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The Minimal Clinically Important Difference determined using Item Response Theory Models: an attempt to solve the issue of the association with baseline score
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Objective: Determining the Minimal Clinically Important Difference (MCID) of questionnaires on an interval scale, the Trait Level (TL) scale, using Item Response Theory (IRT) models could overcome its association with baseline severity. The aim of this study was to compare the Sensitivity (Se), Specificity (Sp) and Predictive Values (PV) of the MCID determined on the Score scale (MCID-Sc) or on the TL-scale (MCID-TL).

Study design and setting:

The MCID-Sc and MCID-TL of the MOS-SF36 general health subscale were determined for deterioration and for improvement on a cohort of 1170 patients using an anchor-based method and a partial credit model. The Se, Sp and PV were calculated using the global rating of change (the anchor) as the gold standard test.

Results:

The MCID-Sc magnitude was smaller for improvement (1.58 points) than for deterioration (-7.91 points). The Se, Sp and PV were similar for MCID-Sc and MCID-TL in both cases. However, if the MCID was defined on the score scale as a function of a range of baseline scores, its Se, Sp and PV were consistently higher.

Conclusion:

This study reinforces the recommendations concerning the use of a MCID-Sc defined as a function of a range of baseline scores.

TEXT BOX

What is new?  The Minimal Clinically Important Difference (MCID) defined as a function of a range of baseline scores leads to a better classification of individuals having experienced "at least a minimally important change" versus "no change" over time than the MCID defined without considering the baseline severity  Determining the MCID using Item Response Theory (IRT) models does not greatly enhance its Sensitivity (Se), Specificity (Sp) and Predictive Values (PV) compared with its determination on the score scale  The lack of interval scale properties of the score is not fully responsible for the MCID dependence on baseline severity

Introduction

Multi-item questionnaires are increasingly used in longitudinal studies to measure perceived health status and to assess its changes over time. Indeed, clinicians and policy makers are more and more interested in integrating patient's perspective and experience of disease and illness in the evaluation of treatments, interventions or public health policies [START_REF] Clancy | Outcomes research: measuring the end results of health care[END_REF][START_REF] Roger | Outcomes research and epidemiology: the synergy between public health and clinical practice[END_REF][START_REF]Guidance for industry. Patient-Reported Outcome Measures: Use in Medical Product Development to Support Labeling Claims[END_REF][START_REF] Mchorney | Generic health measurement: past accomplishments and a measurement paradigm for the 21st century[END_REF][START_REF] Ellwood | Shattuck lecture--outcomes management. A technology of patient experience[END_REF]. However, a major limitation to the use of these measurement instruments in clinical research or epidemiological studies is their interpretability [START_REF] Guyatt | Health status, quality of life, and the individual[END_REF][START_REF] Liang | Longitudinal construct validity: establishment of clinical meaning in patient evaluative instruments[END_REF][START_REF] Norman | Methodological problems in the retrospective computation of responsiveness to change: the lesson of Cronbach[END_REF][START_REF] Stucki | Interpretation of change scores in ordinal clinical scales and health status measures: the whole may not equal the sum of the parts[END_REF][START_REF] Beaton | Looking for important change/differences in studies of responsiveness. OMERACT MCID Working Group. Outcome Measures in Rheumatology. Minimal Clinically Important Difference[END_REF][START_REF] Beaton | Many faces of the minimal clinically important difference (MCID): a literature review and directions for future research[END_REF][START_REF] Copay | Understanding the minimum clinically important difference: a review of concepts and methods[END_REF][START_REF] Cook | Clinimetrics Corner: The Minimal Clinically Important Change Score (MCID): A Necessary Pretense[END_REF][START_REF] Revicki | Recommended methods for determining responsiveness and minimally important differences for patient-reported outcomes[END_REF][START_REF] Beaton | Minimal change is sensitive, less specific to recovery: a diagnostic testing approach to interpretability[END_REF][START_REF] De Vet | Three ways to quantify uncertainty in individually applied "minimally important change" values[END_REF][START_REF] Ferreira | A critical review of methods used to determine the smallest worthwhile effect of interventions for low back pain[END_REF]. For instance, what is the meaning of a two-point reduction over a six month period when anxiety is assessed with a 20 points scale? Is it a trivial or a meaningful difference? The Minimal Clinically Important Difference (MCID) is a concept defined to help with the interpretation of observed differences obtained in longitudinal studies using questionnaires [START_REF] Jaeschke | Measurement of health status. Ascertaining the minimal clinically important difference[END_REF].

