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Aims Risk stratification in heart failure (HF) is crucial for clinical and therapeutic management. A multiparametric approach
is the best method to stratify prognosis. In 2012, the Metabolic Exercise test data combined with Cardiac and Kidney
Indexes (MECKI) score was proposed to assess the risk of cardiovascular mortality and urgent heart transplantation.
The aim of the present study was to compare the prognostic accuracy of MECKI score to that of HF Survival Score
(HFSS) and Seattle HF Model (SHFM) in a large, multicentre cohort of HF patients with reduced ejection fraction.
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Methods
and results

We collected data on 6112 HF patients and compared the prognostic accuracy of MECKI score, HFSS, and SHFM
at 2- and 4-year follow-up for the combined endpoint of cardiovascular death, urgent cardiac transplantation, or
ventricular assist device implantation. Patients were followed up for a median of 3.67 years, and 931 cardiovascular
deaths, 160 urgent heart transplantations, and 12 ventricular assist device implantations were recorded. At 2-year
follow-up, the prognostic accuracy of MECKI score was significantly superior [area under the curve (AUC) 0.781] to
that of SHFM (AUC 0.739) and HFSS (AUC 0.723), and this relationship was also confirmed at 4 years (AUC 0.764,
0.725, and 0.720, respectively).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion In this cohort, the prognostic accuracy of the MECKI score was superior to that of HFSS and SHFM at 2- and 4-year
follow-up in HF patients in stable clinical condition. The MECKI score may be useful to improve resource allocation
and patient outcome, but prospective evaluation is needed.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Chronic heart failure (HF) is a major clinical and public health
problem.1 Despite advances in treatment, HF patients remain at
high risk of death, and the course of the disease is often insidious
and uncertain.1,2 Prognostic stratification in HF is of paramount
importance to guide clinical management and treatment strategy.
Several single variables have proven to be implicated in the prog-
nostic stratification of HF, but all of them have failed to demon-
strate a robust correlation with adverse events. Considering the
aging of the population and heterogeneity in clinical presentation,
a clinical-epidemiological multiparametric approach has been advo-
cated as the best strategy to predict HF outcome.

In recent years, a number of risk stratification models have
been proposed in large cohorts of patients,2–11 but the avail-
able algorithms have multiple limitations. In 2012, the Metabolic
Exercise test data combined with Cardiac and Kidney Indexes
(MECKI) score was suggested to assess the risk of cardiovascu-
lar (CV) mortality and urgent heart transplantation.12 A MECKI
score calculator is also available online.13 The score was built from
a cohort of 2715 HF patients with reduced left ventricular ejec-
tion fraction (LVEF) followed in several HF units. Starting from 80
variables derived from clinical, laboratory, echocardiographic, and
exercise evaluations, only six were independently related to prog-
nosis: haemoglobin (Hb), sodium (Na+), kidney function evaluated
by means of the Modification of Diet in Renal Disease (MDRD)
equation, LVEF by echocardiography, percentage of predicted peak
oxygen consumption (VO2%), and minute ventilation/carbon diox-
ide production (VE/VCO2) relationship slope. It is recognized,
however, that both MDRD and VO2% require multiple, albeit easy
available, data to be calculated. The MECKI score was later suc-
cessfully validated in another population of HF patients on opti-
mal pharmacological and non-pharmacological treatment and with
a comparatively lower event rate.14 Moreover, the MECKI score
database is constantly updated, and additional HF units have con-
tributed to the database by sharing their results.14–20

The cardiopulmonary exercise test (CPET) is a well-recognized,
valuable, accurate tool for risk stratification in HF. At present,
apart from MECKI score, only HF Survival Score (HFSS)19 and
HF-ACTION predictive risk score model8 include analyses of ..
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. exercise performance. The Seattle Heart Failure Model (SHFM),20

based on 24 clinical variables that do not include exercise evalua-
tion, has also been proposed to assess survival rate in HF patients
and, at present, is probably the most frequently used HF prognostic
score.

In this study, we aimed to compare the prognostic accuracy of
MECKI score to HFSS and SHFM in a large, multicentre cohort of
patients affected by HF at 2 and 4 years.

