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ORIGINAL RESEARCH

Discordance Between Severity of Heart 
Failure as Determined by Patient Report 
Versus Cardiopulmonary Exercise Testing
Katherine C. Michelis, MD; Justin L. Grodin , MD, MPH; Lin Zhong, MPH; Ambarish Pandey , MD, MSCS; 
Kathleen Toto, RN, MSN, ACNP-C; Colby R. Ayers, MS; Jennifer T. Thibodeau , MD, MSCS;  
Mark H. Drazner , MD, MSc

BACKGROUND: Patient-reported outcomes may be discordant to severity of illness as assessed by objective parameters. The 
frequency of this discordance and its influence on clinical outcomes in patients with heart failure is unknown.

METHODS AND RESULTS: In HF-ACTION (Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training), par-
ticipants (N=2062) had baseline assessment of health-related quality of life via the Kansas City Cardiomyopathy Clinical 
Summary score (KCCQ-CS) and objective severity by cardiopulmonary stress testing (minute ventilation [VE]/carbon dioxide 
production [VCO2] slope). We defined 4 groups by median values: 2 concordant (lower severity: high KCCQ-CS and low VE/
VCO2 slope; higher severity: low KCCQ-CS and high VE/VCO2 slope) and 2 discordant (symptom minimizer: high KCCQ-CS 
and high VE/VCO2 slope; symptom magnifier: low KCCQ-CS and low VE/VCO2 slope). The association of group assignment 
with mortality was assessed in adjusted Cox models. Symptom magnification (23%) and symptom minimization (23%) were 
common. Despite comparable KCCQ-CS scores, the risk of all-cause mortality in symptom minimizers versus concordant–
lower severity participants was increased significantly (hazard ratio [HR], 1.79; 95% CI, 1.27–2.50; P<0.001). Furthermore, 
despite symptom magnifiers having a KCCQ-CS score 28 points lower (poorer QOL) than symptom minimizers, their risk of 
mortality was not increased (HR, 0.79; 95% CI, 0.57–1.1; P=0.18, respectively).

CONCLUSIONS: Severity of illness by patient report versus cardiopulmonary exercise testing was frequently discordant. Mortality 
tracked more closely with the objective data, highlighting the importance of relying not only on patient report, but also objec-
tive data when risk stratifying patients with heart failure.
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Heart failure is associated with significant mor-
bidity and mortality despite advances in diagno-
sis and management.1–3 Risk stratification is an 

integral aspect of caring for patients with heart fail-
ure, allowing alignment of intensity of therapeutic in-
terventions to severity of illness. Recently, there has 
been increasing interest in patient-reported outcomes 
(PROs) as assessed by validated health-related qual-
ity of life (HR-QOL) instruments such as the Kansas 
City Cardiomyopathy Questionnaire (KCCQ).4 PROs 

are being incorporated as end points in cardiovascular 
clinical trials and as performance metrics in registries, 
and they also are now being evaluated to support prod-
uct labeling by the US Food and Drug Administration.5 
Thus, a full understanding of the strengths and limita-
tions of PROs is increasingly important.

In our clinical practice, we have encountered pa-
tients whose reported symptoms appear discordant 
to objective markers of heart failure severity of illness. 
In some cases, individuals with marked abnormalities 
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in objective measures of heart failure severity, such 
as natriuretic peptide levels, echocardiography, inva-
sive hemodynamic assessment, or cardiopulmonary 
stress testing, report minimal symptoms; whereas in 
other cases, individuals with less severe objective data 
report severe symptoms. Although prior studies have 
assessed the discordance between patient-reported 

HR-QOL and objective measures of heart failure sever-
ity,6–11 clinical factors associated with this discordance 
and its implications for prognosis have not been fully 
elucidated.

To address these gaps in knowledge, we que-
ried the HF-ACTION (Heart Failure: A Controlled Trial 
Investigating Outcomes of Exercise Training) data-
base. HF-ACTION provided an ideal opportunity to 
address these questions, because participants were 
carefully phenotyped for severity of illness both via 
cardiopulmonary exercise testing and by patient-
reported symptoms ascertained by the KCCQ, and 
then followed for clinical outcomes over several 
years.12,13

METHODS
Study Setting
This study is a post hoc analysis of HF-ACTION. 
This article was prepared using research materials 
provided by the National Heart, Lung, and Blood 
Institute’s Biologic Specimen and Data Repository 
Information Coordinating Center via an approved 
proposal. Other investigators may request to access 
the data set at https://bioli​ncc.nhlbi.nih.gov/studi​es/
hf_actio​n/.

A complete description of the trial’s design and 
major findings have been published previously.12–14 In 
brief, HF-ACTION was a multicenter, randomized con-
trolled trial that compared the safety and efficacy of 
exercise training and medical therapy versus medical 
therapy alone in patients with heart failure with reduced 
ejection fraction (left ventricular ejection fraction <35%) 
and New York Heart Association class II–IV symptoms 
despite optimal medical therapy. Between April 2003 
and February 2007, a total of 2331 patients from 82 
centers within the United States, Canada, and France 
were randomized.

