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nearly normal life expectancy and that the greatest challenge 
now is to investigate possible strategies for early identification 
of those patients at high risk of cardiovascular events and, 
specifically, of heart failure (HF) development/progression.7 
In this context, previous studies suggested the cardiopulmo-
nary exercise testing (CPET) as a useful approach to objec-
tively assessing functional capacity in HCM patients.8,9 Most 
recently, there are increasing reports about a possible role of 
CPET assessment in stratifying the overall HCM progno-
sis,10–12 even including SCD risk.13 Indeed, most of the HCM 

ypertrophic cardiomyopathy (HCM), the most com-
mon inherited heart disease, is characterized by mark-
edly different morphologic, functional, and clinical 

spectra.1 Besides the improvement in strategies for primary 
prevention of sudden cardiac death (SCD),2,3 recent major 
advances have been made in pharmacological and nonpharma-
cological approaches specifically directed to minimize/contain 
the overall cardiovascular mortality and morbidity.4–6 The 
direct consequence of such comprehensive management was 
that HCM evolved to a treatable disorder associated with a 

H
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Background: Heart failure (HF) progression and its complications represent major emergent concerns in hypertro-
phic cardiomyopathy (HCM). We investigated the possible adjunctive role of cardiopulmonary exercise testing 
(CPET) in predicting HF-related events. An exercise-derived risk model, the HYPertrophic Exercise-derived Risk HF 
(HYPERHF), has been developed.

Methods and Results: A multicenter cohort of 620 consecutive HCM outpatients was recruited and followed (2007 
to 2015). The endpoint was death from HF, cardiac transplantation, NYHA III–IV class progression, severe functional 
deterioration leading to hospitalization for septal reduction, and hospitalization for HF worsening. During a median 
follow-up of 3.8 years (25–75th centile: 2.3–5.3 years), 84 patients reached the endpoint. Peak circulatory power 
(peak oxygen consumption * peak systolic blood pressure), ventilatory efficiency and left atrial diameter were inde-
pendently associated with the endpoint and, accordingly, integrated into the HYPERHF model (C index: 0.849; best 
cutoff value equal to 15%).

Conclusions: CPET is useful in the evaluation of HCM patients. In this context, the HYPERHF score might allow 
early identification of those patients at high risk of HF progression and its complications.  (Circ J 2016; 80: 
2204 – 2211)
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cycle-ergometer. A personalized ramp exercise protocol was 
performed, aiming for a test duration of 10±2 min.19 The exer-
cise was preceded by few minutes of resting breath-by-breath 
gas exchange monitoring and by a 3-min unloaded warm-up. 
In the absence of clinical events, CPET was interrupted when 
patients stated that they had reached maximal effort. A 12-lead 
ECG, DBP and SBP were recorded during CPET, in order to 
obtain the following parameters: resting heart rate (HR), peak 
HR, %pHR ([peak HR/(220-age)] * 100),20 and ∆SBP (peak 
SBP–rest SBP). A breath-by-breath analysis of expiratory gases 
and ventilation (VE) was performed, and peak values were 
obtained in the last 20 s of exercise. The predicted peak V̇O2 
was determined by using the sex-, age-, and weight-adjusted 
formulas.21 Circulatory power (CP=peak V̇O2 * SBP) was obtained 
considering peak V̇O2 value both as ml/kg and as a percentage 
of predicted (CP%).22 The V̇O2/workload relationship was 
measured throughout the entire exercise. Anaerobic threshold 
(AT) was measured by V-slope analysis of V̇O2 and V̇CO2, 
and was confirmed by ventilator equivalents and end-tidal pres-
sures of CO2 and O2. The end of the isocapnic buffering period 
was identified when V̇E/V̇CO2 increased and the end-tidal 
pressure of CO2 decreased. The V̇E/V̇CO2 slope was calcu-
lated as the slope of the linear relationship between V̇E and 
V̇CO2 from the first minute after the beginning of the loaded 
exercise and the end of the isocapnic buffering period.21