Methods
Population and study procedures
We collected data on a cohort of 6112 patients with a history of
HF with reduced LVEF, enrolled and prospectively followed in 23
Italian HF centres. Data were derived from an update of the MECKI
score database.12,14 The present research protocol complies with the
Declaration of Helsinki, and it was approved by the Ethics Committee
of Centro Cardiologico Monzino, IRCCS (CCM-127).

Inclusion criteria at enrollment were previous or present HF symp-
toms [New York Heart Association (NYHA) functional class I–IV,
stage B and C of the American College of Cardiology/American Heart
Association classification] and former documentation of LVEF <40%,
unchanged HF medications for at least 3 months, ability to perform
a CPET, and no major CV treatment or intervention scheduled. We
considered the following as exclusion criteria: history of pulmonary
embolism, moderate-to-severe aortic and mitral stenosis, pericardial
disease, severe obstructive lung disease, exercise-induced angina and
significant ECG alterations, or presence of any clinical co-morbidity
interfering with exercise performance.

At enrollment, clinical history was recorded, and physical exam-
ination, laboratory analyses, ECG, transthoracic echocardiography,
and CPET were performed as previously described.12 Moreover,
additional data required to calculate HFSS and SHFM were col-
lected. Specifically, dose equivalent for different diuretic molecules
was calculated according to Levy et al.20 CPET was performed using
a ramp protocol on an electronically braked cycle ergometer or
a modified Bruce protocol on a treadmill. Peak VO2 data measured
at treadmill exercise were reduced by 10% to allow an appropri-
ate comparison between the two different procedures21; the CPET
protocol was set to reach peak exercise in 8–12 minutes, but tests
were stopped as patients reported maximal effort, regardless of the
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respiratory quotient reached.12 Peak VO2 was calculated as the 20 s
average of the highest recorded VO2, while VE/VCO2 slope was cal-
culated as the slope of the linear relationship between VE and VCO2

from 1 minute after the beginning of loaded exercise to the end of
the isocapnic buffering period. Peak VO2% of the predicted value was
calculated according to Hansen et al.22

Follow-up and comparison among risk
scores
Follow-up was carried out according to the local HF programme and
ended with the last clinical evaluation in the centre where the patient
had been enrolled.12 The primary study endpoint was CV death and
urgent cardiac transplantation defined as UNOS status 123 or left
ventricular assist device (LVAD) implantation. The secondary endpoint
was the composite of all-cause death, urgent cardiac transplantation, or
LVAD implantation.12 We compared the prognostic accuracy of MECKI
score, HFSS, and SHFM at 2- and 4-year follow-up.

Statistical analysis
Quantitative variables were reported as mean± standard deviation or
median and interquartile range (IQR) as appropriate. Variables with
skewed distributions were presented as median and IQR. Categorical
variables were reported as frequency and percentage. Missing impu-
tation was performed by replacing the missing value with the mean
value of the entire data set. Receiver operating characteristic (ROC)
curves were calculated, and the area under the ROC curve (AUC) with
95% confidence interval (CI) was used to compare the ability of the
scores to predict the main endpoint at 2 and 4 years. To avoid a pos-
sible bias related to the use, albeit updated, of the original population
from which MECKI score was derived, reclassification techniques were
also employed in the newly enrolled population (n= 3397), because
of their higher statistical power as compared with ROC analysis.24

Net reclassification improvement (NRI) and integrated discrimination
improvement (IDI) were used to assess the potential of MECKI score
to improve risk prediction in comparison to SHFM and HFSS.24,25 In
the absence of widely recognized cut-offs for defining low-, medium-
and high-risk categories, we employed the tertiles of the estimated
risk (at 2 and 4 years) over the entire sample. Plot calibration of the
three scores was performed by using the Hosmer–Lemeshow test and
applying the coefficients derived in the validation cohort. For MECKI
and SHFM scores we also performed calibration by computing in each
decile of the validation cohort the median probabilities of events as
predicted by the scores using the coefficients obtained in the deriva-
tion cohorts and using the appropriate endpoints: CV mortality, urgent
heart transplant and LVAD for MECKI and all-cause mortality, urgent
heart transplant and LVAD for SHFM. P-values of <0.05 were con-
sidered statistically significant. All analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA). The SAS macros published
by Cook and Ridker25 were employed in reclassification analysis.