For our primary analysis, the KCCQ clinical sum-
mary score (KCCQ-CS) was used as the subjective 
measure of heart failure severity, and ventilatory 
efficiency, as assessed by the slope of minute 
ventilation (VE) versus carbon dioxide production 
(VCO2), was used as the objective measure (VE/
VCO2 slope). Participants were included only if they 
had values for both measures at baseline. Median 
follow-up was 441  days (interquartile range, 
160–802  days). A priori, we elected to focus on 
KCCQ-CS rather than the overall summary score, 
because the KCCQ-CS is more restrictive than 
the overall summary score sinceit includes only 
the total symptom and physical function scores, 
domains that may be more likely to correlate with 
objective disease severity as assessed by cardio-
pulmonary exercise testing.

CLINICAL PERSPECTIVE

What Is New?
•	 Using a novel classification that compared the 

Kansas City Cardiomyopathy Clinical Summary 
score (patient report) to the minute ventilation/
carbon dioxide production slope (VE/VCO2, 
objective parameter from the cardiopulmonary 
stress test), we found a high discordance rate 
in the characterization of severity of illness by 
these 2 modalities.

•	 Discordance between patient report and the 
cardiopulmonary stress test was bidirectional, 
because approximately one quarter of subjects 
reported a low burden of symptoms yet had an 
unfavorable VE/VCO2 slope, a state we termed 
symptom minimization, whereas a similar frac-
tion reported a high burden of symptoms de-
spite a favorable VE/VCO2 slope, a state we 
termed symptom magnification.

What Are the Clinical Implications?
•	 In cases of discordance, mortality tracked more 

closely with the VE/VCO2 slope than the Kansas 
City Cardiomyopathy Clinical Summary score, 
emphasizing to clinicians the need to also in-
clude objective assessments when risk stratify-
ing their patients with heart failure.

Nonstandard Abbreviations and Acronyms

HF-ACTION	 Heart Failure: A Controlled  
Trial Investigating Outcomes of 
Exercise Training

KCCQ	 Kansas City Cardiomyopathy 
Questionnaire

KCCQ-CS	 Kansas City Cardiomyopathy 
Questionnaire clinical summary 
score

NYHA	 New York Heart Association
PRO	 patient-reported outcome
VCO2	 carbon dioxide production
VE	 minute ventilation
VO2	 oxygen uptake

https://biolincc.nhlbi.nih.gov/studies/hf_action/
https://biolincc.nhlbi.nih.gov/studies/hf_action/
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VE/VCO2 slope describes the rate of increase of 
ventilation in relation to CO2 production during exer-
cise, and in patients with heart failure, an excessive 
ventilatory response is reflected by an elevated VE/
VCO2 slope.15 Although both peak oxygen uptake 
(VO2) and VE/VCO2 slope are well-accepted measures 
of heart failure severity used to risk stratify patients 
for consideration of heart transplantation,16 VE/VCO2 
slope provides independent prognostic information 
beyond peak VO2.

17–19 Moreover, VE/VCO2 slope is 
accurate despite submaximal effort during cardio-
pulmonary exercise testing20 and therefore should 
not be influenced by psychological factors that may 
limit patient motivation. Although VO2 at the anaero-
bic threshold is another prognostic variable that could 
be evaluated despite submaximal effort on cardiopul-
monary exercise testing, this value is not always able 
to be determined, especially for patients with more 
advanced heart failure.21 Therefore, we selected VE/
VCO2 slope as the objective measure of heart failure 
severity. However, we also performed confirmatory 
analyses using peak VO2 in a subgroup restricted to 
respiratory exchange ratio ≥1.1, a value that has been 
used to demonstrate that the patient has performed 
with maximal effort.22,23

Concordant and Discordant Group 
Assignment
The study cohort was classified into 4 groups on the 
basis of the median values of KCCQ-CS and VE/VCO2 
slope (Figure 1). A higher score on the KCCQ-CS in-
dicates better HR-QOL,24 and lower VE/VCO2 slope 
reflects lower severity of illness.25 Therefore, con-
cordant groups consisted of participants with high 
KCCQ-CS and low VE/VCO2 slope (concordant–lower 
severity) or with low KCCQ-CS and high VE/VCO2 
slope (concordant–higher severity). Discordant groups 
consisted of participants with low KCCQ-CS and low 
VE/VCO2 slope (symptom magnifiers) or with high 
KCCQ-CS and high VE/VCO2 slope (symptom minimiz-
ers). For the secondary analysis based on peak VO2, a 
similar method of classification was performed using 
median peak VO2, with a higher peak VO2 reflecting 
lower severity of illness.26

Clinical Outcomes
The primary composite end point of the HF-ACTION 
trial was all-cause mortality or all-cause hospitaliza-
tion. Additional clinical outcomes considered in this 
analysis included the individual components of the 

