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Abstract. The aim of this study was to examine the accuracy of conventionally used method-optimal cut-
off of Receiver Operating Characteristic (ROC) curve- to determine the minimum clinically important 
difference (MCID), which is the estimator of responsiveness for scales, by a simulation study. The baseline 
person parameters were firstly generated and, by using these values, two gold standard groups were 
constructed as “improved” and “non-improved” after the treatment. Five point-likert response patterns 
were obtained for 20 items in each group, representing pre- and post-treatment responses of individuals. 
The mean change score between post treatment and baseline scores for the improved group was 
considered as real MCID (MCIDR), after baseline and post-treatment total scores were calculated from 
response patterns. The cut-off for change score specified by ROC analysis, which best discriminates 
between improved group and not improved group, MCIDROC, was compared to MCIDR. The scenarios of 
simulation were consisted of sample size and distribution of total scores for improved group. The data 
were generated for each of 40 scenarios with 1000 MCMC repeats. It was observed that the MCIDR and 
MCIDROC were not so affected by sample size. However, MCIDROC overestimated the MCIDR values in all 
scenarios. Briefly, the cut-off points obtained by ROC analysis found to be greater than the real MCID 
values. Therefore, alternative methods are required to calculate MCID. 
 
Keywords: minimum clinically important difference, ROC, simulation, balanced design, unbalanced 
design 
 

Introduction 
A scale can be defined as a tool that is constructed to measure a specific feature and has 
proved psychometric characteristics (Yüksel, 2012). It is important to recognize whether the 
change in total score of any scale is perceived by patients as the magnitude of, which is an 
indicator of the scale’s responsiveness. The statistical way of revealing whether the perceived 
change- difference between postop and baseline total scale score-is clinically important, is 
determining the minimum clinically important difference (MCID). MCID, the mean change 
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score of patients who improves compared to baseline, was first defined as “the smallest 
difference in score in the domain of interest which patients perceive beneficial” by Jaeschke 
(Jaeschke, 1989) 

Two defined MCID definition are used for calculation-anchor-based and distribution 
based MCID. Distribution-based or data driven approaches depend on the statistical 
characteristics of the data. In contrast, anchor-based approaches link the change in the 
outcome measure to a meaningful external anchor that accounts for the patient’s perspective. 
For example, patients were asked to rate themselves according to their last condition state 
from “much worse,” “slightly worse,” “same,” “slightly better” to “much better.” The MCID for 
improvement can be defined as the mean difference of the outcome measures of patients who 
rated themselves “same” and “slightly better.” But the problem here is that the patient should 
answer the question by comparing with his / her previous situation. It seems difficult in 
practice for the patient to perceive the question in that way and to respond according to 
theory. 

One of the anchor-based approaches is to estimate MCID by the optimal cut-off point 
for change score between postop and baseline total scale scores, as a result of ROC Analysis. 
The ROC curve is a plot of the true positive fraction (TPF) and the false positive fraction (FPF) 
for all possible cut-point values of any diagnostic test (Pepe, 2003). The gold standard for 
ROC analysis is specified by an anchor question addressed after the treatment named “anchor 
question”. 

The major point that motivated us to do this work was the lack of the theoretical 
definition of ROC analysis, which was used to assess the accuracy of diagnostic tests, that 
could question the clinically significant improvement. So, the aim of the present study is to 
examine the accuracy of the cut-off point to determine the MCID by a simulation study with 
1000 MCMC repeats in each 40 scenarios. The data were generated by using irr, moments and 
OptimalCutpoints packages in R Software (R Development Core Team (2008). R: A language 
and environment for statistical computing. R Foundation for Statistical Computing, Vienna, 
Austria. ISBN 3-900051-07-0, URL http://www.R-project.org.) 

