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Abstract
Objectives: The objective of this study was to estimate the minimal important change (MIC) and responsiveness of core patient re-
ported outcome measures for chronic low back pain (LBP) and Modic changes.

Study Design and Setting: In the Antibiotics in Modic changes (AIM) trial we measured disability (RMDQ, ODI), LBP intensity
(NRS) and health-related quality of life (EQ5D) electronically at baseline, three- and 12-month follow-up. MICs were estimated using
Receiver Operating Curve (ROC) curve and Predictive modeling analyses against the global perceived effect. Credibility of the estimates
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was assessed by a standardized set of criteria. Responsiveness was assessed by a construct and criterion approach according to COSMIN
guidelines.

Results: The MIC estimates of RMDQ, ODI and NRS scores varied between a 15e40% reduction, depending on including ‘‘slightly
improved’’ in the definition of MIC or not. The MIC estimates for EQ5D were lower. The credibility of the estimates was moderate. For
responsiveness, five out of six hypotheses were confirmed and AUC was O0.7 for all PROMs.

Conclusion: When evaluated in a clinical trial of patients with chronic LBP and Modic changes, MIC thresholds for all PROMs were on
the lower spectrum of previous estimates, varying depending on the definition of MIC. Responsiveness was sufficient. � 2022 The Au-
thor(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Keywords: Minimal important change; Low back pain; Responsiveness; Patient reported outcome measure; Roland-Morris disability questannaire; Oswestry

disability index; Pain intensity numerical rating scale; EuroQol’s health related quality of life; Predictive modeling
1. Introduction

Patient reported outcome measures (PROMs) are essen-
tial in low back pain (LBP) research, contribute to results
being relevant for patients and aid in informing shared
decision-making. Estimates of Minimal Important Change
(MIC), defined as the smallest change in an outcome mea-
sure that patients perceive as important, are central for
interpreting results from prospective studies and trials.
Responsiveness refers to the ability of an instrument to
detect change over time in the construct to be measured,
and can be understood as the validity of the change score
[1,2].

Despite being used for several decades, there are still
major difficulties in interpreting change scores of PROMs
used in LBP research [3,4]. There is a large variety in esti-
mates of MIC values for recommended core outcomes [5].
MIC estimates of the Roland-Morris Disability Question-
naire (RMDQ, scores 0-24) vary from 3 to 6, the Oswestry
Disability Index (ODI, scores 0-100) from 13 to 20, the
LBP intensity Numerical Rating Scale (NRS, scores 0-10)
from 2 to 3, and for the EuroQol’s health related quality
of life (EQ5D, scores �0.59 to 1) from 0.11 to 0.30
[4,6,7]. For MIC thresholds reported as relative change, a
30% improvement is often recommended in many PROMs
[4,8]. The large variety may be explained by different
methods and populations used to estimate the MIC, or
possibly biased or misleading results. In order to guide an
evaluation of whether estimates might be misleading, a
standardized set of credibility criteria has recently been
developed [3]. There are inconsistent results on responsive-
ness of core PROMs in back pain in previous studies [9,10].

The objective of this study was to estimate MICs across
methods and responsiveness of core PROMs in patients
with chronic LBP and Modic changes.
2. Materials and methods

2.1. Setting

The present study is based on data from the AIM-trial
(Antibiotics in Modic changes) performed in six hospital
outpatient clinics in Norway between June 2015 and
September 2017 (11). Patients with age 18e65 years,
chronic LBP for more than six months, a minimum pain
intensity of at least five on 0e10 numerical rating scales
(current LBP, worst LBP within the last 2 weeks, and
usual/mean LBP within the last two weeks), a lumbar disc
herniation in the preceding two years, and type 1 or 2
vertebral bone marrow changes (Modic changes) on mag-
netic resonance imaging (MRI), were eligible for inclu-
sion. The full list of eligibility criteria and trial methods
were published elsewhere [11]. In total 180 patients were
randomized to three months treatment of either oral
amoxicillin or placebo, and then followed-up for another
nine months. All patients provided written informed con-
sent and the trial was approved by Regional Committees
for Medical Research Ethics South East Norway (2014/
158/REK sør-øst). Funding was granted by governmental
organizations (Helse Sør-Øst and Helse Vest), which had
no part in the planning, performing, or reporting of
the trial.
2.2. PROMS and external anchor

We collected the following PROMs by using a web-
based data capture system (Viedoc): The Norwegian
version of the RMDQ, a reflective model (all items a mani-
festation of the same construct) with a scale ranging from
0 to 24 (higher scores indicate more pain-related disability)
[12,13]; the Norwegian version of the ODI version 2.0, a
reflective model, scale range 0-100 (higher scores indicate
more pain-related disability) [12,14]; LBP intensity by 0-10
NRS (the mean of current LBP, worst, and usual/mean LBP
within the last two weeks, higher scores indicate more
pain), a reflective model [15]; and health-related quality
of life, EuroQoL-5D-5 L (EQ5D) version 2.0, a formative
model (the items together form the construct), with scale
range �0.59 to 1.0 (the maximum score of one indicates
the best health-related quality of life) [16].