Figure 1.  Defining group classification by KCCQ and VE/VCO2 slope.
This diagram demonstrates the categorization of the study cohort based on median values of KCCQ-CS 
and VE/VCO2 slope. KCCQ-CS indicates Kansas City Cardiomyopathy Questionnaire Clinical Summary 
score; and VE/VCO2, slope of minute ventilation/carbon dioxide production.
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composite outcome (all-cause mortality and all-cause 
hospitalization), the Beck Depression Inventory (BDI) 
II score, Multidimensional Scale of Perceived Social 
Support, Borg rating at peak exercise, and EuroQOL 
5-dimension questionnaire. A higher BDI II score indi-
cates more severe depression.27 Higher scores on the 
Multidimensional Scale of Perceived Social Support 
indicate better perceived availability and sufficiency 
of social support,28 and a higher Borg rating indicates 
greater perceived exertion during physical activity.29 
The EuroQOL 5-dimension questionnaire is a self-
administered tool that has been validated in patients 
with heart failure and comprises a questionnaire and 
visual analog self-rating scale.30

Statistical Analysis
Univariate analyses comparing patient demographic 
and clinical factors among all 4 concordant and dis-
cordant groups and between pairs of these groups 
were performed. Continuous variables were ex-
pressed as median with interquartile range and 
compared using the Kruskal-Wallis test. Categorical 
variables were expressed as number (percent) and 
compared using the χ2 test. Linear regression was 
used to test the association between KCCQ-CS and 
VE/VCO2 slope, and the coefficient of determination 
(R2) was reported. Additionally, multivariable linear 
regression, adjusted for age, sex, and race, was per-
formed to examine the associations of concordant 
and discordant group assignment with BDI II score, 
Multidimensional Scale of Perceived Social Support, 
and Borg rating at peak exercise. Multivariable logis-
tic regression was performed, adjusting for age, sex, 
and race, to examine the associations of concordant 
and discordant group assignment with specific ques-
tions on the BDI II and EuroQOL 5-dimension ques-
tionnaire. Variables were dichotomized as follows on 
the basis of participant responses: 0 or 1 to 3 for 
the BDI II questionnaire and no limiting symptoms or 
any limiting symptoms on the EuroQOL 5-dimension 
questionnaire.

Kaplan-Meier estimates of time-to-event clinical 
outcomes were calculated, and survival curves were 
compared using the log-rank test. Cox proportional 
hazards models of these study outcomes were per-
formed using concordant and discordant group as-
signment as the primary exposure, adjusting for age, 
sex, and race in each model, with the concordant–
lower severity group as the reference. In additional 
multivariable analyses, we adjusted for depression and 
obesity. A pairwise comparison between the symptom 
minimizer and symptom magnifier groups for risk of 
mortality was also performed. The proportional haz-
ards assumption for each of these models was vali-
dated by Schoenfeld residuals.

Two-sided P<0.05 were considered significant in 
this study. Statistical analyses were completed with R 
version 3.6.0 (R Foundation for Statistical Computing, 
Vienna, Austria) or SAS version 9.4 software (SAS 
Institute, Cary, NC).

RESULTS
Frequency of Discordance Within the 
Study Population
A total of 2062 participants had available KCCQ-CS 
and VE/VCO2 slope data at baseline and were in-
cluded in this study. KCCQ-CS and VE/VCO2 slope 
were weakly correlated (R2=0.014, P<0.001; Figure S1). 
When participants were stratified above or below the 
median for heart failure severity of illness by patient re-
port (KCCQ-CS) and cardiopulmonary exercise testing 
(VE/VCO2 slope), the concordance rate for both sub-
jective and objective measures was only slightly better 
than chance (54.1%).

Patient Characteristics Associated With 
Discordance
Table 1 displays the baseline characteristics stratified 
by the 4 groups. Relative to the concordant–lower 
severity participants, symptom magnifiers were more 
likely to be classified as New York Heart Association 
(NYHA) class III, be depressed, and have a lower 
HR-QOL as assessed by other PRO measurements 
like the EuroQoL Visual Analog Scale (P<0.001 for 
all comparisons). Symptom magnifiers were also 
more likely to have diabetes mellitus, chronic ob-
structive pulmonary disease, and obesity than the 
concordant–lower severity group. Of note, symp-
tom magnifiers versus the concordant–lower sever-
ity group had lower scores on the KCCQ-CS and 
EuroQoL Visual Analog Scale by ≥30 and ≥16 points, 
respectively. Symptom minimizers were less likely to 
be depressed, be obese or NYHA class III, and had 
lower BDI-II scores and higher EuroQoL Visual Analog 
Scale scores, as compared with the concordant–
higher severity group. The blood urea nitrogen, cre-
atinine, and B-type natriuretic peptide levels were 
not different between the symptom magnifiers ver-
sus concordant–lower severity group and between 
the symptom minimizers versus concordant–higher 
severity group.

