
652 Journal of Pain and Symptom Management Vol. 47 No. 3 March 2014
Brief Report
The Relationship Between Two
Performance Scales: New York Heart
Association Classification and Karnofsky
Performance Status Scale
Miriam J. Johnson, MD, J. Martin Bland, PhD, Patricia M. Davidson, PhD,
Phillip J. Newton, PhD, Stephen G. Oxberry, PhD, Amy P. Abernethy, MD, and
David C. Currow, FRACP
Palliative Medicine (M.J.J.), Hull York Medical School, University of Hull, Hull, United Kingdom;

Department of Health Sciences (J.M.B.), University of York, Heslington, York, United Kingdom;

Cardiovascular and Chronic Care Centre (P.M.D., P.J.N.), University of Technology Sydney, St.

Vincent’s Hospital Sydney, Sydney, New South Wales, Australia; Palliative Medicine (S.G.O.),

Kirkwood Hospice, Huddersfield, United Kingdom; Division of Medical Oncology (A.P.A.),

Department of Medicine, Duke University Medical Center, Durham, North Carolina, USA; and

Discipline, Palliative and Supportive Services (A.P.A., D.C.C.), Flinders University, Daw Park, South

Australia, Australia
Abstract

Context. Performance status is used to quantify the well-being and functional

status of people with illness. Clinicians and researchers from differing fields may
not instinctively understand the scales, typically disease specific, used in other
disciplines.

Objectives. To provide a preliminary description of the relationship between
the Karnofsky Performance Status Scale (KPS) and the New York Heart
Association Classification (NYHA) and to stimulate discussion in research and
clinical practice.

Methods. Simultaneous KPS and NYHA data (172 observations) from three
studies of people with chronic heart failure were pooled. Linear regression was
used to predict the mean KPS from NYHA. The strength of association between
the scales was investigated using a Kendall’s Tau-b correlation coefficient. The
agreement between the predicted and observed KPS scores was investigated using
weighted kappa with quadratic weights.

Results. Linear regression demonstrated a relationship between KPS and NYHA
(P < 0.0001; R2 ¼ 0.3). Predicted KPS from NYHA class rounded to the nearest 10
gave the following values: Class I, predicted KPS 90%; Class II, predicted KPS 80%;
Class III, predicted KPS 70%; and Class IV, predicted KPS 60%. A moderate
strength of association between KPS and NYHA (Kendall’s Tau-b correlation
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coefficient of �0.49; P < 0.0001) and agreement between observed and predicted
KPS (kappa coefficient ¼ 0.52) was shown.

Conclusion. We suggest that the NYHA discriminates poorly between
clinically important performance states in people with advanced disease (NYHA
III and IV; KPS <50%). The KPS, used in conjunction, would provide useful
additional information in research and clinical practice. J Pain Symptom
Manage 2014;47:652e658. � 2014 U.S. Cancer Pain Relief Committee. Published by
Elsevier Inc. All rights reserved.
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Introduction
Performance status (PS) is used to quantify

quickly the general well-being of people with
illness and their ability to perform activities
of daily living.1e3 It is usually a proxy measure
estimated by the clinician or researcher and in-
fluences the decision to apply treatment
regimens, particularly with regard to conserva-
tive vs. nonconservative care, and to plan
capacity for self-care. There are several well-
established measures, although routine clini-
cal use is uncommon except as an aid to
decision making in oncology (e.g., ‘‘Is this pa-
tient fit enough to receive chemotherapy?’’)
and as an estimate of disease severity in heart
failure. In the research setting, PS often forms
part of eligibility criteria and provides an intu-
itive description of the population studied.4

The choice of PS instruments typically aligns
with disease-specific disciplines (e.g., oncology,
cardiology, geriatrics). Little is known how the
different discipline-specific scores relate to
each other, and clinicians and researchers
may not instinctively understand the descrip-
tions used in other fields. This is an issue in
the context of multiple chronic illnesses and
a particular problem for palliative care clini-
cians and researchers, as palliative care serves
as a single catchment for people with progres-
sive severe disease irrespective of the diagnosis.
Palliative care clinicians must intuitively create
an ‘‘equals sign’’ to align severity of illness
across diseases (e.g., metastatic cancer, heart
failure, obstructive lung disease) to match clin-
ical interventions with needs and define re-
search populations.