The external anchor for assessing responsiveness and
MIC estimates was the Global perceived effect (GPE)
scale. The patients were asked ‘‘Compared to before treat-
ment, how is your back pain now?’’. A 7-point Likert scale

http://creativecommons.org/licenses/by/4.0/
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What is new?

Key findings
� In patients with chronic LBP (with Modic changes)

the MIC thresholds of RMDQ, ODI and LBP in-
tensity scores varied between 15% and 40% reduc-
tion, depending on definition of MIC (including
those who reported ‘‘slightly improved’’ or not).
The MIC estimates had moderate credibility.
Responsiveness was sufficient for all these
outcome measures.

What this adds to what was known?
� MIC thresholds of RMDQ, ODI and LBP intensity

scores are on the lower spectrum of previous esti-
mates in patients with chronic LBP and Modic
changes in an outpatient hospital setting.

� The present study is the first to assess credibility of
MIC estimates in LBP by a standardized set of
criteria.

What is the implication and what should change
now?
� Our estimated within-group MIC thresholds could

be used to prespecify a definition of a responder
in responder analyses, or with caution to assess in-
dividual changes in the clinical setting.

L.C.H. Br�aten et al. / Journal of C
was based on the following options: 1.completely recov-
ered; 2.much improved; 3.slightly improved; 4.no change;
5.slightly worsened; 6.much worsened; 7.worse than ever.

The PROMs were measured at baseline, three- and
12-month follow-up. GPE was measured at three- and
12-month. Patients received text message reminders to
respond to the PROMs. In a few cases patients used a paper
version.

2.3. Analyses

This paper is reported in accordance with the COSMIN
guidelines for studies on measurement properties of
PROMs [17]. The AIM trial and the statistical analysis plan
for the present study were registered at ClinicalTrials.gov
(NCT02323412). Analyses not predefined, are marked as
such. Analyses were performed on the whole AIM cohort
(amoxicillin þ placebo group) using Stata 16. In patients
with less than 30% (!8 of the 24) missing items on the
RMDQ, a score was calculated by using the mean values
of nonmissing items. For ODI there is a similar mechanism.
Other missing values after mean imputation or in LBP in-
tensity or EQ5D were excluded.
2.3.1. Minimal important change
We stress that the MIC estimates refer to within-group

changes and should not be confused with estimates of
between-group differences. A common and widely
accepted method to estimate MIC thresholds is by using
an external anchor [3,18]. Analyses were performed for
three- and 12-month changes as follows:

1. The primary analyses were based on Receiver Oper-
ating Curve (ROC) curve analyses. We analyzed
cut-points (using ‘nearest’ [19] in Stata), sensitivity,
specificity and AUC for absolute change (change be-
tween baseline and follow-up score with improve-
ment of symptoms given positive values) and
relative change (change from baseline to follow up
as percentage of baseline score with improvement
of symptoms given positive values).

2. As secondary analyses we calculated medians þ25th
percentile (p25) of change scores for the slightly
improved and the much improved groups on the GPE.

3. Sensitivity analyses: To check the assumption that
baseline values and the proportions of improved pa-
tients not unduly influenced the MIC estimates [20]
we performed predictive modeling using logistic
regression as described by Terluin et al. [21]. These
analyses are recommended as they provide more pre-
cise estimates than ROC curve analyses [17].
We further performed predictive modeling using
random-effects logistic regression (not predefined),
otherwise exactly as described by Terluin et al.
[21], that combine three- and 12-month data to further
narrow down the confidence intervals.

As a prerequisite for the analyses we checked that the
correlation between the absolute change in PROM scores
and the GPE was at least 0.5 [22].

We investigated two frequently used definitions for a
minimal important change in the external anchor (the
global perceived effect), with and without the ‘‘slightly
improved’’ category. In analyses 1 and 3 the GPE was
dichotomized into either ‘a’ dcompletely recovered/much
improved/slightly improved vs no change (worse categories
excluded) or ‘b’ dcompletely recovered/much improved
vs slightly improved/no change (worse categories
excluded). We consider ‘a’ as relevant for low-risk inter-
ventions and ‘b’ as relevant for interventions with higher
risk of adverse reactions (eg., surgery or antibiotic treat-
ment). For cut-point scores and logistic regression esti-
mates we also performed separate analyses in patients
with baseline values lower than the median and in patients
with values higher than median. Confidence intervals for
cut-point scores and logistic regression estimates were
calculated by bootstrap replications.