We next compared other parameters obtained 
from the cardiopulmonary exercise testing between 
these groups (Table 2). Symptom magnifiers, versus 
those in the concordant–lower severity group, had 
lower 6-minute-walk distances, cardiopulmonary 
exercise test duration, peak VO2, and VO2 at venti-
latory threshold, despite similar VE/VCO2 slopes. In 
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Table 1.  Baseline Characteristics Stratified by Concordant and Discordant Group Assignment

Characteristic

Favorable VE/VCO2 Slope Unfavorable VE/VCO2 Slope

P Value*

High KCCQ-CS,  
Concordant–Lower 

Severity,  
N=566, 27.4%

Low KCCQ-CS, 
Discordant: Symptom 

Magnifier,  
N=480, 23.3%

High KCCQ-CS, 
Discordant: Symptom 

Minimizer, N=465, 
22.6%

Low KCCQ-CS, 
Concordant–Higher 

Severity, N=551, 
26.7%

Age, y 57 (48–66) 55 (46–62)†,‡ 64 (56–73)§ 60 (53–70) <0.001

Men 407 (71.9%) 338 (70.4%) 342 (73.5%) 396 (71.9%) 0.77

Race 0.065

Black 184 (32.5%) 167 (34.8%)‖ 126 (27.1%) 179 (32.5%)

White 345 (61.0%) 275 (57.3%)‖ 315 (67.7%) 336 (61.0%)

Other 37 (6.5%) 38 (7.9%)‖ 24 (5.2%) 36 (6.5%)

NYHA class <0.001

II 474 (83.7%) 265 (55.2%)‡,¶ 341 (73.3%)§ 237 (43.0%)

III 92 (16.3%) 215 (44.8%)‡,¶ 124 (26.7%)§ 314 (57.0%)

Ischemic cause of heart 
failure

236 (41.7%) 207 (43.1%)‡ 302 (64.9%)# 312 (56.6%) <0.001

Left ventricular ejection 
fraction, %, N=1911

27 (22–32) 25 (20–30)†,‖ 24 (19–29) 23 (20–29) <0.001

Diabetes mellitus 145 (25.6%) 172 (35.8%)† 154 (33.1%) 192 (34.8%) 0.001

Chronic obstructive 
pulmonary disease, 
N=2043

44 (7.9%) 58 (12.2%)† 44 (9.6%)# 77 (14.0%) 0.006

Obesity, N=2058 286 (50.6%) 317 (66.2%)‡,¶ 151 (32.5%)§ 256 (46.6%) <0.001

Depression 100 (17.7%) 146 (30.4%)‡,¶ 66 (14.2%)§ 129 (23.4%) <0.001

KCCQ-CS 88 (81–94) 58 (47–68) 86 (80–94) 58 (47–66) N/A

EuroQoL Visual Analog 
Scale score, N=2012

76 (65–86) 60 (45–70)‡,¶ 75 (60–80)§ 60 (40–70) <0.001

Beck Depression Inventory 
II score, N=2055

6 (3–9) 13 (8–20)‡,¶ 5 (3–8)§ 12 (7–20) <0.001

Multidimensional Scale of 
Perceived Social Support, 
N=2056

6.2 (5.4–6.8) 5.7 (4.8–6.5)‡,¶ 6.2 (5.6–6.8)§ 5.8 (5.0–6.7) <0.001

Body mass index, N=2058 30 (27–36) 33 (28–39)‡,¶ 28 (24–31)§ 29 (25–34) <0.001

Systolic blood pressure, 
mm Hg, N=2058

116 (105–130) 112 (102–124)† 110 (100–127) 110 (100–121) <0.001

Blood urea nitrogen, mg/
dL, N=1793

19 (14–24) 18 (14–25)‡ 22 (17–31) 23 (17–32) <0.001

Creatinine, mg/dL, N=1850 1.1 (1.0–1.3) 1.1 (1.0–1.4)‡ 1.2 (1.0–1.6) 1.3 (1.0–1.6) <0.001

B-type natriuretic peptide, 
pg/mL, N=723

142 (69–323) 148 (78–364)‡ 396 (209–795) 311 (161–661) <0.001

Medications

ß-blocker 535 (94.5%) 447 (93.1%) 444 (95.5%) 521 (94.6%) 0.46

ACE inhibitor or ARB 534 (94.3%) 453 (94.4%) 443 (95.3%) 513 (93.1%) 0.52

Aldosterone receptor 
antagonist

223 (39.4%) 231 (48.1%)† 194 (41.7%)# 268 (48.6%) 0.003

Values are presented as median (interquartile range) for continuous variables and number (percent) for categorical variables. Because of missing data, N 
is listed for those variables where the cohort with available data was less than N=2062. Obesity was defined as body mass index ≥30 kg/m2. ACE indicates 
angiotensin converting enzyme; ARB, angiotensin II receptor blocker; EuroQoL, European Quality of Life; KCCQ-CS, Kansas City Cardiomyopathy Questionnaire 
Clinical Summary score; NYHA, New York Heart Association; and VE/VCO2, minute ventilation/carbon dioxide production.

*P for comparison among all 4 groups.
†P<0.05 vs concordant–lower severity group.
‡P<0.001 vs symptom minimizer group.
§P<0.001 vs concordant–higher severity group.
‖P<0.05 vs symptom minimizer group.
¶P<0.001 vs concordant–lower severity group.
#P<0.05 vs concordant–higher severity group.
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comparison to concordant–higher severity partic-
ipants, symptom minimizers, despite a similar VE/
VCO2, had more favorable functional data overall with 
higher 6-minute-walk distances, cardiopulmonary 
exercise test duration, peak VO2, and VO2 at ventila-
tory threshold.

