Exercise 4

Statistical methods to assess agreement between two quantitative methods of measurement (analytical, clinical)

Objectives of the exercise

· To assess the agreement of quantitative variables using the graphical Bland & Altman approach with Analyse-it ® software 
· Definition of a limit of agreement and its 95% Confidence Interval bands
· The inappropriate use of a coefficient of correlation

· Repeatability between two measurements

Introduction

In clinical research, the measurement of variables always implies some degree of error. Precise and accurate measurement of pharmacodynamic (PD) or clinical endpoints is as important as precise and accurate measurement of analyte concentration by a bioanalytical technique.

The only source of variation of interest for a PD or clinical measure is the one associated with the tested drug. Nevertheless, various other sources of variation such as within or between observer variations, the use of different methods of measurement or of different scaling systems are common and imply potential biases or imprecision. Because it is impossible to control the various sources of variation of a measurement, the assessment of its reliability is essential.

Exactly as for a bioanalytical technique, validation of a PD or a clinical measurement should include all of the procedures that demonstrate that a particular method used for the quantitative measurement of the variable of interest is reliable and reproducible for the intended use. The fundamental parameters for this validation are the same as for an analytical technique including (1) accuracy, (2) precision, (3) selectivity, (4) sensitivity, but also some other characteristics such as agreement between methods (for example two classes of thermometers measuring body temperature) or agreement between and within observers (radiologists for the interpretation of an X-ray or image interpretation by an anatomopathologist) or agreement between two categorical scoring systems to assess pain.

Agreement between methods can be assessed by means of the Bland-Altman approach for quantitative variables and by the kappa coefficient (κ) for qualitative variables. 

By contrast, the correlation coefficient (r) and regression technique are inadequate and can be very misleading when assessing agreement, because they evaluate only the linear association of two sets of observations.  Similarly R2, the coefficient of determination, only tells us the proportion of variance that the two variables have in common.

We will only address here the method to assess agreement of quantitative variables using the graphical Bland & Altman approach with Analyse-it ® software.
Approaches to the evaluation of agreement of a quantitative variable

Bland and Altman introduced the Bland-Altman plot to describe agreement between two quantitative measurements. They proposed to quantify agreement between two quantitative measurements by constructing limits of agreement. These statistical limits are calculated by using the mean and the standard deviation (SD) of the differences between two measurements. To check the assumptions of normality of differences and other characteristics, they used a graphical approach.

The graphic is a scatter plot XY, in which the Y axis shows the difference between the paired two measurements (A-B) and the X axis presents the average of these measures ((A+B)/2). In other words, the difference of the paired two measurements is plotted against the mean of the two measurements and Bland & Altman recommended that 95% of the data points should lie within the ± 2SD of the mean difference.

With this graph, the evaluation of the magnitude of the disagreement, the identification of outliers, and the observation of any bias are easily obtained.

In view of the simplicity and potential for the identification of pairs of observations whose differences reach beyond clinical tolerances, the Bland-Altman approach is currently the preferred approach to evaluate agreement between two measurements.  

Analyse-it ® software provides a complete implementation of Bland-Altman plots, including the latest recommendations for the Bland & Altman approach (this software also includes Kappa and Weighted Kappa for examining inter-rater (qualitative) agreement. 

To illustrate this method, we will analyze their historical example that consists of comparing two methods of measuring peak expiratory flow (PEFR).

Data were collected in 17 subjects. For each subject, two measurements were made with a Wright peak flow meter (reference device) and two with a mini Wright meter (test device). The measurements were done by the same investigator in random order.

Table 1 shows the data.

Table 1: Data to be analyzed with Analyse-it®

	 
	Bland & Altman example

	 
	Wright peak flow meter
	Mini Wright peak flow meter

	Subject
	First PEFR
	Second PEFR
	First PEFR
	Second PEFR

	1
	494
	490
	512
	525

	2
	395
	397
	430
	415

	3
	516
	512
	520
	508

	4
	434
	401
	428
	444

	5
	476
	470
	500
	500

	6
	557
	611
	600
	625

	7
	413
	415
	364
	460

	8
	442
	431
	380
	390

	9
	650
	638
	658
	642

	10
	433
	429
	445
	432

	11
	417
	420
	432
	420

	12
	656
	633
	626
	605

	13
	267
	275
	260
	227

	14
	478
	492
	477
	467

	15
	178
	165
	259
	268

	16
	423
	372
	350
	370

	17
	427
	421
	451
	443


Data from: Bland JM, Altman DG. (1986). Statistical methods for assessing agreement between two methods of clinical measurement. Lancet, i, 307-310

While your Excel sheet is open, open Analyse-it®

The Analyse-it® toolbar appears
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Scroll the menu data set and click Method comparison
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The data set wizard appears to help you to create (for an Analyse-it analysis) your data set properly.