A common understanding of regularly used
PS measures in varying disease groups is
needed. Furthermore, a common measure
would help clinicians to appraise the relevance
of research reports to their own practice and
would aid pooling of data sets for secondary
analyses.

In this article, we focus on a commonly used
PS measure in cancerdthe Karnofsky Per-
formance Status Scale (KPS), and one from
cardiologydthe New York Heart Association
Classification (NYHA), to demonstrate the
issue. We present a preliminary exploration
of the direct relationship between the KPS
and NYHA as a hypothesis-generating exercise
intended to stimulate discussion and prospec-
tive research and outline a pathway for current
and future clinical practice.
Methods
Description of Scales
Karnofsky Performance Status Scale. The KPS,
first described in 1948, is regarded as the
gold standard performance scale for cancer
patients.5 It correlates well with physical func-
tioning across its 11 ordinal measures and
with survival at lower levels. Modified versions
based on functional ability rather than the
original focus on the place of care have been
devised. The most recent (Australian-modified
KPS) is most predictive of survival and has bet-
ter face validity at the lower end of the scale.6

Importantly, patient and clinician rating have
been assessed.3

New York Heart Association Classification. The
NYHA was first developed in 1928 and has un-
dergone several revisions, the latest in 1994.7

However, the measure is highly dependent
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on the physician’s opinion, reflected by its rel-
atively poor inter-rater reliability with only 56%
concordance between physicians.8 As symp-
toms may fluctuate in heart failure, the severity
of symptoms correlates poorly with prognosis.
Despite these shortcomings, the NYHA is
widely used in clinical practice and in research
(both as an eligibility criterion and as a study
outcome) to assess response to treatment and
to guide management. The relationship be-
tween NYHA class and KPS is not known.

Description of Contributing Studies
This analysis was conducted on individual

patient data pooled from three studies in
people with advanced heart failure where
both the KPS and NYHA PS scales were scored
simultaneously. The contributing studies are
reported elsewhere, or will be reported on
completion, but are summarized here to place
this article in context. Table 1 describes partic-
ipants and setting. Data were available from
55 participants in two currently recruiting stud-
ies (oxygen therapy in heart failure [Oxygen
HF] clinical trial: trial registration number
ACTRN12609000103268; and the LACE study
[Living and in the community with symptom
burden with chronic heart failure]: personal
communication, Davidson PM and Newton
PJ) and 35 participants from a randomized,
controlled, three-arm, crossover trial investigat-
ing the effect of opioids on chronic
breathlessness.9

In all studies, the assessments of KPS and
NYHA were made by trained researchers.
Table 1
Contributing Studies and Key Pa

Characteristic Oxberry et al. (N ¼ 35) Davidson (O

Design Crossover RCT: morphine/
oxycodone/placebo

Parallel gr
oxygen/

Setting Outpatients in a tertiary
cardiology center in
northeast England

Inpatient w
clinics in
cardiolo

Age (years) Mean ¼ 41
SD ¼ 20
Range ¼ 10e90

Mean ¼ 67
SD ¼ 17
Range ¼ 3

Sex, M/F 30/5 23/7
Baseline intensity

breathlessness
(NRS) Mean ¼ 4.1
SD ¼ 20
Range ¼ 10e90

(VAS) Mea
SD ¼ 22
Range ¼ 2

KPS Mean ¼ 69.1
SD ¼ 6.1
Range ¼ 60e80

Mean ¼ 70
SD ¼ 10
Range ¼ 5

HF ¼ heart failure; RCT ¼ randomized controlled trial; M ¼ male; F ¼ fema
analogue scale; KPS ¼ Karnofsky Performance Status Scale.
Table 2 provides the descriptions for the KPS
and NYHA performance scales. Participants
in the Oxberry et al.9 crossover trial provided
baseline KPS/NYHA measures for each cross-
over (n ¼ 35, contributing 70 observations).
The 30 Oxygen HF study participants provided
a total of 70 observations because of repeat
measures at baseline, six weeks, three months,
and six months. The LACE participants pro-
vided baseline measures only.

