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Statistical measures of clinical agreement

L. JEYASEELAN, P. S. S. RAO

ABSTRACT
Disagreements over clinical findings, diagnoses and manage-
ment decisions are unavoidable in medicine. It is, however,
necessary to ascertain whether they agree 'sufficiently'. Such
investigations are often analysed inappropriately using
Pearson's product-moment correlation coefficient. In this
article, we discuss these as well as other methods, such as
the kappa statistic, intra-class correlation coefficient and
the graphical procedure to measure agreement using clinical
examples.

INTRODUCTION
Generalizability of the findings in medical research is usually
associated with validity and reliability. While reliability
deals with repeatability, validity (does it measure what it is
supposed to?) requires a 'gold' standard. For example, in the
management of streptococcal pharyngitis, the decision ofthe
clinician whether the patient has the disease or not, based
on signs and symptoms may be compared against the gold
standard culture test from a throat swab.' 'Poor repeatability
implies poor quality.' This is as true in epidemiology as in
clinical trials." A satisfactory answer must be given to the
question: How reproducible are results by the same observer
and also between observers? Obviously a sign carries no
information if doctors assess it differently when re-examining
the patient. When the measurements are valid the problem
of intra-observer and between-observer variation remains. A
doctor eliciting signs in respiratory disease or a neurologist
assessing a stroke victim are making judgements that might
be made differently by another colleague.
. To assess the extent to which a given characterization of a

subject is reliable, it is clear that we must have a number of
subjects classified by more than one rater. If the agreement
among the raters is high then there is a possibility, but by no
means a guarantee, that the ratings do reflect the dimension
that they are purported to reflect. If, on the other hand, their
agreement is low then the usefulness of the ratings is severely
limited. The aimof this article is to indicate the misuse of the
correlation coefficient and to make clinicians aware of exist-
ing statistical methods available to measure agreement.

METHODS
Statistical methods depend on the characteristics of the
outcome or response variable, whether it is qualitative

••

Christian Medical College, Vellore 632004, Tamil Nadu, India
L. JEYASEELAN, P. S. S. RAO Department of Biostatistics

Correspondence to L. JEY ASEELAN

© The National Medical Journal of India 1992

(categorical or ordinal) or quantitative (continuous or
discrete) The kappa statistic is used to measure agreement
when the response is qualitative and often the intra-class
correlation coefficient (ICC) or graphical procedure is used
when the response is quantitative. For example, the presence
or absence of a sign or symptom or the choice of one of
several diagnoses can be determined by means of the kappa
statistic which measures the amount of agreement beyond
that which is possible by chance alone. For evaluating agree-
ment on a continuous scale (for example, anthropometry,
blood pressure levels and biochemical readings) the ICC can
be used.

EXAMPLES

Misuse of the correlation coefficient
Clinicians are often faced with situations where direct
measurement is impossible or difficult without adverse
effects. Instead, indirect methods are used, and new methods
have to be evaluated by comparison with traditional ones.
When the outcome measure is quantitative in nature many
studies have used product-moment correlation (r) between
the results of the two measurement methods as an indicator
of an agreement. While a useful measure, a product-moment
correlation is not sensitive to a change in the scale of measure-
ment. Altering the scale of measurement does not affect
the correlation but it certainly affects agreement. Further,
correlation depends on the range.' The following example
illustrates this point.

Three sets of ratings by two raters and the diagrammatic
representation of these are shown in Table I and Fig. 1. In
Table I, for subject A, there was perfect agreement between
two raters and the correlation coefficient (r) is exactly 1.
In subject B, there was a systematic shift between the two
raters, but the correlation coefficient (r) is still 1. Similarly in
subject C, there was a shift between the two raters, but the
correlation coefficient (r) remains 1. This example highlights
that when there is a shift in ratings between two raters, the
correlation coefficient will not measure it correctly.

TABLEI. Three sets of ratings by two raters (X and Y)

Subjects A B C
X Y X Y X Y

1 1 1 1 5 1 2
2 2 2 2 6 2 4
3 3 3 3 7 3 6
4 4 4 4 8 4 8
5 5 5 5 9 5 10
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FIG 1. Plots of Table I data

The correlation coefficient (r) is a measure of association
and not of agreement. It merely shows the relationship
between two sets of data with respect to the ranking of the
individual values in each data set. It does not, however,
indicate that the individual or the mean values of the data sets
agree. Thus, two examiners may rank students identically
(excellent association) even if one examiner passes all and
the other fails all of them (no agreement). Similarly an
aneroid sphygmomanometer may systematically under-
estimate blood pressure in comparison with a mercury
sphygmomanometer. The ranking of subjects whose blood
pressure is measured remains identical with both, though the
values may differ substantially.

Measures of agreement-quantitative data
To explain the working procedure of the ICC, data from an
inter-generational study on growth and development of
adolescents is used. In order to measure the blood pressure
level in the community, an aneroid sphygmomanometer was
validated against a mercury sphygmomanometer by the same
investigator. 4 The mean arterial pressure for 40 adolescents
was calculated for each of the instruments separately.
The data are given in Table II. These observations vary as a
result of the difference among subjects, the difference among
methods and the random effects (often termed 'errors' or
'residual'). Since this problem deals with among-subjects and
among-methods variation, an appropriate analysis is the
standard two-way analysis of variance which can be done
manually or by a computer.