 

Literature review 
The anchor-based and distribution-based approaches are widely used to calculate MCID 
among the several statistical methods (Group ISS,2013; Copay,2008; Crawford, 2015;Gum, 
2013; Bago, 2009; Wells, 2001;.Yüksel, 2019) One of the anchor-based approaches is to 
estimate MCID by the optimal cut-off point for change score between post treatment and 
baseline scores, resulted from ROC Analysis. The gold standard for ROC analysis is specified 
by an anchor question addressed after the treatment. This question determines the patient 
progress during the treatment. “How has spine surgery changed your back status comparing 
to your baseline status?” can be given as an example. The anchor question generally has 
response categories between [-7, +7]. In the literature, the patients are divided into two 
groups as the patients responding at least “-2” and those responding any category less than 
“-2” and defined as “improved” and “not improved”, respectively. The best cut-off point for 
change score is calculated by considering these groups as gold standard.  

Yüksel, et al. have calculated the MCID values for some scales used to define health 
quality for adult spine deformity, from a new perspective using latent class analysis. In this 
study, instead of grouping individuals as improved and non-improved with a single anchor 
question, MCID values were obtained by modeling the response patterns they gave to each 
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item in the scale. (Yüksel, 2019) 

Methodology 
Determination of the MCID is critical for judging whether treatments have resulted in real 
change and the magnitude of the benefit of scales. The MCID is the smallest meaningful 
change in score considered clinically important and constitutes a score difference related to 
a meaningful and beneficial change in health status perceived by the patient. There are two 
methods in the context of MCID: Distribution-based method and anchor-based method. 
Distribution based method is based on the statistical distributions of change scores and 
proportions of the pooled standard deviation (SDpooled). Anchor-based method is the outcome 
measure of change onto an anchor criterion of change that is considered important to 
patients or clinicians. Reporting MCID values will provide information about important 
benchmarks for whether the observed changes can be considered reliable and clinically 
important. In this study anchor-based MCID was evaluated by ROC analysis perspective by 
calculating optimal cut-off point for change score between postop and baseline total scale 
scores.  

One of the most commonly used methods for evaluating the performance of diagnostic 
tests with continuous response is the ROC analysis. The ROC analysis provides a 
mathematical approach to the identification of the accuracies of diagnostic tests. These 
curves show the relationship between the sensitivity and selectivity of the diagnostic test. 
When the diagnostic test result is continuous, an infinite number of critical values that can 
be taken as a cut-off point. ROC curves can be drawn with the help of varying sensitivity and 
selectivity values at different cut points. ROC curves are plotted for different cutting points 
by combining the sensitivity values (TPF) in the vertical axis corresponding to the false 
positive ratio (1-specificity) (FPF) values in the horizontal axis. 

Let X be a continuous difference between postop and baseline total score which is 
assumed to be related to the true disease status, where D and  𝐷̅ present the presence and 
the absence of the disease, respectively. In practice, to calculate MCID, an anchor question is 
asked to patient and want him/her to rate his/her thereupon health status from -7 to +7 
while comparing before treatment. Then a cut off value is determined on this difference 
(generally 0 as midpoint). Patients have value lower than 0 is defined as improved and vice 
versa as unimproved. After dichotomizing patients as “improved” and “unimproved”, this 
new variable is defined as gold standard for ROC analysis. 

The true positive fraction TPF(c) and the false positive fraction FPF(c) are 
respectively defined, at any given possible cut-off point c of X, as 
 

𝑇𝑃𝐹(𝑐) = 𝑃(𝑋 > 𝑐|𝐷) = 𝑆𝐷(𝑐) 
and 

𝐹𝑃𝐹(𝑐) = 𝑃(𝑋 > 𝑐|𝐷̅) = 𝑆𝐷̅(𝑐) 
 
Youden Index method (J): 
The Youden index (J) (Youden, 1950) is the maximum achievable value of the Youden 
function J(c), defined as the difference between the population quantities TPF(c) and FPF(c)  

𝐽(𝑐) = 𝑆𝐷(𝑐) − 𝑆𝐷̅(𝑐) 
 

The optimal cut-off point 𝑐̂𝐽is the c that achieves the maximum of the Youden Function 
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𝐽(𝑐) over all possible cut-off possible values of 𝑋.  
As a result, the optimal cut-off value got from Youden index evaluated as MCID value 

for this study design. 
 

