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Abstract 

Objectives 

This study aims to describe the distribution of anchor-based minimal important change (MIC) 

estimates in standard deviation (SD) units and examine if the robustness of such estimates depends on 

the specific SD used or on the methodological credibility of the anchor-based estimates. 

Design and Setting 

We included all anchor-based MIC estimates from studies published in MEDLINE and relevant 

literature databases upto October 2018. Each MIC was converted to SD units using baseline, 

endpoint, and change from baseline SDs. We performed a descriptive analysis of MICs in SD units 

and checked how the distribution would change if MICs with low methodological credibility were 

excluded from the analysis. 

Results 

We included 1,009 MIC estimates from 182 studies. The medians and interquartile ranges of MICs in 

SD units were 0.43 (0.25 to 0.69), 0.42 (0.22 to 0.70), and 0.51 (0.28 to 0.78) for baseline, endpoint, 

and change SD units, respectively. Some MICs were extremely large or small. The distribution did 

not change significantly after excluding MICs estimated by less credible methods. 

Conclusions 

The size of the universally applicable MIC in SD units could not be determined. Anchor-based MICs 

in SD units were widely distributed, with more than half in the range of 0.2 to 0.8. 
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What is new? 

Key findings 

 Converting the anchor-based minimal important changes (MICs) to standard deviation (SD) units 

resulted in highly variable, with more than half in the range of 0.2 to 0.8.  

 Such wide variation was not changed significantly by excluding MICs estimated by less credible 

methods.  

 Several MICs were extremely large (>10 SD units) or small (zero change).  

 

What this study adds to what was known? 

 Previous studies reported a universal value for MIC in SD units, but our results show that it is 

impossible to determine a constant value due to the wide range of MIC in SD units. 

 We found some MICs that have questionably small or large anchor-based MICs when converting 

them into SD units. 

 Most MICs were estimated from small sample size, and the correlation between anchor and 

patient-reported outcome measures were seldom reported. 

 

What is the implication and what should change now? 

 We should stop blindly using MICs in SD units.  

 Users should carefully check the methodology to estimate the anchor-based MIC when the MIC 

in SD units are very small or large.  

 To improve the quality of reporting, including correlations between anchors and PROMs, 

guidelines of reporting items or sample size estimations are warranted. 

 

 

 

 

 

Introduction 

The minimal important change (MIC), also often called the minimal important difference (MID),  for 

a continuous measure refers to “the smallest difference that patients perceive as beneficial” [1]. MIC 

                  



is used widely and increasingly to interpret the magnitude of changes in patient-reported outcome 

measures (PROMs). Although the terms MIC and MID are often used interchangeably, it has been 

proposed that the former be used for longitudinal within-person changes in scores and the latter for 

cross-sectional between-person differences [2]. In this study we used the term MIC to refer to the 

former, namely the longitudinal within-person changes in scores. 

MIC for a PROM is determined mainly in two ways: an anchor-based method and a 

distribution-based method. An anchor-based method that uses an external criterion for the PROM is 

considered the gold standard, rather than a distribution-based method that uses statistical parameters 

in estimating a MIC [3]. However, anchor-based MICs are not always available. In such a case, we 

may rely on distribution-based MICs which require a plausible value of MIC in SD unit that predicts 

the anchor-based MIC. The relationships between the two methods have been debated: several studies 

reported that MIC estimates by the anchor-based methods agree well with half the standard deviation 

(SD) of a PROM [4, 5], whereas other studies have shown otherwise [6, 7]. 

However, these studies did not take the methodological quality of the primary studies or 

characteristics of PROMs into account. Their samples were more anecdotal than comprehensive. It is 

also unclear which SD should be used in the distribution-based method, as the baseline SD, the 

change SD and the endpoint SD of the PROM may be appreciably different from each other. The 

current study, therefore, aims first to describe the anchor-based MIC estimates in SD units and then to 

examine if the robustness of such estimates depends on the SD to be used or on the methodological 

quality of the anchor-based estimates. 

 

Methods 

The protocol was published in protocols.io (dx.doi.org/10.17504/protocols.io.bxpqpmmw). 

 

The Minimal Important Difference Inventory  

The Minimal Important Difference Inventory dataset included 5,324 MIC estimates derived from 585 

studies up to October 2018 [1, 8].  The dataset was derived from a systematic search using 

MEDLINE, EMBASE, CINAHL and PsycINFO for studies published between 1989 and October 

2018, and additional relevant citations from the PROQOLID internal library, relevant reviews and 

eligible studies.  