In general, if the mean square terms for methods, subjects
and errors are denoted by MSM, MSS and MSE respectively
and there are m methods and n subjects, the formula for
ICCis

(MSS-MSE) I [MSS+(m-l) MSE+m (MSM-MSE)I nl

L (L x, )2 (LL X·)2.. 1 .. 1J i=l, nMSM= J I I J
n n X m j=l, m

L (L Xi·)2 (LL Xi·)2.. J .. J
MSS

1 J I J
m nXm

TSS = ~~Xij 2
I J

(LL Xi·)2.. 1
1 J
nXm

TSS = Total sum of squares
MSE = TSS - MSM - MSS

Table III shows the results of the two-way analysis of variance.
To test if the ICC is significantly different from zero, one

can compare the mean square terms for subjects (MSS) and
for errors (MSE), because. the ICC equals zero if these are
equal. This is performed approximately by comparing the
ratio F=MSS/MSE, where F is the usual variance statistic,
with F distribution with (n-I) and (n-l)(m-I) degrees
of freedom. 5

The ICC for blood pressure. measured by the two sphyg-
momanometers is 0.91 and is statistically significant
(p<O.OI). This ICC of 0.91 indicates substantial agreement.

Graphical method
A simple plot of the results of one method against another
will help us to identify a trend. A scatter plot for the data was
drawn with the mercury sphygmomanometer readings in the
X-axis and the aneroid sphygmomanometer readings on the
Y-axis. This plot is presented in Fig. 2.

A plot of the difference between the methods against the

TABLEII. Arterial pressure by aneroid and mercury
sphygmomanometer (mm Hg)

S.No Aneroid Mercury S.No Aneroid Mercury

1 85 86 21 90 91
2 102 101 22 92 92
3 91 101 23 100 100
4 82 82 24 103 101
5 96 96 25 93 93
6 101 100 26 93 95
7 86 90 27 89 89
8 97 101 28 96 95
9 114 114 29 91 91
10 86 90 30 89 90
11 93 95 31 92 91
12 91 100 32 94 94
13 100 100 33 100 100
14 101 102 34 90 91
15 92 88 35 88 86
16 90 92 36 91 91
17 105 103 37 97 97
18 86 89 38 100 100
19 91 91 39 92 92
20 92 95 40 86 86

TABLEIII. Analysis of variance of the data in Table II

Source of variation Degree of freedom Sum of squares Mean square

Methods
Subjects
Error

Total

14.43750
76.38942
3.42468

1
39
39
79

14.4375
2979.1880
133.5625

3127.1880
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FIG 2. Scatter plot of arterial pressure measured by aneroid
and mercury sphygmomanometer

mean may be more informative. Such a plot might display a
lack of difference between the methods. It might also allow
us to investigate a relationship between the measurement
error and the true value. Since we do not know the true
value, the mean ofthe true measurements is the best estimate
we have. This method is discussed in more detail by Bland
and Altman.'

Figure 3 shows a comparison of the difference in arterial
pressure measured by the aneroid and mercury sphygmo-
manometers against the mean of the two methods. This
scatter plot suggests a random pattern and thus suggests
whether the distribution is random or systematic. In this
situation the ICC should be calculated.

However, measurement involves several sources of
variance other than those of two techniques alone. Inter-
subject, intra-subject, inter-observer, intra-observer, time
of the day and weather differences are amongst the many
sources of variance. How then does one establish the 'true'
value of agreement, minimizing, eliminating or accounting
for these several sources of variance? Often, studies involve
multiple subjects being evaluated by multiple observers on
multiple occasions. How does one calculate agreement on
such occasions? The generalizability theory=? forces a critical
examination of the sources of measurement error and helps
us estimate strategies to reduce error based on multiple
observations. The generalizability coefficients, an advanced
form of ICC, will be used in future studies more frequently to
refine the measurement of 'true' agreement. 8

Measures of agreement-qualitative data
To explain the working procedure of kappa statistics, we
might consider the diagnosis of tuberculosis (TB) by two
clinicians using X-ray examination. One hundred patients were
classified as having TB or not having TB and the data is given
in Table IV. Is clinical disagreement less of a problem in the

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 5, NO.6

4-

2

0

Q) -20c
~
~ -4-i5

-8
-8

-10
80

•

•

90 95 100 105 110 115
Mean

85

FIG 3. Difference against mean plot for arterial pressure data

TABLE IV. Distribution of diagnoses by clinicians

TBpositive TBnegative Total

TBpositive 46 10 56
TBnegative 12 32 44

Total 58 42 100

TABLE V. Distribution of expected diagnoses by clinicians

TBpositive TBnegative Total

Tl3 positive 58 x 56/100 42 x 56/100 56
TBnegative 58 x 44/100 42 x 44/100 44

Total 58 42 100
Observed number of agreements =46+ 32=78
Observed proportion of agreements (0) =781100=0.78
Expected number of agreements=32.5+ 18.5=51
Expected proportion of agreement (E)=51/100=0.51
Kappa=(O-E) I (1- E)=(0.78-0.51) I (1-0.51)=0.55

above example? Although virtually all clinical assessments
are inconsistent to some degree, most are demonstrably
more consistent than would be expected on the basis of
chance.

