In addition to the inherent differences between 
clinical trials and registries, and the predominantly 
White racial composition compared with our cohort, 
the EVEREST population7 was sicker (23% mortal-
ity at 9.9 months) and was recruited during acute 

Figure 2.  Sex modifies the relationship between electroanatomic ratios of QRS duration to height and all-cause mortality.
Sex modifies the relationship between electroanatomic ratios of QRS duration to height with all-cause mortality. Specifically, QRS/
height was associated with all-cause mortality in men but not in women. HR indicates hazard ratio.

Figure 3.  Cause of heart failure modifies the relationship between electroanatomic ratios of QRS duration indexed for left 
ventricular size and all-cause mortality.
QRS duration indexed for left ventricular size (QRS/LVEDV) was significantly associated with all-cause mortality in study participants 
with nonischemic cause of heart failure but not in study participants with ischemic cause of heart failure. HR indicates hazard ratio; 
and LVEDV, left ventricular end-diastolic volume.
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hospitalization. Furthermore, the EMPHASIS-HF 
population4 had higher average BMI and a higher 
proportion of participants with ischemic HF cause 
compared with ASIAN-HF.

Race, medications, as well as design, demographic, 
and clinical characteristics of study populations likely 
contributed to differences in the relationship of QRSd 
and mortality across different studies.

Furthermore, it is worth noting that in our entirely 
racially Asian study population, a significant interaction 
was seen between (intraracial) ethnicity and the rela-
tionship of QRSd and mortality. Interethnic (intraracial) 
variations in QRSd have been previously reported be-
tween Asian subgroups.9 This underscores the need to 
further consider QRSd in reference to body size and LV 
size, even within the same broad racial categorization. 
Analysis of interethnic variations in electroanatomic 
parameters, electroanatomic ratios, and associations 
with clinical outcomes is the subject of future planned 
analyses from our group. Our framework of electroana-
tomic ratios here provides a quantitative understanding 
of the extent of electrical and anatomic remodeling and 
the proportions of their respective remodeling beyond 
a measure of electrical remodeling as QRSd alone.

Electroanatomic Ratios of QRSd to Body 
Size
Interest in relating QRSd to anthropometrics is increas-
ing but consensus on the ideal anthropometric meas-
ure is lacking. Recent studies in patients undergoing 
cardiac resynchronization therapy have reported as-
sociations of QRS/BSA with improvement in LVEF22 
and QRS/BMI with improvement in NYHA class and 
reduction of LV end-systolic volume.23 In a patient-level 
meta-analysis, the greatest benefits of cardiac resyn-
chronization therapy for reduction in all-cause mortality 
and the composite of mortality and HF hospitalization 
were observed in the shortest tercile of men.24

In our study, electroanatomic ratios of QRS/height, 
QRS/BSA, and QRS/BMI were strongly associated 
with all-cause mortality, cardiovascular mortality, and 
SCD. Independent associations of BSA and BMI with 
HF outcomes are known,25-29 reproduced in analysis of 
our own data (Table S2), and may confound interpre-
tation of their electroanatomic ratios. Weight was also 
independently associated with all-cause mortality in 
this study. Weight, and the inclusion of weight, may be 
further confounded by  influence of nutrition, obesity, 
cachexia, adiposity, and fluctuation over time. On the 
other hand, height is not known to be an independent 
predictor of mortality in HF and was not in our data 
set (Table S2). We have therefore focused on height as 
the primary anthropometric parameter of body size for 
indexing of QRSd. The finding of a significant associa-
tion of QRS/height with mortality in our study is novel 
and warrants further investigation in other populations 
with and without HF.

A significant interaction with sex was detected in 
the relationship of electroanatomic ratios of QRSd in-
dexed for body size with all-cause and cardiovascular 
mortality in our study. Increased electroanatomic ra-
tios of QRSd indexed for body size were associated 
with increased all-cause and cardiovascular mortal-
ity in men but not in women. Men and women with 
HFrEF are known to differ in cause of HF, prevalence 
of LBBB, prevalence of arrhythmias, and metabo-
lism of, and response to, pharmacotherapies.30-33 
Pertinent to these known differences, our multivari-
able model included ischemic cause of HF, history 
of atrial fibrillation or atrial flutter, history of ventric-
ular tachycardia or fibrillation, presence of LBBB, 
presence of β-blockade therapy, and presence of 
angiotensin-converting enzyme inhibitor/angiotensin 
receptor blocker therapy in addition to age, previous 
hospitalization for HF, NYHA class, heart rate, systolic 
blood pressure, and presence of S3. Yet, sex-specific 
associations of QRS/height (similarly for QRS/BSA 

Table 4.  Electroanatomic Ratios and Sudden Cardiac Death in Overall Cohort

One-Year Sudden Cardiac Death

Unadjusted Adjusted
Interaction for 
Sex, P Value

Interaction for HF Cause, 
P ValueHR P Value HR P Value

QRSd, ms 1.004 (1.000, 1.010) 0.071 1.006 (1.000, 1.013) 0.059 0.833 0.468

Electroanatomic ratios, per SD

QRS/height 1.179 (1.020, 1.363) 0.026 1.270 (1.021, 1.580) 0.032 0.442 0.942

QRS/BMI 1.238 (1.067, 1.437) 0.005 1.329 (1.069, 1.651) 0.010 0.487 0.681

QRS/BSA 1.185 (1.021, 1.376) 0.026 1.279 (1.022, 1.602) 0.032 0.442 0.942

QRS/LVEDV 1.098 (0.841, 1.434) 0.491 1.064 (0.740, 1.531) 0.738 0.035 0.024

Adjusted for age, ischemic cause of HF, previous hospitalization for HF, NYHA class III-IV versus I-II, presence of S3, history of atrial fibrillation or flutter, history 
of ventricular tachycardia or fibrillation, β-blocker, presence of LBBB, chronic kidney disease, and cardiac implantable electronic device therapy. BMI indicates 
body mass index; BSA, body surface area; HF, heart failure; HR, hazard ratio; LBBB, left bundle branch block; LVEDV, left ventricular end-diastolic volume; 
NYHA, New York Heart Association; and QRSd, QRS duration.
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and QRS/BMI) with all-cause mortality and cardio-
vascular mortality remained. As the 1-year all-cause 
and cardiovascular mortality rates were similar in 
men and women in our study, sex differentially influ-
enced the relationships of QRSd to body size with all-
cause and cardiovascular mortality. Electroanatomic 
ratios of QRSd to body size, such as QRS/height, 
may uniquely identify men with HFrEF at higher risk 
for all-cause and cardiovascular mortality. In regard 
to SCD, the association with electroanatomic ratio 
of QRS indexed for anthropometrics was not influ-
enced by sex. Excess electrical remodeling relative to 
body size, as increased QRS/height (and similarly for 
QRS/BSA and QRS/BMI), remains a potent marker 
for increased SCD risks in both men and women with 
HFrEF.