Clinical Outcomes
All patients had planned clinical reviews every 6–12 months 
or earlier according to their clinical status. Follow-up duration 
was defined as the time interval between the CPET examina-
tion and either the first event or the last visit/telephone inter-
view in the case of no events. The HF endpoint was represented 
by the following events: death from HF, cardiac transplanta-
tion, progression to NYHA class III–IV caused by endstage 
phase with or without LVEF <50% (hypokinetic dilated phase 
or restrictive phenotype evolution),5 severe functional deterio-
ration leading to hospitalization for septal reduction and hos-
pitalization because of HF symptoms or signs development. 
Death from either ischemic or hemorrhagic stroke (n=3) and 
nonfatal cerebrovascular events (n=7), as well as SCD (n=4), 
aborted SCD (n=3) and ICD appropriate interventions (n=18), 
were excluded from the present analysis. The causes of death, 
as well as the other events, were ascertained by experienced 
cardiologists at each center using hospital and primary health-
care records, death certificates, postmortem reports, and inter-
views with relatives and/or physicians.

Statistical Analysis
Statistical analysis was performed using R (R Development 
Core Team, 2014). The survival package was used. A P-value 
≤0.05 was generally considered as statistically significant. As 
a preliminary analysis, an extension of the Shapiro-Wilk test 
of normality was performed. In comparing the 2 populations, 
the variance was estimated separately for both groups and the 
Welch-Satterthwaite modification to the degrees of freedom 
was used. Unless otherwise indicated, all data are expressed 
as mean ± SD. Categorical variables were compared with a 
difference between proportion tests; a 2-sample t-test was 
used to compare the continuous data between the group with 
the endpoint and the one without. We focused on the distribu-
tion of the survival times by adopting the Cox proportional 
hazards regression model. We performed a backward selection 
of the predictors to be included in the model. A 5% signifi-
cance level was used in the backward elimination procedure 
to select covariates for the final multivariate model. To avoid 

pathophysiological features, closely implicated in reducing 
exercise capacity, influence the progression to HF as well as 
the arrhythmic propensity in HCM patients.8,9,13–15

The current multicenter prospective study investigated a 
possible adjunctive role of CPET-derived parameters over the 
main clinical variables in predicting HF-related events in a 
large contemporary HCM cohort. We also sought to derive a 
possible exercise-derived risk model, namely the HYPertro-
phic Exercise-derived Risk HF (HYPERHF) score, that can be 
used to generate individualized risk estimates for HF-related 
events.

Methods
Study Sample
A total of 683 consecutive outpatients with HCM were recruited 
and prospectively followed in 5 HCM Italian centers between 
September 2007 and October 2015: Azienda Ospedaliera 
Sant’Andrea, “Sapienza” University, Rome (n=379); Azienda 
Ospedaliera San Camillo Forlanini, Rome (n=221); Ospedale 
Monaldi–Second University of Naples, Naples (n=52); Centro 
Cardiologico Monzino, University of Milan, Milan (n=20); 
Ospedali Riuniti, University of Foggia, Foggia (n=11). The 
diagnosis of HCM was based on a maximal wall thickness 
(MWT) ≥15 mm unexplained by abnormal loading conditions 
or in accordance with published criteria for the diagnosis of 
disease in relatives of patients with unequivocal disease.4,5 
Patients with known metabolic diseases or syndromic causes 
of HCM were excluded from the present study.

The study complied with the ethical standards of the 
Declaration of Helsinki and was reviewed and approved by 
the institutional ethics committees. Written informed consent 
was given by all participants. The authors from each partici-
pating center guarantee the integrity of the data from their 
institution and have agreed to the article as written.