The credibility of our findings was evaluated by a standard-
ized set of criteria that resulted in an overall judgment (low/
moderate/high credibility) as suggested [3]. Further details of
our analyses are described in the Statistical analysis plan [23].

http://ClinicalTrials.gov


Table 1. Patient reported outcomes at baseline, 3 months and 1 year, with information on missingness

PROM Follow-up

Total cohort including all categories of GPE Excluding worse categories of GPE

Completed
PROM (n) Mean (SD)

Completed
PROM and

GPE

Missing
PROM and/or
GPE (n, %)

Completed
PROM (n) Mean (SD)

Completed
PROM and

GPE

Missing
PROM and/or
GPE (n, %)

RMDQ (0e24) Baseline 178 12.8 (4.2)

RMDQ (0e24) 3 months 172 11.4 (5.3) 166 14 (8) 156 10.9 (5.2) 154 26 (14)

RMDQ (0e24) 1 year 169 9.9 (5.9) 167 13 (7) 143 8.8 (5.6) 141 39 (22)

ODI (0e100) Baseline 177 31.8 (10.8)

ODI (0e100) 3 months 171 28.5 (13.0) 167 13 (7) 157 27.2 (12.5) 155 25 (14)

ODI (0e100) 1 year 169 26.6 (14.6) 166 14 (8) 143 23.8 (13.3) 141 39 (22)

LBP intensity (0e10) Baseline 178 6.3 (1.4)

LBP intensity (0e10) 3 months 170 5.3 (2.1) 166 14 (8) 156 5.1 (2.1) 154 26 (14)

LBP intensity (0e10) 1 year 169 5.0 (2.3) 167 13 (7) 143 4.5 (2.2) 141 39 (22)

EQ5D (�0.59 to 1.0) Baseline 180 0.5 (0.2)

EQ5D (�0.59 to 1.0) 3 months 168 0.6 (0.2) 167 13 (7) 155 0.6 (0.2) 155 25 (14)

EQ5D (�0.59 to 1.0) 1 year 167 0.6 (0.2) 167 13 (7) 142 0.6 (0.2) 142 38 (21)

RMDQ, Roland Morris Disability Questionnaire; ODI, Oswestry Disability Index; LBP (low back pain) intensity, measured by numerical rating
scale; EQ5D, Health-related quality of life, EuroQoL-5D; GPE, Global perceived effect.
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2.3.2. Responsiveness
We assessed the responsiveness by two approaches:

1. Construct approach: Six hypotheses regarding corre-
lation of the 12 months absolute changes of each
PROM with other PROMS and expected standardized
response means within categories of the GPE were as-
sessed (see Table 3) [1]. Standardized response mean
is the average change divided by the standard devia-
tion of the change. To state sufficient responsiveness
we required 75% (5 out of 6) of the hypotheses for
each PROM confirmed [24].

2. Criterion approach: Area under the curve (AUC) for
absolute and relative change scores using GPE at
12 months follow-up were assessed, dichotomized
as for a above, as reference variable (We required
an AUCO0.7 to state sufficient responsiveness
[24,25].

We calculated power for the responsiveness analysis on-
ly, as standard errors for MIC estimates are not readily
calculable. Based on the subjects who completed all
PROMs at the 12-month follow-up, of whom 77 reported
completely recovered/much improved/slightly improved
and 61 reported no change, and assuming an AUC of
80%, we would be able to estimate an AUC with a 95%
confidence interval of 67.3% [26].
3. Results

This sample included 180 patients with median (IQR)
pain duration three (1.5-6.3) years and a mean (SD) 45
[9] years of age, of whom 105 (58%) were women. At
three months follow-up we excluded 12 patients who were
worse and 11 patients with missing values in GPE. Out of
the remaining 157 patients, 66 (42%) and 31 (20%)
improved, defined respectively, as including and excluding
the slightly improved category of GPE. At 12 months
follow-up 26 patients were worse, and 80 (56%) and 42
(29%) out of 143 patients improved, defined respectively,
as including and excluding the slightly improved category
of GPE. The distribution of absolute and relative change
scores within each category of GPE are shown for each
PROM in Figure 1. The correlations (absolute values) be-
tween change in each PROMs score and the GPE was
O0.5 (Table S1). PROM scores at baseline, three and
12 months, and information on missingness are reported
in Table 1.

3.1. Estimates of minimal important change (MIC)

Figure 2 presents the MIC estimates for absolute and
relative change scores of the PROMs across the methods
used (ROC and Predictive modeling analyses) for the two
time points (3- and 12-month follow-up) as well as for
the two cut-offs on the GPE (analyses ‘a’ and ‘b’). The
ROC cut-point scores for analyses ‘a’ on absolute change
at 3 months follow-up was 1.5 (95% CI 0.0 to 3.0) for
RMDQ, 3.0 (95% CI 1.2 to 4.8) for ODI, 1.3 (95% CI
0.8 to 1.8) for LBP intensity and 0.03 (95% CI 0.01 to
0.05) for EQ-5D. Generally, the MIC estimates were larger
at 12 months than at 3 months follow-up, and for analyses
‘b’ vs. ‘a’. When slightly improved was included in the
definition of improved (analyses ‘a’) the MIC estimates
of relative changes were 15-25% compared to 25-40%
when slightly improved was not included (analyses ‘b’).
Relative changes on the EQ-5D were not calculated as in-
finite values occur when baseline values are zero.