Characteristics of Symptom Minimizers 
Versus Symptom Magnifiers
Relative to symptom minimizers, those in the symptom 
magnifier group had lower B-type natriuretic peptide 
levels (P<0.001) and had higher peak VO2, oxygen 
uptake efficiency slope, and VO2 at ventilatory thresh-
old (P<0.001 for all), although their KCCQ-CS was 28 
points lower (Tables 1 and 2).

Association Between Discordance and 
Patient Characteristics in Adjusted 
Models
In adjusted models, symptom magnifier sta-
tus, as compared with concordant–lower sever-
ity status, was associated with more perceived 
limitations, as assessed by higher BDI II score 
(ß=7.34, P<0.001), lower Multidimensional Scale 

of Perceived Social Support score (ß=−0.46, 
P<0.001), and higher Borg rating (ß=0.38, P=0.012) 
(Table S1). Similar associations, in comparison to 
the concordant–lower severity group, were seen in 
the concordant–higher severity group, but not the 
symptom minimizer group. When we focused on 
answers to questions that may reflect a tendency 
for negative thinking, symptom magnifiers were 
more likely to report pessimism (odds ratio [OR], 
1.3; 95% CI, 1.2–1.3; P<0.001), past failure (OR, 
1.2; 95% CI, 1.1–1.3; P<0.001), self-dislike (OR, 1.2; 
95% CI, 1.1–1.3; P<0.001), self-criticalness (OR, 
1.2; 95% CI, 1.1–1.3; P<0.001), immobility (OR, 1.5; 
95% CI, 1.4–1.6; P<0.001), and anxiety or depres-
sion (OR, 1.3; 95% CI, 1.2–1.4; P<0.001) than the 
concordant–lower severity group (Table  S2). For 
these same questions, symptom minimizers were 
only more likely to report immobility (OR, 1.1; 95% 
CI, 1.0–1.2; P=0.004) versus the concordant–lower 
severity group.

Association of Discordance With Long-
Term Clinical Outcomes
The Kaplan-Meier curves for the composite end point 
and for hospitalization overlapped for participants in the 

Table 2.  Functional Status Measures at Baseline Stratified by Concordant and Discordant Group Assignment

Characteristic

Favorable VE/VCO2 Slope Unfavorable VE/VCO2 Slope

P Value*

High  
KCCQ-CS, 

Concordant–Lower 
Severity, N=566, 

27.4%

Low  
KCCQ-CS, 
Discordant: 
Symptom 
Magnifier,  

N=480, 23.3%

High  
KCCQ-CS, Discordant: 

Symptom Minimizer,  
N=465, 22.6%

Low  
KCCQ-CS,  

Concordant–Higher 
Severity,  

N=551, 26.7%

Distance of 6 min walk, 
m, N=2016

411 (350–463) 367 (297–442)† 377 (318–430)‡ 323 (251–394) <0.001

Cardiopulmonary 
exercise duration, min, 
N=2044

12 (9–14) 10 (7–12)†,§ 9 (7–11)‡ 8 (6–10) <0.001

Borg rating at peak 
exercise, N=1998

17 (15–18) 17 (15–19)§,‖ 17 (15–19)¶ 17 (15–19) <0.001

VE/VCO2 28 (26–31) 28 (26–31) 38 (35–43) 39 (35–46) N/A

Peak VO2, mL/kg per 
min, N=2061

17 (14–20) 15 (13–19)†,# 13 (11–16)‡ 12 (10–15) <0.001

Oxygen uptake 
efficiency slope, N=2053

2.0 (1.6–2.4) 2.0 (1.6–2.4)# 1.3 (1.0–1.6) 1.3 (1.0–1.7) <0.001

VO2 at the ventilatory 
threshold, mL/kg per 
min, N=1771

12 (10–14) 11 (9–13)†,# 10 (9–12)¶ 10 (8–11) <0.001

Values are presented as median (interquartile range) for continuous variables and number (percent) for categorical variables. Because of missing data, N is 
listed for those variables where the cohort with available data was less than N=2062. KCCQ-CS indicates Kansas City Cardiomyopathy Questionnaire Clinical 
Summary score; VE/VCO2, minute ventilation/carbon dioxide production; and VO2, oxygen uptake.

*P for comparison among all 4 groups.
†P<0.001 vs concordant–lower severity group.
‡P<0.001 vs concordant–higher severity group.
§P<0.05 vs symptom minimizer group.
‖P<0.05 vs concordant–lower severity group.
¶P<0.05 vs concordant–higher severity group.
#P<0.001 vs symptom minimizer group.
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symptom minimizer and magnifier groups (Figure  2A 
and 2C). Compared with the concordant–lower se-
verity group, symptom magnifiers had a significantly 
lower probability of survival free of hospitalization and 
of the composite end point (P<0.001 for both com-
parisons). Relative to the concordant–higher severity 
groups, symptom minimizers had a significantly higher 
probability of survival free of hospitalization and of 
the composite end point (P<0.001 for both compari-
sons). However, there was no difference in all-cause 
mortality when comparing the symptom magnifiers to 
concordant–lower severity participants (P=0.12) or the 
symptom minimizers to concordant–higher severity 
participants (P=0.072) (Figure 2B). Using peak VO2 as 

the objective measure of heart failure severity, the ob-
servations were similar (Figure S2), except the symp-
tom magnifiers had a risk of hospitalization similar to 
the concordant–lower severity group.