Patients Clinical Assessment
Data were independently collected at each participating center 
using a uniform methodology. Each HCM patient who ful-
filled the initial inclusion criteria underwent a de novo clinical 
assessment, including anamnesis with pedigree analysis and 
New York Heart Association (NYHA) classification, 24-h ECG 
Holter monitoring, transthoracic Doppler echocardiography 
and maximal CPET. The usual 5 SCD risk factors were also 
collected: (a) FH-SCD (history of HCM-related SCD in at least 
1 first-degree or other relatives <50 years old); (b) massive LV 
hypertrophy (MWT ≥30 mm); (c) at least 1 run of nonsustained 
ventricular tachycardia (NSVT) (≥3 consecutive ventricular 
beats at ≥120 beats/min and <30 s in duration on 24-h ECG 
Holter monitoring); (d) unexplained syncope judged inconsis-
tent with neurocardiogenic origin; (e) abnormal blood pres-
sure response to exercise (ABPRE) (failure to increase systolic 
blood pressure (SBP) by at least 20 mmHg from rest to peak 
exercise or a fall of ≥20 mmHg from SBP).4–6,16

The following echocardiographic measurements, obtained 
according to international guidelines,17 were considered: LV 
end-diastolic diameter (LVEDd, parasternal long axis), the 
greatest LV thickness (MWT, measured at any LV site), left 
atrial diameter (LAd, parasternal long axis), the highest maxi-
mal LV outflow tract gradient among those measured at rest, 
in the orthostatic position and after the Valsalva maneuver 
(LVOTGmax, apical 4-chamber view),18 and LV ejection frac-
tion with Simpson’s biplane methods (LVEF, apical 4-chamber 
view).

All CPET was performed using an electronically braked 
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developed using the entire cohort (n=620 patients). Discrimi-
nation of variables included in the final multivariate model 
specification was performed by Harrell’s C index. Therefore, 
we investigated the proportional hazards assumption by tests 
and graphical diagnostics based on scaled Schoenfeld residu-
als. Tests of the proportional hazards assumption for each 
covariate were obtained by correlating the corresponding set 
of scaled Schoenfeld residuals with the Kaplan-Meier estimate 
of survival distribution. To check for the presence of influen-
tial observations, we produced a matrix of estimated changes 
in the regression coefficients after deleting each observation 

the inclusion of collinear variables in the multivariate Cox 
analysis, we built several models in which V̇O2-derived vari-
ables, as well as NYHA classification, known to be collinear, 
were added to the prognostic model one at a time. Conversely, 
to avoid an endogeneity issue, we avoided including in the 
multivariate model those variables pertaining to treatment at 
the study run-in (ICD presence and pharmacological treatment; 
see Table 1). We retained the model with the best trade-off 
between model complexity and model fit judged by the log-
likelihood (number of variables included into the best model 
equal to 9, see Table 2). The risk model presented here was 

Table 1. Main Clinical Variables at Study Run-in of the Overall Study Sample and Grouped According to the 
Study Endpoints

Overall HF endpoint
P value

Sample (n=620) Yes (n=84) No (n=536)

General data

  Age, years   49±16   48±18   49±16 　0.6　　　　
  Male, n (%) 425 (69)   43 (51) 382 (71) <0.001

  Age at diagnosis, years   38.7±17.8   35±19   39±18 NS

  NYHA III, n (%)    35 (5.7)      13 (15.5)    22 (4.1) 0.04

  LVOTO, n (%) 200 (32)   35 (42) 165 (30) 0.05

  Myectomy, n (%)    39 (6.3)      5 (5.9)    34 (6.3) NS

  ICD, n (%)   73 (12)   24 (28) 49 (9) <0.001

SCD risk factors

  NSVT, n (%)    214 (34.5)   35 (42) 179 (33) NS

  FH-SCD, n (%)      71 (11.5)   16 (19)   55 (10) 　0.02　　
  MWT >30 mm, n (%)    42 (6.8)   11 (13) 31 (6) 　0.01　　
  Syncope, n (%)      94 (15.2)   22 (26)   72 (13) 　0.002