The best method for determining the MCID of a questionnaire is still under debate, however, anchor-based methods are recommended by numerous authors as they compare observed score differences to external criteria that have clinical relevance [7, 11-12, 14, 19]. These criteria can be indicators of clinical response or of illness evolution but the most used are patient-based Global Ratings of Change (GRC) since they provide a simple measure of the significance of change from the individual perspective [START_REF]Guidance for industry. Patient-Reported Outcome Measures: Use in Medical Product Development to Support Labeling Claims[END_REF][START_REF] Cook | Clinimetrics Corner: The Minimal Clinically Important Change Score (MCID): A Necessary Pretense[END_REF][START_REF] Revicki | Recommended methods for determining responsiveness and minimally important differences for patient-reported outcomes[END_REF][START_REF] Crosby | Defining clinically meaningful change in health-related quality of life[END_REF][START_REF] Terwee | Quality criteria were proposed for measurement properties of health status questionnaires[END_REF]. In practice, multiple anchors are more and more often used in the same study [START_REF] Yost | Using multiple anchor-and distribution-based estimates to evaluate clinically meaningful change on the Functional Assessment of Cancer Therapy-Biologic Response Modifiers (FACT-BRM) instrument[END_REF][START_REF] Purcell | Determining the minimal clinically important difference criteria for the Multidimensional Fatigue Inventory in a radiotherapy population[END_REF][START_REF] Sloan | Assessing the minimally clinically significant difference: scientific considerations, challenges and solutions[END_REF].

Several issues are, nevertheless, still complicating the MCID determination, especially its variations among populations, estimations approaches, etc., and raise questions about the existence of a unique questionnaire-specific MCID [START_REF] Beaton | Many faces of the minimal clinically important difference (MCID): a literature review and directions for future research[END_REF][START_REF] Revicki | Responsiveness and minimal important differences for patient reported outcomes[END_REF][START_REF] Hays | The concept of clinically meaningful difference in health-related quality-of-life research. How meaningful is it?[END_REF][START_REF] Beaton | Simple as possible? Or too simple? Possible limits to the universality of the one half standard deviation[END_REF][START_REF] Terwee | Mind the MIC: large variation among populations and methods[END_REF]. One of these issues concerns the influence of the subjects' baseline score (BS) on the MCID value calculated using the anchor-based methods, as it has been shown in various studies [START_REF] Stucki | Interpretation of change scores in ordinal clinical scales and health status measures: the whole may not equal the sum of the parts[END_REF][START_REF] Terwee | Mind the MIC: large variation among populations and methods[END_REF][START_REF] Stratford | Sensitivity to change of the Roland-Morris Back Pain Questionnaire: part 1[END_REF][START_REF] De Vet | Minimally important change determined by a visual method integrating an anchorbased and a distribution-based approach[END_REF][START_REF] Crosby | An integrated method to determine meaningful changes in health-related quality of life[END_REF][START_REF] Stratford | Defining the minimum level of detectable change for the Roland-Morris questionnaire[END_REF][START_REF] Lauridsen | Responsiveness and minimal clinically important difference for pain and disability instruments in low back pain patients[END_REF][START_REF] Jensen | Interpretation of visual analog scale ratings and change scores: a reanalysis of two clinical trials of postoperative pain[END_REF][START_REF] Ten Klooster | Patientperceived satisfactory improvement (PPSI): interpreting meaningful change in pain from the patient's perspective[END_REF][START_REF] Tubach | Evaluation of clinically relevant changes in patient reported outcomes in knee and hip osteoarthritis: the minimal clinically important improvement[END_REF][START_REF] Bird | Clinically significant changes in pain along the visual analog scale[END_REF]. For that matter, various authors have recommended to define the MCID as a function of a range of BS rather than one single MCID [START_REF] Copay | Understanding the minimum clinically important difference: a review of concepts and methods[END_REF][START_REF] Revicki | Recommended methods for determining responsiveness and minimally important differences for patient-reported outcomes[END_REF][START_REF] Crosby | Defining clinically meaningful change in health-related quality of life[END_REF][START_REF] Crosby | An integrated method to determine meaningful changes in health-related quality of life[END_REF][START_REF] Tubach | Evaluation of clinically relevant changes in patient reported outcomes in knee and hip osteoarthritis: the minimal clinically important improvement[END_REF]. Thus, to be able to conclude on the meaningfulness of someone's change, different MCID values should be considered depending on the subject's BS.