Ethics and Registration
All participants gave written informed con-

sent. All studies received the required ethical
approval. The clinical trials were registered
(Oxberry et al.: ISRCTN 85268059; ACTR-
NO12606000269538). Confirmation was
sought that National Health Service ethics ap-
proval was not required for a secondary analy-
sis of anonymized data for this current pooled
analysis.

Statistical Analysis
To allow for the repeat observations in the

Oxberry et al. and Oxygen HF studies, we
used robust standard errors, with each person
in those studies being defined as a cluster. This
does not affect the regression estimate but
does change the standard errors to allow for
the design.
The bivariate relationship between the

NYHA and KPS was plotted. Linear regression
was used to predict KPS from NYHA and the
predicted score rounded to an integer and
then to tens. We predicted mean KPS score
rticipant Characteristics

xygen-HF) (N ¼ 30) Davidson (LACE) (N ¼ 25)

oup: medical air/
best care

Prospective cohort study

ards and outpatient
tertiary referral

gy unit, Australia

Inpatient wards and outpatient
clinics in tertiary referral
cardiology unit, Australia

7e96

Mean ¼ 60
SD ¼ 18
Range ¼ 27e89
14/11

n ¼ 40.8

e81

(NRS) Mean ¼ 5.2
SD ¼ 2.8
Range ¼ 0e9

0e100

Mean ¼ 76
SD ¼ 9
Range ¼ 60e90

le; NRS ¼ 0e10 numerical rating scale; VAS ¼ 0- to 100-mm visual
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from the NYHA class and estimated the error
of this as a mean for each NYHA category.
We also estimated the error for the KPS value
that would be predicted from the NYHA class
for any individual. The precision of a predicted
KPS score from an individual’s NYHA class is
important to know, as the aim was to replace
individual NYHA scores, where that was the
only PS measurement available, in the pooled
data set, so all PS measures were in the form
of KPS measures for the pooled analysis. To
calculate the approximate standard error for
a predicted observation, we added the residual
variance about the regression line to the
square of the robust standard error estimate
for the regression estimate and took the
square root.

The strength of the association between the
KPS score and NYHA class was investigated us-
ing a Kendall’s Tau-b correlation coefficient, as
the best measure of association between two
ordered categorical variables. The agreement
between the KPS score predicted from the
NYHA class using the model above and the
observed KPS score was investigated using
weighted kappa with quadratic weights. These
analyses did not allow for the replication.
Table 2
Scoring Descriptions for the KPS, AKPS,

Scale Score Original KPS and AKP

100% Normal; no complaints; no evidence of disease.
90% Able to carry on normal activity; minor signs or s
80% Normal activity with effort; some signs or symptom
70% Cares for self; unable to carry on normal activity
60% Requires occasional assistance but is able to care
50% Requires considerable assistance and frequent me

Scale Score Original KPS

40% Disabled; requires special care and assistance.
30% Severely disabled; hospitalization necessary;

active supportive treatment is necessary.
20% Very sick; hospitalization necessary; active

supportive treatment is necessary.
10% Moribund; fatal processes progressing rapidly.
0% Dead

Scale Class N

I No limitation of physical activity. Ordinary physic
or dyspnea (shortness of breath).

II Slight limitation of physical activity. Comfortable
palpitation, or dyspnea.

III Marked limitation of physical activity. Comfortabl
palpitation, or dyspnea.

IV Unable to carry out any physical activity without d
If any physical activity is undertaken, discomfor

KPS ¼ Karnofsky Performance Status Scale; AKPS ¼ Australian-modified KPS
Results
The contributing studies provided 172 ob-

servations with both the NYHA and Karnofsky
scores (Table 3). No individual was observed to
have a KPS score <50%.

The linear regression to predict KPS from
each NYHA group category and as individual
forecast KPSs from individual NYHA measures
is shown in Fig. 1, and the values are given in
Table 4. A relationship is demonstrated (P-value
for trend <0.0001), although this is not strong
(R2¼ 0.3). Predicted KPS from the NYHA class
rounded to the nearest 10 gave the following
values: Class I, predicted KPS 90%; Class II, pre-
dicted KPS 80%; Class III, predicted KPS 70%;
and Class IV, predicted KPS 60%.