Table 2. Assessing credibility of the estimated Minimal Important Change [3]

Signaling questions

Credibility assessment with rationale

3-month follow-up 12-month follow-up

Core Criteria

Item 1: Is the patient or necessary
proxy responding directly to both
the patient reported outcome
measure and the anchor?

Yes, patients completed all questionnaires. Yes, patients completed all questionnaires.

Item 2: Is the anchor easily
understandable and relevant for
patients or necessary proxy?

Definitely yes. The anchor is a transition
rating that asks, ‘‘Compared to before
starting treatment, how is your back pain
now?’’ The seven responses were
‘‘completely recovered’’, ‘‘much
improved’’, ‘‘slightly improved’’, ‘‘no
change’’, ‘‘slightly worsened’’, ‘‘much
worsened’’, and ‘‘worse than ever’’.

Definitely yes. The anchor is a transition
rating that asks, ‘‘Compared to before
starting treatment, how is your back pain
now?’’ The seven responses were
‘‘completely recovered’’, ‘‘much
improved’’, ‘‘slightly improved’’, ‘‘no
change’’, ‘‘slightly worsened’’, ‘‘much
worsened’’, and ‘‘worse than ever’’.

Item 3: Has the anchor shown
good correlation with the
[change in] patient reported
outcome measure?

Definitely yes for LBP intensity NRS (0.73).
To a great extent for RMDQ (0.59), ODI
(0.60) and EQ-5Da (�0.57).

Definitely yes for LBP intensity NRS (0.76)
RMDQ (0.74) and ODI (0.71).

To a great extent for EQ-5Da (�0.53).

Item 4: Is the MIC precise?
Quantified as width of the 95%
CI and expressed as a
percentage the estimate

Not so much for analysis ‘b’ of absolute
changes in LBP intensity (38%)
(Table S4). Definitely no for all other
analyses.(O50%).b Precision should
ideally be below 10%.

Not so much for analysis ‘b’ of absolute
(35%) and relative changes (27%) in LBP
intensity (Table S4). Definitely no for all
other analyses (O50%).b Precision should
ideally be below 10%.

Item 5: Does the threshold or
difference between groups on
the anchor used to estimate the
MIC reflect a small but
important difference?

Definitely yes.
The seven responses were ‘‘completely
recovered’’, ‘‘much improved’’, ‘‘slightly
improved’’, ‘‘no change’’, ‘‘slightly
worsened’’, ‘‘much worsened’’, and ‘‘worse
than ever’’. We used values for cutoffs
below (ROC-curve analyses), and mean and
p25 within, those patients who reported
‘‘much improved’’, ‘‘slightly improved’’.

Definitely yes.
The seven responses were ‘‘completely
recovered’’, ‘‘much improved’’, ‘‘slightly
improved’’, ‘‘no change’’, ‘‘slightly
worsened’’, ‘‘much worsened’’, and ‘‘worse
than ever’’. We used values for cutoffs
below (ROC-curve analyses), and mean and
p25 within, those patients who reported
‘‘much improved’’, ‘‘slightly improved’’.

Additional criteria for transition rating anchors

Item 1: Is the amount of elapsed
time between baseline and
follow-up measurement for MIC
(termed MID in original list, but
meaning is the same) estimation
optimal?

Not so much.
Three months recall is suboptimal. Follow-up
should ideally be sufficiently short for
patients to be able to remember their
health state at baseline (ideal timing not
known, but the credibility instrument
suggests !2 months for asserting high
credibility).

Definitely no.
A recall period of one year is likely too long
for patients to be able to remember their
health state at baseline (ideal timing not
known, but the credibility instrument
suggests !2 months for asserting high
credibility).

Item 2: Does the transition item
have a satisfactory correlation
with the PROM score at follow-
up?

Definitely yes for all PROMs.
Correlations are 0.49 for RMDQ, 0.55 for
ODI, 0.65 for LBP intensity NRS and
�0.56 for EQ-5Da.

Definitely yes for all PROMs.
Correlations are 0.65 for RMDQ, 0.67 for
ODI, 0.76 for LBP intensity NRS and
�0.65 for EQ-5Da.

Item 3: Does the transition item
correlate [negatively for RMDQ,
ODI and LBP intensity, or
positively for EQ-5D] with the
PROM score at baseline?