Electroanatomic Ratios of QRSd to LV 
Size
In our analysis, indexing of QRSd to LVEDV predicted 
mortality in patients with HFrEF with nonischemic car-
diomyopathy but not ischemic cardiomyopathy. LVEDV 
is accepted as a volumetric measure of LV size and has 
been used previously in analysis of effects of cardiac 
resynchronization therapy on HF outcomes. Recent 
smaller studies have suggested QRS/LVEDV may help 
to identify patients with favorable response to cardiac 
resynchronization therapy22,34,35 who may otherwise 
be at higher mortality risk.35

The cause-specific association of QRS/LVEDV 
with mortality outcomes may relate to differences 
between ischemic and nonischemic cardiomy-
opathy in electroanatomic remodeling. First, in 
ischemic cardiomyopathy, scars from myocardial 
infarction may create substrates for electrical re-
modeling and reentry arrhythmias without LV 
dilatation, making ischemic cardiomyopathy po-
tentially less susceptible to influences of LVEDV. 
Second, as participants with nonischemic cardio-
myopathy had larger LVEDV compared with partic-
ipants with ischemic cardiomyopathy (in our study, 
187.4±66.1  mL in nonischemic cardiomyopathy 
versus 173.3±64.6 mL in ischemic cardiomyop-
athy, P<0.001), increased electroanatomic ratios 
of QRS/LVEDV in participants with nonischemic 
cardiomyopathy may especially identify individu-
als with particularly marked electrical remodeling. 
Furthermore, a greater range of QRS and LVEDV 
values observed in the nonischemic cardiomy-
opathy subcohort compared with the ischemic 
cardiomyopathy subcohort may underscore non-
ischemic cardiomyopathy as a more heteroge-
neous classification with many different subtypes. 
With potentially greater heterogeneity of electri-
cal and structural heart disease in nonischemic 

cardiomyopathy, further characterization of elec-
troanatomic remodeling with electroanatomic ra-
tios of QRS/LVEDV may be particularly helpful in 
distinguishing phenotypes in remodeling that may 
be associated with increased mortality risks.

Of note, our observation that increased QRS/
LVEDV was strongly associated with increased SCD 
in participants with nonischemic cardiomyopathy is 
important, particularly in light of ongoing investiga-
tions to better define predictors of mortality in indi-
viduals with nonischemic cardiomyopathy36-40 and 
ongoing debate regarding choice of device ther-
apy.39,40 Whether the electroanatomic ratio of QRS/
LVEDV provides another dimension in risk stratifica-
tion of patients with HF with nonischemic cardiomy-
opathy merits further studies.

Strengths and Limitations
This study is based on the ASIAN-HF registry. Although 
registry data may be susceptible to bias because of its 
nonrandomized nature, this study is strengthened by 
its large sample size, real-world, contemporary, pro-
spectively collected and adjudicated multi-ethnic, mul-
tiregional data.

This study used the well-characterized ASIAN-HF 
registry, comprising entirely Asian patients. While this 
may limit initial direct generalizability of the results to 
other racial cohorts, potential anatomic differences 
among racial cohorts may in part be mitigated by this 
study’s specific efforts to account for anatomic size. 
Furthermore, the use of the ASIAN-HF registry not 
only adds to needed knowledge on Asian-specific 
data given regional underrepresentation in HF stud-
ies,16 but with the availability of well-characterized 
adjudicated data also permitted the execution of the 
conceptual approach of quantifying the proportions of 
electrical and anatomic remodeling as electroanatomic 
ratios and assessment of the association with clinical 
outcomes.

Study Implications and Future Directions
Our study has 2 important implications with impacts 
on future directions. First, electroanatomic ratios in-
dexing QRSd for body and heart size identify adults 
with HFrEF at increased mortality risks, with ramifica-
tions for risk stratification, therapeutic strategies, and 
future research. Further research may be directed 
at assessment of the utility of electroanatomic ratios 
in risk stratification in HFrEF and whether treatment 
strategies may modify the elevated risks. Second, 
development of electroanatomic ratios to quantify 
the proportion of electrical and anatomic remod-
eling may serve as a framework for understanding 
electroanatomic remodeling and association with 
outcomes, applicable as a framework for research 
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in other cardiovascular conditions and across racial 
cohorts.

CONCLUSIONS
Increased electroanatomic ratios of QRSd indexed for 
body size or LV size were associated with increased 
mortality in individuals with HFrEF, with influence 
of sex and HF cause. In particular, increased QRS/
height may be a marker of high-risk in individuals with 
HFrEF, and QRS/LVEDV may further risk stratify indi-
viduals with nonischemic HFrEF.

ARTICLE INFORMATION
Received August 14, 2020; accepted December 31, 2020.

Affiliations
From the Division of Cardiology, Icahn School of Medicine at Mount Sinai 
and the Mount Sinai Health System, New York, NY (J.Y.C.); National Heart 
Centre Singapore, Singapore, Singapore (W.T.T., T.T., J.J.Y.); Department of 
Medicine, University of Minnesota Medical School and VA Medical Center, 
Minneapolis, MN (I.S.A.); Mount Elizabeth Medical Centre, Singapore, 
Singapore (M.R.M.); Heart Institute, Medanta-The Medicity, Gurugram, 
India (V.C.); Department of Cardiology, Tan Tock Seng Hospital, Singapore, 
Singapore (S.Y.L.); Department of Cardiovascular Medicine, Nippon Medical 
School, Tokyo, Japan (W.S.); Cardiology Unit, University Malaya Medical 
Centre, Lembah Pantai, Malaysia (I.Z.A.); Cardiovascular Research Institute, 
National University of Singapore, Singapore, Singapore (A.M.R.); Department 
of Medicine, University of Mississippi Medical Center, Jackson, MI (J.B.); and 
National Heart Centre Singapore, Duke-NUS Medical School, Singapore, 
Singapore (C.S.L.).