This dataset included MIC estimates reported in studies estimating anchor-based MICs for 

PROMs in adolescents (≥13 to 17) or adult (≥18) populations. PROMs of interest included health-

related quality of life, functional ability, symptom severity and psychological distress and well-being. 

It included any MIC irrespective of the participants’ condition or disease, type of intervention used in 

the eligible studies, or nature of the anchor. It excluded systematic reviews of studies examining 

MICs; conference abstracts; studies in which authors explicitly targeted a moderate or large important 

difference as opposed to a MIC; a combined anchor- and distribution-based approach; and estimates 

obtained using pooled data from multiple cohorts (e.g., different primary investigations).  More 

details of the inclusion and exclusion criteria for the Minimal Important Difference Inventory can be 

found elsewhere [8]. 

 

                  



Eligible criteria for the study 

In the current study, we included studies that estimated MICs by the mean change methods (i.e., the 

MIC is the absolute mean change in PROM scores over time within the subgroup of participants who 

reported they were slightly improved or deteriorated) using a global rating of change as the anchor. 

We excluded studies or MIC estimates in which the SD of the PROMs were unavailable because the 

authors failed to report the SD itself, or did not report the standard error (SE), the confidence interval 

(CI), or interquartile range (IQR) with the number of participants.  

 

Data extraction 

Teams of two independent investigators extracted the following variables from the included studies 

[8]: the country of the study; population demographics; types of a PROM; interventions administered 

in the context of the MIC estimation; anchor details (i.e., type, constructs, range of 

options/categories/values, and threshold selected to represent a “small but important change”); a MIC 

estimate, its associated measure of variability, and direction; the number of patients informing the 

MIC estimate, and credibility ratings of the MIC estimates [9]. The credibility was rated according to 

five core criteria: the anchor was rated by the patient; the anchor was interpretable and relevant to the 

patient; the MID estimate was precise; the correlation between the anchor and the outcome measure 

reported by the patient was satisfactory (a correlation coefficient of at least 0.5); and the authors select 

a threshold on the anchor that reflected a small but important difference. We classified types of 

PROMs in two main categories with two and four subcategories: 1) generic (health profiles and utility 

measures), and 2) specific (disease/condition-specific, symptom-specific, function-specific, and 

population-specific) according to the previous taxonomy [10]. PROMs categorized into health profiles 

are instruments that attempt to measure all important aspects of health-related quality of life 

(HRQOL). Utility measures are derived from economic and decision theory that reflect the 

preferences of patients for treatment process and outcome. Specific measures focus on aspects of 

health status that are specific to the area of primary interest. Reviewers, working in pairs, 

independently conducted the data extraction, resolving disagreements by discussion with input from a 

third reviewer for quality assurance. 

We also extracted the means and the SDs of PROMs in all participants from the primary 

studies. We classified the SDs into the following categories: the SD of the baseline scores (baseline 

SD), the SD of endpoint scores (endpoint SD), and the SD of change from baseline scores (change 

SD). If authors reported other variability measures such as SE, CI, IQR, or range but not SD, we 

calculated SD using the following formulae.  

SD = SE × √ . 

SD = √  × (upper limit of CI − lower limit of CI) / 3.92. 

SD = IQR / 1.35 [11]. 

SD = Range / 2 [11]. 

If authors reported the SDs separately in subgroups of the participants (e.g., improved, no 

change, or deteriorated), we calculated the overall SD using the following formula in the Cochrane 

handbook [11]. When there were more than two groups to combine, we applied the following formula 

                  



sequentially. However, if the authors reported the variability in subgroups using 95% CI, IQR, or 

range, we did not calculate the overall SD, because the formulae do not provide consistent values 

when the number of participants is small [12].  
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Statistical analysis 

Our primary outcome was the distribution of MICs in SD units. We presented the histogram of MICs 

for three types of SDs; baseline SD, endpoint SD, and change SD. We calculated their means, SDs, 

95% CIs, medians, IQRs, and ranges. MICs in SD units were calculated using the following formula.  

                
   

  
 

 To examine if the MICs in SD units depends on the credibility of the estimating methods, we 

further performed a sensitivity analysis excluding MIC estimates with low credibility. We used the 

following core criteria to assess the credibility of MIC estimation [9].  