Results
A total of 6112 HF patients (82% males) were enrolled from Jan-
uary 1993 to December 2015 (Table 1) (48 patients/year from 1993
to 1998, 191 patients/year from 1999 to 2004, 442 patients/year
from 2005 to 2010, and 397 patients/year from 2011 to 2015).
NYHA classification was available in 6109 of the 6112 patients. ..
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.. Fifteen percent of patients (n= 919) were in NYHA class I, 57%
(n= 3456) in NYHA class II, 27% (n= 1659) in NYHA class III, and
1% (n= 75) in NYHA class IV. At enrollment, all patients were on
optimized medical treatment (Table 2); 1905 patients (31.2%) had
an implantable cardioverter-defibrillator and 748 (12.3%) were on
cardiac resynchronization therapy. From a metabolic point of view,
4319 patients (71%) performed a maximal exercise as defined by
a respiratory quotient of ≥1.05. Patients were followed up for a
median period of 3.67 years (1341 days, IQR 630–2353 days), and
931 CV deaths, 160 heart transplantations, and 12 LVAD implan-
tations occurred during the study period. Non-CV death occurred
in 434 patients. Overall, 808 patients were lost to follow-up. Of
the entire population, average MECKI score, SHFM and HFSS were
0.09± 0.11, 0.89± 0.10, and 9.91± 0.81, respectively.

The event rate at 2 years of the primary study endpoint was
39.6/1000 person-years, 55.2/1000 person-years, and 25.8/1000
person-years in the entire population, in the original MECKI score
database (n= 2715), and in the more recent database (n= 3397),
respectively. The event rate of the same endpoint at 4 years was
39.1/1000 person-years, 49.1/1000 person-years, and 28.8/1000
person-years, respectively.

Score comparison
Analysis of 2-year follow-up data showed that the prognostic
accuracy of MECKI score (AUC 0.781) was superior to that of
SHFM (AUC 0.739) and HFSS (AUC 0.723; P< 0.001 for both;
Figure 1a). The superior prognostic value of MECKI score was
also confirmed at 4-year follow-up (AUC 0.764, 0.725, 0.720,
respectively; P< 0.001 for both; Figure 1b). Considering patients
with the most severe HF, i.e. NYHA class III–IV (n=1734), at
2 years MECKI score AUC was 0.737, compared to 0.678 for
SHFM and 0.682 for HFSS (P< 0.01 and P< 0.001, respectively).
At 4 years, MECKI score AUC was 0.750, compared to 0.684 and
0.706 for SHFM and HFSS, respectively (P< 0.001 and P< 0.01).
Moreover, MECKI score AUC (0.781) was significantly higher than
the AUC of each one of its component variables (peak VO2% of
predicted value 0.727, VE/VCO2 slope 0.695, Hb 0.586, Na+ 0.577,
LVEF 0.692, and MDRD 0.633) (see Supplementary material online,
Figure S1). MECKI, SHFM, and HFSS AUCs for the secondary
endpoint were 0.741, 0.715, and 0.695 at 2 years and 0.744, 0.720,
and 0.701 at 4 years, respectively. Imputation of missing data was
necessary in 805 (13%), 2035 (33%), and 940 (15%) patients for
MECKI score, SHFM, and HFSS, respectively.

A further analysis was performed to evaluate whether the use
of patients from the original MECKI score development study
introduced a statistical bias influencing our analysis. The follow-up
of patients who were part of the original MECKI score database
was updated and increased from a median of 1041 (513–1811)
to 2315 (1085–3257) days. We assessed MECKI score AUC
separately considering the original population (n= 2715) and the
more recent one (n= 3397) at 2-year follow-up. The AUCs were
very similar (Figure 2). We also analysed the Kaplan–Meier survival
curves in the more recent population for each analysed model,
MECKI, HFSS and SHFM, dividing the population into risk tertiles
(Figure 3). All scores showed a notable capability to stratify patient
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Table 1 Population characteristics: total population, population who reached the primary study endpoint, and
population who did not