Acknowledgments
The authors acknowledge the ASIAN-HF investigators, site coordinators, 
and staff for contributions to the conduct of the ASIAN-HF registry.

Sources of Funding
The ASIAN-HF study is supported by grants from Boston Scientific 
Investigator Sponsored Research Program, National Medical Research 
Council of Singapore (R-172-003-219-511), A*STAR Biomedical Research 
Council Asian neTwork for Translational Research and Cardiovascular Trials 
(ATTRaCT) program (SPF2014/003, SPF2014/004, SPF2014/005), and 
Bayer.

Disclosures
Unrelated to the present work, CSPL is supported by a Clinician Scientist 
Award from the National Medical Research Council of Singapore; has re-
ceived research support from Boston Scientific, Bayer, Roche Diagnostics, 
AstraZeneca, Medtronic, and Vifor Pharma; has served as consultant or on 
the Advisory Board/Steering Committee/Executive Committee for Boston 
Scientific, Bayer, Roche Diagnostics, AstraZeneca, Medtronic, Vifor Pharma, 
Novartis, Amgen, Merck, Janssen Research & Development LLC, Menarini, 
Boehringer Ingelheim, Novo Nordisk, Abbott Diagnostics, Corvia, Stealth 
BioTherapeutics, JanaCare, Biofourmis, Darma, Applied Therapeutics, 
MyoKardia, WebMD Global LLC, Radcliffe Group Ltd, and Corpus. Unrelated 
to the present work, JYC has served as a consultant for Medtronic. Unrelated 
to the present work,  ISA has served as a consultant for Novartis, Amgen, 
Cyberonics, and Zensun. Unrelated to the present work, AMR has received 
research support from Boston Scientific, Bayer, Astra Zeneca, Medtronic, 
Roche Diagnostics, Abbott Laboratories, Thermo Fisher, Critical Diagnostics, 
and has consulted for Bayer, Novartis, Merck, Astra Zeneca, and Roche 
Diagnostics. Unrelated to the present work,  JB has served as a consult-
ant for Abbott, Adrenomed, Amgen, Array, Astra Zeneca, Bayer, Boehringer 
Ingelheim, Bristol Myers Squib, CVRx, G3 Pharmaceutical, Innolife, Janssen, 
LivaNova, Luitpold, Medtronic, Merck, Novartis, NovoNordisk, Relypsa, 
Roche, V-Wave Limited, and Vifo. The remaining authors have no disclo-
sures to report.Ta

b
le

 5
. 

S
e

n
si

ti
vi

ty
 A

n
a

ly
se

s 
o

f 
A

ss
o

c
ia

ti
o

n 
o

f 
E

le
c

tr
o

a
n

at
o

m
ic

 R
at

io
s 

w
it

h 
A

ll-
C

au
se

 M
o

rt
a

lit
y

P
ar

ti
ci

p
an

ts
 W

it
h

o
u

t 
C

ar
d

ia
c 

Im
p

la
n

ta
b

le
 E

le
ct

ro
n

ic
 D

ev
ic

es
P

ar
ti

ci
p

an
ts

 W
it

h
o

u
t 

L
ef

t 
B

u
n

d
le

 B
ra

n
ch

 B
lo

ck

U
n

ad
ju

st
ed

A
d

ju
st

ed
In

te
ra

ct
io

n 
fo

r 
S

ex
, 

P
 V

al
u

e

In
te

ra
ct

io
n 

fo
r 

H
F

 C
au

se
, 

P
 V

al
u

e

U
n

ad
ju

st
ed

A
d

ju
st

ed
In

te
ra

ct
io

n 
fo

r 
S

ex
, P

 
V

al
u

e

In
te

ra
ct

io
n 

fo
r H

F
 

C
au

se
, 

P
 V

al
ue

H
R

P
 V

al
u

e
H

R
P

 V
al

u
e

H
R

P
 V

al
u

e
H

R
P

 V
al

u
e

Q
R

S
d 

(m
s)

1.
0

03
 (1

.0
0,

 1
.0

06
)

0.
03

6
1.

0
05

 (1
.0

0,
 1

.0
10

)
0.

01
3

0.
04

5
0.

38
9

1.
0

03
 (1

.0
0,

 1
.0

06
)

0.
03

2
1.

0
02

 (0
.9

98
, 1

.0
06

)
0.

27
4

0.
55

2
0.

67
9

E
le

ct
ro

an
at

om
ic

 r
at

io
s,

 p
er

 S
D

Q
R

S
/h

ei
gh

t
1.

14
5 

(1
.0

5,
 1

.2
42

)
0.

0
01

1.
16

5 
(1

.0
4,

 1
.2

96
)

0.
0

05
0.

02
0

0.
94

0
1.

21
4 

(1
.1

0,
 1

.3
31

)
<

0.
0

01
1.

16
3 

(1
.0

36
, 1

.3
04

)
0.

01
0

0.
14

8
0.

75
9

Q
R

S
/L

V
E

D
V

1.
13

8 
(1

.0
3,

 1
.2

53
)

0.
0

09
1.

05
7 

(0
.9

3,
 1

.1
89

)
0.

36
0

0.
17

7
0.

01
4

1.
19

0 
(1

.0
6,

 1
.3

28
)

0.
0

02
1.

10
3 

(0
.9

66
, 1

.2
60

)
0.

14
8

0.
11

4
0.

0
03

A
d

ju
st

ed
 f

or
 a

ge
, 

is
ch

em
ic

 c
au

se
 o

f 
H

F,
 p

re
vi

ou
s 

ho
sp

ita
liz

at
io

n 
fo

r 
H

F,
 N

Y
H

A
 c

la
ss

 I
II/

IV
 v

er
su

s 
I/

II,
 h

ea
rt

 r
at

e,
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e,
 p

re
se

nc
e 

of
 S

3,
 a

tr
ia

l f
ib

ril
la

tio
n/

flu
tt

er
, 

ve
nt

ric
ul

ar
 t

ac
hy

ca
rd

ia
/f

ib
ril

la
tio

n,
 

β-
b

lo
ck

er
, a

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e 
in

hi
b

ito
r/a

ng
io

te
ns

in
 re

ce
pt

or
 b

lo
ck

er
, l

ef
t b

un
d

le
 b

ra
nc

h 
b

lo
ck

, c
hr

on
ic

 k
id

ne
y 

d
is

ea
se

. H
F 

in
d

ic
at

es
 h

ea
rt

 fa
ilu

re
; H

R
, h

az
ar

d 
ra

tio
; L

V
E

D
V,

 le
ft

 v
en

tr
ic

ul
ar

 e
nd

-d
ia

st
ol

ic
 v

ol
um

e;
 

N
Y

H
A

, N
ew

 Y
or

k 
H

ea
rt

 A
ss

oc
ia

tio
n;

 a
nd

 Q
R

S
d,

 Q
R

S
 d

ur
at

io
n.