1) Is the patient or necessary proxy responding directly to both the PROM and the anchor? – “No” or 

“Impossible to tell” for low credibility, 

2) Is the anchor easily understandable and relevant for patients or a necessary proxy? – “Definitely 

no”, “Not so much” or “Impossible to tell” for low credibility, 

3) Has the anchor shown a good correlation with the PROM? - “Definitely no” for low credibility 

(i.e., a correlation coefficients of less than 0.3) 

4) Is the MIC precise? - “Definitely no” for low credibility  (i.e., 95% CI range is wider than 50% of 

MIC estimate or sample size is less than 100) 

5) Does the threshold or difference between groups on the anchor used to estimate the MIC reflect a 

small but important difference? - “Definitely no”, “Not so much” or “Impossible to tell” for low 

credibility 

As a previous study found that only a minority of studies estimating MIC provided data on the 

correlation and precision, we did not exclude those with a judgment of “Not so much” or “Impossible 

to tell” for these two items [13]. As a post-hoc sensitivity analysis, we presented the distribution of 

MIC estimates in SD unit, dividing the direction of MIC into improvement, deterioration, and both. 

We used Stata/SE, V.14.0 (StataCorp, College Station, TexasX, USA) for all analyses. 

 

Results 

Figure 1 shows the flow diagram of the present study. Of 14,540 records identified by the search, 585 

studies estimated one or more MICs using the anchor-based method. We further excluded studies that 

did not use the mean change method (n = 346) and studies that did not report variability of PROMs to 

calculate the SDs (n = 57). Finally, we included 182 studies consisting of 187 PROMs and 1,009 MIC 

estimates. Table 1 summarizes the characteristics of included studies and PROMs. Most studies 

recruited adults or the elderly. Of 187 PROMs, 140 (74%) were disease-specific PROMs. Table 2 

                  



shows the characteristics of MIC estimates in the present study. The correlation between the anchor 

and PROM was not reported in 591 (59%) and 332 (33%) estimates did not show a good correlation 

for. Since the number of participants contributing to estimate MICs was small (median 35, IQR 19 to 

61), 909 (90%) estimates were not precise (i.e., sample size of less than 100).  

Among 1,009 MIC estimates, those in baseline, endpoint, and change SD units were available 

for 931 (93%), 582 (58%), and 530 (53%), respectively. Figure 2 shows the distribution of MIC 

estimates in each SD unit. Table 3 describes the summary statistics of MIC estimates in each SD unit. 

The medians and IQRs of MIC in each SD unit were 0.43 (0.25 to 0.69) for baseline SD units, 0.42 

(0.22 to 0.70) for endpoint SD units, and 0.51 (0.28 to 0.78) for change SD units, respectively. The 

proportion of MIC in each SD unit less than 0.2 or greater than 0.8 was 38%, 42%, and 39% for 

baseline, endpoint, and change SD units, respectively. 

Two studies by the same authors reported eight MICs which had extremely high estimates in 

baseline SD unit (greater than 10 SD) (Figure 2A). One study recruited patients with trigeminal 

neuralgia suffering severe pain that interfered greatly with their daily lives and examined the MICs of 

pain in Visual Analog Scale (VAS) when the patients received percutaneous stereotactic 

radiofrequency lesioning interventions [14, 15]. Consequently, the baseline SDs were small (e.g., 0.50 

for VAS) and the MICs were large (e.g., 8.20 for VAS). This resulted in extremely large MICs in SD 

units (e.g., 16.4 for VAS). We also found four MICs of 0 [16-19]. Details of such extremely large or 

small MICs were described in Supplementary Table 1. 

A total of 320, 190, and 155 MIC estimates in baseline, endpoint, and change SD units were 

included in the sensitivity analysis with highly credible estimates. The medians and IQRs of MIC in 

each SD unit were 0.35 (0.18 to 0.52) for baseline SD units, 0.37 (0.19 to 0.60) for endpoint SD units, 

and 0.46 (0.26 to 0.69) for change SD units (Table 3). Supplementary Figure 1 shows the distribution 

of MICs in each SD unit excluding MIC estimates with low credibility. Supplementary Table 2 

describes the distribution of MIC estimates in SD unit, dividing the direction of MIC into 

improvement, deterioration, and both. MICs in SD unit for deterioration had slightly small value and 

narrow distribution as compared with other directions of MIC. 

 

Discussion 

We presented the distribution of anchor-based MIC estimates in SD units using a comprehensive 

dataset. Neither SDs from baseline score, endpoint score, nor change from baseline score yielded a 

universally applicable and widely generalizable value of MIC in SD units. The broad distribution of 

MICs in SD units was not narrowed down by the sensitivity analysis excluding MICs estimated with a 

less credible methodology. We also found some studies that reported extremely large or small MICs 

when converted to SD units. 