Total population Endpoint + Endpoint –
(n= 6112) (n=1103) (n= 5009)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n Mean±SD n Mean±SD n Mean±SD
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 6093 61.4±12.8 1101 63.0±12.8 4992 61.0±12.7
BMI, kg/m2 6094 26.8± 4.4 1097 26.0± 4.4 4997 26.9± 4.3
Weight, kg 6099 77±15 1092 75±15 5007 78± 15
Male sex 6112 5000 (82%) 1103 964 5009 4037
LVEF, % 6067 33.2± 10.5 1097 28.3± 9.6 4972 34.3±10.4
Idiopathic aetiology 2399 (40%) 395 (33%) 2004 (40%)
Ischaemic aetiology 2794 (46%) 571 (52%) 2223 (44%)
Other aetiology 867 (14%) 129 (12%) 738 (15%)
Atrial fibrillation 965 (16%) 217 (20%) 748 (15%)
Resting HR, b.p.m. 5400 71±12 858 72.9±13.3 4542 70.4±12.3
QRS, ms 5036 117± 34 766 124± 36 4270 116± 33
SBP, mmHg 5398 117±17 857 114±17 4541 118± 17
DBP, mmHg 5401 73±10 858 70±11 4543 73± 10
Peak VO2, mL/min 6104 1148± 433 1099 956± 346 5005 1191± 438
Peak VO2, mL/kg/min 6099 14.8± 4.9 1099 12.8± 4.0 5000 15.3± 4.9
Peak VO2, % 6093 56±17 1097 47±14 4996 58± 17
Peak workload, W 5735 83± 34 969 70± 28 4766 86± 35
VE/VCO2 slope 5928 32.8± 7.8 1042 35.8± 8.6 4886 32.1± 7.4
Na+, mmol/L 5792 139.3± 3.2 1065 138.8± 3.7 4727 139.4± 3.1
Hb, g/dL 5615 13.5±1.6 977 13.2±1.7 4638 13.5±1.6
Lymphocytes, % 4872 28.9± 9.4 791 26.5± 9.9 4081 29.4± 9.2
Uric acid, mg/dL 4432 6.4±1.9 641 6.8± 2.1 3791 6.3± 1.9
Total cholesterol, mg/dL 4851 179± 43 782 178.7± 43.6 4069 179.0± 43.2
MDRD 5804 71.4± 23.9 1065 64.2± 23.8 4739 73.1± 23.7

BMI, body mass index; DBP, diastolic blood pressure; Hb, haemoglobin; HR, heart rate; LVEF, left ventricular ejection fraction; Na+ , sodium; MDRD, Modification of Diet in
Renal Disease; NYHA, New York Heart Association; Peak VO2, oxygen uptake at peak exercise; SBP, systolic blood pressure; SD, standard deviation; VE/VCO2 slope, slope
of the relation between ventilation and carbon monoxide production during exercise.

risk. Figure 4 shows the calibration plot, calculated in the present
population and applying as study endpoint the composite of CV
death, urgent heart transplant and LVAD, of the three analysed
scores. At visual inspection HFSS shows the best calibration. In
the calibration plots (Supplementary material online, Figure S2),
the predicted probabilities were computed using the coefficients
obtained in the derivation cohort. Data for the entire population,
along with old and new subpopulations, are presented in the
Supplementary material online, Figure S3.

We evaluated the more recent HF population by comparing
MECKI score to SHFM and HFSS by means of a reclassification
analysis using IDI and NRI methodology at 2 and 4 years (Table 3).
We assessed score differences by analysing patients who had all the
data needed to build the scores. Specifically, to assess the quality
of reclassification, HF patients were arbitrarily divided into three
risk groups according to tertiles of risk. Notably, at 2 years, MECKI
score reclassified 449 (24.3%) subjects into a higher risk category
than SHFM and 278 (13.3%) subjects into a higher risk category
than HFSS (Table 4), while 566 (30.6%) and 403 (19.3%) subjects
were reclassified into a lower risk category than those assigned by
SHFM and HFSS, respectively. At 4 years, MECKI score reclassified ..
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.. 124 (11.9%) and 130 (11.3%) subjects into a higher risk category
than SHFM and HFSS, respectively, and 271 (26%) and 174 (15.1%)
subjects into a lower risk category (Table 4).