  ABPRE, n (%)    112 (18.1)   37 (44)   75 (14) <0.001

Echocardiography

  LVEDd, mm 46.4±5.1 47.4±7.2 46.2±4.6 NS

  LAd, mm 42.3±7.4 46.1±7.3 41.8±7.2 <0.001

  MWT, mm 20.4±4.8 21.3±5.3 20.2±4.7 NS

  LVOTGmax, mmHg   26±29 33.1±36 24.8±27　 <0.001

  LVEF, % 62±7 57±9 63±6 <0.001

  ΔSBP, mmHg   44±24   25±20   46±24 <0.001

  Peak HR, %   81±14   74±15   82±13 <0.001

  AT V̇O2, ml/kg 14.4±4.2 11.6±3.3 14.6±4.2 <0.001

  Peak V̇O2, ml/kg/min 21.1±6.8    15±4.9    22±6.6 <0.001

  Peak V̇O2, %   71±19   54±16   74±19 <0.001

  CP, ml/kg*mmHg   3.525±1.442 2.178±912　   3.735±1.396 <0.001

  CP%, %*mmHg 11.934±4.426   7.737±3.174 12.591±4.232 <0.001

  V̇O2/Wr slope, ml/Watts 10.5±1.9   9.2±2.1 10.8±1.7 <0.001

  V̇E/V̇CO2 slope 28.7±5.8 34.7±7.2 27.7±4.9 <0.001

Medications

  β-blocker, n (%) 418 (67)   62 (74) 356 (66) NS

  Verapamil, n (%) 52 (8)     9 (11) 43 (8) NS

  Disopyramide, n (%) 27 (4)   6 (7) 21 (4) NS

  Amiodarone, n (%)   59 (10)   14 (17) 45 (8) 　0.02　　
  ACEI/ARB, n (%) 165 (27)   36 (43) 129 (24) <0.001

  Diuretics, n (%) 157 (25)   36 (43) 121 (23) <0.001

Data are expressed as mean ± SD, as absolute number of patients (% on total sample). ABPRE, abnormal blood 
pressure response at exercise; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin-receptor blocker; 
AT, anaerobic threshold; CP, circulatory power; FH, family history; HR, heart rate; ICD, implantable cardioverter defi-
brillator; LAd, left atrial diameter; LVEDd, left ventricular end-diastolic diameter; LVEF, LV ejection fraction; 
LVOTGmax, maximal LV outflow tract gradient; MR, mitral regurgitation; MWT, maximum wall thickness; NSVT, 
nonsustained ventricular tachycardia; NYHA, New York Heart Association; ΔSBP, difference between peak and 
resting systolic blood pressure; SCD, sudden cardiac death; V̇E/V̇CO2 slope, relation between ventilation vs. carbon 
dioxide production; V̇O2, oxygen consumption; V̇O2/Wr slope, relation between V̇O2 vs. work load.
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General Characteristics of the Study Population
All the demographic and clinical characteristics of the entire 
cohort at study run-in are reported in Table 1. The population 
mainly consisted of middle-aged male patients in NYHA I–II 
functional class (94%) with none in NYHA IV; 32 patients 
(5%) had atrial fibrillation, 39 (6%) had echocardiographic 
evidence of endstage phase, 39 (6%) had been myectomized 
and 73 (12%) had been implanted with an ICD. Documented 
cardiovascular comorbidities included systemic hypertension 
(26%), coronary artery disease (6%) and diabetes (5%). Phar-
macologic treatment comprised β-blocker (67%), verapamil 
(8%), disopyramide (4%), amiodarone (10%), angiotensin-
converting enzyme inhibitors or angiotensin-receptor blockers 
(27%), and diuretics (25%). During the entire follow-up, 28 
(4%) patients underwent myectomy because of worsening of 
HF symptoms/signs and 63 (10%) additional patients under-
went ICD implantation.

Endpoint Analysis
Median follow-up was 3.8 years (25–75th centile: 2.3–5.3 years) 
with a total of 2,467 patient-years. During the entire follow-
up, 84 (13.5%) patients experienced at least one of the pre-
specified events. In patients who developed multiple events, 
time to the first event was used as the event time cutoff and, 
accordingly, HF-related events at 5-year cumulative hazard 
equal to 0.094 (95% confidence interval, 0.056–0.132) was 
estimated. A total of 84 HF-related events were collected: HF-
related death occurred in 4 patients, 5 patients underwent heart 
transplantation, 24 patients evolved to an established NYHA 
III–IV class (16 patients due to hypokinetic phase and 8 patients 
due to restrictive phenotype evolution), 28 patients were hos-
pitalized for septal reduction procedure for significant HF 
signs/symptoms development and, finally, 35 patients were 
hospitalized because of HF signs/symptoms. Patients who ended 
the follow-up period before the 5th year were considered cen-
sored at the time of the last clinical evaluation.