 Contrary to 0.5 SD for the MIC reported by Norman et al., there was no constant or consistent 

value for MIC in SD units that could be universally used for PROMs no matter which SD was used 

[5]. The wide variation of MICs in SD units might be due to the variations of participants’ 

characteristics at baseline such as disease severity. Substantial heterogeneity of the sample in different 

studies yielded different SDs and hence different MICs in SD units even when the same absolute 

MICs were reported. However, a previous study found a large variation in the absolute anchor-based 

MIC estimates by the same method across studies and across different methods within studies [21]. 

They concluded it was not clear whether the variation was due to differences between populations or 

                  



to conceptual and methodological problems of the MIC methods. We hypothesised that the variation 

depended on different types of SDs; i.e., baseline SD would be smaller and more heterogeneous than 

endpoint SD or change SD. However, such a pattern was not observed. We also explored the 

influence of the methodological quality to estimate the anchor-based MICs on the distribution. 

However, the sensitivity analysis, which excluded less credible MIC estimates, did not narrow the 

distribution enough to be universally applicable.  Although the post-hoc sensitivity analysis showed a 

narrower distribution for deterioration as compared with other directions, the width of the IQRs were 

still large.  

We found that approximately 60% of MICs in SD units were within the range from 0.2 to 0.8 

(Figure 2). It may be possible to consider a range of 0.2 to 0.8 as a rough guide when an anchor-based 

MIC for a PROM is missing. If MICs in SD units did not fall in this range, it is questionable whether 

such very small or large values represent true MICs. In such case, we may rely on the distribution-

based approach to interpret the change in a PROM 

Several included studies reported extremely large or small MIC estimates in SD units [14-19]. 

A previous study suggested that estimates of the MICs are substantially larger for subgroups of 

patients with high baseline values [22]. If the anchor and PROM are not correlated well, the MIC can 

be zero or grossly erroneous. For example, one may feel slightly worse in a global assessment even if 

a patient-reported outcome does not change as a result of the treatment expectations. The credibility 

instrument includes assessment of the correlation between anchor and PROM [9].  

We also found much room for improvement in the methodology and reporting in future MIC 

studies. More than half of the included studies did not report the correlation between the PROM and 

anchor. The correlation is closely related to the usefulness of anchor-based approaches; an anchor that 

has low or no correlation with the patient reported outcome measure will likely give inaccurate MID 

estimates [9]. Also, sample size calculation should be necessary to estimate a precise MIC estimation; 

only 10% of the included MICs had precise estimates in our sample [9]. The inferences about the 

magnitude of a treatment effect would differ at the extremes of the CI around of the MIC estimate 

when the CI is wide. There is a need for reporting guidelines that recommends the assessment of the 

methodological credibility for MIC estimates. 

 This study has several limitations. First, as above, we could not exclude the possibility that 

the wide variation of MICs in SD units was due to the poor methodological credibility of MIC 

estimates. Our sensitivity analysis, which aimed to exclude the studies with less methodological 

credibility to estimate the MIC, actually included studies which did not report correlations or studies 

with small sample sizes. Thus, the analysis was not sufficient to check the robustness of our findings. 

Second, we did not assess whether the other distribution approach, such as the standard error of the 

mean (SEM) and the responsiveness statistics, are useful [21]. Third, both the anchor-based method 

and the distribution-based method have large variability in how they estimate and calculate MICs. In 

this study we tried to examine their relationships while limiting the former to those using the more 

rigorous methodology and using different SDs in calculating the latter approach. Finally, our MIC 

inventory data set was comprehensive only through October 2018. The process of searching for 

studies published since 2018 October is ongoing and part of a plan to continually add new MICs to 

the living web-based MID inventory (PROMID, www.promid.org) [8].  

 Despite the above limitations, this study added new insights to the existing controversy 

regarding the relationship between SDs and MICs. We systematically retrieved all available studies 

on anchor-based MICs using rigorous methodology. As a result, this study used the largest and the 

                  



most comprehensive data to assess the relationship between SD and MIC. We differentiated baseline, 

endpoint, and change SDs, which are often confused.  

 

Conclusion 

Converting the anchor-based MICs to SD units resulted in highly variable estimates, which made it 

difficult to determine a universal value of MICs in SD units for the distribution method. Such 

variation was unlikely to be changed by types of SDs or the methodological credibility. Thus, there 

appears no solid basis to use a certain value for MIC in SD units. However, due to the poor reporting 

of correlations and the small sample sizes in the available studies, there remains a possibility that the 

wide variation of MICs in SD units was caused by the inadequate methodological quality of the 

currently available studies of MICs.    
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Figure titles and legends 

 

Figure 1. Flow diagram of study eligibility. 