Discussion
The results of this study demonstrate that MECKI score exhibits
greater prognostic accuracy than SHFM and HFSS in terms of hard
endpoints such as the combination of CV death, urgent heart
transplantation, and LVAD implantation in a large HF population.
The superior prognostic value of MECKI score was evident both
at 2- and 4-year follow-up.

The population we studied consists of HF patients recruited
over a long time span. Regardless, patients were receiving optimal
medical treatment according to the most recent HF guidelines.26

Owing to the large database, HF severity, patient management,
and therefore prognostic outcomes may have been heterogeneous
among the different recruiting centres. However, when the HF cen-
tre where patients were recruited was analysed as an independent
variable, it was found not to influence the findings. The multicen-
tre recruitment represents a strength of this study by mimicking
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Table 2 Medical treatment of the total population, of the population who reached the primary study endpoint and
the population who did not

Total population (n= 6112) Endpoint + (n= 1103) Endpoint – (n= 5009)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ACE-inhibitors 4565 (74.7) 857 (77.7) 3708 (74.0)
ARBs 1135 (18.6) 158 (14.3) 977 (19.5)
Beta-blockers 5302 (86.8) 895 (81.1) 4407 (88.0)
Aldosterone antagonists 3191 (52.2) 636 (57.7) 2555 (51.0)
Diuretics 4900 (80.2) 993 (90.0) 3907 (78.0)
Diuretic equivalent dose, median (IQR) 25 (12.5–50) 50 (25–125) 25 (12.5–50)
Statins 2724 (44.9) 377 (34.2) 2347 (46.8)
Allopurinol 1574 (25.9) 323 (29.3) 1251 (25.0)
Antiplatelets 3284 (53.8) 538 (48.8) 2746 (54.8)
Anticoagulants 1810 (29.6) 434 (39.3) 1376 (27.5)
Digitalis 1228 (20.1) 449 (40.7) 779 (15.6)
Amiodarone 1498 (24.5) 348 (31.6) 1150 (23.0)

Values are given as number (%) unless otherwise indicated.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; IQR, interquartile range.

Figure 1 Receiver operating characteristic (ROC) curves at 2- and 4-year follow-up. At 2 years (a), the prognostic accuracy of the MECKI
score (blue line) was significantly superior (P< 0.001 for both) to that of SHFM (red line) and HFSS (green line). The better prognostic value
of MECKI score was confirmed at 4-year follow-up (b) (P< 0.001 for both). MECKI, Metabolic Exercise test data combined with Cardiac and
Kidney Indexes; SHFM, Seattle Heart Failure Model; HFSS, Heart Failure Survival Score.

real-life conditions as much as possible. The MECKI score research

project analysed low-LVEF HF patients in stable clinical condition

capable of performing a CPET. Moreover, patients with frequent

HF co-morbidities such as anaemia, renal insufficiency, and diabetes

were evaluated in the study, while patients with co-morbidities able ..
..

..
..

..
..

..
. to strongly affect exercise performance per se, including severe

lung disease, pulmonary embolism, idiopathic pulmonary artery

hypertension, orthopaedic deficiencies, connective tissue disease,

or neurological diseases were excluded. Therefore, our popula-

tion is representative of HF patients frequently seen in daily clinical
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Table 3 Net reclassification improvement and integrated discrimination improvement analysis of newly enrolled
patients at 2- and 4-year follow-up

Index Estimate SE 95% CI P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2-year follow-up (n=1847; n events 128)
MECKI vs. SHFM NRI 0.144 0.056 0.0349–0.2523 0.01

MECKI vs. SHFM IDI 0.019 0.006 0.003–0.0346 0.002
MECKI vs. HFSS NRI 0.139 0.045 0.0506–0.2281 0.002
MECKI vs. HFSS IDI 0.016 0.004 0.0054–0.0263 <0.001