Predictors of Outcome
Table 1 shows the clinical characteristics of the patients 

in turn and comparing the magnitudes of the largest values to 
the regression coefficients. At last, a possible incorrect speci-
fication of the parametric form of the model was investigated. 
To detect nonlinearity, we constructed plots of the martingale 
residuals against covariates. For any 2 randomly chosen obser-
vations, agreement means that the observation with the shorter 
survival time of the 2 also has the larger risk score.

The probability of any HF-related events at 5 years for a 
single patient (ie, HYPertrophic Exercise-derived Risk score 
for HF-related events, HYPERHF) can be calculated using the 
following equation, derived from the Cox proportional:

HYPERHF: 1–S0(t)exp(Prognostic Index)

where S0(t) is the average survival probability at time t (ie, at 
5 years), and the prognostic index is the sum of the products 
of the predictors and their coefficients estimated via the Cox 
model.

Finally, a receiver-operating characteristic (ROC) analysis 
was considered to determine the predictive capability of the 
HYPERHF score in identifying the HF endpoint. Similarly, a 
ROC analysis was also considered for each of the multivariate 
analyses resulting in continuous variables. The behavior of a 
cutoff-dependent performance measure, such as accuracy, was 
considered across the range of all cutoffs. Cutoff values were 
identified according to their accuracy [(true positive+true 
negative)/total sample] highest value. The optimal cutoff was 
the threshold that maximized the distance to the identity (diag-
onal) line according to Youden’s J statistic.

Results
From the initial sample of 683 consecutive HCM outpatients, 
63 (9%) were excluded because metabolic maximal effort was 
not achieved (respiratory exchange ratio, peak V̇CO2/peak 
V̇O2 <1.05) or because the CPET data were not fully interpre-
table (ie, poor quality). A total of 620 patients were therefore 
considered for the present study.

Table 2. Significant Univariate and Multivariate Cox Proportional Survival Analyses According to the HF Study Endpoints (84 
Events Tested)

Variables
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value C index Hazard ratio (95% CI) P value C index

Male* 0.443 (0.288–0.682) 0.0002 0.592

0.849

NYHA III   5.983 (4.112–13.453) 0.0001 0.641

FH-SCD* 1.919 (1.112–3.313) 0.0191 0.538

Syncope* 2.068 (1.27–3.368)　　 0.0030 0.535

ABPRE 4.49 (2.91–6.93)　　 0.0001 0.657

LAd, mm* 1.081 (1.052–1.111) 0.0001 0.686 1.0457 (1.0154–1.0769) 0.003　　
LVEF* 0.908 (0.886–0.93)　　 0.0001 0.666

ΔSBP 0.96 (0.95–0.97)　　 0.0001 0.751

Peak HR, %*   0.96 (0.944–0.976) 0.0001 0.643

AT V̇O2, ml/kg   0.81 (0.743–0.882) 0.0001 0.714

Peak V̇O2, ml/kg/min 0.801 (0.76–0.843)　　 0.0001 0.785

Peak V̇O2, % 0.935 (0.921–0.949) 0.0001 0.780

CP, ml/kg*mmHg   0.9986 (0.9983–0.9989) 0.0001 0.820

CP%, %*mmHg*   0.9996 (0.9996–0.9997) 0.0001 0.813 0.9997 (0.9996–0.9998) 0.0001

V̇O2/Wr slope, ml/Watts* 0.659 (0.585–0.743) 0.0001 0.681

V̇E/V̇CO2 slope* 1.123 (1.099–1.148) 0.0001 0.792 1.074 (1.044–1.104)　　 0.0001

*Variables included in the best final multivariate model (adjusted for collinearity). CI, confidence interval. Other abbreviations as in Table 1.