J Am Heart Assoc. 2021;10:e017932. DOI: 10.1161/JAHA.120.017932� 11

Chyou et al� Electroanatomic Ratios and Mortality

Supplementary Material
Tables S1–S2
Appendix (ASIAN-HF Investigators)

REFERENCES
	 1.	 Hofmann M, Bauer R, Handrock R, Weidinger G, Goedel-Meinen 

L. Prognostic value of the QRS duration in patients with heart fail-
ure: a subgroup analysis from 24 centers of Val-HeFT. J Cardiac Fail. 
2005;11:523–528. DOI: 10.1016/j.cardf​ail.2005.03.008.

	 2.	 Randolph TC, Broderick S, Shaw LK, Chiswell K, Mentz RJ, Kutyifa V, 
Velazquez EJ, Gilliam FR, Thomas KL. Race and sex differences in QRS 
interval and associated outcome among patients with left ventricular 
systolic dysfunction. J Am Heart Assoc. 2017;6:e004381. DOI: 10.1161/
JAHA.116.004381.

	 3.	 Iuliano S, Fisher SG, Karasik PE, Fletcher RD, Singh SN. QRS dura-
tion and mortality in patients with congestive heart failure. Am Heart J. 
2002;143:1085–1091. DOI: 10.1067/mhj.2002.122516.

	 4.	 Cannon JA, Collier TJ, Shen L, Swedberg K, Krum H, Van Veldhuisen DJ, 
Vincent J, Pocock SJ, Pitt B, Zannad F, et al. Clinical outcomes accord-
ing to QRS duration and morphology in the eplerenone in mild patients: 
Hospitalization and survival study in heart failure (EMPHASIS-HF). Eur J 
Heart Fail. 2015;17:707–716. DOI: 10.1002/ejhf.303.

	 5.	 Bode-Schnurbus L, Bocker D, Block M, Gradaus R, Heinecke A, 
Breithardt G, Borggrefe M. QRS duration: a simple marker for predicting 
cardiac mortality in ICD patients with heart failure. Heart (British Cardiac 
Society). 2003;89:1157–1162. DOI: 10.1136/heart.89.10.1157.

	 6.	 Kearney MT, Zaman A, Eckberg DL, Lee AJ, Fox KAA, Shah AM, 
Prescott RJ, Shell WE, Charuvastra E, Callahan TS, et al. Cardiac size, 
autonomic function, and 5-year follow-up of chronic heart failure pa-
tients with severe prolongation of ventricular activation. J Cardiac Fail. 
2003;9:93–99. DOI: 10.1054/jcaf.2003.15.

	 7.	 Wang NC, Maggioni AP, Konstam MA, Zannad F, Krasa HB, Burnett 
JC Jr, Grinfeld L, Swedberg K, Udelson JE, Cook T, et al. Clinical 
implications of QRS duration in patients hospitalized with worsen-
ing heart failure and reduced left ventricular ejection fraction. JAMA. 
2008;299:2656–2666. DOI: 10.1001/jama.299.22.2656.

	 8.	 Gijsberts CM, Benson L, Dahlström U, Sim D, Yeo DPS, Ong HY, 
Jaufeerally F, Leong GKT, Ling LH, Richards AM, et al. Ethnic differences 
in the association of QRS duration with ejection fraction and outcome in 
heart failure. Heart (British Cardiac Society). 2016;102:1464–1471. DOI: 
10.1136/heart​jnl-2015-309212.

	 9.	 Tan ESJ, Yap J, Xu CF, Feng L, Nyunt SZ, Santhanakrishnan R, Chan 
MMY, Seow SC, Ching CK, Yeo KK, et al. Association of age, sex, body 
size and ethnicity with electrocardiographic values in community-based 
older asian adults. Heart Lung Circ. 2016;25:705–711. DOI: 10.1016/j.
hlc.2016.01.015.

	10.	 Macfarlane PW, McLaughlin SC, Devine B, Yang TF. Effects of age, 
sex, and race on ECG interval measurements. J Electrocardiol. 
1994;27(Suppl):14–19. DOI: 10.1016/S0022​-0736(94)80039​-1.

	11.	 Rautaharju PM, Zhou SH, Calhoun HP. Ethnic differences in ECG am-
plitudes in North American white, black, and Hispanic men and women. 
Effect of obesity and age. J Electrocardiol. 1994;27(Suppl):20–31. DOI: 
10.1016/S0022​-0736(94)80040​-5.

	12.	 Frank S, Colliver JA, Frank A. The electrocardiogram in obesity: statisti-
cal analysis of 1,029 patients. J Am Coll Cardiol. 1986;7:295–299. DOI: 
10.1016/S0735​-1097(86)80494​-6.

	13.	 Hnatkova K, Smetana P, Toman O, Schmidt G, Malik M. Sex and race 
differences in QRS duration. Europace. 2016;18:1842–1849. DOI: 
10.1093/europ​ace/euw065.

	14.	 Zusterzeel R, Selzman KA, Sanders WE, Canos DA, O’Callaghan KM, 
Carpenter JL, Pina IL, Strauss DG. Cardiac resynchronization therapy 
in women: US Food and Drug Administration meta-analysis of patient-
level data. JAMA Intern Med. 2014;174:1340–1348. DOI: 10.1001/jamai​
ntern​med.2014.2717.

	15.	 Steffel J, Varma N, Robertson M, Singh JP, Bax JJ, Borer JS, Dickstein 
K, Ford I, Gorcsan J, Gras D, et al. Effect of gender on outcomes 
after cardiac resynchronization therapy in patients with a narrow QRS 
complex: a subgroup analysis of the EchoCRT trial. Circ Arrhythmia 
Electrophysiol. 2016;9. DOI: 10.1161/CIRCEP.115.003924.

	16.	 Lam CSP, Anand I, Zhang S, Shimizu W, Narasimhan C, Park SW, Yu C-
M, Ngarmukos T, Omar R, Reyes EB, et al. Asian sudden cardiac death 

in heart failure (ASIAN-HF) registry. Eur J Heart Fail. 2013;15:928–936. 
DOI: 10.1093/eurjh​f/hft045.