4-year follow-up (n=1042; n events 217)
MECKI vs. SHFM NRI 0.1350 0.0388 0.0590–0.2110 <0.001

MECKI vs. SHFM IDI 0.0569 0.012 0.0259–0.0879 <0.001

MECKI vs. HFSS NRI 0.0749 0.0286 0.0188–0.1309 0.009
MECKI vs. HFSS IDI 0.014 0.0081 –0.0069–0.0348 0.084

CI, confidence interval; HFSS, Heart Failure Survival Score; IDI, integrated discrimination improvement; MECKI, Metabolic Exercise test data combined with Cardiac and
Kidney Indexes; NRI, net reclassification improvement; SE, standard error; SHFM, Seattle Heart Failure Model.

practice. It is of note that event rates decline substantially in the
new population compared to the original one but the accuracy of
the model remains. This datum confirms the high quality of MECKI
score recruiting centres, which always have the most updated HF
therapies and follow-up strategies.

In recent years, several HF risk scores have been built and
validated, including a number of different parameters. HFSS was
proposed in 1997 and it is composed by seven variables, including
peak VO2.

19 In 2006, Levy et al.20 presented the SHFM, which
requires several variables to estimate HF patients’ survival. Notably,
the AUCs we observed in the present population for SHFM
and HFSS were similar to previously reported values.27 Since the
publication of the SHFM, other scores have been developed,8–10 in
particular the HF-ACTION,8 built on a cohort of 2331 HF patients,
which also includes exercise parameters at CPET, the MAGGIC
risk score,9 presented in 2013 as a meta-analysis of individual
patient data from 30 studies, the 3C-HF score (6274 patients),11

proposed to predict all-cause 1-year mortality, and the MUSIC risk
score10 derived from 992 ambulatory HF patients. The population
we studied is among the largest to employ a long follow-up to
evaluate HF risk scores, and it is certainly the largest in which
exercise-derived parameters were considered.

The MECKI score was developed based on a population of 2715
HF patients able to perform a CPET12 and successively validated
in a new population.14 In the present study, we confirmed that
the MECKI score performed better than the six variables from
which it is derived, reaffirming the usefulness of a multiparametric
approach. We compared the prognostic accuracy of MECKI score
to that of two other previous scores, HFSS and SHFM, the former
chosen because it includes exercise parameters such as peak VO2,
making it similar to our score, and the latter due to its widespread
adoption for the prognostic assessment of HF. We were not able to
compare MECKI score with other risk scores because the required
parameters were not all available in our database. The superior
prognostic capability of MECKI score was also observed when the
analysis was limited to patients with the most severe HF, NYHA
class III–IV. ..
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. The addition of peak VO2 (mL/kg/min) and VE/VCO2 slope to

SHFM, and the combined use of HFSS and SHFM demonstrated sta-
tistically significant improvements in risk stratification compared
to SHFM, particularly in patients with moderate risk.27–29 How-
ever, the clinical meaning of adding peak VO2 and VE/VCO2 slope
has been questioned.28 Nevertheless, the use of peak VO2% of
predicted value will likely add prognostic power to peak VO2

expressed in mL/kg/min due to the heterogeneity of the HF popu-
lation studied.

The population used to compare the risk scores was in part
(n= 2715) derived from MECKI score development study.12 How-
ever, the prognostic accuracy of MECKI score was similar in the old
population with updated follow-up data and in the newly enrolled
patients (Figure 2). Moreover, MECKI score provided a proper
reclassification at 2-year follow-up in 14% of cases vs. both SHFM
and HFSS, and at 4-year follow-up in 13.5% and 7.5% of cases vs.
SHFM and HFSS, respectively (Table 3). Notably, as in the origi-
nal analysis,12 we only evaluated subjects with a complete set of
data, avoiding any implementing procedure that might have diluted
the efficacy of each tested method and particularly of those that
require the assessment of a large number of variables, as the SHFM
(Table 3). Altogether, these data show that all three analysed scores
provide reliable prognostic information. However, MECKI score
is superior to HFSS and SHFM in predicting HF patients’ progno-
sis. Notably, as an average, MECKI score reclassification at 2 years
was to a lower risk category in 25% of cases and to a higher risk
category in 19% of cases compared to both HFSS and SHFM. At
4 years, MECKI score reclassification was to a lower risk category
in 21% of cases and to a higher risk category in 12% of cases com-
pared to both HFSS and SHFM. It is of note that very recently,
albeit in a small population, Freitas et al.30 confirmed the superi-
ority of MECKI score compared to HFSS, MAGGIC and SHFM
in predicting prognosis in HF patients with reduced LVEF. Con-
sequently, if extensively applied in the clinical field, MECKI score
should be able to improve resource allocation and patient out-
come. However, this possibility needs to be confirmed by dedicated
studies.
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Table 4 Observed risk and risk reclassification comparing 2- and 4-year risk according to MECKI vs. SHFM and
MECKI vs. HFSS in newly enrolled patients