Rationale: ‘‘If the score at baseline
correlates with the transition
rating, we are more confident
that patients are taking their
baseline status into account
when scoring the transition
rating’’ [3]

Definitely yes for RMDQ (�0.04).
To a great extent for ODI (0.06), LBP
intensity NRS (0.02) and EQ-5Da (�0.05).

Definitely yes for RMDQ (�0.02).
To a great extent for LBP intensity NRS
(0.09)

Not so much for ODI (0.15) and for EQ-5Da

(�0.16).

(Continued )
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Table 2. Continued

Signaling questions

Credibility assessment with rationale

3-month follow-up 12-month follow-up

Item 4: Is the correlation of the
transition item with the PROM
change score appreciably
greater than the correlation of
the transition item with the
PROM score at follow-up?

Not so much for RMDQ (0.09), ODI (0.05),
LBP intensity NRS (0.9) and EQ-5Da

(�0.01) (numbers refer to difference
between correlation GPEePROM change
score and correlation GPEePROM score at
follow-up).

Not so much for RMDQ (0.08), ODI (0.03)
and LBP intensity NRS (0.01).

Definitely no for EQ-5Da (0.12) (numbers
refer to difference between correlation GPE
ePROM change score and correlation GPE
ePROM score at follow-up).

Overall judgment of credibility We consider the MICs for RMDQ, ODI, LBP
intensity NRS and EQ-5D at three-month
follow-up to have moderate credibility. The
MICs were estimated using a patient-
reported anchor that is easily
understandable, relevant, with justified
cut-offs and were well correlated with
change scores in the respective PROMs.
However, there is some concern of poor
precision, and flawed recall as the follow-
up time was at three months. The latter
concern was supported by minorly
(RMDQ,ODI and LBP intensity NRS) and
no (EQ-5D) stronger correlations of the
transition item with the PROM change
scores compared to the correlations of the
transition item with the PROM scores at
follow-up. However, the concern was
reduced by satisfactory correlations
between the transition item and both the
baseline and follow-up score.

We consider MICs for RMDQ, ODI, LBP
intensity NRS and EQ-5D at 12-month
follow-up to have moderate credibility. The
MICs were estimated using a patient-
reported anchor that is easily
understandable, relevant, with justified
cut-offs and were well correlated with
change scores in the respective PROMs.
However, there is a concern of poor
precision, and flawed recall as the follow-
up time was at one year. The latter concern
was supported by minorly (RMDQ,ODI and
LBP intensity NRS) and no (EQ-5D)
stronger correlations of the transition item
with the PROM change scores compared to
the correlations of the transition item with
the PROM scores at follow-up. However,
the concern was not supported as
correlations between the transition item
and the baseline and the follow-up score of
PROM scores were satisfactory. Despite
longer follow-up than three-month,
correlations between the transition item
and the change scores were better for 12-
month follow-up.

RMDQ, Roland Morris Disability Questionnaire; ODI, Oswestry Disability Index; LBP (low back pain) intensity, measured by numerical rating
scale; EQ5D, Health-related quality of life, EuroQoL-5D; PROM, Patient Reported Outcome Measure.

The credibility assessments are scored according to the instrument for judging the trustworthiness of minimal important differences [3], with
grade options yes/no/impossible to tell for item 1 and options definitely yes/to a great extent/definitely no/not so much/impossible to tell for all other
items. An overall judgment of credibility (low, moderate, high) is reached based on consideration of the severity of the credibility issue for any
particular item and the consequence of this issue. We used the authors of the credibility assessments’ own examples of overall judgment (prescrip-
tive approach not available).

a For EQ-5D higher values represent different states (worse) than higher values on the anchor global perceived effect (better), which will affect
the direction (positive/negative) of the correlations (we used Guide B in the credibility evaluation instrument [3]).

b Random-effects logistic regression analyses (combining both follow-up times) for analyses ‘b’ had better precision: ‘‘To a great extent’’ for
LBP intensity NRS and ‘‘not so much’’ for RMDQ, ODI and EQ-5D.
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The sensitivity analyses generally supported the findings
in the primary analyses. For analyses ‘b’ there was a trend
of lower MIC estimates with the predictive modeling (that
adjusted for the low proportion of improved patients)
compared to the ROC-curve analyses (Figure 2). MIC esti-
mates for patients with less symptoms at baseline were
often lower than for patients with worse symptoms at base-
line when based on analyses of absolute changes, but most
often not when based on analyses of relative changes. The
predictive modeling that combined information from both
timepoints (random-effects logistic regression models, not
predefined analyses) gave slightly higher and more precise
MIC estimates (Figure S2).

The secondary analyses showed that median improve-
ments in patients who reported to be slightly improved were
similar to the MICs obtained from ROC curve analyses ‘a’
(Figure 1, Table S5). Median improvement in patients who
reported much improved were larger than the corresponding
MICs obtained from ROC curve analyses ‘b’.