In models adjusted for age, race, and sex, both 
symptom minimizers and symptom magnifiers, as 
compared with the concordant–lower severity group, 
were at higher risk for the composite end point of all-
cause mortality or all-cause hospitalization and for 
hospitalization (P<0.001 for both) (Table 3). Symptom 
minimizers also had a higher risk of all-cause mortality 
(hazard ratio [HR], 1.79; 95% CI, 1.27–2.50; P<0.001). 
For symptom magnifiers, the higher risk of the com-
posite end point was largely driven by a higher risk of 

Figure 2.  Kaplan-Meier survival curves for time to clinical outcomes stratified by concordant 
and discordant groups using VE/VCO2 slope as the objective measure of heart failure severity.
Kaplan-Meier survival curves are shown for time to (A) all-cause mortality or all-cause hospitalization 
(P<0.001 for all comparisons; pairwise P<0.001 for symptom magnifiers vs concordant–lower severity 
group; pairwise P<0.001 for symptom minimizers vs concordant–higher severity group), (B) all-cause 
mortality (P<0.001 for all comparisons; pairwise P=0.12 for symptom magnifiers vs concordant–lower 
severity group; pairwise P=0.72 for symptom minimizers vs concordant–higher severity group), and 
(C) all-cause hospitalization (P<0.001 for all comparisons; pairwise P<0.001 for symptom magnifiers 
vs concordant–lower severity group; pairwise P<0.001 for symptom minimizers vs concordant–higher 
severity group). VE/VCO2 indicates slope of minute ventilation/carbon dioxide production.
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hospitalization (HR, 1.43; 95% CI, 1.20–1.71; P<0.001). 
Furthermore, despite symptom magnifiers having a 
KCCQ-CS score 28 points lower (poorer quality of life) 
than symptom minimizers, their risk of mortality was 
not increased (HR, 0.79; 95% CI, 0.57–1.1, P=0.18, re-
spectively). When we additionally adjusted for depres-
sion and obesity, the qualitative results were the same 
(Table S3).

DISCUSSION
The discordance between patient-reported and objec-
tive assessments of severity of illness in ambulatory 
patients with heart failure is a topic that warrants fur-
thers elucidation. Therefore, in a well-phenotyped co-
hort, we evaluated this relationship using KCCQ-CS 
as the patient-reported measure of HR-QOL and VE/
VCO2 slope as the objective marker of heart failure se-
verity. The major findings of this study are as follows: 
(1) discordance between patient-reported and objective 
measures of heart failure severity was common (46%); 
(2) discordance with symptom magnification relative to 
objective severity was associated with obesity and a 
higher burden of adverse psychosocial factors; (3) al-
though hospitalization was associated with patient re-
port, mortality tracked more closely with objective data.

Association of Discordance With Specific 
Patient Characteristics
Our study significantly extends prior findings on the 
discordance between HR-QOL and objective meas-
ures of heart failure severity6–11 for several reasons, 
including that it was based on a large multicenter trial 
with a well-selected population of medically optimized 
patients with heart failure with reduced ejection frac-
tion, cardiopulmonary exercise testing studies were in-
terpreted in a core laboratory, and clinical events were 
adjudicated. Moreover, we identified patient character-
istics associated with this discordance, as well as its 
prognostic implications. These findings are important 
factors for providers to consider when deciding about 

referral and selection of patients with heart failure for 
cardiac transplantation or left ventricular assist device 
therapy.31,32

The results of our study also highlight that certain 
functional capacity measures impacted by patient effort 
should be interpreted within the context of whether dis-
cordance exists. Although 6-minute-walk test distance, 
cardiopulmonary exercise duration, and peak VO2 have 
been shown to be independent predictors of survival for 
patients with heart failure,33–35 we observed significant 
differences in these parameters between the respective 
concordant and discordant groups with the same VE/
VCO2 slope classification. Therefore, when discordance 
exists, evaluating objective data that are independent of 
patient effort, such as the VE/VCO2 slope, has particular 
importance in risk estimation.

Depression and other psychosocial factors seem to 
be an important driver of the discordance in symptom 
magnifiers, presumably through influences on patient 
perception of disease. Depression is known to influ-
ence KCCQ36,37 and has been consistently associated 
with worse clinical outcomes in patients with heart 
failure.38,39 A prior analysis from HF-ACTION demon-
strated that depression was associated with lower 
KCCQ score, but the concept of discordance with re-
spect to an objective measure of heart failure sever-
ity was not included in that analysis.40 This is a critical 
distinction because some patients with more severe 
heart failure will have lower HR-QOL related to their 
more severe illness, and that may result in depression. 
However, we now demonstrate that depression is as-
sociated with lower HR-QOL, even among subjects 
with objectively less severe heart failure as assessed 
by lower VE/VCO2 slope.