Using the Kendall’s Tau-b correlation coeffi-
cient, a relationship between the KPS score
and NYHA class was seen (correlation coeffi-
cient of �0.49; a negative value reflecting the
inverse relationship; P < 0.0001). A moderate
strength of agreement was demonstrated be-
tween the observed and predicted KPS scores.
We used a quadratic weighted kappa coeffi-
cient, because the categories are ordered and
a high penalty is given to disagreements in
and NYHA Performance Scales

S

ymptoms.
s of disease.

or to do active work.
for most of his needs.
dical care.

AKPS-Modified Description

In bed more than 50% of the time.
Almost completely bedfast.

Totally bedfast and requiring extensive nursing care by
professionals and/or family.

Comatose or barely arousable.
Dead

YHA

al activity does not cause undue fatigue, palpitation,

at rest, but ordinary physical activity results in fatigue,

e at rest, but less than ordinary activity causes fatigue,

iscomfort. Symptoms of cardiac insufficiency at rest.
t is increased.

; NYHA ¼ New York Heart Association classification.



Table 3
Karnofsky Performance Status Scale and NYHA
Class Ratings From 172 Pairs of Observations

Karnofsky Score

NYHA Classification

I II III IV Total

50 0 0 2 1 3
60 0 3 20 9 32
70 0 13 64 4 81
80 0 22 22 1 45
90 3 7 0 0 10

100 0 1 0 0 1
Total 3 46 108 15 172

NYHA ¼ New York Heart Association Classification.

656 Vol. 47 No. 3 March 2014Johnson et al.
the extreme values where there were few data
points. Again, a moderate strength of agree-
ment was found (kappa ¼ 0.52).

For 98 participants (57.0%), the KPS score is
predicted correctly and is more than one pos-
sible value out for only four participants
(2.3%).
Discussion
In this preliminary exploration, we have

demonstrated a relationship between the
NYHA class and KPS score in a subset of re-
search study participants and developed an
empirical conversion scale to allow KPS scores
to be derived from the NYHA class.

Only three participants (1.7%) scored less
than 60% on the KPS, despite 123 (75%) hav-
ing the NYHA Class III or IV failure. Of the 15
with NYHA Class IV failure, representing those
with advanced disease (indeed, NYHA Class III
is often included in this definition), only one
scored less than 60% on the KPS, which is con-
sidered moderately good PS in oncology and
Fig. 1. Predicted Karnofsky Performance Status
Scale score from the New York Heart Association
Classification (NYHA) by category and individual
with CIs.
palliative care. Given that a KPS #30% relates
particularly well to poor prognosis, it is unsur-
prising that the NYHA score is not a good
prognostic marker. From these data, the
NYHA appears to stop at a KPS of 60%; yet
there are many gradations of clinical meaningful
deterioration demonstrated by a KPS score
<50%, indicating that the NYHA is not serving
the clinician or researcher well at poorer levels
of patients PS.

What Are the Implications for Clinicians and
Researchers?
Table 5 juxtaposes the descriptions of both

scales according to scale category relationship.
NYHA Classes I and II have similar descriptions
as their KPS counterparts but are less concor-
dant for worse PS categories; we suggest that
the KPS discriminates better between different
PS in people who are becoming less well.
Ezekowitz et al.10 found a similar moderate

association between the NYHA class and two
other PS scales designed for palliative care
populations (the Palliative Performance Scale
and the Edmonton Symptom Assessment
Scale) among a convenience sample cohort
of 105 attendees at a heart function clinic.
They concluded that the use of a palliative
care PS scale in addition to the NYHA class
may be helpful in the identification of people
with heart failure who are appropriate for pal-
liative or hospice care referral.
Similarly, the use of both the KPS score and

NYHA class in studies with heart failure may
add clarification to the description of the pop-
ulation. This may be particularly relevant for
those with NYHA Class IV disease, but it is
also notable that there is only moderate corre-
lation at all levels of the NYHA. Using both
scales even when KPS >60 may provide the cli-
nician with additional useful information, and,
for people with NYHA Class IV heart failure,
routine application of the KPS in clinical prac-
tice may provide a better prompt for assess-
ment of palliative care needs, given the wide
range of PS apparently encompassed within
this category.