Simulation design 
The baseline person parameters are generated according to and sample size and 
improvement group size proportion within total sample size as stated at Table-1. The 
“improved” and “not improved” groups are constructed by adding and subtracting random 
positive numbers from uniform distribution to/from these parameters, thus the gold 
standard groups are acquired. Five-point-likert response patterns for baseline, “improved” 
and “not improved” groups are obtained by using Partial Credit Model with person 
parameters from the first step, for 20 items with item parameters being in the interval  
[-7, +7]. The total scores are calculated via response patterns. The mean change score 
between post-treatment and baseline scores of “improved” groups is set as real MCID 
(MCIDR). MCIDROC is calculated by the cut-off point for change score that best discriminates 
between the “improved” and “not improved” groups determined by ROC analysis. MCID 
values from two methods are compared. The data are generated with 1000 MCMC repeats 
for each scenario. 
 

Table 1. Simulation Scenarios 
Sample Size 30;50;100;150;200;300;400;500 

Improvement group size proportion within total sample size 0.30; 0.40;0.50;0.60;0.70 

 

Results and discussions 
It is clear that the median MCID values obtained by the ROC analysis (MCIDROC)in Figure-1 
and Table-2 are higher than the median MCID values calculated by the average of the 
differences within improved group that defined as real MCID (MCIDR). From Table-2, Figure-
2 and Figure-3 one can concluded that MCIDROC values are affected by the sample size and 
improvement group size proportion a little bit. Also, when sample size increases MCIDROC 
values decreases to get closed to MCIDR. In the same graphs, it is clear that the median 
MCIDROC values for each sample size are higher than the MCIDR values. Same manner is 
relevant for group proportion. While group design gets unbalanced, difference between 
MCIDROC and MCIDR increases. 
 

Table 2. Simulation results 
 MCIDR (Median-Min-Max-IQR) MCIDROC (Median-Min-Max-IQR) 

Overall 20.96-7.55-37.88-2.28 41.00-33.00-67.00-3.00 

Sample size   

30 20.80-7.55-37.88-5.41 44.00-35.00-67.00-6.00 

50 20.80-9.06-35.00-4.00 43.00-33.00-62.00-4.00 

100 20.97-13.40-31.03-2.96 42.00-35.00-57.00-3.00 

150 20.99-13.53-28.44-2.35 41.00-36.00-51.00-3.00 

200 20.98-15.30-27.31-2.05 41.00-35.00-47.00-2.00 

300 20.97-15.58-25.93-1.75 41.00-35.00-47.00-2.00 

400 21.01-17.20-25.18-1.49 41.00-37.00-46.00-2.00 
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 MCIDR (Median-Min-Max-IQR) MCIDROC (Median-Min-Max-IQR) 

Overall 20.96-7.55-37.88-2.28 41.00-33.00-67.00-3.00 

500 20.97-16.36-24.81-1.38 41.00-37.00-46.00-2.00 

Improvement 
group size 
proportion 

 
 

0.3 20.91-7.55-37.88-2.91 41.00-33.00-67.00-2.00 

0.4 20.96-8.08-36.91-2.53 41.00-35.00-64.00-2.00 

0.5 20.96-10.84-32.73-2.23 41.00-35.00-63.00-3 

0.6 20.97-10.61-32.77-2.01 42.00-35.00-64.00-2.00 

0.7 20.97-12.00-32.04-1.85 42.00-35.00-60.00-2.00 

 

 
Figure 1. Summary of results of 400000 repeat 

 
 

 
Figure 2. Summary of results for each total sample size 
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Figure 3. Summary of results for each improvement group size proportion 

 

Conclusion 
The aim of this study was to show how far the best cut-off value obtained by the ROC analysis 
from the real value calculated for the minimum clinically importance of difference in 
evaluating the interpretability of the scales. For this purpose, data on 40 different simulation 
scenarios were derived and the results were evaluated. In general, it is observed that the 
optimal cut-point on ROC curve overestimates MCID values. When each sample size and 
improvement group size proportion were taken into consideration, the same results were 
achieved. It was also observed that the result did not change as the sample size increased. In 
literature, 80% of the scale studies includes the MCID values calculated by the ROC analysis. 
The fact that the MCIDROC values are higher than the MCIDR is the proof that the ROC analysis 
will have biased results in the calculations on MCID. There is a need for advanced designs 
that question the interchangeability of results in different simulation conditions.  
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