Kappa is calculated by first estimating the results which
might be expected as a result of chance. In Table V, 58 of the
100 patients were classified as having TB by the first clinician,
that is, 58 per cent. If the first clinician were to apply the same
58 per cent positivity criterion by chance alone, then 58% of
the 56 patients identified as having TB by the second clinician
would have been correctly identified by the first clinician.
Thus, by chance alone, the clinicians would have agreed in
56x58/100 patients. This quantity is termed the 'expected'
number, i.e. the number expected by chance alone.

The kappa statistic measures the amount of agreement
beyond that which would be expected by chance (observed
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-expected) as a proportion of the maximal agreement
beyond chance (1-expected).5

To test if the kappa statistic is significantly different from
zero, one has to work out the standard error for kappa and
the details are given by Fleiss.?

In summary, if the problem is reliability, then the outcome
variable should be categorized as quantitative or qualitative.
If it is qualitative and dichotomous, the kappa statistic can be
used. If it is ordinal and a pair of observations two categories
apart are in greater disagreement than a pair in adjacent
categories, then weighted kappa can be used. If the outcome
is continuous, then ICC can be used in addition to scatter
plots.

DISCUSSION
When assessing validity, there are better alternatives to
kappa. Sensitivity, specificity or predictive value could be
used for dichotomous outcome measures. Mean and standard
deviation of the difference between the new measure and the
gold standard could be used for ordinal or continuous data.

In the assessment of agreement measures, when the data
of interest is quantitative, a likely first step in the analysis
of the quantitative data is to plot a scatter diagram. The
decision made from the scatter plot will lead to correlation
coefficient as a method of analysis of such a plot, together
with a test of null hypothesis of no relationship." But this
method has two limitations: (i) the decision made from the
scatter plot is subjective, and (ii) the correlation coefficient
depends on the range as well as other tactors.? When the
agreement is poor or moderate, the mean and difference plot
is subjective while deciding whether the scatter is random,
systematic or clustered. Thus in addition to the mean and
difference plot, ICC is suggested as the best statistical
measure to assess the reliability.

There are three important points about the kappa statistic
which need further discussion. The value of kappa is
dependent on the distribution of the categories in the study
population, for example, the prevalence rate of a disease or
condition.l" The strong dependence of kappa on the true
prevalence of the characteristic of interest places severe
limitations on its interpretability. It is not strictly correct
to characterize ranges of kappa as being slight, fair and
moderate, or to compare two or more kappa values when the
true prevalence for the groups or characteristic compared
differ. The strength of their dependence is illustrated in
Fig. 4 for the combinations of values for sensitivity and
specificity.'! Secondly, while for dichotomous data kappa
measures exact agreement, in polychotomous nominal data
one pair of categories may be considered to be more dissimi-
lar than another, so some instances of disagreement are
worse than others. Similarly with ordinal data, a pair of
observations two categories apart are in greater disagree-
ment than a pair in adjacent categories. Kappa treats all such
instances as equally important. In these instances, weighted
kappa is suggested to be a better measure.F Thirdly, if the
classification is subjective and the assessors interpret the
categories differently, then the kappa is affected by how
reliably they can distinguish among categories; in this case,
clarification of the protocol for classification is needed.
Kappa is useful chiefly to provide negative information about
agreement. 5

Often, continuous data can be reduced to categorical data
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FIG4. Examples of the dependence of kappa on prevalence.

For curve A both measurements of the characteristic are
assumed to have sensitivity of 95% and specificity of 99%.
For curve B one measurement is assumed to have the same
values for sensitivity and specificity but a sensitivity of 70%
and specificity of 90% for the other measurement; for curve
C both measurements are assumed to have sensitivity of
70% and specificity of 90%.8

for the purpose of clinical decisions. The choice of kappa or
ICC depends on what the purpose of the measurement is. If
the agreement between two manometers is required, then
ICC is used. If the purpose, however, is to. see how two
observers enter persons into normotensive and mild,
moderate and severe hypertensive groups, a kappa of the
persons apportioned to these four groups (multi-category
kappa) will suffice. Thus the clinician can choose the method
of agreement that best subserves his objectives.

The misuse or overuse of the correlation coefficient to
measure agreement is not unlike the erroneous treatment of
other statistical tests such as the Student t-test, or the Chi-
square test without having a knowledge about their precise
applicability. Often, once the author has used the correlation
coefficient, others blindly follow the same technique for their
data.' Though the textbooks carry sections on the use of the
kappa statistic.v" medical researchers should always consult
a biostatistician to advise them whether it is appropriate to
apply it for a given set of data. 14
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