An elevated body mass index and prevalent obe-
sity were also associated with discordance between 
subjective and objective severity of illness. This find-
ing is not surprising, given that elevated body mass 
index has been shown to be associated with lower VE/
VCO2 slope in a prior analysis of HF-ACTION,41 and be-
cause obesity can contribute to the sensation of dys-
pnea,42 which may influence self-report of symptoms 

Table 3.  Cox Proportional Hazards of Long-Term Clinical Outcomes by Concordant and Discordant Groups

All-Cause Mortality or All-Cause 
Hospitalization All-Cause Mortality All-Cause Hospitalization

HR [95% CI] P Value HR [95% CI] P Value HR [95% CI] P Value

Concordant–lower 
severity

Reference … Reference … Reference …

Symptom magnifier 1.36 [1.17–1.60] <0.001 1.39 [0.97–2.00] 0.08 1.43 [1.20–1.71] <0.001

Symptom minimizer 1.34 [1.14–1.57] <0.001 1.79 [1.27–2.50] <0.001 1.40 [1.18–1.68] <0.001

Concordant–higher 
severity

1.88 [1.62–2.18] <0.001 2.41 [1.76–3.31] <0.001 1.93 [1.64–2.28] <0.001

Models were adjusted for age, sex, and race. HR indicates hazard ratio.
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on the KCCQ-CS. This observation may have clinical 
relevance by suggesting that objective assessment of 
heart failure severity to assess prognosis may be par-
ticularly important in obese patients with heart failure.

It is less clear why symptom minimizers seem to un-
derreport symptoms despite having objective markers 
of more severe heart failure. This may be because symp-
tom minimizers are individuals who have better coping 
mechanisms or more positive outlooks. However, the 
psychometric assessments used in HF-ACTION did not 
evaluate for optimism or a positive demeanor, and thus, 
we were not able to test that hypothesis.

Discordance and Implications for Clinical 
Outcomes
Given the present focus on PROs, these observations 
highlight key insights that clarify the utility of HR-QOL 
instruments for risk stratification. For example, KCCQ 
is a validated marker of risk for death or hospitalization 
in patients with heart failure43–45; however, ambulatory 
patients with heart failure tend to overestimate their life 
expectancy relative to model-based predictions of sur-
vival.46 Additionally, patients tend to grade their heart 
failure symptoms differently from their treating physi-
cians.47 Herein, we demonstrate that in participants with 
reported HR-QOL discordant to VE/VCO2 slope, survival 
tracked more closely with the objective measure of heart 
failure severity. For example, the symptom minimizers, 
despite having a KCCQ-CS similar to the concordant–
lower severity group, were at a higher risk of mortality. 
Likewise, despite having a KCCQ-CS 28 points lower, 
the symptom magnifiers were not at increased risk for 
mortality as compared with the symptom minimizers.

Hospitalization, in contrast to mortality, was more 
coupled with the KCCQ-CS. These data are consis-
tent with prior reports showing that low KCCQ predicts 
hospitalization in patients with heart failure48,49 but ex-
tend those observations by demonstrating that patient 
report of symptom severity can drive risk of hospital-
ization even among those with objectively less-severe 
heart failure. Moreover, our findings suggest that en-
hanced treatment of depression could lead to a reduc-
tion in heart failure hospitalization in some patients. 
Of note, the symptom minimizers did not have higher 
mortality as compared with the concordant–higher se-
verity participants, suggesting that their minimization 
of symptoms did not place them at an unduly higher 
risk of death.

Limitations
There are limitations to this study. First, there is the 
possibility of selection bias because patients par-
ticipated in a clinical trial. Second, because we used 
the median to divide the sample into concordant and 
discordant groups based on KCCQ-CS and VE/VCO2 

slope, there is the risk of misclassification, especially 
in those with scores or values close to the median 
dichotomous thresholds used for group assignment. 
However, such misclassification should bias our re-
sults to the null. Concomitant pulmonary disease may 
have contributed to increased symptom perception in 
the symptom magnifiers. However, VE/VCO2 slope is 
a marker of ventilatory efficiency and should reflect 
such pulmonary influences. Multiple comparisons 
among the 4 defined groups increase the chance of 
false-positive associations. However, there was con-
sistency of key findings when tested with an alterna-
tive analytic approach (eg, peak VO2 instead of VE/
VCO2 slope). We did not have access to data that 
could reflect positive psychosocial attributes when 
characterizing symptom minimizers, and further study 
is needed to better define that group. The introduction 
of new therapies for both heart failure and depression 
since completion of HF-ACTION may limit generaliz-
ability of our findings to the contemporary era. Finally, 
this analysis is based on a static measure of HR-
QOL. Further study is needed to determine whether 
these findings are applicable to serial changes in the 
KCCQ-CS and VE/VCO2 slope.

CONCLUSIONS
In ambulatory patients with heart failure, discord-
ance between patient-reported HR-QOL and objec-
tive measures of disease severity, as assessed by the 
VE/VCO2 slope, was common. Disproportionately 
low HR-QOL relative to VE/VCO2 slope was associ-
ated with depression, other adverse psychosocial 
parameters, and obesity. Further research is needed 
to determine why some patients minimize their report 
of symptoms relative to an objective measure of their 
disease severity. In cases of discordance, objective 
measures of heart failure severity, and in particular VE/
VCO2 slope, as compared with the KCCQ-CS, were 
more closely associated with mortality. These findings 
underscore to practitioners the need to rely not only 
on patient report but also objective measures of ill-
ness severity when risk stratifying their patients with 
heart failure.
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SUPPLEMENTAL MATERIAL 
 



 

Table S1. Association of Concordant and Discordant Groups with Perceived Limitations. 