⎱
―

⎱
―

⎱
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Model Presentation
Given the Cox proportional multivariate survival analysis for 
the endpoint (Table 2), the probability of any HF-related events 
at 5 years for a single patient (ie, HYPertrophic Exercise-
derived Risk score for HF-related events, HYPERHF) can be 
calculated as:

P̂HFevents–at–5 years=1–0.910exp(Index)

where 0.910 is the survival probability at 5 years and index 
is the sum of the products of the (centered and scaled) 
covariates and their coefficients estimated via the Cox model 
[Index=0.045 * LAd (mm)–0.000285*pV̇O2 CP (% of pre-
dicted)+0.071 * V̇E/V̇CO2 slope).

To avoid overflow in the argument to the exponential func-
tion, we scaled and centered the data. These actions did not 
change the result, but led to more numerical stability. An Excel 
Calculator has been supplied in Data S1.

According to the selected model, Harrell’s C index was 0.8. 
A sensitivity analysis of model assumptions (validation) was 
also conducted: proportional hazards could not be rejected; 
atypical data did not influence the results and considering 
linear relationships in the model specification results was 
appropriate.

At ROC analysis the best HYPERHF score cutoff value in 
predicting the primary endpoint was equal to 15% (area under 
the curve (AUC): 88%) while the same analysis executed on 
each single continuous variable included in the abovemen-
tioned model showed the following best cutoff values: CP 
>10,000% * mmHg (AUC: 84%), V̇E/V̇CO2 slope ≥32 (AUC: 
81%), LAd >42 mm (AUC: 66%) (Figures 1,2). A full descrip-
tion of the accuracy data for the HYPERHF score (3 possible 
cutoff values ranging from 10% to 20%), as well as those for 
each single variable, is presented in Table 3.

Discussion
The present multicenter prospective study, conducted on well-
characterized consecutive HCM outpatients regularly followed 
at 5 Italian HCM centers, shows that the CP, the V̇E/V̇CO2 
slope and the LAd were independently associated with the risk 
of HF-related events. Thus 2 out of the 3 abovementioned 
variables are obtainable uniquely from CPET analysis derived 
from a CPET assessment. The HYPERHF score represents the 
first attempt of an integrated risk prediction model potentially 
expandable to generating individualized risk estimates for HF-
related events in a contemporary HCM population.

Albeit SCD risk stratification in HCM patients still remains 
a challenging topic,2,3,13 it is undeniable that the epidemiology 
of HCM-related morbidity and mortality has evolved during 
the past decades, being HF development and its complications 
as major emergent concerns of the HCM spectrum.1,7,23 Sup-
porting this changing scenario, in the present HCM population 
a total of 136 patients experienced at least one of the pre-
specified HF-related events, whereas SCD and its equivalents 
accounted for a total of 25 events. Accordingly, there is grow-
ing interest in investigating CPET analysis as an adjunctive 
tool to early identification of those patients at high risk of HF 
development/progression.9,24,25 Indeed, most of the pathophys-
iological features of HCM (ie, diastolic dysfunction, magnitude 
of LV hypertrophy, LVOT obstruction, myocardial ischemia and 
fibrosis, etc) are factors affecting both exercise capacity and 
prognosis.1,9,14,15 Most recently, 3 retrospective studies showed 
similar relationships between some CPET-derived variables 
and HCM prognosis.10–12 Specifically, in a large cohort of 1,005 
consecutive HCM patients enrolled between 1997 and 2012 

grouped according the study endpoint. Table 2 reports the 
detailed Cox proportional univariate and multivariate survival 
analyses for the HF endpoint. Covariates showing significant 
effects for the HF endpoint were: CP%, V̇E/V̇CO2 slope and 
LAd.