Several origins to this phenomenon have been mentioned [START_REF] Copay | Understanding the minimum clinically important difference: a review of concepts and methods[END_REF]. The first one can be explained in psychophysical terms and is in relation with the subjective feature of the MCID concept: the subject's perception of a clinically meaningful change can be different depending on his/her baseline severity [START_REF] Baker | Understanding changes in health status. Is the floor phenomenon merely the last step of the staircase?[END_REF]. The second one is related to the statistical nature of the MCID concept and is called regression to the mean that describes the statistical tendency of extreme scores to become less extreme at follow-up [START_REF] Crosby | Defining clinically meaningful change in health-related quality of life[END_REF][START_REF] Crosby | An integrated method to determine meaningful changes in health-related quality of life[END_REF]. At last, two other potential origins of the MCID association with baseline severity concern the score itself (possibly weighted sum of the items responses) used as a measure of the construct (i.e. pain, anxiety, etc.) evaluated by the questionnaire. One of these origins is due to the upper and lower bounds of this score which are responsible for the floor/ceiling effects: patients whose BS is close to the ends of the scale are not able to register a large change because such a change would exceed the span of the scale [START_REF] Copay | Understanding the minimum clinically important difference: a review of concepts and methods[END_REF][START_REF] Hays | The concept of clinically meaningful difference in health-related quality-of-life research. How meaningful is it?[END_REF][START_REF] Bird | Clinically significant changes in pain along the visual analog scale[END_REF][START_REF] Baker | Understanding changes in health status. Is the floor phenomenon merely the last step of the staircase?[END_REF]. The other one concerns the scale level of the score which has not necessarily the interval scale properties. With an interval scale, units along the scale are equal to one another [START_REF] Mchorney | Generic health measurement: past accomplishments and a measurement paradigm for the 21st century[END_REF][START_REF] Bird | Clinically significant changes in pain along the visual analog scale[END_REF][START_REF] Stevens | On the Theory of Scales of Measurement[END_REF][START_REF] Samsa | Determining clinically important differences in health status measures: a general approach with illustration to the Health Utilities Index Mark II[END_REF]. The present study focuses on the potential lack of interval scale properties of the score and its role in the MCID dependence to BS phenomenon. Indeed, if the score scale is not an interval scale, interpretation of score differences can vary depending on the different portions of the scale. Models from the Item Response Theory (IRT) are convenient tools to analyze questionnaire data and express the results on an interval scale. In this theory, the construct measured by the questionnaire, called latent trait, is assessed by a quantitative variable with interval scale properties, the Trait Level (TL) [START_REF] Embretson | Item Response Theory for Psychologists[END_REF]. Thus, if the questionnaire measures anxiety (the latent trait) for example, an x-unit difference represents the same quantity whatever its location on the TL-scale (low, medium or high level of anxiety). If our hypothesis concerning the role of the interval scale properties in the MCID association with baseline severity is true, the MCID determination on the TL-scale using an IRT model, could therefore avoid this phenomenon. We could, thus, expect fewer misclassifications of individuals having experienced "at least a minimally important change" versus "no change" over time than with the MCID determined on the score scale.

