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Abstract: Calibration curves are essential in quantitative methods and for improving the accuracy of analyte
measurements in biological samples. In this study, a statistical analysis model built in the R language (The
R Foundation for Statistical Computing) was used to identify a set of weighting factors and regression models
based on a stepwise selection criteria. An LC-MS/MS method was used to detect the presence of urinary
methamphetamine, amphetamine, and 11-nor-9-carboxy-A’-tetrahydrocannabinol in a sample set. Weighting
factors for the calibration curves were derived by calculating the heteroscedasticity of the measurements, where
the presence of heteroscedasticity was determined via variance tests. The optimal regression model and weighting
factor were chosen according to the sum of the absolute percentage relative error. Subsequently, the order of
the regression model was calculated using a partial variance test. The proposed statistical analysis tool facilitated
selection of the optimal calibration model and detection of methamphetamine, amphetamine, and 11-nor-9-
carboxy-A’-tetrahydrocannabinol in urine. Thus, this study for the selection of weighting and the use of a
complex regression equation may provide insights for linear and quadratic regressions in analytical and

bioanalytical measurements.
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Fig. 1. The scatter plots generated for each correlation between concentration (x-axis) and area (y-axis) ratio for linear regression
models of (A) methamphetamine, (B) amphetamine and quadratic regression model of (C) THCCOOH.
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Fig. 2. Comparison of residual plots against /4, I/% I/ and 1A7 for selecting the correct weighting factors for (A)

methamphetamine, (B) amphetamine and (C) THCCOOH.

Vol. 34, No. 6, 2021



248 Jin Young Kim and Dong Won Shin

15

3

10

2

1

Residuals from linear model with w = 1/x
00 05
Residuals from linear model with w = 142

-05
o

1 2 3
<

Residuals from linear model with w = 1ly.

0

0

o

o v v

2 4 6 8 2 4
Concentration (ng/mL)

Concentration (ng/mL)

6 8 2 4 6 8
Concentration (ng/mL)

5
>
07

06

4
05

3
04

r model with w = 1y*2
2
02 03

1

Residuals from quadratic model with w = 1/y~2

Residuals from finear
01

N

00

2 4 6 8 2 4
Concentration (ngimL)

6 8

Concentration (ng/mL)

(C) THCCOOH

Fig. 2. Continued

Table 1. The results of R stepwise regression model selection

Heteroscedasticity

Weighting

Model

2 . -
Compound test factor order R Regression equation
Methamphetamine Weighting needed 1N Linear  0.998 y=0.467+0.162x
Amphetamine Weighting needed 1N Linear  0.999 y=0.0614+0.0137x
9 .
11-Nor-A “tetrahydrocannabi- i o oo ded I Quadratic 0933  y=0.000231+0.000107-x+0.000219-x>

nol-9-carboxylic acid

*Regression equations were exported into text file from R.
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Supplemental Material

The R script for the selection of regression model
for the preparation of calibration curve in the quantitative
LC-MS/MS measurements is available at https:/github.
com/paxusl1.
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