Calculating the
Coefficient of
Variation from
Duplicate
Measurements:
A New Method

TO THE EDITOR:

In clinical chemistry, repeat-
ability of analytical methods is
sometimes studied by duplicate
analyses of patient samples be-
cause those specimens are
commutable (1). If the analytical
standard deviation (SD) varies
within a concentration interval,
the ordinary Dahlberg method
(2) should not be used. In
some cases, the coefficient of
variation (CV), i.e., SD divided by
the mean, may be more con-
stant than SD in a concentration
interval (1). Then the relative
Dahlberg SD (2) or the method
of Bland and Altman (3) could
be used to study the impreci-
sion in that interval. However,
both these methods are prone
to error if there is a bias be-
tween the 2 measurements.
Here we propose another meth-
od, which is straightforward and
robust against bias. Accordingly,
the 2 measurements of the
same specimen do not neces-
sarily have to be done in imme-
diate succession in the same
run. Suppose n patient samples
are analyzed twice, then:
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(a) For each pair (i) of n pairs of
measurement results, rj
and r;, calculate the differ-
ence in percentage of the
mean (DPM,): DPM,; = 100 x
9 %, where di= rp—ry,
and m; =132

(b) Calculate the SD of the dis-
tribution of all DPM;
(SDppm):

n —_—2
" (DPM,~DPM)
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(c) Calculate CV = SD%

Rationale: SDppp IS given as
the percentage of the mean,
soin factitis the CV of the dis-
tribution of all d;. However, the
value of this CVis due to the im-
precision of 2 measurements.
To get the corresponding fig-
ure for one measurement,
one has to divide by +/2. This
procedure is analogous to the
“method of moments” variance
estimator, which is a bias-
robust method for estimating
SD when SD rather than CV is
supposed to be a constant (4).
To see this, one could calculate
CV from the method of mo-
ments variance estimator for-
mula for SD (4) by dividing by
the mean of all m (m) and multi-
plying by 100:
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where d is the mean of all d.
This is nearly the same as was
calculated in steps (a)-(c) previ-
ously, which is:

CV = 100 x

because DPM;=100x%, and

m
W=100x% There is one
small difference: If one calcu-
lates the CV as 100 x 22, one
divides d; by m instead of m;
Dividing by m; is more correct.

A bias between the first and
second measurement will af-
fect the mean of the DPMs,
but should not affect the SD of
the DPMs. The limits of the
95% confidence interval (Cl) of
the CV are equal to the limits
of the 95% Cl of SDppy divided
by +/2. The limits of the 95% C|
of SD can be derived from the
chi-square-distribution (5).

We used data simulation to
estimate the accuracy of the CV
and its 95% Cl as derived from
the 3 methods. When calculating
the 95% CI of the relative
Dahlberg SD, we followed
Bland's recommendation and
used the t-distribution (3). Each
series of paired measurement
values was constructed from a
uniform distribution of true va-
lues from 100 to 200. From
each true value, 2 random,
Gaussian distributed analytical
results were generated with the
true value as the mean and with
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M3 is our proposed method.

Table 1. Results from calculating the coefficient of variation (CV)
from 20 paired measurements when there is a difference of 2%
between the measurements in each pair. The coverage of the
95% confidence interval (Cl) of the CV is also given. Three
different methods are used: M1 is the relative Dahlberg SD
method (2), M2 is the log procedure of Bland and Altman (3), and

Coverage of the 95%

Estimated CV (%) Cl (%)
True CV (%) M1 M2 M3 M1 M2 M3
1 1.7 1.7 1.0 12 10 95
2 2.4 24 2.0 91 89 95
3 3.2 33 29 93 95 95
4 4.2 4.2 39 92 95 95
5 5.1 52 4.9 91 95 95
6 6.0 6.2 59 90 95 95
7 7.0 7.3 6.9 89 95 95
8 8.0 8.3 7.8 89 95 95
9 9.0 9.4 8.8 88 95 95
10 9.9 10.5 9.8 88 95 95

a SD equal to a constant fraction
of the mean (the true CV). To
simulate bias, we increased the
second measurement in each
pair by 2% of the true value. For
each value of true CV, 100000
series of 20 paired measurement
values were generated. The Stata
software (StataCorp, College
Station, TX), v.16.1 was used for
simulations.

The results are given in
Table 1. Compared to the other
methods, our proposed meth-
od was little affected by propor-
tional bias. For true CVs less
than 5%, the calculated CVs
were closer to the true values
when determined by our meth-
od (M3) than by the other
methods.

We have observed that the
relative Dahlberg SD method
(2) and the method of Bland
and Altman (3) are not robust
against outliers. Neither is our
proposed method, so we rec-
ommend a graphical inspection
of the distribution of the DPMs.
The distribution should appear
approximately Gaussian, and
outlying observations should
be excluded. To get reasonably
narrow confidence intervals
of the CV, the number of pairs
of measurement is recom-
mended to be at least 25 (4).

In conclusion, if CV is approxi-
mately constant and no outliers
are present, our proposed
method estimates both the
CV and its 95% ClI accurately,
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even in the presence of propor-
tional bias between the 2
measurements.
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