The aim of our study is therefore to compare the Sensitivity (Se), Specificity (Sp), Positive and Negative Predictive Values (PPV and NPV) of the MCID determined on the Score scale (MCID-Sc) and the MCID determined on the TL-scale (MCID-TL) using an IRT model and an anchor-based method in which the external criteria is considered as the gold standard test.

Methods

Data source

Data came from a French multicenter longitudinal prospective SATISQOL study composed of 1709 hospitalised patients, enrolled between October 2008 and September 2010, younger than 75 years-old and attending surgery or medical intervention for a chronic illness of one of the following systems: cardiovascular, musculoskeletal, nephrology, urology, digestive, pulmonary or endocrine. To be included, patients needed to speak French, have sufficient cognitive function to complete a self-administered questionnaire and exhibit symptoms of their chronic illness for, at least, six months. They were excluded if they did not have a therapeutic intervention during their hospitalisation. Demographic information (age, sex, diagnosis, etc.), self-reported satisfaction with care (French version of the Patient Judgements of Hospital Quality questionnaire [START_REF] Nguyen Thi | Factors determining inpatient satisfaction with care[END_REF][START_REF] Rubin | The Patient Judgments of Hospital Quality (PJHQ) Questionnaire[END_REF]) and quality of life (French version of the Medical Outcomes Study Short Form-36 questionnaire -MOS-SF36 [START_REF] Leplège | Le questionnaire MOS SF-36: Manuel de l'utilisateur et guide d'interprétation des scores: Estem[END_REF][START_REF] Ware | The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection[END_REF]) were obtained during hospitalisation. Six months later, patients were asked to fill in the MOS-SF36 questionnaire again during a scheduled medical consultation. The study was approved by the ethic committee of Lorraine, France, and all the patients gave their informed consent to participate.

Questionnaire

The MOS-SF36 is a generic 36-items questionnaire divided into eight subscales addressing physical, mental and social health, and one item assessing health transition. To ensure the construct's unidimensionality required by the IRT model used in this study, analyses were performed on the five items of the General Health (GH) subscale. Each of these items was rated on an ordinal scale with five categories. The score, ranging from zero (worst perceived general health) to 100, was computed as recommended by the MOS-SF36 user's guide [START_REF] Leplège | Le questionnaire MOS SF-36: Manuel de l'utilisateur et guide d'interprétation des scores: Estem[END_REF]. Likewise, an individual mean imputation was performed if there were less than three missing responses in the GH-subscale as advocated.

The item assessing health transition at the six-month follow-up was chosen to be used as the GRC : "Compared to six months ago, how would you rate your health in general now?" Patients could choose between five responses: "Much better", "Somewhat better", "About the same", "Somewhat worse" and "Much worse".

Patients with three or more missing responses in the GH-subscale or who did not answer to the GRC at the six-month follow-up were excluded from the sample used for the analyses.

Analyses

Since it is well known that the amount and quality of change is likely to be different for improvement as compared to deterioration, the following analyses were performed in both circumstances [14-15, 19, 25, 28].

MCID-Sc determination

Changes in general health over the six-month interval were computed as the difference between baseline (T1) and six-month (T2) GH-subscale score. The MCID-Sc was computed as the mean score change from T1 to T2 in the subgroup of patients who answered "Somewhat better" to the GRC (SB group) for improvement and in the subgroup of patients who answered "Somewhat worse" (SW group) for deterioration. The dependence of score change to the BS was evaluated using Pearson's correlation coefficients. Polychoric correlation coefficients were used to assess association between score change and responses to the GRC.

Since it is recommended by various authors, a MCID-Sc composed of several values according to a range of Baseline Scores was determined: the MCID-Sc BS [START_REF] Copay | Understanding the minimum clinically important difference: a review of concepts and methods[END_REF][START_REF] Revicki | Recommended methods for determining responsiveness and minimally important differences for patient-reported outcomes[END_REF][START_REF] Crosby | Defining clinically meaningful change in health-related quality of life[END_REF][START_REF] Crosby | An integrated method to determine meaningful changes in health-related quality of life[END_REF][START_REF] Tubach | Evaluation of clinically relevant changes in patient reported outcomes in knee and hip osteoarthritis: the minimal clinically important improvement[END_REF].