  

 Beck Depression 

Inventory II Score 

Multidimensional 

Scale of Perceived 

Social Support 

Borg Rating at Peak 

Exercise 

 ß 

Coefficient 

[95% CI] 

P ß 

Coefficient 

 [95% CI] 

P ß 

Coefficient 

 [95% CI] 

P 

Concordant-Lower 

Severity 

Ref. --- Ref. --- Ref. --- 

Symptom Magnifier 7.34 [6.43, 

8.26] 

<0.001 -0.46 [-

0.61, 

 -0.31] 

<0.001 0.38 [0.08, 

0.67] 

0.012 

Symptom Minimizer 0.19 [-0.76, 

1.13] 

0.70 0.00 [-0.15, 

0.15] 

0.98 0.05 [-0.25, 

0.36] 

0.74 

Concordant-Higher 

Severity 

7.54 [6.64, 

8.44] 

<0.001 -0.31 [-

0.46,  

-0.17] 

<0.001 0.54 [0.25, 

0.82] 

<0.001 

 

95% CI are displayed as [lower bound, upper bound].  

Models were adjusted for age, sex, and race. 

 

  



 

Table S2. Association of Concordant and Discordant Groups with Baseline Perception of Limitations as Assessed by BDI II 

and EuroQoL Questions. 

 

 Beck Depression Inventory II EuroQoL 

 Pessimism Past Failure Self-Dislike Self-

Criticalness 

Immobility Anxiety / 

Depression 

 OR 

[95% 

CI] 

P OR 

[95% 

CI] 

P OR 

[95% 

CI] 

P OR 

[95% 

CI] 

P OR 

[95% 

CI] 

P OR 

[95% 

CI] 

P 

Concordant-

Lower 

Severity 

Ref. --- Ref. --- Ref. --- Ref. --- Ref. --- Ref. --- 

Symptom 

Magnifier 

1.3 

[1.2-

1.3] 

<0.001 1.2 

[1.1-

1.3] 

<0.001 1.2 

[1.1-

1.3] 

<0.001 1.2 

[1.1-

1.3] 

<0.001 1.5 

[1.4-

1.6] 

<0.001 1.3 

[1.2-

1.4] 

<0.001 

Symptom 

Minimizer 

1.0 

[0.9-

1.0] 

0.06 1.0 

[0.9-

1.0] 

0.42 1.0 

[0.9-

1.1] 

0.87 1.0 

[0.9-

1.1] 

0.83 1.1 

[1.0-

1.2] 

0.004 1.0 

[0.9-

1.0] 

0.53 

Concordant-

Higher 

Severity 

1.3 

[1.2-

1.3]  

<0.001 1.1 

[1.1-

1.2] 

<0.001 1.2 

[1.1-

1.3] 

<0.001 1.2 

[1.1-

1.3] 

<0.001 1.6 

[1.5-

1.7] 

<0.001 1.3 

[1.2-

1.4] 

<0.001 

 

Models were adjusted for age, sex, and race. 

 

  



 

Table S3. Cox Proportional Hazards of Long-term Clinical Outcomes by Concordant and Discordant Groups. 

 

 All-Cause Mortality or 

All-Cause 

Hospitalization 

All-Cause Mortality All-Cause 

Hospitalization 

 HR 

[95% CI] 

P HR 

[95% CI] 

P HR 

[95% CI] 

P 

Concordant-

Lower 

Severity 

Ref. --- Ref. --- Ref. --- 

Symptom 

Magnifier 

1.31 

[1.12-1.53] 

<0.001 1.42 

[0.98-2.04] 

0.063 1.39 

[1.17-1.66] 

<0.001 

Symptom 

Minimizer  

1.37 

[1.17-1.60] 

<0.001 1.79 

[1.28-2.51] 

<0.001 1.42  

[1.19-1.70] 

<0.001 

Concordant-

Higher 

Severity 

1.86 

[1.60-2.15] 

<0.001 2.43 

[1.77-3.34] 

<0.001 1.92 

[1.63-2.26] 

<0.001 

 

Models were adjusted for age, sex, race, depression, and obesity. 

  



 

Figure S1. Scatter Plot Examining the Relationship between KCCQ Clinical Summary Score and VE/VCO2 Slope. 

 

 

The fitted line represents the linear regression model. The overall model was statistically significant (P<0.001) but explained only 

1.4% of this relationship (R2=0.014) 

 

 

  



 

Figure S2. Kaplan-Meier Survival Curves for Time to Clinical Outcomes Stratified by Concordant and Discordant Groups 

Using Peak VO2 as the Objective Measure of Heart Failure Severity. 

 

 

Kaplan-Meier survival curves are shown for time to A) all-cause mortality or all-cause hospitalization (P <0.001 for all comparisons), 

B) all-cause mortality (P <0.001 for all comparisons), and C) all-cause hospitalization (P<0.001 for all comparisons) 