	17.	 Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, Dunn B, 
Solomon SD, Marler JR, Teerlink JR, Farb A, et al. 2017 cardiovas-
cular and stroke endpoint definitions for clinical trials. Circulation. 
2018;137:961–972. DOI: 10.1161/CIRCU​LATIO​NAHA.117.033502.

	18.	 Baldasseroni S, Opasich C, Gorini M, Lucci D, Marchionni N, Marini M, 
Campana C, Perini G, Deorsola A, Masotti G, et al. Left bundle-branch 
block is associated with increased 1-year sudden and total mortality 
rate in 5517 outpatients with congestive heart failure: a report from the 
Italian network on congestive heart failure. Am Heart J. 2002;143:398–
405. DOI: 10.1067/mhj.2002.121264.

	19.	 MacDonald MR, Tay WT, Teng T-H, Anand I, Ling LH, Yap J, Tromp 
J, Wander GS, Naik A, Ngarmukos T, et al. Regional variation of mor-
tality in heart failure with reduced and preserved ejection fraction 
across Asia: outcomes in the ASIAN-HF registry. J Am Heart Assoc. 
2020;9:e012199. DOI: 10.1161/JAHA.119.012199.

	20.	 Lund LH, Jurga J, Edner M, Benson L, Dahlstrom U, Linde C, 
Alehagen U. Prevalence, correlates, and prognostic significance of 
QRS prolongation in heart failure with reduced and preserved ejec-
tion fraction. Eur Heart J. 2013;34:529–539. DOI: 10.1093/eurhe​artj/
ehs305.

	21.	 Linde C, Stahlberg M, Benson L, Braunschweig F, Edner M, Dahlstrom 
U, Alehagen U, Lund LH. Gender, underutilization of cardiac resynchro-
nization therapy, and prognostic impact of QRS prolongation and left 
bundle branch block in heart failure. Europace. 2015;17:424–431. DOI: 
10.1093/europ​ace/euu205.

	22.	 Varma N, Lappe J, He J, Niebauer M, Manne M, Tchou P. Sex-specific 
response to cardiac resynchronization therapy: effect of left ventricu-
lar size and QRS duration in left bundle branch block. JACC Clinical 
Electrophysiol. 2017;3:844–853. DOI: 10.1016/j.jacep.2017.02.021.

	23.	 Karaca O, Omaygenc MO, Cakal B, Cakal SD, Gunes HM, Olgun E, 
Ibisoglu E, Savur U, Gokdeniz T, Boztosun B, et al. Adjusting the QRS 
duration by body mass index for prediction of response to cardiac re-
synchronization therapy: Does One QRS Size Fit All? Ann Noninvasive 
Electrocardiol 2016;21:450–459. DOI: 10.1111/anec.

	24.	 Linde C, Cleland JGF, Gold MR, Claude Daubert J, Tang ASL, Young 
JB, Sherfesee L, Abraham WT. The interaction of sex, height, and QRS 
duration on the effects of cardiac resynchronization therapy on morbid-
ity and mortality: an individual-patient data meta-analysis. Eur J Heart 
Fail. 2018;20:780–791. DOI: 10.1002/ejhf.1133.

	25.	 Powell-Wiley TM, Ngwa J, Kebede S, Lu D, Schulte PJ, Bhatt DL, 
Yancy C, Fonarow GC, Albert MA. Impact of body mass index on 
heart failure by race/ethnicity from the get with the guidelines-heart 
failure (GWTG-HF) registry. JACC Heart Failure. 2018;6:233–242. DOI: 
10.1016/j.jchf.2017.11.011.

	26.	 Sharma A, Lavie CJ, Borer JS, Vallakati A, Goel S, Lopez-Jimenez 
F, Arbab-Zadeh A, Mukherjee D, Lazar JM. Meta-analysis of the re-
lation of body mass index to all-cause and cardiovascular mortality 
and hospitalization in patients with chronic heart failure. Am J Cardiol. 
2015;115:1428–1434. DOI: 10.1016/j.amjca​rd.2015.02.024.

	27.	 Fonarow GC, Srikanthan P, Costanzo MR, Cintron GB, Lopatin M. An 
obesity paradox in acute heart failure: analysis of body mass index and 
inhospital mortality for 108,927 patients in the Acute Decompensated 
Heart Failure National Registry. Am Heart J. 2007;153:74–81. DOI: 
10.1016/j.ahj.2006.09.007.

	28.	 Chandramouli C, Tay WT. Association of obesity with heart fail-
ure outcomes in 11 Asian regions: A cohort study. PLoS Med. 
2019;16:e1002916. DOI: 10.1371/journ​al.pmed.1002916.

	29.	 Zafrir B, Salman N, Crespo-Leiro MG, Anker SD, Coats AJ, Ferrari R, 
Filippatos G, Maggioni AP, Mebazaa A, Piepoli MF, et al. Body surface 
area as a prognostic marker in chronic heart failure patients: results 
from the Heart Failure Registry of the Heart Failure Association of the 
European Society of Cardiology. Eur J Heart Fail. 2016;18:859–868. 
DOI: 10.1002/ejhf.551.

	30.	 Pina IL, Kokkinos P, Kao A, Bittner V, Saval M, Clare B, Goldberg L, 
Johnson M, Swank A, Ventura H, et al. Baseline differences in the HF-
ACTION trial by sex. Am Heart J. 2009;158:S16–23. DOI: 10.1016/j.
ahj.2009.07.012.

	31.	 Jochmann N, Stangl K, Garbe E, Baumann G, Stangl V. Female-specific 
aspects in the pharmacotherapy of chronic cardiovascular diseases. 
Eur Heart J. 2005;26:1585–1595. DOI: 10.1093/eurhe​artj/ehi397.