2 years % reclassified into new risk category
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SHFM MECKI Total (%) Lower Higher Total
<1.8% 1.8–7.5% >7.5%

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

<1.8%
n (%) 216 (49.0%) 184 (41.7%) 41 (9.3%) 441 – 51.02 51.02
Observed risk 0.46 1.63 4.88 5.0
n events 1 3 4 22

1.8–7.5%
n (%) 265 (35.4%) 259 (34.6%) 224 (30.0%) 748 35.43 29.95 65.38
Observed risk 0.38 4.25 9.82 4.55
n events 1 11 22 34

>7.5%
n (%) 122 (18.5%) 179 (27.2%) 357 (54.3%) 658 45.74 – 45.74
Observed risk 0.51 4.9 16.7 13.4
n events 3 14 71 88

Total
n (%) 603 (32.6%) 622 (33.7%) 622 (33.7%) 1847
Observed risk 8.3 4.5 15.6 7.0
n events 5 28 97 130

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HFSS MECKI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

<1.8% 1.8–7.5% >7.5%
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

<1.8% – 22.53 22.53
n (%) 392 (77.5%) 102 (20.1%) 12 (2.4%) 506
Observed risk 0.51 4.9 16.7 1.8
n events 2 5 2 9

1.8–7.5%
n (%) 260 (29.6%) 455 (51.8%) 164 (18.7%) 879 29.58 18.66 48.24
Observed risk 1.15 4.4 7.9 4.1
n events 3 20 13 36

>7.5%
n (%) 21 (3.0%) 176 (25.2%) 502 (71.8%) 699 28.18 – 28.18
Observed risk No events 6.25 15.74 2.7
n events 0 11 8 19

Total
n (%) 673 (32.3%) 733 (35.2%) 678 (32.5%) 2084
Observed risk 0.7 4.9 3.4
n events 5 36 23 64

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 years % reclassified into new risk category
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SHFM MECKI Total (%) Lower Higher Total
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

<8.0% 8.0–11.0% >11.0%
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

<8.0%
n (%) 122 (51.5%) 22 (9.3%) 93 (39.2%) 237 (22.7%) – 48.52 48.52
Observed risk 1.64 9.09 11.83 6.33
n events 2 2 11 15

8.0–11.0%
n (%) 42 (37.2%) 12 (10.6%) 9 (52.2%) 113 (10.8%) 37.17 52.21 89.38
Observed risk No events 8.33 16.95 9.73
n events 0 1 2 11

>11.0%
n (%) 175 (25.3%) 54 (7.8%) 463 (66.9%) 692 (66.4%) 33.09 – 33.09
Observed risk 7.43 12.96 36.93 27.6
n events 13 7 171 191

Total
n (%) 339 (32.5%) 88 (8.4%) 615 (59.0%) 1042 (100%)
Observed risk 4.43 11.36 31.22 20.82
n events 15 10 192 217
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Table 4 Continued

4 years % reclassified into new risk category
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HFSS MECKI Total (%) Lower Higher Total
<8.0% 8.0–11.0% >11.0%

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

<8.0%
n (%) 252 (74.3%) 23 (6.8%) 64 (18.9%) 339 (29.5%) – 25.67 25.67
Observed risk 4.36 17.39 15.62 7.37
n events 11 4 10 25