Concretely, the MCID-Sc BS was defined as the three means of score change from T1 to T2 for patients having a BS in the first third ([0 -33]), the second third (]33 -67[) or the higher third of the scale ([67 -100]), in the SB group for improvement and in the SW group for deterioration.

MCID-TL determination 2.3.2.1 Assumptions of IRT

IRT models rely on three fundamental assumptions: unidimensionality, local independence and monotonicity. The unidimensionality of the GH subscale was checked, at each assessment time, using an eigenvalues analysis and the fit examination of a Confirmatory Factor Analysis (CFA) model with one factor. The Root Mean Square Error Approximation (RMSEA, acceptable fit if <0.06), the Comparative Fit Index (acceptable fit if >0.95), the Tucker Lewis Index (acceptable fit if >0.95) and the Standardized Root Mean Square Residual (acceptable fit if <0.08) were examined to evaluate the fit of the CFA model [START_REF] Hu | Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives[END_REF]. A non parametric IRT analysis was also performed by fitting a Monotonely Homogeneous Model of Mokken to our data. A good fit, evaluated by the Loevinger's H coefficients, indicates that the three IRT fundamental assumptions are [START_REF] Sijtsma | Introduction to Nonparametric Item Response Theory[END_REF]. Finally, the internal consistency of the GH subscale was checked by the computation of the Cronbach's alpha coefficient which was considered as acceptable if it was higher than 0.7 [START_REF] Cronbach | Coefficient alpha and the internal structure of a test[END_REF].

Fit of the Partial Credit Model (PCM) and item parameters estimation

A PCM, an IRT model for polytomous data (cf. supplementary material), was fitted on the data at T1 and T2 separately. A PCM was chosen because it is a model of the Rasch family which is very commonly used in the field of health related questionnaires [START_REF] Anthoine | How PRO measures are psychometrically validated? A review of publications on primary validation[END_REF]. This model defines MxJ item parameters with M the number of the response categories of the J items of the scale. In this model, the concept measured by the scale is represented by a random variable following a normal distribution. Fit tests, based on a chi-squared comparison, are known to be highly susceptible to large sample sizes. The PCM fit was, thus, adjusted for an expected sample of 400 individuals at both assessment times, which is a large enough sample to estimate the parameters of a PCM [START_REF] Smith | Rasch fit statistics and sample size considerations for polytomous data[END_REF].

Measurement invariance of the GH subscale was checked using comparisons of the item parameters confidence intervals at both assessment times. As recommended if measurement invariance is met, averaged item parameters from across the two assessment times were obtained by fitting a PCM on a data set made up of the T1 and T2 data sets [START_REF] Wright | Comparison requires stability[END_REF][START_REF] Norquist | Comparing alternative Rasch-based methods vs raw scores in measuring change in health[END_REF].

MCID-TL determination

A latent regression IRT model was used to assess the TL mean variation over time within the SB/SW groups (cf. supplementary material). The MCID-TL was thus defined as the time effect on the TL-scale (TL mean change from T1 to T2) in the SB group for improvement and in the SW group for deterioration, respectively. To classify patients as having experienced "at least a minimally important change" or "no change", these MCID-TL had to be translated onto the score scale. A PCM was thus used to provide the relationship between the TL and the expected score at the GH subscale (cf. supplementary material).

Using this translation tool, the score difference equivalent to the MCID-TL was determined for each BS varying from 0.5 to 99.5 by an increment of 0.5. Thus, knowing each patient's BS, it was possible to determine if his/her score change over the six-month interval was larger than the MCID-TL or not. Due to the logistic form of the PCM, it was not possible to translate the MCID-TL for extreme BS (0 or 100); therefore it was approximated to the value obtained for the nearest BS (0.5 or 99.5 respectively).