	32.	 Tamargo J, Rosano G, Walther T, Duarte J, Niessner A, Kaski JC, Ceconi 
C, Drexel H, Kjeldsen K, Savarese G, et al. Gender differences in the 

https://doi.org/10.1016/j.cardfail.2005.03.008
https://doi.org/10.1161/JAHA.116.004381
https://doi.org/10.1161/JAHA.116.004381
https://doi.org/10.1067/mhj.2002.122516
https://doi.org/10.1002/ejhf.303
https://doi.org/10.1136/heart.89.10.1157
https://doi.org/10.1054/jcaf.2003.15
https://doi.org/10.1001/jama.299.22.2656
https://doi.org/10.1136/heartjnl-2015-309212
https://doi.org/10.1016/j.hlc.2016.01.015
https://doi.org/10.1016/j.hlc.2016.01.015
https://doi.org/10.1016/S0022-0736(94)80039-1
https://doi.org/10.1016/S0022-0736(94)80040-5
https://doi.org/10.1016/S0735-1097(86)80494-6
https://doi.org/10.1093/europace/euw065
https://doi.org/10.1001/jamainternmed.2014.2717
https://doi.org/10.1001/jamainternmed.2014.2717
https://doi.org/10.1161/CIRCEP.115.003924
https://doi.org/10.1093/eurjhf/hft045
https://doi.org/10.1161/CIRCULATIONAHA.117.033502
https://doi.org/10.1067/mhj.2002.121264
https://doi.org/10.1161/JAHA.119.012199
https://doi.org/10.1093/eurheartj/ehs305
https://doi.org/10.1093/eurheartj/ehs305
https://doi.org/10.1093/europace/euu205
https://doi.org/10.1016/j.jacep.2017.02.021
https://doi.org/10.1111/anec
https://doi.org/10.1002/ejhf.1133
https://doi.org/10.1016/j.jchf.2017.11.011
https://doi.org/10.1016/j.amjcard.2015.02.024
https://doi.org/10.1016/j.ahj.2006.09.007
https://doi.org/10.1371/journal.pmed.1002916
https://doi.org/10.1002/ejhf.551
https://doi.org/10.1016/j.ahj.2009.07.012
https://doi.org/10.1016/j.ahj.2009.07.012
https://doi.org/10.1093/eurheartj/ehi397


J Am Heart Assoc. 2021;10:e017932. DOI: 10.1161/JAHA.120.017932� 12

Chyou et al� Electroanatomic Ratios and Mortality

effects of cardiovascular drugs. Eur Heart J Cardiovasc Pharmacother. 
2017;3:163–182. DOI: 10.1093/ehjcv​p/pvw042.

	33.	 Ghali JK, Krause-Steinrauf HJ, Adams KF, Khan SS, Rosenberg YD, 
Yancy CW, Young JB, Goldman S, Peberdy MA, Lindenfeld J. Gender 
differences in advanced heart failure: insights from the BEST study. J 
Am Coll Cardiol. 2003;42:2128–2134. DOI: 10.1016/j.jacc.2003.05.012.

	34.	 Zweerink A, Wu L, de Roest GJ, Nijveldt R, de Cock CC, van Rossum 
AC, Allaart CP. Improved patient selection for cardiac resynchronization 
therapy by normalization of QRS duration to left ventricular dimension. 
Europace. 2017;19:1508–1513. DOI: 10.1093/europ​ace/euw265.

	35.	 Varma N, Sogaard P, Bax JJ, Abraham WT, Borer JS, Dickstein K, 
Singh JP, Gras D, Holzmeister J, Brugada J, et al. Interaction of left ven-
tricular size and sex on outcome of cardiac resynchronization therapy 
among patients with a narrow QRS duration in the EchoCRT Trial. J Am 
Heart Assoc. 2018;7:e009592. DOI: 10.1161/JAHA.118.009592.

	36.	 Leyva F, Zegard A, Acquaye E, Gubran C, Taylor R, Foley PWX, Umar F, 
Patel K, Panting J, Marshall H, et al. Outcomes of cardiac resynchroni-
zation therapy with or without defibrillation in patients with nonischemic 
cardiomyopathy. J Am Coll Cardiol. 2017;70:1216–1227. DOI: 10.1016/j.
jacc.2017.07.712.

	37.	 Halliday BP, Baksi AJ, Gulati A, Ali A, Newsome S, Izgi C, Arzanauskaite 
M, Lota A, Tayal U, Vassiliou VS, et al. Outcome in dilated cardiomy-
opathy related to the extent, location, and pattern of late gadolinium 
enhancement. JACC Cardiovasc Imaging. 2019;12:1645–1655. DOI: 
10.1016/j.jcmg.2018.07.015.

	38.	 Marume K, Noguchi T, Tateishi E, Morita Y, Kamakura T, Ishibashi K, 
Noda T, Miura H, Nishimura K, Nakai M, et al. Mortality and sudden car-
diac death risk stratification using the noninvasive combination of wide 
QRS duration and late gadolinium enhancement in idiopathic dilated 
cardiomyopathy. Circ Arrhythm Electrophysiol. 2018;11:e006233. DOI: 
10.1161/CIRCEP.117.006233.

	39.	 Cleland JGF, Halliday BP, Prasad SK. Selecting patients with nonisch-
emic dilated cardiomyopathy for ICDs: myocardial function, fibrosis, 
and what’s attached? J Am Coll Cardiol. 2017;70:1228–1231. DOI: 
10.1016/j.jacc.2017.07.748.

	40.	 Køber L, Thune JJ, Nielsen JC, Haarbo J, Videbæk L, Korup 
E, Jensen G, Hildebrandt P, Steffensen FH, Bruun NE, et al. 
Defibrillator implantation in patients with nonischemic systolic 
heart failure. N Engl J Med.. 2016;375:1221–1230. DOI: 10.1056/
NEJMo​a1608029.

https://doi.org/10.1093/ehjcvp/pvw042
https://doi.org/10.1016/j.jacc.2003.05.012
https://doi.org/10.1093/europace/euw265
https://doi.org/10.1161/JAHA.118.009592
https://doi.org/10.1016/j.jacc.2017.07.712
https://doi.org/10.1016/j.jacc.2017.07.712
https://doi.org/10.1016/j.jcmg.2018.07.015
https://doi.org/10.1161/CIRCEP.117.006233
https://doi.org/10.1016/j.jacc.2017.07.748
https://doi.org/10.1056/NEJMoa1608029
https://doi.org/10.1056/NEJMoa1608029


SUPPLEMENTAL MATERIAL 



APPENDIX 

THE ASIAN-HF INVESTIGATORS 

The Asian-HF Executive Committee 

• Professor Carolyn S.P. Lam (as Principal Investigator), National Heart Centre Singapore, 
Duke-NUS Medical School, Singapore. 

• Professor A. Mark Richards (as Chairman), Cardiovascular Research Institute, National 
University of Singapore, Singapore. 