Limitations
These are preliminary data including data

from incomplete data sets (the Oxygen HF
study and LACE are still recruiting). In addi-
tion, although the error for group mean values



Table 4
Predicted KPS Score From the NYHA by Category and Individual With CIs

NYHA Class Predicted KPS SE (Group Mean) SE (Individual Forecast)

95% CIs

Group Individual

I 86 1.84 7.66 82e90 71e100a

II 78 1.065 7.43 76e80 63e93
III 70 0.65 7.38 69e71 56e84
IV 62 1.16 7.44 60e64 47e77

KPS ¼ Karnofsky Performance Status Scale; NYHA, New York Heart Association Classification; SE ¼ standard error.
aRounded down from the impossible estimated value of 101.
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is relatively small, there is much less precision
for the individual predicted values from any in-
dividual NYHA score.

In addition, the data available, as a subset of
palliative care research study participant data,
inevitably reflect the trial eligibility criteria.
The Oxberry et al. and Oxygen HF eligibility
criteria explicitly state the NYHA Class III/IV
and stable clinical status for at least one
month; thus, the participants’ PSs are grouped
Table 5
Scoring Descriptions Between the NYHA and

Scale Score Original KPS and Australian-Modified KP

100% Normal; no complaints; no evidence of disease.

90% Able to carry on normal activity; minor signs or symp

80% Normal activity with effort; some signs or symptoms o

70% Cares for self; unable to carry on normal activity or to
do active work.

60% Requires occasional assistance but is able
to care for most of his needs.

50% Requires considerable assistance and frequent medica

Original KPS AKPS-Modified D

40% Disabled; requires special care
and assistance.

In bed more tha
of the time.

30% Severely disabled; hospitalization
necessary; active supportive
treatment is necessary.

Almost complete

20% Very sick; hospitalization
necessary; active supportive
treatment is necessary.

Totally bedfast an
extensive nurs
professionals a

10% Moribund; fatal processes
progressing rapidly.

Comatose or bar
in the poorer performance scales, but they
were not so unwell as to be unable to partici-
pate in these prospective studies. Thus, there
are few data for people at the NYHA class ex-
tremes. We have attempted to minimize this is-
sue by using weighted kappa with quadratic
weights, but conclusions about the relation-
ship between the NYHA and KPS scales would
be more robust and valid if a full range of
scores were available for both.
KPS Using Group Mean Predictions

S
Scale
Class NYHA

0

toms. I No limitation of physical activity.
Ordinary physical activity does
not cause undue fatigue,
palpitation, or dyspnea
(shortness of breath).

f disease. II Slight limitation of physical
activity. Comfortable at rest,
but ordinary physical activity
results in fatigue, palpitation,
or dyspnea.

III Marked limitation of physical
activity. Comfortable at rest,
but less than ordinary activity
causes fatigue, palpitation,
or dyspnea.

IV Unable to carry out any physical
activity without discomfort.
Symptoms of cardiac
insufficiency at rest. If any
physical activity is undertaken,
discomfort is increased.

l care

escription

n 50%

ly bedfast.

d requiring
ing care by
nd/or family.
ely arousable.
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The attempt to cross predominantly cancer-
focused assessments (KPS) into non-cancer
areas such as heart failure may be seen as un-
reasonable. However, multi-morbidity provides
a challenge: people with cancer (cared for by
oncologists) also have heart failure and people
with heart failure also have cancer (cared for
by cardiologists), and all these patients are
seen in primary and palliative care settings.

What Further Research Is Needed to
Understand the Relationship Between the
NYHA and KPS?

In view of the limitations inherent in this
secondary analysis of research study data, a pro-
spective study designed to investigate the rela-
tionship between the two scores is needed to
gain more information about patients with
a PS at the more extreme ends of the KPS. It
would also be useful to know whether a tool
such as the KPS would perform better as
a sole PS scale in people with heart failure
than the NYHA, whether the use of the two to-
gether (the two scales may measure distinctly
different processes) is better than either alone
or whether a new measure designed for use ir-
respective of etiology should be developed.
Conclusions
Given the challenge of multi-morbidity in

the care and study of people with advanced dis-
ease, it is important that the meaning of global
performance assessments is understood across
disciplines and the situations where we may
need more than one assessment are defined.
We suggest that the NYHA discriminates
poorly between clinically important perfor-
mance states in people with advanced disease
(NYHA Class III and IV). The KPS, used in
conjunction, would provide useful additional
information in research and clinical practice.
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