Abbreviations: PROM, patient-reported outcome measure; MIC, minimal important change 

 

Figure 2. Distribution of minimal important change estimates in each standard deviation unit. 

Figure A, B, and C display MICs in baseline, endpoint, and change SD units, respectively. 

Abbreviations: MIC, minimal important change; SD, standard deviation  

 

  

                  



Table 1. Characteristics of included studies and patient-reported measures 

Characteristics  

Study-level (n = 182)  

Year of publication 2013 (2009 to 2016) 

Number of total participants 191 (100 to 306) 

Age groups  

    Children or adolescents 5 (3) 

    Adults or elderly 169 (93) 

    Not reported 8 (4) 

Interventions  

    Pharmacological intervention 31 (17) 

    Surgical or invasive intervention 40 (22) 

    Rehabilitation 17 (9) 

    Mixture 50 (27) 

    Others 20 (11) 

    Not available 24 (13) 

PROM-level (n = 187)  

Types of PROMs
*
  

Generic, Health profile   7 (4) 

Generic, Utility measure 7 (4) 

Specific, Disease/condition 140 (74) 

Specific, Symptom 26 (14) 

Specific, Function 6 (3) 

                  



Specific, Population 1 (1) 

Number of MIC estimates per PROM 2 (1 to 4) 

Notes: Values are expressed as number (percentage) or median (interquartile range). 
*
According to 

the previous taxonomy of types of PROMs (reference [9]). Utility measures are derived from 

economic and decision theory that reflect the preferences of patients for treatment process and 

outcome. Specific measures focus on aspects of health status that are specific to the area of primary 

interest. Abbreviations: PROM, patient-reported outcome measure; MIC, minimal important change. 

 

  

                  



Table 2. Characteristics of minimal important difference estimates  

Characteristics  

Number of participants for MIC estimation 35 (19 to 61) 

Direction of MIC   

Improvement 651 (65) 

Deterioration 218 (22) 

Any change 110 (11) 

Unclear 30 (3) 

Credibility assessment of MIC estimates
*
  

Is the patient or necessary proxy responding directly to both the PROM 

and the anchor? 

 

    Yes 984 (98) 

    No / impossible to tell 25 (2) 

Is the anchor easily understandable and relevant for patients or necessary 

proxy? 

 

    Definitely yes / to a great extent 974 (97) 

Definitely no / not so much / impossible to tell 35 (3) 

Has the anchor shown good correlation with the PROM?   

Definitely yes / to a great extent 86 (9) 

Definitely no / not so much / impossible to tell 332 (33) 

Not reported  591 (59) 

Is the MIC precise?  

Definitely yes / to a great extent 100 (10) 

Definitely no / not so much / impossible to tell 909 (90) 

                  



Does the threshold or difference between groups on the anchor used to 

estimate the MIC reflect a small but important difference? 

 

Definitely yes / to a great extent 671 (67) 

Definitely no / not so much / impossible to tell 3385 (33) 

Notes: Values and Abbreviations; MIC, minimal important change. * According to the credibility 

instrument for the MIC estimates (reference [8]). Abbreviations: MIC, minimal important difference; 

PROM, patient-reported outcome measure 

 

Table 3. Summary statistics of minimal important change estimates in each SD unit 

Type sf SD units Mean (SD) 95%CI Median IQR Range 

Primary analysis 

Baseline (n = 931) 0.67 (1.52) 0.58 to 0.77 0.43 0.25 to 0.69 0 to 18.11 

Endpoint (n = 582) 0.55 (0.52) 0.50 to 0.59 0.42 0.22 to 0.70 0 to 5.02 

Change (n = 530) 0.59 (0.47) 0.55 to 0.63 0.51 0.28 to 0.78 0 to 3.42 

Sensitivity analysis
*
  

Baseline (n = 320) 0.42 (0.37) 0.38 to 0.46 0.35 0.18 to 0.52 0 to 2.77 

Endpoint  (n = 190) 0.43 (0.32) 0.38 to 0.47 0.37 0.19 to 0.60 0 to 2.32 

Change (n = 155) 0.50 (0.32) 0.45 to 0.55 0.46 0.26 to 0.69 0 to 1.72 

*
Sensitivity analysis excluding minimal important change estimates with less credible methodology. 

Abbreviations: SD, standard deviation; CI, confidence interval; IQR, interquartile range 

 

 

 

 

 

                  


