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The CCC measures agreement between two methods or time points
by measuring the variation of their linear relationship from the 45o

line through the origin. (Lin (1989),A CCC to Evaluate
Reproducibility, Biometrics).

Blood draw data example
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Background

Example
(Y1,Y2) = {(1, 2.8), (2, 2.9), (3, 3), (4, 3.1), (5, 3.2)}
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Background

Example
(Y1,Y2) = {(1, 2.8), (2, 2.9), (3, 3), (4, 3.1), (5, 3.2)}

t-test: H0: Means are equal. (p-value=1);

Pearson correlation coefficient=1;

Kendall’s tau =1;

Spearman’s rho=1.
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Background

Lin (1989),

ρc = 1− E (Y1 − Y2)
2

Eindep(Y1 − Y2)2

=
2σY1Y2

σY1Y1 + σY2Y2 + (µY1 − µY2)
2

−1 ≤ −|ρ| ≤ ρc ≤ |ρ| ≤ 1
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ρc = ρCb

where

Cb = [(v + 1/v + u2)/2]−1,

v = σ1/σ2,

u = (µ1 − µ2)/
√

σ1σ2.

ρ̂c = 0.2
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Table 1: A comparison of CCC, Pearson CC,
Kendall’s tau and Spearman’s rho

Ex1. (Y1,Y2) = {(1, 2.8), (2, 2.9), (3, 3), (4, 3.1), (5, 3.2)}
Ex2. (Y1,Y2) = {(1, 21), (2, 22), (3, 23), (4, 24), (5, 25)}
Ex3. (Y1,Y2) = {(1, 1), (2, 12), (3, 93), (4, 124), (5, 95)}

Example CCC Pearson CC Kendall’s tau Spearman’s rho
1 0.2 1 1 1
2 0.01 1 1 1
3 0.02 0.86 0.8 0.9

Tonya S. King, Vernon M. Chinchilli and Josep L. Carrasco A repeated measures concordance correlation coefficient

13



Introduction
Methodology Development

King, Chinchilli and Carrasco (2007)

Development

Since its introduction, the coefficient has been used

sample size calculations for assay validation studies (Lin, 1992);

repeated measures studies resulting in a weighted version of the
coefficient (Chinchilli et al., 1996);

assessing goodness of fit in generalized linear and nonlinear
mixed-effect models (Vonesh et al., 1996);

has been generalized to a class of CCCs whose estimators better
handle data with outliers (King and Chinchilli, 2001);

has been expanded to assess the amount of agreement among more
than two raters or methods (King and Chinchilli,2001; and Barnhart
et al., 2002);

has been shown to be equivalent to a particular specification of the
intraclass correlation coefficient (ICC) (Carrasco and Jover, 2003).
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Abstract
Statistical Methodology
Simulation Study
Applications
Discussion

King et al., 2007

This paper proposes an approach to assessing agreement between two
responses in the presence of repeated measures which is based on
obtaining population estimates. We incorporate an unstructured
correlation structure of the repeated measurements, and use the
population estimates, rather than subject-specific estimates, to construct
a repeated measures CCC.
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Notations and Assumptions

X(Y)(x(y)ij): ith subject and jth repeated measure of the first
(second) method of measurement,i = 1, 2, .., n; j = 1, 2, ..., p.

Assume [Xi ,Yi ] are selected from a multivariate normal population
with 2p× 1 mean vector [µX , µY ], and 2p× 2p covariance matrix Σ,
which consists of the following four p × p matrices: ΣXX , ΣXY , ΣYX

and ΣYY .
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A repeated measures CCC

ρc,rm = 1− E [(X-Y)>D(X-Y)]

Eindep[(X-Y)>D(X-Y)]

=

Pp
j=1

Pp
k=1 djk(σXjYk + σYjXk )Pp

j=1

Pp
k=1 djk(σXjXk + σYjYk ) +

Pp
j=1

Pp
k=1 djk(µXj − µYj )(µXk − µYk )

where D is a p × p non-negative definite matrix of weight between the
different repeated measurements. This parameter is a generalization of
that described by Lin (1989), and reduces to Lins CCC if p = 1 for
i = 1, 2, ..., n
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To consider the measurement of agreement in a variety of paired and
unpaired data situations, we can specify different definitions of D which
incorporate strictly within-visit (Xj versus Yj) or between- and
within-visit agreement (Xj versus Yk ). Four options we consider for the
D matrix are as follows:
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An estimator of ρc

ρ̂c,rm =

Pp
j=1

Pp
k=1 djk(σ̂XjYk + σ̂YjXk )Pp

j=1

Pp
k=1 djk(σ̂XjXk + σ̂YjYk ) +

Pp
j=1

Pp
k=1 djk(µ̂Xj − µ̂Yj )(µ̂Xk − µ̂Yk )

A basic consideration for statistical inference concerning ρc,rm is to
recognize that the estimator ρ̂c,rm can be expressed as a ratio of
functions of U-statistics.
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ρ̂c,rm =
(n − 1)(V − U)

U + (n − 1)V

Apply the theory of U-statistics,ρ̂c,rm has a normal distribution
asymptotically with mean ρc,rm and a variance that can be consistently
estimated using the delta method with

Var(ρ̂c,rm) = dΣd>

Ẑ =
1

2
ln

(
1 + ρ̂c,rm

1− ρ̂c,rm

)
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Scenario

The simulation was performed for three cases evaluating different
location and scale shifts, with sample sizes of n = 20, 40 and 80,
considering scenarios with three repeated measurements per unit.

Case 1: Means µx = (4, 6, 8) and µy = (5, 7, 9), within-visit
covariance matrix(

8 0.95×
√

8×
√

10

0.95×
√

8×
√

10 10

)
and a 3× 3 compound symmetric within-subject correlation
structure with ρ = 0.4.
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Scenario

Case 2:Means µx = (4, 6, 8) and µy = (6, 8, 12), within-visit
covariance matrix(

8 0.8×
√

8×
√

12

0.8×
√

8×
√

12 12

)

Case 3:Means µx = (4, 6, 8) and µy = (7, 9, 11), within-visit
covariance matrix(

8 0.5×
√

8×
√

15

0.5×
√

8×
√

15 15

)
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Penn State Young Women’s Health Study

Body fat was estimated from skinfolds calipers and DEXA on a
cohort of 90 adolescent girls whose initial visit occurred at age 12;

Skinfolds calipers and DEXA measurements were taken for the
subsequent visits, which occurred every 6 months.
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This paper proposes a repeated measures CCC that can handle both
few or many repeated measurements, has a variance that can be
estimated in a straightforward manner by U-statistic methodology,
and performs well with small samples.

Weighted average of the pair-wise estimates of the CCC among the
repeated measurements of the two variables X and Y .

ρc,w =

p∑
j=1

p∑
k=1

wjkρcjk

intuitively more appealing, based on a distance function, similar to
Lin’s original coefficient;

The asymptotic variance of ρc,w would be difficult to derive.
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ρc,rm is an aggregated index.

If there is a pattern in these pair-wise CCCs, one may be interested
in modeling agreement over time(Barnhart and Williamson , 2001).
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