Se, Sp, PPV and NPV computation

Each patient of the whole sample was classified as having experienced "at least a minimally important change" or "no change" over the six-month interval using the MCID-Sc, the MCID-Sc BS and the MCID-TL classifications. Se, Sp, PPV and NPV were thus computed using the patient's response at the GRC as the gold standard classification.

Software

Descriptive analysis, graphs, factor analysis and non parametric IRT analysis were performed using Stata ® /MP 12.1 and the Microsoft ® Office Excel 2007 spreadsheet program [START_REF] Hardouin | Nonparametric item response theory using Stata[END_REF][START_REF] Statacorp | Stata Statistical Software: Release 12[END_REF]. The items parameters and the PCM fit were estimated using RUMM ® 2030 [START_REF] Andrich | Rasch Unidimensional Measurement Models [computer software[END_REF].

Finally, the SAS software 9.3 was used to estimate the MCID-TL values using the longitudinal form of the PCM with mixed effects [55].

Results

At baseline, 1709 patients (877 men -56.1%, 686 women -43.9%, missing information for 146 patients) were entered. The average age of the participants was 55.7 (Standard Deviation -SD=14.0) years with a range of 18 to 80 years. At six-month follow-up, the response rate was 89.4%, i.e. 1528 patients. Amongst them, 58 did not answer to the GRC at T2 and 300 had more than two missing responses to the GH-subscale at T1 or T2, leaving 1170 patients for the analysis. The average GH-subscale score was 52.1 (SD=22.4) at T1 and 51.7 (SD=23.3) at T2. In the figure 1 is depicted a histogram of the BS which was lower than or equal to 33 for 269 (23.0%) patients and higher than or equal to 67 for 372 (31.8%) patients.

[Figure 1 near here]

MCID-Sc determination

The response to the GRC was "Much better" for 266 (22.7%) patients, "Somewhat better" for 360 (30.8%), "About the same" for 401 (34.3%), "Somewhat worse" for 112 (9.6%) and "Much worse" for 31 (2.6%). The MCID-Sc of the GH subscale was equal to 1.58 (Standard Error -SE=0.76) points for improvement and to -7.91 (SE=1.26) points for deterioration. To notice, the mean score change in the group of patients considered as stable (who rated their health as "About the same" compared with six months ago) was -3.16 (SE=0.68). Polychoric correlation between score change and responses to the GRC was equal to -0.29.

Pearson's correlation between the score change and the BS was equal to -0.35 in the SB group and to -0.62 in the SW group. Box plots in figure 2 show the variation of the score change over the six-month interval depending on the BS in the SB and SW groups. Globally, for improvement, the higher the BS, the smaller the score change. Conversely, for deterioration, the higher the BS, the larger the score change.

Means of score change specified in figure 2 for each subgroup of patients defined by their BS were used to determine the MCID-Sc BS . For instance, the MCID-Sc BS for improvement was equal to 8.4 (SE=1.4) if the BS was included in [0 -33] and to 2.5 (SE=1.0) if it was included in ]33 -67[ in the SB group. If the BS was included in [67 -100] in the SB group, the MCID-Sc BS for improvement was set to zero since the mean score change was negative in this subgroup.

[Figure 2 near here]

MCID-TL determination

At both times, only one eigenvalue was higher than one and the ratio of the first to the second eigenvalue was higher than four. All the criteria indicated an acceptable fit for the one factor CFA model, except the RMSEA which was equal to 0.088 at T1 and to 0.102 at T2. However, all the Loevinger's H coefficients did not detect any violation of the fundamental IRT assumptions. Finally, a good internal consistency was found at both assessment times with a Cronbach's alpha coefficient equal to 0.81 at T1 and to 0.84 at T2. The assumptions of a good PCM fit to the data were not rejected at 5% (p=0.19 at T1 and p=0.32 at T2). The measurement invariance of the GH-subscale was assumed since the confidence interval of the 20 item parameters estimated at T1 overlapped with their confidence interval estimated at T2. The MCID-TL for improvement was estimated at 0.0839 (SE=0.0443) and at -0.4806 (SE=0.0833) for deterioration. It can be noted that the mean TL change in the group of patients considered as stable was equal to -0.1919 (SE=0.0426).

