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Abstract: The correlation between the measured values of product components can influence the 
total risk of false decisions in conformity assessment. This correlation can originate from the 
characteristics of the product (intrinsic) or from how the components are measured (metrological). 
This work aimed to determine both correlations by testing a medicine with two compounds 
separately and together (correlated). The same intrinsic correlation was estimated regardless of 
whether the measurements were independent or correlated. Furthermore, the intrinsic covariance 
contributed significantly to the total covariance between the components evaluated. Both 
metrological and intrinsic correlations should be considered, as they can affect the risks of false 
decisions in conformity assessment when there are two or more compounds associated in the 
product. 
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1. Introduction 

Conformity assessment of a product or item may require the evaluation of multiple quality 
parameters. To make this assessment reliable, the measurement uncertainty associated with each 
measured value must be taken into account when comparing them with the specification limits. 
When measurement uncertainty is neglected, the risks of false decisions in conformity assessment 
are unknown, therefore, they cannot be subject to strategies to minimize them, and the rate of false 
product acceptance or rejection can be inadequately high [1]. 

One factor that can influence the total risk value (which takes into account all quality 
parameters of a product) is the correlation between the measured values of the product components. 
The correlation between these values can originate from the characteristics of the product acquired 
from its production, as in medicines that have active compounds associated (material or intrinsic 
correlation), or from how the components are measured (artificial or metrological correlation) [2,3]. 
Given the above, this work aimed to determine how the experimentally observed correlation 
between measured values of a product’s components (total correlation) can be decomposed into the 
intrinsic and metrological correlations, and how they can affect the total risk of a false decision in 
conformity assessment. 
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2. Materials and Methods 

In this work, the assay of amiloride hydrochloride 5 mg + hydrochlorothiazide 50 mg tablets (12 
batches), described in the Brazilian Pharmacopeia [4], was studied. 

First, the batches’ content of hydrochlorothiazide and amiloride hydrochloride were estimated 
separately, with independent samples and standards preparation for the assay of each compound. 
Then, the assay was performed considering the contents of both compounds together, that is, with 
shared analytical steps which leads to metrological correlation. 

3. Results and Discussion 

The following were calculated from the measurement results: the total variance of each 
measured value of the product components and the total covariance and total correlation between 
them for the independent and correlated measurements (Table 1). 

The expanded measurement uncertainty (U) was determined by combining the uncertainty 
components using the Kragten method, and the following values were determined: U = 1.94% 
(percentage of the product specification as analyte mass per tablet) for hydrochlorothiazide (HCT) 
and U = 2.10% for amiloride hydrochloride (AMIL; coverage factor of 2 for approximately 95% 
confidence level). Furthermore, from the correlation matrix built using a previously developed tool 
[2], it was possible to obtain the values of the metrological variance and covariance (Table 1). 

The intrinsic covariance can be estimated by the difference between the total covariance and the 
metrological covariance, considering the property of linear combinations of covariances [5,6]. 
Considering the metrological component, only the components that contribute to the experimentally 
determined total variance should be considered: 

cov(X + Y,W + Z) = cov(X,W) + cov(X,Z) + cov(Y,W) + cov(Y,Z), (1) 

where X + Y and W + Z represent the linear combination of variables representing the intrinsic (X or 
W) and metrological (Y or Z) variance components associated with the first (X + Y) and second (W + 
Z) determined chemical parameters of the product (in this work, HCT and AMIL). 

As the value due to the production process of one component is independent from the 
measurement of the other component (i.e., cov(X,Z) = 0 and cov(Y,W) = 0), then: 

cov(X + Y,W + Z) = cov(X,W) + cov(Y,Z), (2) 

where cov(X + Y,W + Z) is the total/experimental covariance, cov(X,W) is the intrinsic covariance, 
and cov(Y,Z) is the metrological covariance. 

Thus, the intrinsic variances to the product components were obtained from the difference 
between the total and metrological variances for each component, and the intrinsic covariance was 
obtained by the difference between the total and metrological covariances. Table 1 presents the 
calculated values of variance, correlation and covariance components from independent and 
correlated determinations of both components. 

Table 1. Total, metrological and intrinsic variances (Var), covariance (Cov), and correlation for 
hydrochlorothiazide (HCT) and amiloride hydrochloride (AMIL) measured independently or 
correlated. 

Independent Measurements Correlated Measurements 
 Total Metrological Intrinsic Total Metrological Intrinsic 

Cov (%2) 8.006 - 0 = 8.006 7.463 - 0.9931 = 6.470 
Var HCT (%2) 6.110 - 0.9488 = 5.161 6.800 - 0.9488 = 5.851 

Var AMIL (%2) 17.61 - 1.094 = 16.51 11.09 - 1.094 = 9.999 
Correlation 0.7719 - 0 = 0.8672 0.8593 - 0.9746 = 0.8459 

It was observed from the results of correlated measurements that 86.7% (6.470/7.463) of the total 
covariance came from the intrinsic covariance of the product components (Table 1), which can be 
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explained by the low measurement uncertainties (metrological HCT and AMIL Var of 0.949 and 
1.09, respectively). 

The intrinsic correlations were similar considering independent and correlated measurements 
(0.8672 and 0.8459, respectively—p-value 0.184 via Monte Carlo simulations). Therefore, we were 
able to conclude that the same intrinsic correlation was estimated regardless of whether the 
measurements were independent or correlated, proving the adequacy of the considered algorithms 
and uncertainty evaluation approach. On the other hand, we found significant statistical differences 
between the total correlations obtained from independent and correlated measurements (0.7719 and 
0.8593, respectively—p-value 0.004 via Monte Carlo simulations). Thus, we conclude that 
metrological correlation due to sharing relevant analytical steps may significantly affect total 
correlation. 

4. Conclusions 

This work demonstrates that the intrinsic covariance of pairs of product components can be 
calculated from the difference between the total covariance experimentally observed and the 
metrological covariance. Moreover, the intrinsic covariance contributed significantly to the total 
covariance between the components evaluated. However, if measured values present higher 
uncertainty, the metrological correlation may be more significant. Therefore, it is important to 
consider to what extent the metrological and intrinsic correlations influence the total correlation, as 
they consequently also affect the risks of false decisions in conformity assessment when there are 
two or more compounds associated in the product. 

Whenever the metrological correlation affects conformity decisions significantly, the 
measurement process should be reviewed to reduce this impact. The management of intrinsic 
correlations is also possible. 
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