• Professor Inder Anand (as Director, Publications Committee), University of Minnesota 
Medical School, VA Medical Center Minneapolis and San Diego, United States of 
America. 

• Dr Chung-Lieh Hung, Mackay Memorial Hospital, Taipei, Taiwan. 

• Professor Lieng Hsi Ling (as Director, Echo Core Laboratory), Cardiovascular Research 
Institute, National University of Singapore, Singapore. 

• Dr Houng Bang Liew, Queen Elizabeth II Hospital, Clinical Research Center, Sabah, 
Malaysia. 

• Dr Calambur Narasimhan, Care Hospital, Hyderabad, India. 

• Dr Tachapong Ngarmukos, Ramathibodi Hospital, Mahidol University, Bangkok, 
Thailand. 

• Dr Sang Weon Park, SeJong General Hospital, Seoul, South Korea. 

• Dr Eugenio Reyes, Manila Doctors Hospital, Manila, Philippines. 

• Professor Bambang B. Siswanto, National Cardiovascular Center Universitas Indonesia, 
Jakarta, Indonesia. 

• Professor Wataru Shimizu, Department of Cardiovascular Medicine, Nippon Medical 
School, Tokyo, Japan. 

• Professor Shu Zhang, Fuwai Cardiovascular Hospital, Beijing, People’s Republic of 
China.  
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Country and Site Investigators 

Hong Kong 

The Chinese University of Hong Kong: Cheuk Man Yu (Country PI). 

India 

CARE Hospital: Calambur Narasimhan (Country PI), B K S Sastry, Arun Gopi, K Raghu, C 

Sridevi, Daljeet Kaur. Care Institute of Medical Sciences: Ajay Naik, Keyur Parikh, Anish 

Chandarana, Urmil Shah, Milan Chag, Hemang Baxi, Satya Gupta, Jyoti Bhatia, Vaishali 

Khakhkhar, Vineet Sankhla, Tejas Patel, Vipul Kapoor. Hero Dayanand Medical College Heart 

Institute: Gurpreet Singh Wander, Rohit Tandon. Medanta-The Medicity: Vijay Chopra, Manoj 

Kumar, Hatinder Jeet Singh Sethi, Rashmi Verma, Sanjay Mittal. Sir Ganga Ram Hospital: 

Jitendra Sawhney, Manish Kr. Sharma. Westfort Hi-Tech Hospital Ltd: Mohanan Padinhare 

Purayil. 

Indonesia 

Rumah Sakit Jantung dan Pembuluh Darah Harapan Kita: Bambang Budi Siswanto (Country 

PI). RS Dr Hasan Sadikin: Pintoko Tedjokusumo, Erwan Martanto, Erwinanto. R S Khusus 

Jantung Binawaluya: Muhammad Munawar, Jimmy Agung Pambudi. RS Siloam Karawaci: 

Antonia Lukito, Ingrid Pardede, Alvin Thengker, Vito Damay, Siska Suridanda Danny, Rarsari 

Surarso. 

Japan 

Nippon Medical School: Wataru Shimizu (Country PI), National Cerebral and Cardiovascular 

Center: Takashi Noda, Ikutaro Nakajima, Mitsuru Wada, Kohei Ishibashi. Kinki University 

Hospital Cardiovascular Center: Takashi Kurita, Ryoubun Yasuoka. Nippon Medical School 

Hospital: Kuniya Asai, Kohji Murai, Yoshiaki Kubota, Yuki Izumi.Toho University Omori 

Medical Center: Takanori Ikeda, Shinji Hisatake, Takayuki Kabuki, Shunsuke Kiuchi, Tokyo 

Women's Medical University: Nobuhisa Hagiwara, Atsushi Suzuki, Dr. Tsuyoshi Suzuki.  

Korea 

SeJong General Hospital: Sang-Weon Park (Country PI), Suk Keun Hong, SookJin Lee, Lim 

Dal Soo, Dong-Hyeok Kim. Korea University Anam Hospital: Jaemin Shim, Seong-Mi Park, 

Seung-Young Roh, Young Hoon Kim, Mina Kim, Jong-Il Choi. Korea University Guro Hospital: 

Jin Oh Na, Seung Woon Rha, Hong Seog Seo, Dong Joo Oh, Chang Gyu Park, Eung Ju Kim, 

Sunki Lee,  

Severance Hospital, Yonsei University Health System: Boyoung Joung, Jae-Sun Uhm, Moon 

Hyoung Lee, In-Jeong Cho, Hui-Nam Park. Chonnam National University Hospital: Hyung-

Wook Park, Jeong-Gwan Cho, Namsik Yoon, KiHong Lee, Kye Hun Kim. Korea University 

Ansan Hospital: Seong Hwan Kim.  

Malaysia 

Hospital Queen Elizabeth II: Houng Bang Liew (Country PI), Sahrin Saharudin, Boon Cong 

Beh, Yu Wei Lee, Chia How Yen, Mohd Khairi Othman, Amie-Anne Augustine, Mohd Hariz 

Mohd Asnawi, Roberto Angelo Mojolou, You Zhuan Tan, Aida Nurbaini Arbain, Chii Koh 

Wong. Institut Jantung Negara: Razali Omar, Azmee Mohd Ghazi, Surinder Kaur Khelae, David 



S.P. Chew, Lok Bin Yap, Azlan Hussin, Zulkeflee Muhammad, Mohd. Ghazi Azmee. University 

Malaya Medical Centre: Imran Zainal Abidin, Ahmad Syadi Bin Mahmood Zhudi, Nor Ashikin 

Md Sari, Ganiga Srinivasaiah Sridhar, Ahmad Syadi Mahmood Zuhdi. Muhammad Dzafir 

Ismail. Sarawak General Hospital Heart Centre: Tiong Kiam Ong, Yee Ling Cham, Ning Zan 

Khiew, Asri Bin Said, Alan Yean Yip Fong, Nor Hanim Mohd Amin, Keong Chua Seng, Sian 

Kong Tan, Kuan Leong Yew.  

Philippines 

Manila Doctors Hospital: Eugenio Reyes (Country PI), Jones Santos, Allan Lim. Makati 

Medical Center: Raul Lapitan, Ryan Andal, Philippine Heart Center: Eleanor Lopez.  