Figure 1.  (Upper) Receiver-operating characteristic (ROC) 
analysis showing the point with the best sensitivity and spec-
ificity of the HYPertophic Exercise-derived Risk score (HYPERHF) 
value in the entire study sample (n=620). (Lower) Kaplan-
Meier estimator of HF-related events for the HYPERHF score 
according to a 15% cutoff value. See Table 2 for the original 
multivariate Cox proportional survival model and Table 3 for 
the accuracy data. HF, heart failure.
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death/heart transplantation and both pV̇O2 (ml/kg/min) and 
V̇E/V̇CO2 slope values.11 Lastly, although in a smaller but very 
well characterized cohort of 156 HCM patients (2.1 years 
median follow-up, 21 events), Finocchiaro and colleagues also 
confirmed an independent role of pV̇O2 (<80% of predicted) 
and the V̇E/V̇CO2 slope (>34) in predicting a composite end-
point including overall mortality, heart transplantation and 

(5.5 years median follow-up, 63 events), Masri and colleagues 
showed that a reduced pV̇O2 (<50% of predicted) was inde-
pendently associated with a composite outcome including 
overall mortality and SCD equivalent events.10 Similarly, in a 
much larger cohort of 1,898 patients enrolled between 1998 
and 2010 (5.6 years median follow-up, 53 events), Coats and 
colleagues identified an independent relationship between HF 

Figure 2.  (Upper) Receiver-operating characteristic (ROC) analysis showing the point with the best sensitivity and specificity of 
each single variable included in the HYPERHF score. (Lower) Kaplan-Meier estimator of HF-related events according to the best 
cutoff values of each single variable included in the HYPERHF score. CP%, circulatory power; HF, heart failure; V̇E/V̇CO2 slope, 
ventilatory efficiency; Lad, left atrial diameter. See Table 2 for the original multivariate Cox proportional survival model and Table 3 
for the accuracy data.

Table 3. Simulated Effect of Using Different Thresholds of the HYPERHF Risk Prediction Model and of Each Single Variable Included 
in the HYPERHF Score to Predict the HF Composite Endpoint at 5 Years

HF composite endpoint

Sensitivity Specificity PPV NPVYes (n=84) No (n=536)

True  
positive

False  
negative

False  
positive

True  
negative

HYPERHF score

  >10% 79   5 214 322 0.94 0.60 0.27 0.98

  >15%* 　71* 　13* 　149* 　387* 　0.86* 　0.72* 　0.32* 　0.97*

  >20% 66 18 110 426 0.79 0.79 0.38 0.96

HYPERHF score variables

  LAd (>42 mm) 64 20 270 266 0.76 0.50 0.19 0.93

  Peak V̇O2 CP (<10,000) 71 13 154 382 0.84 0.71 0.31 0.97

  V̇E/V̇CO2 slope (>32) 57 27   93 443 0.68 0.83 0.38 0.94

*The HYPERHF score cutoff values with the best accuracy in predicting the HF endpoint. HYPERHF, Hypertrophic Exercise-derived Risk score 
for Heart Failure; PPV, positive predictive value; NPV, negative predictive value. Other abbreviations as in Table 1.
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taken into account, as well as that no statistical model will be 
ever able to substitute for careful clinical assessment by a 
highly experienced physician. The present model particularly 
did not account for data on cardiac magnetic resonance imag-
ing or for the possible effect of different gene mutations, both 
features shown to be closely related to HCM prognosis.36–39 
Furthermore, we did not measure any circulating biomarkers 
(ie, natriuretic peptides, cardiac enzymes, etc), so we cannot 
support a recent interesting study showing that high CK-MB 
levels might predict HF progression in HCM patients.40 Finally, 
we examined the prognostic effect of several variables at a 
single time point; thus, we cannot exclude that changes in some 
variables, as for instance an upgrading of treatment during fol-
low-up or upcoming risk factors, altered our survival analysis.

Conclusions
Our findings strengthen the emerging literature identifying 
exercise testing with gas-exchange analysis as a mandatory 
step in HCM clinical management, particularly in view of the 
growing incidence of HF progression and its complications. 
Only 3 variables, mostly exclusively CPET-derived, were 
independently predictive of HF development/worsening in our 
HCM cohort. In this context, the HYPERHF score represents 
the first attempt of an integrated risk prediction model final-
ized to help the physician in early identification of those HCM 
patients at high risk of HF progression. Further studies in 
larger HCM cohorts are needed to confirm the HYPERHF score’s 
clinical value in routine HCM clinical management.
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