We found that the credibility of the MIC estimates were
moderate (Table 2 and Table S1).
3.2. Responsiveness

For the ODI and the EQ-5D all hypotheses (6 out of 6)
based on a construct approach were confirmed. For RMDQ
and LPB intensity NRS five out of six hypotheses were
confirmed (Table 3). All PROMs had AUC values O 0.70
for absolute and relative change (criterion approach,
Table S3). Responsiveness parameters obtained at the



Table 3. Predefined hypotheses to test responsiveness of PROMs

Hypothesis Expected value Calculated value (CI)
Expectation met

(hypothesis confimed)

RMDQ

The correlation between absolute change in RMDQ score and
the absolute change in ODI score at 12 months is at least
strong and positive as they measure the same construct
[27,28]

rho �0.7 0.73 (0.65 to 0.79) Yes

The correlation between absolute change in RMDQ score and
the absolute change in LBP intensity NRS score at
12 months is moderate and positive [27,28]

rho �0.3 and ! 0.7 0.74 (0.66 to 0.80) No

The correlation between absolute change in RMDQ score and
the absolute change in EQ5D score at 12 months is
moderate and positive [29]

rho �0.3 and ! 0.7 0.61 (0.51 to 0.70) Yes

The standardized response mean in absolute RMDQ change
score is less than 0.2 for those who scored no change on the
global perceived effect at 12 months [27]

SRM !0.2 0.07 (�0.23 to 0.36) Yes

The standardized response mean in absolute RMDQ change
score is more than 0.2 for those who scored slightly
improved on the global perceived effect at 12 months [27]

SRM O0.2 0.82 (0.52 to 1.12) Yes

The standardized response mean in absolute RMDQ change
score is more than 0.5 for those who scored much improved
on the global perceived effect at 12 months [27]

SRM O0.5 2.28 (1.72 to 2.83) Yes

ODI

The correlation between absolute change in ODI score and the
absolute change in RMDQ score at 12 months is at least
strong and positive as they measure the same construct
[27,28]

rho �0.7 0.73 (0.65 to 0.79) Yes

The correlation between absolute change in ODI score and the
absolute change in LBP intensity NRS score at 12 months is
moderate and positive [27,28]

rho �0.3 and ! 0.7 0.67 (0.57 to 0.74) Yes

The correlation between absolute change in ODI score and the
absolute change in EQ5D score at 12 months is moderate
and positive [29]

rho �0.3 and ! 0.7 0.62 (0.51 to 0.70) Yes

The standardized response mean in absolute ODI change score
is less than 0.2 for those who scored no change on the global
perceived effect at 12 months [6,27]

SRM !0.2 �0.01 (�0.25 to 0.22) Yes

The standardized response mean in absolute ODI change score
is more than 0.2 for those who scored slightly improved on
the global perceived effect at 12 months [6,27]

SRM O0.2 0.95 (0.60 to 1.30) Yes

The standardized response mean in absolute ODI change score
is more than 0.5 for those who scored much improved on the
global perceived effect at 12 months [6,27]

SRM O0.5 2.11 (1.58 to 2.63) Yes

Pain intensity (NRS)

The correlation between absolute change in LBP intensity NRS
score and the absolute change in ODI score at 12 months is
moderate and positive [27,28]

rho �0.3 and ! 0.7 0.67 (0.57 to 0.74) Yes

The correlation between absolute change in LBP intensity NRS
score and the absolute change in RMDQ score at 12 months
is moderate and positive [27,28]

rho �0.3 and ! 0.7 0.74 (0.66 to 0.80) No

The correlation between absolute change in LBP intensity NRS
score and the absolute change in EQ5D score at 12 months
is moderate and positive [29]

rho �0.3 and ! 0.7 0.56 (0.45 to 0.66) Yes

The standardized response mean in absolute LBP intensity
NRS change score is less than 0.2 for those who scored no
change on the global perceived effect at 12 months [27]

SRM !0.2 0.06 (�0.16 to 0.27) Yes

(Continued )
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Table 3. Continued

Hypothesis Expected value Calculated value (CI)
Expectation met

(hypothesis confimed)

The standardized response mean in absolute LBP intensity
NRS change score is more than 0.2 for those who scored
slightly improved on the global perceived effect at
12 months [6,27]

SRM O0.2 1.49 (1.05 to 1.93) Yes

The standardized response mean in absolute LBP intensity
NRS change score is more than 0.5 for those who scored
much improved on the global perceived effect at 12 months
[6,27]

SRM O0.5 2.29 (1.74 to 2.85) Yes

EQ5D

The correlation between absolute change in EQ5D score and
the absolute change in ODI score at 12 months is moderate
and positive [27,28]

rho �0.3 and ! 0.7 0.62 (0.51 to 0.70) Yes

The correlation between absolute change in EQ5D score and
the absolute change in LBP intensity NRS score at
12 months is moderate and positive [27e29]

rho �0.3 and ! 0.7 0.56 (0.45 to 0.66) Yes

The correlation between absolute change in EQ5D score and
the absolute change in RMDQ score at 12 months is
moderate and positive [29]

rho �0.3 and ! 0.7 0.61 (0.51 to 0.70) Yes

The standardized response mean in absolute EQ5D change
score is less than 0.2 for those who scored no change on the
global perceived effect at 12 months [6]