Singapore 

National Heart Centre Singapore: Carolyn S.P. Lam (Country PI), Kheng Leng David Sim, 

Boon Yew Tan, Choon Pin Lim, Louis L.Y. Teo, Laura L.H. Chan. National University Heart 

Centre: Lieng Hsi Ling, Ping Chai, Ching Chiew Raymond Wong, Kian Keong Poh, Tan Tock 

Seng Hospital: Poh Shuan Daniel Yeo, Evelyn M. Lee, Seet Yong Loh, Min Er Ching, Deanna 

Z.L. Khoo, Min Sen Yew, Wenjie Huang. Changi General Hospital-Parent: Kui Toh Gerard

Leong, Jia Hao Jason See, Yaozong Benji Lim, Svenszeat Tan, Colin Yeo, Siang Chew Chai.

Singapore General Hospital-Parent: Fazlur Rehman Jaufeerally, Haresh Tulsidas, Than Aung.

Khoo Teck Puat Hospital: Hean Yee Ong, Lee Fong Ling, Dinna Kar Nee Soon

Taiwan 

Mackay Memorial Hospital, Taipei, Taiwan: Chung-Lieh Hung (Country PI), Hung-I Yeh,Jen-

Yuan Kuo, Chih-Hsuan Yen. National Taiwan University Hospital: Juey-Jen Hwang, Kuo-Liong 

Chien, Ta-Chen Su, Lian-Yu Lin, Jyh-Ming Juang, Yen-Hung Lin, Fu-Tien Chiang, Jiunn-Lee 

Lin, Yi-Lwun Ho, Chii-Ming Lee, Po-Chih Lin, Chi-Sheng Hung, Sheng-Nan Chang, Jou-Wei 

Lin, Chih-Neng Hsu. Taipei Veterans General Hospital: Wen-Chung Yu, Tze-Fan Chao, Shih-
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Nien Lin, Ke-Wei Chen, Ping-Han Lo, Chung-Ho Hsu, Li-Chuan Hsieh. 

Thailand 

Ramathibodi Hospital: Tachapong Ngarmukos (Country PI), Mann Chandavimol, Teerapat 

Yingchoncharoen, Prasart Laothavorn. Phramongkutklao Hospital:Waraporn Tiyanon. Maharaj 
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Table S1. Demographic and Clinical Characteristics of Study Participants With or Without Cardiac Implantable 

Electronic Device (pacemaker/defibrillator). 

Overall 

Cohort 

(n=4899) 

Without Device 

(n=3783) 

With Device 

(n=660) 

P 

Without vs. 

With Device  

Age (years; mean±SD) 60 ± 19 59 ± 13 65 ± 12 <0.001 

Male (%) 3820 (78) 2965 (78) 521 (79) 0.75 

Northeast Asia/South Asia/Southeast Asia (%) 31%/ 28%/ 41% 27%/ 31%/ 42% 62%/ 12%/ 26% <0.001 

Height (m, mean±SD) 1.64 ± 0.09 1.64 ± 0.09 1.64 ± 0.09 0.11 

Weight (kg, mean±SD) 67 ± 16 68 ± 16 64 ± 14 <0.001 

Body mass index (kg/m2,  mean±SD) 24.9 ± 5.1 25.1 ± 5.1 23.9 ± 4.6 <0.001 

Body surface area (m2,  mean±SD) 1.74 ± 0.20 1.75 ± 0.23 1.70 ± 0.21 <0.001 

NYHA Class, I/II vs III/IV(%) 65% vs. 35% 66% vs 34% 62% vs 38% 0.050 

Ischemic etiology of HF (%) 50% 51% 43% <0.001 

LVEF % (mean±SD) 27.3 ± 7.1 27.3 ± 7.0 26.8 ± 7.5 0.120 

QRS duration (ms,  mean±SD ) 115.2 ± 32.6 111.4 ± 29.0 142.1 ± 37.8 <0.001 

Systolic blood pressure (mmHg, mean±SD) 118 ± 20 119 ± 20 112 ± 18 <0.001 

Diastolic blood pressure (mmHg, mean±SD) 72 ± 13 73 ± 13 67 ± 11 <0.001 

Heart rate (bpm, mean±SD) 80 ± 16 81 ± 16 73 ± 13 <0.001 

Previous hospitalization for HF (%) 63% 60% 83% <0.001 

History of Hypertension (%) 52% 52% 46% 0.002 

History of Stroke (%) 6.5% 6.2% 9.2% 0.004 

History of atrial fibrillation/atrial flutter (%) 18% 17% 31% <0.001 

History of ventricular tachycardia/ventricular 

fibrillation (%) 

8.0% 4.0% 32% <0.001 

ICD/PPM/CRT (%) 14% - - - 

Diabetes (%) 43% 44% 39% 0.009 

Chronic kidney disease (%) 44% 43% 52% <0.001 

Cancer (%) 3.2% 2.8% 6.4% <0.001 

On BB (%) 78% 78% 84% 0.002 

On ACE/ARB (%) 76% 77% 73% 0.035 

On mineralocorticoid receptor antagonist (%) 58% 59% 60% 0.80 

On diuretic (%) 83% 84% 79% 0.006 



ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor blockers; BB = beta-blocker; CRT = cardiac 

resynchronization therapy; HF = heart failure; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular ejection fraction; 

NYHA = New York Heart Association; PPM = permanent pacemaker. 



Table S2. Anthropometrics and Mortality.  

Height was not independently associated with mortality in our study, reinforcing height as the preferred anthropometric measure to 

use for deriving the key electroanatomic ratio of QRS duration indexing for body size. Body mass index (BMI) and body surface area 

(BSA) were independently associated with all-mortality, consistent with our consideration of the literature. 

Per SD Primary Outcome of Interest: One-Year All-Cause Mortality 

Unadjusted Adjusted 

Hazard Ratio (95% Confidence Interval) p-value Hazard Ratio (95% Confidence Interval) p-value

Height (m) 0.438 (0.161, 1.192) 0.106 0.424 (0.131, 1.372) 0.152 

Body surface area (m
2
) 0.329 (0.215, 0.505) <0.001 0.362 (0.211, 0.621) <0.001 

Body mass index (kg/m
2
) 0.947 (0.927, 0.967) <0.001 0.958 (0.934, 0.982) 0.001 

Adjusted for age, ischemic etiology of HF, previous hospitalization for HF, NYHA class III/IV versus I/II, heart rate, systolic blood 

pressure, presence of S3, atrial fibrillation/flutter, ventricular tachycardia/fibrillation, β-blocker, angiotensin-converting enzyme 

inhibitor/angiotensin receptor blocker, left bundle branch block, chronic kidney disease. 