In the figure 3 is depicted the relationship between the expected GH subscale score and the TL whose logistic shape is typical of the Rasch family models. Using this translation tool, it was possible to translate the MCID-TL on the score for each BS and represent it, as in the figure 4 on the X-axis with the BS on the Y-axis. For example, a patient with a score of 20 on the GH subscale at baseline should have undergone a 1.5 points increase on his/her score at T2 to be classified as having experienced a minimal clinically important improvement using the MCID-TL whereas a patient with a BS equal to 80 should have undergone a 0.5 points increase.

[Figure 3 and figure 4 near here]

Se, Sp, PPV and NPV calculation

The Se, Sp and predictive values for the MCID-Sc, MCID-Sc BS and the MCID-TL are shown for improvement and deterioration in table 1. All these values but one are lower than 80%.

[Table 1 near here]

Discussion

Our study was designed to evaluate the advantages of IRT models for the determination of the MCID of the MOS-SF36 questionnaire GH subscale in a sample of hospitalized patients suffering from a chronic disease and undergoing a therapeutic intervention. In our study, the use of IRT models does not improve the Se, Sp and predictive values of the MCID-TL compared to the MCID-Sc, except for deterioration where its Se and predictive values seem slightly increased. For the MCID-Sc BS , observed Se, Sp, and predictive values are consistently higher than for MCID-Sc or MCID-TL.

The overall lack of superiority of the MCID-TL compared to the MCID-Sc can be explained in considering figures 1 and 3. Indeed, in the figure 3, it can be seen that the relationship between the GH subscale score and the TL is quasi linear for a score ranged from 20 to 80 approximately. It means that, in this score range, the scale level of the GH subscale score nearly reaches the interval scale level. Moreover, in the study sample, 965 (82.5%) patients had a BS ranged in ]20 -80], as it can be seen in figure 1. It follows that few misclassifications of individuals having experienced "at least a minimally important change" versus "no change" over time, using the MCID-Sc, can be explained by the lack of interval scale properties of the score scale in our study. However, the magnitude of the MCID is another important factor to consider. Indeed, this magnitude is approximately five times larger for deterioration than for improvement. The slightly better MCID-TL's performances in the case of deterioration suggested in our study could result from its magnitude since the lack of interval scale properties of the score could lead to more distortions in a large difference than in a small difference, i.e. the larger the quantity measured, the larger the discrepancy observed between its measures on the score scale or on the TL-scale.

The other important result of our study concerns the better results obtained with the MCID-Sc BS . Further research should be done to disentangle the origins of this phenomenon and to determine if it could be explained by a different perception of change depending on the baseline severity. Indeed, for example, the MCID decrease with the increasing BS observed in the case of improvement could result from the ceiling effect as well as from the Regression To the Mean (RTM) phenomenon. In concrete terms, the ceiling effect is due to a lack of items able to measure a minimal clinically significant improvement for patients with an already high score at baseline. The score change observed for these patients is, therefore, lower than the change which would have been observed if there had been no ceiling effect. Although this effect is smaller than on the score scale, the use of the LT is also subject to floor and ceiling effects and it might be another reason for the lack of superiority of the MCID-TL compared to the MCID-Sc [START_REF] Da | Health status assessment for the twenty-first century: item response theory, item banking and computer adaptive testing[END_REF]. The RTM phenomenon is responsible for a higher probability of negative change score for patients in the upper part of the BS distribution (statistical tendency of extreme scores to become less extreme at follow-up). In our study, the RTM could explain the negative mean change score (-4.8) observed in the subgroup of patients with a BS comprised in [67 -100] in the SB group (i.e. a decreasing mean score on the GH subscale from T1 to T2 whereas patients rated their health in general on the GRC at T2 as better than at T1).