SRM !0.2 �0.03 (�0.27 to 0.20) Yes

The standardized response mean in absolute EQ5D change
score is more than 0.2 for those who scored slightly
improved on the global perceived effect at 12 months [6]

SRM O0.2 0.56 (0.28 to 0.83) Yes

The standardized response mean in absolute EQ5D change
score is more than 0.5 for those who scored much improved
on the global perceived effect at 12 months [6]

SRM O0.5 1.57 (1.11 to 2.03) Yes

RMDQ, Roland Morris Disability Questionnaire; ODI, Oswestry Disability Index; LBP (low back pain) intensity, measured by numerical rating
scale; EQ5D, Health-related quality of life, EuroQoL-5D; SRM, Standardized response mean, the average change divided by the standard deviation
of the changes between the paired measurements.
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three-month follow-up were comparable to those obtained
at 12-month, and parameters obtained for absolute change
scores were comparable to those obtained for relative
change scores.
4. Discussion

This study found that for PROMs recommended for pa-
tients with LBP, the MIC estimates varied depending upon
including ‘‘slightly improved’’ in the definition of MIC or
not, on using absolute or relative change scores, and on
whether adjusting for baseline value of the PROMs or
not. The MIC estimates based on relative change scores
were more consistent (less dependent on baseline values)
compared to absolute change estimates. Our results suggest
that MIC is a 15-40% reduction in RMDQ, ODI and LBP
intensity NRS scores for chronic LBP; 15-25% when
including ‘‘slightly improved’’ in the definition of MIC,
and 25-40% without ‘‘slightly improved’’ in the MIC defi-
nition. We found moderate credibility of these MIC esti-
mates. The responsiveness for the RMDQ, ODI, LBP
intensity NRS and to a lesser extent EQ-5D, was sufficient.
4.1. Strengths and weaknesses

There is a variety of methods and no consensus in the
literature on what is the best method for estimating MIC
values [30]. Strengths of our study include using updated
methods recommended by the COSMIN panel [1], per-
forming predefined, as well as sensitivity analyses, testing
assumptions, and assessing credibility.

Limitations of our study include possible weaknesses
with the GPE instrument as anchor. First, there could be
flawed recall when reporting this instrument at 3- and 12-
month follow-up, as was picked up by the credibility as-
sessments (the observed correlations in the additional
criteria were not optimal) [31,32]. Secondly, the GPE in-
strument is domain unspecific, and we cannot know
whether patients had one or more specific domains in mind
when answering the instrument. Patients might have real
improvement in one domain and deterioration in others.

Another limitation is missing data, which could intro-
duce a potential source of bias. Missing not at random
cannot be excluded in MIC estimates, and there is no statis-
tical test that properly overcomes this problem [33]. We did
however have little missing (!10%) for each individual
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Fig. 1. (A)-Boxplot with descriptive data on absolute change. (B)-Boxplot with descriptive data on relative change. The box plots show median, 25th
and 75th percentiles (box) with lower and upper adjacent values (lines outside box) and outliers of absolute (A) and relative (B) change scores for
each PROM, within each category of global perceived effect. RMDQ, Roland Morris Disability Questionnaire (0e24); ODI, Oswestry Disability Index
(0e100); LBP (low back pain) intensity, measured by numerical rating scale (0e10); EQ5D, Health-related quality of life, EuroQoL-5D (�0.59 to
1); CR, Completely recovered; MI, Much improved; SI, Slightly improved; NC, No change; SW, Slightly worse; MW, Much worse; WE, Worse than
ever.
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PROM, which makes it unlikely that missing led to high
risk of bias. The predictive modeling using random-
effects logistic regression analyses (combining data from
three- and 12-month follow-up) handles missing better than
other analyses, still assuming missing (completely) at
random. These analyses suggested slightly larger MIC
values compared to the average of MIC estimates from both
follow-ups (Figure S2). This slight increase is as expected,
as random-effects logistic regression fits subject-specific
probabilities that are known to be larger than population-
averaged probabilities (estimated in ordinary logistic
regression models) [34].

Further, for the analyses ‘b’ (GPE dichotomized into
completely recovered/much improved vs slightly improved/
no change)we found a trend of lower estimates from the sensi-
tivity analyses adjusting for the proportion of improved pa-
tients compared to the ROC-curve analyses. This is probably
explained by the low proportion of improved patients in these
analyses, and the predictive modelingmight be more accurate
than ROC-curve analyses as only the former adjust for this.
4.2. Comparing results with previous studies

Previous MIC estimates are based on studies that used
a variety of methods and from a diversity of settings and
patient samples [4]. The context should be considered
when choosing specific values. The intention of the pre-
sent study was to provide estimates on a specific patient
group (chronic LBP and Modic changes), and comparison
to previous results might therefore be less suitable. Some
argue against the view that Modic changes represent a
specific subgroup, and our results might also be general-
izable to a chronic LBP population without Modic
changes.

A main determinant of our results was the choice of cut-
off on the GPE (analyses ‘a’ vs ‘b’). The MIC estimates for
analyses ‘a’ were on the lower end of the spectrum of esti-
mates presented in previous studies using similar cut-off on
the GPE [27,35,36]. We had predefined to consider results
from analyses ‘a’ (15-25% reduction in RMDQ, ODI and
LBP intensity scores) relevant for low-risk back pain inter-
ventions with few adverse events, and results from the more
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Fig. 1. Continued.
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conservative analyses ‘b’ (25-40% reduction in RMDQ,
ODI and LBP intensity scores) relevant for back pain inter-
ventions with frequent adverse events (e.g., surgery or anti-
biotic treatment). Smallest worthwhile effect (between
group differences) does indeed depend on risk of adverse
events and inconveniences [37], in line with our way of
thinking.

For absolute change scores, the MIC-estimates were
lower for patients with better compared to patients with
worse baseline score. For relative changes in disability
and pain intensity, there was less variation between patients
with low and high baseline scores. These findings are in
line with previous results [38e41] and suggest that MIC es-
timates of relative changes should be preferred. For EQ-5D
it is slightly more complicated to use relative changes as
they theoretically can take infinite values (because the de-
nominator can be zero).
4.3. Interpretation of findings

Several points are important when interpreting MIC
thresholds (based on ROC curve or predictive modeling an-
alyses) on an individual level. First, one should consider the
precision of the cut-point scores/estimates [42]. We want to
remind readers that it is wrong to interpret the confidence
intervals as the interval that contain 95% of individual
MIC thresholds (reference ranges). Sensitivity and speci-
ficity express better the extent to which the MIC thresholds
applies to individual patients [43]. For analyses ‘b’, both
sensitivity and specificity (not predefined analyses) were
mostly better (despite wider confidence intervals of cut-
off scores) compared to analyses ‘a’. This suggests that es-
timates from analyses ‘b’ are more accurate when applied
on the individual level. Second, the US FDA guidance sug-
gests that change scores on the individual level should only
be viewed as a clinically important change if larger than the
smallest detectable change (SDC) [44]. This is defined so
that 95% of subjects (with assumed no change in symptoms
between two measurements) is expected to report a change
in scores less than the SDC, which has reported to be 4 to 9
for RMDQ, 11 to 17 for ODI, 3 to 4 for NRS and 0.4 for
EQ5D [9,45,46]. In this respect we can also more readily
trust the estimates from analyses ‘b’, as estimates for ana-
lyses ‘a’ were mostly below values for SDC. However,
SDC values for PROMs used in back pain might themselves
be uncertain [9].

The credibility assessments of both three- and 12-month
follow-ups were similar (both moderate credibility), and we



Fig. 2. Minimal important change thresholds analyzed by ROC and Logistic regression for different cutoffs of GPE (analyses ‘a’ þ ‘b’) Color should
be used in print. RMDQ, Roland Morris Disability Questionnaire (0e24); ODI, Oswestry Disability Index (0e100); LBP (low back pain) intensity,
measured by numerical rating scale (0e10); EQ5D, Health-related quality of life, EuroQoL-5D (-0.59e1); Analyses a, global perceived effect
dichotomized into completely recovered/much improved/slightly improved v no change; Analyses b, global perceived effect dichotomized into
completely recovered/much improved vs slightly improved/no change; O, Overall; LB, Low baseline (�median); HB, High baseline (Omedian);
ROC, Receiver operating curve analyses (Primary analyses, red); Pred mod, Predictive modeling (Sensitivity analyses, blue -unadjusted, orange -
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found it reasonable to combine their respective MIC esti-
mates using predictive modeling with random-effects logis-
tic regression models (not predefined analyses). These
analyses gave more precise estimates that support our
conclusion.

Our estimated within-group MIC thresholds could be
used to prespecify a definition of a responder in responder
analyses or, with caution due to points mentioned above, to
assess individual changes in the clinical setting.
5. Conclusion

This study showed that the MIC varied from 15% to
40% improvement in RMDQ, ODI and LBP intensity
scores, values depending on definition of MIC (including
those who reported ‘‘slightly improved’’ or not). These es-
timates, tested in a clinical trial of patients with chronic
LBP in an outpatient hospital setting, are on the lower spec-
trum of previous estimates. These core outcomes of back
pain showed a sufficient responsiveness.
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