Document the next checkboxes 
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Analyse-it displays the appropriate empty format for the data set to analyze
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Copy and past your raw data
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Then scroll the menu 
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Document the next boxes to qualify the two variables to compare (here the Wright and the mini Wright). Only the first measurement by each method is used to illustrate the comparison of methods (R1 vector).

Different options are possible; here we selected Bias+ limits of agreement+ the 95% Confidence Interval bands.
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The results are as follows:

The first panel shows some statistics on Bias separating the two methods (Bias has a low mean of 2.1 but very large confidence interval (CI)).

The t test indicates that the difference between the two methods is not significant (p=0.8246) but this test is irrelevant for the purpose to demonstrate an agreement between two methods. 

The limit of agreement is actually the prediction interval.
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The next figure (Fig.1) shows the scatter plot between the 2 measurements with the line of identity. The two methods appear to be well correlated with a coefficient of correlation that is highly significant (r=0.94, p<0.001). However, the use of correlation coefficient is inappropriate because we will have perfect agreement only if the points lie along the line of equality, but we will have perfect correlation if the points lie along any straight line. For example, two thermometers can give perfectly correlated body temperature but with a systematic bias of 1ºC. More generally, it would be amazing if two methods designed to measure the same quantity were not related.

Figure 1:
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The next figure (Fig.2) enables the agreement with the Bland-Altman difference plot to be visualized, showing bias (blue line) and the limits of agreement (dashed red line) that is a prediction interval (with its 95% confidence intervals). Here we want to know by how much the new method (mini Wright) is likely to differ from the old method and, to know whether we can replace the old method by the new one or use the two interchangeably. If the two methods do not differ by some critical difference considered as acceptable in a clinical setting, we could replace the large meter by the small meter.

Inspection of Figure 2 shows considerable lack of agreement between the two methods with a discrepancy of up to 80 mL but there is no obvious relationship between the difference and the mean value (X axis).

The results are summarized by calculating the bias estimated by the mean difference (
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) and the standard deviation (SD) of the differences; here the bias was -2.1L/min with an SD=38.8L/min. We would expect most of the difference to lie between the 
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± 1.96 SD if the differences are normally distributed; actually the differences are likely to follow a normal distribution even if the two measures are not normally distributed (see the next histogram) (Fig.3). The 95% interval of prediction is termed 'limits of agreement' (here it is -73.9,78.1).

These limits of agreements are themselves statistical variables with their own variability and we can use the SEM of these limits to give the precision of our prediction limits (here -108.6 to -39.1 for the lower limit and 43.3 to 112.9 for the upper limit). These intervals are wide and show that considerable discrepancies can exist between the two methods.

Figure 2: The Bland-Altman plot showing the 95% limit of agreement (a prediction interval from -73.9 to 78.2) with their 95% confidence interval (dots)
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From the above plot, we want the cluster of points to be around the difference = 0 line and any large deviated differences have to be checked: whether the “large” difference is due to wrong data-entry, the flaw of one (or both) of the instruments or is operator dependent.

Figure 3: Histogram showing that the differences are normally distributed
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Repeatability of a given method

It is relevant to assess the repeatability of each investigated method because if one of the methods is poorly reproducible, the agreement between the two methods would be also poor.

The best approach to document repeatability within a given method is to take repeated measurements on a series of subjects as indicated in the next panel.
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The next figure (Fig.4) is a plot showing the differences between two measures against their mean for the Wright flow meter for each subject. There was an outlier. Comparing it with Figure 5 corresponding to the mini flow meter, it appears that the mini Wright flow meter has a wider agreement limit but the presence of an outlier can be the origin of that. It could be wise to repeat the analysis after deleting this outlier.

Figure 4: Repeatability for the reference flow meter (bias and 95% limit of agreement)
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Figure 5: Repeatability for the mini flow meter; Bias and 95% limit of agreement.
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