8.0–11.0%
n (%) 44 (41.5%) 19 (17.9%) 43 (40.6%) 106 (9.2%) 41.51 40.57 82.08
Observed risk 4.55 No events 4.65 3.77
n events 2 0 2 4

>11.0%
n (%) 72 (10.2%) 58 (8.2%) 574 (81.5%) 704 (61.3%) 18.47 – 18.47
Observed risk 4.17 10.34 34.5 29.4
n events 3 6 198 207

Total
n (%) 368 (32.0%) 100 (8.7%) 681 (59.37%) 1149 (100%)
Observed risk 4.35 10 30.84 20.54
n events 16 10 210 236

MECKI, Metabolic Exercise test data combined with Cardiac and Kidney Indexes; SHFM, Seattle Heart Failure Model; HFSS, Heart Failure Survival Score.

Figure 2 Receiver operating characteristic (ROC) curves for
MECKI score in the original population and in newly enrolled
patients. Comparison of areas under the curves at 2-year
follow-up between the original MECKI score population (blue
line) and newly enrolled patients (red line). AUC, area under the
ROC curve; MECKI, Metabolic Exercise test data combined with
Cardiac and Kidney Indexes.
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.. Limitations
Our study has some important limitations. First, we only enrolled
HF patients able to perform a CPET excluding subjects with
more severe HF. Indeed, our population is relatively young and,
consequently, represents only a section of the HF population seen
in the clinical setting. Second, our patients were in stable clinical
condition and HF patients with preserved LVEF were not evaluated;
consequently, our results cannot be extrapolated to these patient
populations. Similarly, we excluded HF patients with co-morbidities
that per se influence CPET results. All variables used for risk
calculation were collected at enrollment, giving a static picture
of the patients without accounting for possible changes in clinical
status and management with potential prognostic impact, such as
device implantation and changes in HF medications. Both HFSS
and MECKI include peak VO2 among the prognostic parameters,
which was obtained from a maximal test on a treadmill or cycle
ergometer.12,19 Peak VO2 is reported in mL/kg/min for the HFSS
and as percentage of predicted value for MECKI. In the original
MECKI score analysis, the percentage of predicted value was
superior to the absolute value for determining prognosis in a
HF population that included overweight subjects31 and patients
of different ages and sexes. It is likely that the use of percentage
of predicted value in the MECKI score overcame the differences
in ergometer choice, but it is unknown whether the use of the
percentage of predicted value instead of mL/kg/min in the HFSS
could further improve HFSS prognostic capacity.

Finally, it is recognized that, albeit several variables were anal-
ysed when building the MECKI score, some, which have recog-
nized prognostic power in chronic HF such as natriuretic pep-
tides, left atrial volume and diuretic doses, were not available
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Figure 3 Survival rate by tertiles for each model in the newly
enrolled patients. Kaplan–Meier curves according to tertiles for
each model: MECKI score (upper panel), SHFM (middle panel),
and HFSS (lower panel). MECKI, Metabolic Exercise test data
combined with Cardiac and Kidney Indexes; SHFM, Seattle Heart
Failure Model; HFSS, Heart Failure Survival Score.

when the original MECKI score was built, and as such are not
considered.

Conclusion
Using a very large HF database of patients in stable clinical condition
and capable of performing a CPET, several multiparametric scores
are able to provide reliable prognostic information, but the MECKI ..
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Figure 4 Calibration plot of the three scores in the newly
enrolled patients. Calibration plot of each model: MECKI score
(upper panel), SHFM (middle panel), and HFSS (lower panel).
MECKI, Metabolic Exercise test data combined with Cardiac and
Kidney Indexes; SHFM, Seattle Heart Failure Model; HFSS, Heart
Failure Survival Score.

score exhibits superior discrimination ability for events at 2- and
4-year follow-up.
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Figure S1. Univariate receiver operating characteristic (ROC)
analysis for MECKI score and each variable used to generate it.
Figure S2. Predicted and observed calibration plot of MECKI and
SHFM scores in the new subpopulation.
Figure S3. Calibration plot of the three scores for the entire
population, along with old and new subpopulations.
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