One of the most cited limits of the anchor-based method concerns the validity of the anchor [START_REF] Crosby | Defining clinically meaningful change in health-related quality of life[END_REF][START_REF] Terwee | Mind the MIC: large variation among populations and methods[END_REF][START_REF] De Vet | Minimally important change determined by a visual method integrating an anchorbased and a distribution-based approach[END_REF]57]. In our study, the weak values of the Se, Sp, and predictive values and correlations observed between score change from T1 to T2 and the GRC observed raise questions about the validity of the MOS-SF36 health transition item used as an anchor. In the MOS-SF36 questionnaire, the response to this item is not used to compute the score of the other eight dimensions assessed and, consequently, of the GH subscale. This item's face validity is obviously good to assess change on the construct supposed to be measured by the GH-subscale. However, the mean change in the subgroup of patients considered as stable (health in general rated as "About the same" compared with six months ago) was negative on the score scale (-3.16) as well as on the TL-scale (-0.19). These results raise different questions [START_REF] Terwee | Mind the MIC: large variation among populations and methods[END_REF]: is the construct measured by the GH-subscale the same as the "health in general" referred to in the GRC? Has this GRC still the same meaning for the patients when assessing their health six month ahead (recall bias)? Finally, does response shift in one or several items of the GH-subscale occur from T1 to T2? Further analysis should be done to clarify these issues. Another limit should be discussed concerning the heterogeneity of diseases in the cohort used in this study. The use of a more valid anchor and/or a more homogeneous clinically-defined cohort may have improved the values of the Se, Sp, PPV and NPV for each of the MCID values calculated with the three different methods but would unlikely have favoured one method over another.

To our knowledge, this work is the first one which uses IRT models to determine the MCID on the TL. These models are powerful tools that make the measurement of subjective phenomenon on an interval level scale possible. However, our study shows that, for the GHsubscale of the MOS-SF36 questionnaire, the ability of a single MCID value to classify individuals as having experienced "at least a minimally important change" versus "no change" over time, is not enhanced if the MCID is determined on the TL-scale compared with the MCID-Sc. Furthermore, the recommendations done by various authors concerning the use of several MCID values according to the baseline severity (MCID-Sc BS ) values are reinforced by our results [START_REF] Cook | Clinimetrics Corner: The Minimal Clinically Important Change Score (MCID): A Necessary Pretense[END_REF][START_REF] Beaton | Minimal change is sensitive, less specific to recovery: a diagnostic testing approach to interpretability[END_REF][START_REF] Purcell | Determining the minimal clinically important difference criteria for the Multidimensional Fatigue Inventory in a radiotherapy population[END_REF][START_REF] Crosby | An integrated method to determine meaningful changes in health-related quality of life[END_REF][START_REF] Tubach | Evaluation of clinically relevant changes in patient reported outcomes in knee and hip osteoarthritis: the minimal clinically important improvement[END_REF]. Methods to determine the number of values for the MCID-Sc BS which leads to the highest Se and Sp for a scale should be developed. The choice of this number should obviously be balanced with the logistical challenge of a large number of values in practice, especially with separate MCID values for improvement and deterioration.
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Supplementary material

The Partial Credit Model

The PCM is an IRT model for polytomous data belonging to the Rasch models, in which the probability of a response to an item ( ,…, ) with categories ( , … , for the subject ( ,… ) is a function of the subject's TL (denoted ). It can be written:

where is the item parameter associated to the response category of the item [61]. The relationship between the TL and the expected score on the scale, , can be calculated using the following equation [START_REF] Nguyen Thi | Factors determining inpatient satisfaction with care[END_REF]:

The Longitudinal Mixed Partial Credit Model

If is considered as a random variable having, for example, a normal distribution , , the PCM is a mixed-effects logistic model in which the parameters to be estimated are (the TL mean in the sample), (the TL standard error in the sample) and (the item parameters) [62]. For repeated measurements, a longitudinal form of the mixed-effects PCM has been developed as it has yet been done for the Rasch model by Blanchin et al [START_REF] Statacorp | Stata Statistical Software: Release 12[END_REF]63].

The probability of a response in the category of an item at time ( ,… ) can be written as: