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Abstract
Background and purpose: Pompe disease is a rare, inheritable, progressive metabolic 
myopathy. This study aimed to estimate the minimal clinically important difference 
(MCID) for an improvement in forced vital capacity in the upright seated position 
(FVCup) and the 6-min walk test (6MWT) after a year of treatment with enzyme re-
placement therapy.
Methods: Data were obtained from two prospective follow-up studies. Between-group 
and within-group MCIDs were estimated using anchor-based methods. Additionally, a 
distribution-based method was used to generate supportive evidence. As anchors, self-
reported change in health and in physical functioning, shortness of breath and a catego-
rization of the Short-Form 36 Physical Component Summary score were used. Anchor 
appropriateness was assessed using Spearman correlations (absolute values ≥0.29) and a 
sufficient number of observations in each category.
Results: In all, 102 patients had at least one FVCup or 6MWT measurement during en-
zyme replacement therapy. Based on the anchors assessed as appropriate, the between-
group MCID for an improvement in FVCup ranged from 2.47% to 4.83% points. For the 
6MWT, it ranged from 0.35% to 7.47% points which is equivalent to a distance of 2.18–
46.61 m and 1.97–42.13 m for, respectively, a man and a woman of age 50, height 1.75 m 
and weight 80 kg. The results of the distribution-based method were within these ranges 
when applied to change in the outcome values.
Conclusion: The MCIDs for FVCup and 6MWT derived in this study can be used to inter-
pret differences between and within groups of patients with Pompe disease in clinical 
trials and cohort studies.

K E Y W O R D S
anchor-based method, clinically meaningful threshold, forced vital capacity, minimal clinically 
important difference, minimal important change, Pompe disease, 6-minute walk test
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INTRODUC TION

Pompe disease is a rare, inheritable and progressive metabolic 
myopathy. It is caused by partial or total deficiency of the lyso-
somal enzyme acid alpha-glucosidase, resulting in a build-up of 
lysosomal glycogen and subsequent cellular damage in virtually 
all body tissues, particularly in muscles [1]. Adult patients present 
with progressive muscle weakness, limitations in motor function 
and respiratory difficulties. Enzyme replacement therapy (ERT) 
with recombinant human alpha-glucosidase (alglucosidase alfa, 
Myozyme) has been available for treatment since 2006 and has 
been shown to improve or stabilize these outcomes [2-9], followed 
in the long term by a secondary decline [4,10,11,12]. New treat-
ments are being investigated to improve the situation of these pa-
tients further with some improved forms of ERT recently having 
been approved [13-15].

The primary outcomes measured in clinical trials for treating 
adult patients with Pompe disease are usually forced vital capac-
ity in the upright seated position (FVCup) and the 6-min walk test 
(6MWT) [7,13,14]. However, the results of these trials can be lim-
ited since there is no threshold to determine how much a treat-
ment group should improve on these end-points to be clinically 
important. A statistically significant difference does not also imply 
clinical importance for the patient. To guide clinical decision-
making and avoid relying solely on statistical significance, the 
so-called minimal clinically important difference (MCID) has been 
proposed. The MCID is the smallest change in an outcome that a 
patient perceives as important, either beneficial or harmful, and 
that would lead the patient or clinician to consider a change in 
management [16]. At present, no published MCID values are avail-
able for Pompe disease, hampering the interpretation of trials.

The MCID can be determined by several methods, including 
two common ones: anchor-based methods and distribution-based 
methods [17-19]. Anchor-based methods link the outcomes of in-
terest to an external criterion, either a factor that has clinical rele-
vance (e.g., ventilator use) or patient-reported ratings of (changes 
in) health: the so-called anchor [17-19]. Distribution-based meth-
ods compare the change in the outcome of interest to some mea-
sure of statistical variability, such as the standard deviation (SD), 
and are typically used as supportive evidence since this method 
provides indirect information about the MCID [17-19]. The present 
study aimed to estimate the MCID for an improvement in FVCup 
and 6MWT for interpreting changes between and within groups 
of patients with Pompe disease during their first year of treatment 
with ERT. Anchor-based methods were used and our findings were 
supported using distribution-based methods. For this study, data 
from two cohort studies were linked, one providing the clinical 
outcomes of interest and the other the anchors, resulting in a data-
set of 102 adult Dutch patients who received ERT.

METHODS

Data

Data from two prospective follow-up studies were combined 
[10,20,21]. Both studies were conducted at the Centre for Lysosomal 
and Metabolic Diseases, Erasmus MC University Medical Centre, 
Rotterdam, the national referral centre for Pompe disease in the 
Netherlands.

The databases were locked at the end of December 2018 and 
included only adult patients with Pompe disease residing in the 
Netherlands who were followed in both longitudinal studies, re-
ceived ERT and had at least one outcome measurement during ERT. 
In addition, data from up to 6 months before the start of ERT were 
included to ensure that there were sufficient ‘baseline’ data points.

Outcomes of interest

Forced vital capacity in the upright seated position (FVCup) and the 
6MWT were assessed every 3–12 months before and after the start 
of ERT since January 2005 as part of an ongoing clinical follow-up 
study [21,22]. FVCup was measured using spirometry and the results 
were expressed as the percentage of the predicted normal values 
based on the subject's age, sex, race and height [23,24]. The 6MWT 
was used as a test of functional endurance in which the distance 
walked in 6 min was recorded [25]. The values were presented as a 
percentage of the predicted normal values to account for the effects 
of age, height, weight and sex [25,26].

Anchors and anchor groups

As anchors, patient-reported outcome measures were used, col-
lected annually through an ongoing international questionnaire: the 
International Pompe Association (IPA)/Erasmus MC Pompe survey, 
and also partly alongside the clinical follow-up [20]. Questionnaires 
include the Medical Outcome Study 36-item Short-Form Health 
Survey (SF-36, version 1 before 2009 and version 2 after 2009) 
[27,28], and a Pompe-specific questionnaire specifically designed 
to assess symptoms and problems of the disease [20]. From these, 
the following items were included as potential anchors: GH_change, 
PF_change, SB_diff and PCS_cat. These are described in Table 1. The 
Pompe-specific questionnaire also includes questions on ventilation 
and wheelchair use. However, there was too little variation reported 
in the survey so these questions could not be used as anchors.

Using each anchor, patients were categorized into three groups 
(‘better’, ‘same’ and ‘worse’), as presented in Table 1. For this, the 
categories ‘much better’ and ‘a bit better’ (and ‘much’/’a bit worse’) 

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.16223 by E

rasm
us U

niversity R
otterdam

 U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [08/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  3 of 13MINIMAL IMPORTANT DIFFERENCE IN POMPE DISEASE

of GH_change and PF_change were combined a priori because of the 
small number of patients. Combining two categories into one ‘better’ 
group could result in overestimating the ‘minimal’ clinically import-
ant difference for an improvement. Patients who deteriorated were 
not included in the calculation of the MCID for an improvement.

Statistical analysis

Time intervals

Given the observational nature of the data, measurements were not 
taken exactly at baseline (BL) and 1-year follow-up (FU1). To solve 
this issue, time points were selected using time intervals. In addition, 
for some anchors, modelling was used (see below and the Appendix, 
Part A). Time points were selected as follows:

•	 BL: the measurement in the time interval [−0.5, 0.49] that is clos-
est to the start of ERT (t = 0);

•	 FU1: the measurement in the time interval [0.5, 1.7] that is closest 
to t = 1.

Time is expressed in years since the start of ERT. A slightly longer 
time is allowed on the right side to capture more patients.

The first year of treatment was chosen as the time frame for this 
study, as this pertains to the period in which clinical trials are usually 
performed. Also, it is the time frame in which the most improvement 
is seen [4-9].

Anchor-based MCID using time intervals

The between-group MCID was calculated from the data observed 
in the above time intervals using the mean change method [29,30]. 
Thus, it was calculated as the mean difference in the clinical out-
come of interest (6MWT/FVCup) from BL to FU1 in the anchor group 
‘better’ minus the mean difference in the outcome of interest in the 
anchor group ‘same’:

MCIDbetween = mean
[(

outcomeFU1−outcomeBL

)

better

]

−mean
[(

outcomeFU1−outcomeBL

)

same

]

TA B L E  1 Anchors used and anchor groups.

Anchor Description and information Answer options
Anchor 
group

GH_change Self-reported change in health. This is item 2 from SF-36: ‘how has your health in general 
changed compared to 1 year ago?’ This item is frequently used as anchor

FU1: much better Better

FU1: a bit better

FU1: the same Same

FU1: a bit worse Worse

FU1: much worse

PF_change Self-reported change in physical functioning. This is from an item in the Pompe-specific 
questionnaire: ‘how has your physical functioning changed compared to 1 year ago’

FU1: much better Better

FU1: a bit better

FU1: the same Same

FU1: a bit worse Worse

FU1: much worse

SB_diff
•	 SB_diff_ir
•	 SB_diff_sup
•	 SB_diff_he
•	 SB_diff_me

Observed difference in the answer to shortness of breath question (yes/no) from BL to FU1:
•	 in rest
•	 in supine position
•	 in heavy exercise
•	 in mild exercise
Note: This was defined as anchor only for FVCup (%)

BL: Yes → FU1: No Better

BL: Yes → FU1: Yes Same

BL: No → FU1: No Same

BL: No → FU1: Yes Worse

PCS_cat Categorization of the PCS scorea of the SF-36 questionnaire based on the change from BL to 
FU1

Note: This is not a steadfast anchor since the PCS does not have a known MCID for the 
Pompe disease

>5 Better

≤5 and ≥−5 Same

<−5 Worse

Abbreviations: BL, baseline, i.e. the time-point closest to start of ERT in the time interval [−0.5, 0.49]; ERT, enzyme replacement therapy; FU1, 1-year 
follow-up, i.e. the time-point closest to 1 year in the time interval [0.5, 1.7]; FVCup, forced vital capacity in the upright position; GH_change, self-
reported change in health (question 2 of the SF-36 questionnaire); PCS_cat, a categorization of the change in Physical Component Summary (PCS) 
score; PF_change, self-reported change in physical functioning (question in the Pompe-specific questionnaire); SB_diff_ir, SB_diff_sup, SB_diff_he and 
SB_diff_me, change in shortness of breath in rest, in supine position, in heavy exercise and in mild exercise, respectively, from baseline to follow-up; 
SF-36, Medical Outcome Study 36-item Short-Form Health Survey [28].
aPCS norm scores were calculated using the Dutch 1998 norms, ensuring comparability of the results for both versions of the SF-36. Norm-based 
scores range from 0 to 100, with higher values indicating better quality of life.
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The within-group MCID was the mean difference (from BL to 
FU1) of the outcome in the group ‘better’, as proposed by Jaeschke 
et al. [16]. These values are available in the results but are not em-
phasized further in the paper.

To assess the appropriateness of the anchors, the Spearman cor-
relation (r) was calculated between the patients' change (from BL to 
FU1) in the outcomes and the anchor groups (‘better’ and ‘same’). 
Correlations ≥0.3 are recommended [31]. Nevertheless, given the 
rare nature of Pompe disease, the sample size limits the correlations 
and absolute correlations ≥0.29 were assumed to be sufficient. In 
addition, a threshold was set for the total number of patients avail-
able for the analysis (i.e., anchor groups ‘better’ plus ‘same’) of ≥35 
patients and ≥eight patients per anchor group. The literature sug-
gests to have at least 50 or 100 patients in total in these groups [32] 
but this was not possible for this rare disease.

Anchor-based MCID using a statistical model

Between-group MCIDs for GH_change and PF_change were also 
estimated using modelling, to remove the effect of variation in the 
timing of outcome and anchor measurements. For the remaining 
anchors modelling was too complex as these are based on the dif-
ference between two time points. Modelling was initially proposed 
by Angst et al. [19] to adjust for covariates that may not be equally 
distributed between anchor groups.

Briefly, a logistic linear mixed-effects model was fitted to esti-
mate the values of the anchors at t = 1 considering sex, disease du-
ration at the start of ERT, time (nonlinear) and ERT. Next, a linear 
mixed-effects model was fitted for the FVCup/6MWT to estimate its 
value at t = 0 and t = 1 for the categories ‘better’ and ‘same’ consider-
ing time (nonlinear), the imputed anchor value and their interaction. 
Estimates from 200 repetitions of the above process were pooled to 
provide the MCID estimates. Further explanation is provided in the 
Appendix, Part A.

Distribution-based MCID

Distribution-based methods do not consider the patient's per-
spective [33] and were used as supportive evidence. The MCID 
was calculated as half the standard deviation of the observed 
values in the BL interval: MCID = 0.5 × SDBL. This follows the 
method proposed by Norman et  al. [34], who attributed their 
finding to the fact that 0.5 × SD represents the human mental 
discriminative capacity limit, a limit that would appear in most 
patient-reported outcome measures. This method was also ap-
plied to the change in outcome values from BL to FU1, as the 
purpose of the MCID is to provide insight into how much change 
is relevant.

Triangulation

Previous literature [35-37] suggests presenting a range of estimates 
for triangulation. The between-groups MCIDs estimated from all 
methods are therefore presented in a graph.

Analyses were performed with the R statistical software (version 
4.2.0).

Standard protocol approvals, registrations and 
patient consents

Both studies were approved by the ethics committee of the Erasmus 
MC University Medical Centre and have been performed in accord-
ance with the 1964 Declaration of Helsinki and its later amendments. 
Written informed consent was obtained from all participants prior to 
their inclusion. Consent for publication is not applicable.

RESULTS

Study population

There were 140 Dutch adult patients in the IPA/Erasmus MC 
Pompe survey until December 2018, 146 in the clinical follow-up 
study and 130 patients in both studies. After excluding patients 
who did not receive ERT, had no measurements during ERT and/
or no FVCup and 6MWT measurements, 102 patients were eligi-
ble for this study. The anchors GH_change, PF_change, SB_diff and 
PCS_cat were available for 88, 73, 66 and 83 patients, respectively 
(Appendix, Part B, Figure A1). The change in FVCup and 6MWT from 
BL to FU1 could be calculated for 98 and 53 patients, respectively.

Table  2 shows the demographic and clinical characteristics of 
the study population and the time at which the measurements took 
place. Of all 102 Pompe patients, 54.9% were women, the median 
age at the start of ERT was 50 years and the median age at the start 
of symptoms 32.5 years, 30.4% were wheelchair dependent and 
24.5% were ventilator dependent.

The median times at which the BL and FU1 measurements were 
taken were close to 0 and 1, respectively, both for the anchor and 
clinical outcomes. The clinical outcomes and the anchors were not 
measured at the same time. The median time difference was close 
to zero for all outcome−anchor combinations (Table  2). For some 
combinations the full range included 9 months but, for all the com-
binations, the interquartile range showed that 50% of the paired 
measurements were taken no more than 4 months apart. Further 
information is provided in the Appendix, Part C.

Anchor-based approach based on time intervals

Table  3 shows the results of the anchor-based approach using 
time intervals. For each anchor the number of patients, the mean 

MCIDwithin = mean
[(

outcomeFU1−outcomeBL

)

better

]
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change in the outcomes and the Spearman correlation (r) are pre-
sented. These are provided for all answer options and for the an-
chor groups that were used to calculate the MCID, that is, ‘better’ 
and ‘same’.

The results presented in bold had anchors that met the appro-
priateness criteria (|r| ≥ 0.29; n ≥ 35 in both anchor groups and n ≥ 8 
per anchor group). For FVCup, the anchors shortness of breath in 
the supine position (SB_diff_sup) and PCS_cat were ‘appropriate’ for 
the analysis, resulting in an MCID for between-group differences 

of 2.47% points and 4.83% points, respectively. The within-group 
MCID ranged from 1.26% points to 3.74% points.

For the 6MWT only the anchor GH_change was ‘appropriate’. The 
MCID for an improvement in 6MWT between groups based on GH_
change is 7.47% points which is equivalent to a distance of 46.61 m 
and 42.13 m for a man and a woman of age 50, height 1.75 m and 
weight 80 kg, respectively. For a man and a woman of age 70, height 
1.70 m and weight 90 kg the distances are equivalent to 34.97 m and 
31 m, respectively. The within-group estimate was 11.53% points.

TA B L E  2 Characteristics of the patients of interest (n = 102).

Demographic and clinical characteristics Patients of interest (n = 102)

Women: number (%) 56 (54.9)

Age at start of symptoms in years: median (full range) 32.50 (2–62)

Age at start of ERT: median (full range) 50 (14–76)

Disease duration at start of ERT in years: median (full range) 13.76 (0.85–50.28)

Wheelchair dependent at start of ERT: number (%) 31 (30.4)

Full: number (%) 8 (7.8)

Partial: number (%) 23 (22.6)

Respiratory support at start of ERT: number (%) 25 (24.5)

Invasive: number (%) 2 (2.0)

Non-invasive: number (%) 23 (22.6)

Most frequent allele 1: number (%)

c-32-13T>G(IVS1-13T>G) 97 (95.1)

Most frequent allele 2: number (%)

c.525del 46 (45.1)

Time of measurement in years: median (range)

Measurement time since start ERT (n) BL FU1

FVCup (%) −0.04 (−0.41 to 0.31) 1.04 (0.50 to 1.54)

6MWT (%) −0.03 (−0.29 to 0.38) 1.02 (0.50 to 1.35)

GH_change – 1.04 (0.52 to 1.7)

PF_change – 1.05 (0.50 to 1.66)

SB_diff −0.11 (−0.50 to 0.49) 1.04 (0.50 to 1.66)

PCS_cat −0.02 (−0.35 to 0.47) 1.04 (0.52 to 1.7)

Difference in time of outcome and anchor (n)

FVCup (%) – GH_change – 0 (−0.66 to 0.52)

FVCup (%) – PF_change – −0.04 (−0.85 to 0.61)

FVCup (%) – SB_diff 0 (−0.67 to 0.54) 0.02 (−0.61 to 0.85)

FVCup (%) – PCS_cat 0 (−0.54 to 0.52) 0 (−0.66 to 0.52)

6MWT (%) – GH_change – 0.01 (−0.85 to 0.52)

6MWT (%) – PF_change – −0.16 (−0.47 to 0.52)

6MWT (%) – PCS_cat 0 (−0.37 to 0.63) 0.01 (−0.85 to 0.52)

Note: Both FVCup and 6MWT are expressed as a percentage of their predicted normal values.
Abbreviations: 6MWT, 6-min walk test; BL, baseline, i.e. time-point closest to start of ERT in the time interval [−0.5, 0.49]; ERT, enzyme replacement 
therapy; FU1, 1-year follow-up, i.e. time-point closest to 1 year in the time interval [0.5, 1.7]; FVCup, forced vital capacity in the upright position; 
GH_change, self-reported change in health (question 2 of the SF-36 questionnaire); n, number of patients; PCS_cat, a categorization of the change in 
Physical Component Summary (PCS) score; PF_change, self-reported change in physical functioning (question in the Pompe-specific questionnaire); 
SB_diff, the change in shortness of breath in the first year of treatment with ERT.
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TA B L E  3 Anchor-based MCIDs using time intervals: number of patients, mean change and Spearman correlation for FVCup and 6MWT by 
anchor.

FVCup (%) 6MWT (%)

Anchor Patients
Mean change 
(SE) Spearman correlationa Patients

Mean change 
(SE) Spearman correlationa

GH_change MCID = 1.56 MCID = 7.47

Better 32 1.27 (1.4) −0.10 12 11.53 (2.5) −0.42

Much better 10 5.49 (2.73) −0.27 4 16.93 (6.49) −0.37

A bit better 22 −0.65 (1.57) 0.01 8 8.83 (1.63) −0.34

The same 40 −0.29 (0.86) 1 25 4.06 (1.63) 1

Worse 13 −3.92 (2.07) – 6 5.26 (5.17) –

A bit worse 12 −3.65 (2.23) – 5 5.43 (6.33) –

Much worse 1 −7.20 (NA) – 1 4.46 (NA) –

PF_change MCID = 2.05 MCID = 3.29

Better 38 0.69 (1.3) −0.10 16 7.16 (2.7) −0.23

Much better 8 6.18 (3) −0.37 4 13.06 (9.19) −0.3

A bit better 30 −0.78 (1.29) −0.01 12 5.19 (2.06) −0.22

The same 22 −1.36 (1.4) 1 7 3.87 (5.1) 1

Worse 11 −0.01 (1.77) – 7 5.57 (3.28) –

A bit worse 10 0.53 (1.86) – 7 5.57 (3.28) –

Much worse 1 −5.44 (NA) – 0 0 –

SB_diff_he MCID = −0.22 –

Better 10 −1.35 (1.89) 0.06 – – –

The same 47 −1.13 (1.05) 1 – – –

Worse 6 3.15 (2.82) – – – –

SB_diff_me MCID = 3.68 –

Better 11 2.12 (1.89) −0.17 – – –

The same 45 −1.56 (1.08) 1 – – –

Worse 7 −0.10 (2.18) – – – –

SB_diff_ir MCID = 2.28 –

Better 8 1.37 (1.75) −0.10 – – –

The same 54 −0.91 (0.98) 1 – – –

Worse 1 −9.83 (NA) – – – –

SB_diff_sup MCID = 2.47 –

Better 9 1.26 (2.36) −0.29 – – –

The same 49 −1.21 (1) 1 – – –

Worse 5 0.04 (3.07) – – – –

PCS_cat MCID = 4.83 MCID = 6.39

Better 17 3.74 (1.7) −0.32 8 10.82 (4.16) −0.25

The same 37 −1.09 (1.23) 1 20 4.43 (1.71) 1

Worse 26 −2.18 (1.24) – 12 8.34 (2.83) –

Note: MCID is the between-group minimal clinically important difference calculated as the mean change in the outcomes of the anchor group ‘better’ 
minus mean change in ‘same’. The within-group MCIDs are the mean change values shown in the ‘better’ groups. Patients who replied ‘much better’ 
and ‘a bit better’ were included in the group ‘better’ and if they replied ‘a bit worse’ and ‘much worse’ in the group ‘worse’.
Both outcomes are expressed as a percentage of their predicted normal values.
Abbreviations: 6MWT, 6-min walk test; FVCup, forced vital capacity in the upright position; GH_change, self-reported change in health (question 
2 of the SF-36 questionnaire); Mean change, mean difference in the value at baseline and 1-year follow-up; PCS_cat, a categorization of the 
Physical Component Summary (PCS) score; PF_change, self-reported change in physical functioning (question in the Pompe-specific questionnaire); 
SB_diff_he, SB_diff_me, SB_diff_ir and SB_diff_sup, change in shortness of breath in heavy exercise, in mild exercise, in rest and in supine position, 
respectively, from baseline to follow-up; SE, standard error.
aCorrelation of the mean change in the outcome with the answer options (of the respective row and ‘same’). In bold are the MCIDs with correlations 
with absolute value ≥0.29 and appropriate numbers of patients. The cells with a negative sign (–) are the ones that do not pertain to an improvement.
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Anchor-based approach based on modelling

The between-group MCIDs from this approach (Table 4) are con-
siderably smaller than the results of the time interval method. The 
confidence intervals contain zero indicating that these results are 
not statistically significant. Based on the correlations obtained 
in the time interval method, only the MCID of 0.35% points es-
timated for the 6MWT using GH_change would be considered 
appropriate.

Distribution-based method

Table 5 shows the results of the distribution-based method using 
BL and the change (FU1 − BL) values. Based on the BL values, the 
MCIDs for FVCup and the 6MWT are 10.91% points and 10.50% 
points, respectively, whilst using the change values they are 3.65% 
points and 4.53% points. The BL values result in higher MCIDs than 
the change values.

Triangulating the between-group results

Figure 1 presents all estimated MCIDs for FVCup (left plot) and the 
6MWT (right plot). For the anchor-based approaches, the between-
group MCIDs are presented. For the interval estimates, the size of 
the dots corresponds to the correlation (absolute value) multiplied 
by the total number of patients (‘better’ and ‘same’) divided by 3. 
MCIDs from the modelling and distribution-based approach (dia-
mond shapes and asterisk) have one size only since a correlation for 
these approaches cannot be calculated.

Using the anchor-based approaches, the MCIDs for FVCup ranged 
from −0.22% points to 4.83% points. Based on the two anchors that 
met the appropriateness criteria (SB_diff_sup and PCS_cat; |r| ≥ 0.29, 
n ≥ 8 in each group and n ≥ 35 in total for MCID), the between-group 
MCID for FVCup ranges from 2.47% points to 4.83% points.

For the 6MWT, the anchor-based estimates ranged from 0.35% 
points to 7.47% points. Only one anchor (GH_change) met the ap-
propriateness criteria. Therefore, the MCID for the 6MWT ranges 
from 0.35% points (modelling) to 7.47% points (interval).

TA B L E  4 Anchor-based MCIDs for FVCup and 6MWT based on modelling of two anchors.

Outcome FVCup (%) 6MWT (%)

Anchor GH_change PF_change GH_change PF_change

MCID 0.33 0.41 0.35a 0.58

SE pooled 0.88 0.94 1.48 2.11

Lower limit −1.4 −1.43 −2.55 −3.57

Upper limit 2.07 2.24 3.25 4.72

Note: Both FVCup and 6MWT were expressed as a percentage of their predicted normal values.
Abbreviations: 6MWT, 6-min walk test; FVCup, forced vital capacity in upright position; GH_change, self-reported change in health (question 2 of 
the SF-36 questionnaire); MCID, between-group minimal clinically important difference; PF_change, self-reported change in physical functioning 
(question in the Pompe-specific questionnaire); SE pooled, pooled standard error.
aThis is the only estimate where the anchor is considered appropriate based on the time interval method.

TA B L E  5 Distribution-based MCIDs using baseline outcome data and the change therein.

Outcome

Baseline (BL) Change values (FU1 − BL)

Patients 
(n)a Mean of baseline values MCID = 0.5 × SDbaseline

Patients 
(n)b Mean of change values MCID = 0.5 × SDof changes

FVCup (%) 100 64.97 10.91 98 −0.27 3.65

6MWT (%) 55 59.85 10.50 53 5.81 4.53

Note: The change values emerged from subtracting the clinical outcome values observed in the baseline interval from those in the follow-up 
interval.Both outcomes are expressed as a percentage of their predicted normal values.
Abbreviations: 6MWT, 6-min walk test; BL, baseline, i.e. the time-point closest to start of ERT in the interval [−0.5, –0.49]; ERT, enzyme replacement 
therapy; FU1, 1-year follow-up, i.e. the time-point closest to 1 year in the time interval [0.5, 1.7]; FVCup, forced vital capacity in upright position; 
MCID, minimal clinically important difference; n, number; SD, standard deviation.
aPatients with values in the baseline interval [−0.5, 0.49].
bPatients with values in both the baseline BL and the FU1 interval [0.5, 1.7].
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The distribution-based estimates were provided as supportive 
evidence. The MCIDs based on the change values fall within the 
range estimated using the appropriate anchors. Nevertheless, the 
MCIDs based on the variation in the BL values are larger than any of 
the anchor estimates.

DISCUSSION

To our knowledge this is the first paper estimating MCIDs for FVCup 
and the 6MWT in adult patients with Pompe disease who were 
treated with ERT. Using the mean change method and modelling, it 
was estimated that the between-group MCID (after 1 year of treat-
ment) ranged from 2.47% points to 4.83% points for FVCup. This 
means that if one treatment group improves 2.5% points more than 
another this may already be clinically important and a 5% point dif-
ference is. The within-group MCID for FVCup (1.26% points to 3.74% 
points) was slightly lower.

For the 6MWT, the estimated between-group MCID ranged from 
0.35% points to 7.47% points. This corresponds to a range of 2.2−46.6 m 
for a 50-year-old man of 1.75 m and 80 kg and 2.0–42.1 m for a woman 
of the same age, height and weight. To calculate the MCID in metres for 

patients with other sex, age, height and weight, the formulae of Enright 
and Sherrill [26] can be used. The within-group MCID for the 6MWT 
was higher (11.53% points), because patients remaining the ‘same’ on 
the anchor showed an improvement on the 6MWT.

A range of MCID values was obtained, since various anchors 
and approaches were applied. Anchor appropriateness was judged 
by the Spearman correlation and the number of patients. As a re-
sult, only one or two anchors were selected as being appropriate 
for each outcome. There is one other unpublished study estimat-
ing the MCID of FVCup and the 6MWT in Pompe disease, based on 
data from the COMET study and using different anchors (World 
Symposium 2023, Berger et al. [38] poster LB-11). This study re-
ported a between-group MCID of 2.0% points (1.0–3.0) for FVCup 
and 33 m (17.0–50.0) for the 6MWT. These estimates overlap with 
our results, although their estimated range is a bit lower for FVCup 
and higher for the 6MWT.

Compared to estimates of the MCID for other diseases, our 
6MWT results seem comparable. The review by Schrover et al. [39] 
shows a range of estimates for different diseases, ranging from 11 to 
54 m. For Duchenne muscular dystrophy the MCID for the 6MWT 
using distribution-based methods was estimated by Henricson et al. 
[40] as 26.4 m and by McDonald et al. [41] as 28.5 m and 31.7 m.

F I G U R E  1 Estimated between-group minimal clinically important differences (MCIDs) for lung function (FVCup, %) and distance walked 
(6MWT, %). The MCIDs were calculated based on the distribution-based method (0.5 × SD), modelling and the mean change method. Both 
FVCup and 6MWT are expressed as a percentage of their predicted normal values. FVCup, forced vital capacity in upright position; 6MWT, 
6-min walk test; distribution (change BL to FU1), distribution-based MCID calculated based on the change in values observed in the baseline 
(BL) interval [−0.5, 0.49] to those observed in the 1-year follow-up (FU1) interval [0.5, 1.7]; distribution (BL), distribution-based MCID 
calculated using values observed in the baseline interval; modelling (PF/GH_change), modelling MCID using specific anchor. The remaining 
MCIDs are calculated using the anchor-based mean change method using the anchors GH_change, self-reported change in health (question 
2 of the SF-36 questionnaire); PF_change, self-reported change in physical functioning (question in the Pompe-specific questionnaire); 
SB_diff_sup, SB_diff_ir, SB_diff_me and SB_diff_he, change in shortness of breath from baseline to follow-up in supine position, in rest, in 
mild exercise and in heavy exercise, respectively; and PCS_cat, a categorization of the change in Physical Component Summary (PCS) score 
of the SF-36. The size of the MCIDs with bullets was calculated by multiplying the absolute correlation between the anchor and the clinical 
outcome with the total number of patients in the groups ‘better’ and ‘same’ divided by 3 (correlation × total number of patients/3). For the 
MCIDs with diamond symbols, the correlation could not be calculated. *The only estimate from the anchor-based modelling approach which 
is considered appropriate since the correlation between anchor and outcome was >0.29 in the anchor-based time interval approach.
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The results from our interval and modelling approaches differed 
considerably, with MCIDs from modelling nearing zero. The model-
ling approach estimates anchor and outcome values at exactly 1 year 
of treatment by taking into consideration other confounders. This 
may introduce further uncertainty to the estimates. Therefore, it 
is suggested that the modelling results, which provided the lower 
boundary for the 6MWT, are interpreted with caution. Nevertheless, 
for a progressive disease like Pompe disease, it is not entirely un-
thinkable that no difference, that is, a stabilization, could also be 
perceived as a meaningful improvement.

The time interval approach also introduces uncertainty due to the 
fact that the paired anchor−outcome observations were not taken at 
the same time. Given that the median time difference for all outcome−
anchor combinations was close to zero, it was felt that this uncertainty 
was limited. It was decided a priori to combine the outcome options 
‘much better’ and ‘a little better’ of GH_change and PF_change into one 
‘better’ group to increase the number of observations. This means that 
the upper boundary for the 6MWT, which is based on GH_change, may 
be inflated somewhat. The upper boundary for the FVCup was based 
on the anchor PCS_cat, which used an increase ≥5 to differentiate pa-
tients who felt better. The true clinically meaningful threshold for the 
PCS in Pompe disease, however, is not known. Fu et al. [42] estimated 
that the MCID for the PCS in patients with stroke ranged from 1.8 to 3 
points, whilst Copay et al. [43] estimated that the MCID for the PCS in 
lumbar spine surgery patients is 4.9 points.

Further limitations to the anchor-based methods in general in-
clude that they do not account for the presence of concomitant dis-
eases and their treatments. For example, treatment for depression 
may improve GH_change but not FVC. Also, when starting treat-
ment, optimism about the treatment effect may result in patients 
reporting feeling better than they actually do, which may underesti-
mate the MCID. Last, these estimates apply to the average patient in 
our cohort and are not appropriate to interpret changes in patients 
with very poor or good FVC and 6MWT.

The distribution-based method, when applied to the change 
over time, suggests a threshold within the range of the MCIDs men-
tioned above. Nevertheless, when the traditional method of 0.5 × 
SD of the baseline variation between patients was used [34], a much 
higher estimate was obtained. Since our cohort includes a broad 
spectrum of patients with Pompe disease, ranging from very mildly 
to severely affected patients, this was to be expected. Clinical trials 
usually focus on a much narrower range of disease severity, and in 
that case the 0.5 × SD of the baseline variation will be much smaller. 
Therefore we believe that the 0.5 × SD of variation in the change 
values (changes from baseline to year 1) is a better measure to sup-
port the question of what change is clinically important.

Clinical application

The between-group MCIDs presented above can be used to in-
terpret differences observed in both future and past trials, whilst 
the within-group MCIDs can be used to assess changes over time 

in one treatment group and in cohort studies. The initial placebo-
controlled trial of alglucosidase alfa [7] estimated the treated 
group to have improved 3.4% points in FVCup more than the pla-
cebo group. This falls within our estimated between-group MCID 
range and suggests that this improvement may be clinically mean-
ingful for patients. The improvement on the 6MWT of 28.1 m may 
also be clinically important. Two more recent trials on safety and 
efficacy of avalglucosidase alfa and cipaglucosidase alfa plus mi-
glustat reported patients treated with avalglucosidase alfa to have 
increased 2.89% points in FVCup and 5.02% points in the 6MWT 
(2.43% points and 4.71% points more respectively than those 
treated with alglucosidase alfa) [13] and those treated with cipa-
glucosidase alfa plus miglustat to have a mean change of −0.9% 
points in FVCup and 20.8 m in the 6MWT (3% points and 13.6 m 
more than those treated with alglucosidade alfa and placebo) [14]. 
All these increases, except for FVCup in the cipaglucosidase trial, 
are within the range of our estimated MCIDs and suggest possible 
clinical importance.

CONCLUSION

It is concluded that for adult patients with Pompe disease the MCID 
of a beneficial effect on FVCup in a trial ranges from 2.47% points to 
4.83% points. For the 6MWT it ranges from 0.35% points to 7.47% 
points which is equivalent to a distance of 2.18–46.61 m and 1.97–
42.13 m for a man and a woman of age 50, height 1.75 m and weight 
80 kg, respectively. The thresholds presented in this study can be 
used to interpret group-level results from Pompe disease trials and 
cohort studies. Also, they can be used in sample size calculations for 
adequate powering of a study on Pompe disease.
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APPENDIX 

Establishing minimal clinically important difference for lung 
function and distance walked in adult Pompe disease patients

A.1 | PART A: MODELLING APPROACH
A.1.1. | Why estimate anchor-based MCID using a statistical 
model?
As an alternative to using values observed in the time interval 
around the start of ERT (t = 0/baseline) and 1-year follow-up (t = 1/
FU1), the between-group MCIDs were estimated for GH_change 
and PF_change using a modelling approach. The rationale for this 
was that it was wanted to remove the effect of variation in the time 
at which the anchor and the outcomes were assessed; with the time 
interval approach the anchor may be assessed earlier or later than 
the clinical outcome. The modelling approach allows this difference 
to be bypassed as well as adjustments to be made for other variables 
that may not be equally distributed between anchor groups, such as 
sex and disease duration. Modelling was only applied for GH_change 
and PF_change, as these are the self-reported changes in health and 
physical functioning. The remaining anchors require the calculation 
of a change between two observation points, which makes the mod-
elling too complicated.

A.1.2. | Data used to fit the models
For the modelling approach, the measurements of the anchors (GH_
change and PF_change) and the outcomes that were collected up 
to 1.7 years of treatment with ERT were used. Our interest was in 
the MCID in the first year of treatment, but included some follow-
up time before t = 0 and after t = 1 to give the model sufficient data 
around these time points.
For the anchors, the measurements of ‘same’ and ‘better’ were 

used, and the measurements of ‘worse’ were excluded, since it was 
wanted to define the MCID for an improvement.
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A.1.3. | Modelling
To estimate the values of the anchors (i.e., ‘better’ and ‘same’) of each 
patient at exactly the first year of treatment, a logistic mixed-effects 
model was fitted to the anchor measurements (‘same’ and ‘better’) 
correcting for sex, disease duration at the start of ERT, the nonlinear 
evolution of the anchor (natural splines of time with two degrees of 
freedom) and if the measurement was taken before or during ERT. 
Random intercept and random effects of the natural splines of time 
were also included in the model. Once this model was fitted to the 
existing data, the values for each patient were estimated at exactly 
t = 1, using the coefficients of the logistic model.
Next, these estimated values were added to the dataset with 

the FVCup/6MWT measurements and a linear mixed-effects model 
was fitted for FVCup/6MWT, assuming a nonlinear evolution of 
FVCup/6MWT over time (natural splines of time with two degrees 
of freedom), the anchor value at the first year of treatment and their 

interaction. Random intercept and random effects of the natural 
splines of time were also included in the model.
Based on the model mentioned above, the expected 

value of the FVCup/6MWT at exactly year 0 and 1 could 
be estimated for the groups ‘better’ and ‘same’, and the 
between-group MCID for FVCup/6MWT was calculated as 
MCIDbetween = (FVCup/6MWTyear=1 − FVCup/6MWTyear=0)better − 
(FVCup/6MWTyear=1 − FVCup/6MWTyear=0)same.

The above process was repeated 200 times to account for the 
additional uncertainty in standard errors of the estimated values. 
The pooled estimates and the standard error (SE) of the MCIDs were 
obtained based on Rubin's rule [44].

Whilst correlations cannot be estimated for this method, the cor-
relations obtained in the anchor-based time interval approach were 
used to give an indication of the appropriateness of these two an-
chors for the modelling approach.

F I G U R E  A 1 Flowchart of the study population. GH_change, patients with data on self-reported change in health (question 2 of the 
36-item Short-Form Health Survey version 1 and 2) in the 1 year of follow-up interval (FU1 [0.5, 1.7]); n, number of patients; PCS_cat, 
patients with data on categorized variable of the Physical Component Summary measure in the baseline interval (BL [−0.5, 0.49]) and FU1; 
PF_change, patients with data on self-reported change in physical function (question of the IPA survey) in FU1; SB_diff, difference in the 
answer to the shortness of breath question in rest (SB_diff_ir), in supine position (SB_diff_sup), during heavy exercise (SB_diff_he) and during 
mild exercise (SB_diff_me) between BL and FU1.

A.2 | PART B: FLOWCHART
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A.3 | PART C: NUMBER OF PATIENTS AND TIME DIFFERENCE 
FOR OUTCOME−ANCHOR COMBINATIONS
The clinical outcome measures and the anchors used in this study 
were not measured at the same time. The median time difference 
between the anchors and the outcomes is shown in Table 2 of the 
paper and showed this was close to zero for all outcome−anchor 
combinations.
Whilst in some combinations the full range included 9 months, 

the interquartile range showed that at BL 50% of the outcome 
and anchor measurements were taken less than 1 month apart 
(except for the combination FVCup and SB_diff, where 50% of the 

measurements were <3 months apart; interquartile range of the 
time difference [−0.17, 0.24]). At FU1, 50% of the outcome and an-
chor measurements were taken less than 4 months apart (<4 months, 
6MWT with GH_change and PF_change; <3 months, 6MWT with 
PCS_cat; <3 months but >2 months, FVCup with PF_change and 
SB_diff; <2 months, FVCup with PCS_cat; <1.5 months, FVCup with 
GH_change).

Table A1 provides the number of patients available per anchor/
outcome measure in the BL and FU1 intervals. The lower part of the 
table presents the number of patients available for each anchor−out-
come combination in both time intervals.

TA B L E  A 1 Number of patients available for each anchor, outcome and anchor−outcome combination at the baseline and follow-up time 
interval.

Number of patients with data in

Baseline interval Follow-up interval

Measurement time since start ERT

FVCup (%) 100 99

6MWT (%) 55 59

GH_change 88 88

PF_change 73 73

SB_diff 6 6

PCS_cat 83 83

Difference in time of outcome and anchor

FVCup (%) – GH_change (n = 85) 85 85

FVCup (%) – PF_change (n = 71) 71 71

FVCup (%) – SB_diff (n = 63) 63 63

FVCup (%) – PCS_cat (n = 80) 80 80

6MWT (%) – GH_change (n = 43) 43 43

6MWT(%) – PF_change (n = 30) 30 30

6MWT (%) – PCS_cat (n = 40) 40 40

Abbreviations: 6MWT (%), 6-min walk test expressed as percentage of predicted normal values; baseline interval, values in the time interval [−0.5, 
0.49]; ERT, enzyme replacement therapy; follow-up interval, values in the time interval [0.5, 1.7]; FVCup (%), forced vital capacity in the upright 
position expressed as percentage of predicted normal values; GH_change, self-reported change in health (question 2 of the SF-36 questionnaire); 
PCS_cat, a categorization of the Physical Component Summary (PCS) score of the SF-36; PF_change, self-reported change in physical functioning 
(question in the Pompe-specific questionnaire); SB_diff, the change in shortness of breath in the first year of treatment with ERT.
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