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Abstract
Background and purpose: The	Rasch-	Built	 Pompe-	Specific	Activity	 (R-	PAct)	 scale	 is	 a	
patient- reported outcome measure specifically designed to quantify the effects of 
Pompe disease on daily life activities, developed for use in Dutch-  and English- speaking 
countries.	This	study	aimed	to	validate	the	R-	PAct	for	use	in	other	countries.
Methods: Four	other	language	versions	(German,	French,	Italian,	and	Spanish)	of	the	R-	
PAct	were	created	and	distributed	among	Pompe	patients	 (≥16 years	old)	 in	Germany,	
France, Spain, Italy, and Switzerland and pooled with data of newly diagnosed patients 
from	Australia,	Belgium,	Canada,	the	Netherlands,	New	Zealand,	the	USA,	and	the	UK	
and	 the	 original	 validation	 cohort	 (n = 186).	 The	 psychometric	 properties	 of	 the	 scale	
were assessed by exploratory factor analysis and Rasch analysis.
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INTRODUC TION

Pompe	 disease	 (glycogen	 storage	 disease	 type	 II	 or	 acid	 maltase	
deficiency,	Online	Mendelian	 Inheritance	 in	Man	 ID:	 232300)	 is	 a	
rare inherited metabolic disorder in which deficiency of acid α- 
glucosidase leads to lysosomal glycogen accumulation [1]. Late onset 
or nonclassic Pompe disease can present at any age and is charac-
terized by slowly progressive skeletal and respiratory muscle weak-
ness, often leading to wheelchair and/or ventilator dependency [2, 
3]. Consequently, Pompe disease greatly impacts patients' daily life 
activities and social participation [4]. Currently, follow- up studies 
and	clinical	trials	commonly	report	6-	min	walking	test	(6MWT)	and	
pulmonary	function	(forced	vital	capacity	[FVC])	values.	However,	it	
is	unclear	whether	changes	in	6MWT	or	FVC	impact	a	patient's	daily	
life activities, or whether they are clinically relevant [5]. Moreover, 
these tests are impossible to perform for severely affected patients 
who are wheelchair and/or ventilator dependent.

To better quantify limitations in daily life activities in Pompe dis-
ease,	we	developed	the	Rasch-	Built	Pompe-	Specific	Activity	(R-	PAct)	
scale,	 a	 patient-	reported	 outcome	measure	 (PROM)	 designed	 using	
Rasch methods [6, 7]. Rasch methods are based on the probability of 
a person's response to an item, given the relative difference between 
the "difficulty" of the item and the "ability" of the patient. Rasch scales 
also allow ordinal scores to be transformed into interval measures, im-
proving measurement precision and providing a more accurate reflec-
tion of disease impact and differences between patients [8, 9].

To improve care for patients with rare diseases, international 
collaboration is of great importance. Therefore, a European net-
work	on	Pompe	disease,	the	European	Pompe	Consortium	(EPOC),	
was established [10]. The EPOC agreed upon a minimal dataset for 
European	data-	sharing	purposes,	in	which	the	R-	PAct	was	selected	
as	 a	 useful	 disease-	specific	PROM.	However,	 the	R-	PAct	 has	only	
been validated for use in English-  and Dutch- speaking countries. 
Therefore, this project aims to validate German, French, Spanish, 
and	 Italian	 language	versions	of	 the	R-	PAct	scale,	and	evaluate	 its	

validity across multiple countries, among a larger representative co-
hort of Pompe disease patients, using Rasch analysis.

MATERIAL S AND METHODS

R- PAct scale

A	 detailed	 description	 of	 the	 development	 of	 the	 scale	 has	 been	
previously reported [6].	The	R-	PAct	scale	comprises	18	items,	with	
three	response	options	(0 = unable	to	perform;	1 = able to perform, 
but with difficulty; 2 =	able	to	perform,	without	difficulty).

For	 the	current	 study,	 the	R-	PAct	 scale	was	 translated	using	a	
standardized process of forward and backward translations by certi-
fied translators into German, French, Spanish, and Italian.

Study population

Patients	aged	≥16 years	were	eligible	for	participation	in	this	study.	
Patients were approached by their treating physician or by the pa-
tient affiliates of patient organizations in the respective countries. 
The	 following	 language	 versions	 of	 the	 R-	PAct	 scale	 were	 used:	
German	 (for	 Germany	 and	 Switzerland),	 French	 (France),	 Spanish	
(Spain),	 Italian	(Italy),	English	(Australia,	Canada,	New	Zealand,	UK,	
USA),	and	Dutch	(Belgium,	the	Netherlands).	To	maximize	the	analy-
sis validation sample, new patient data were stacked with data from 
186 patients who participated in the initial development of the R- 
PAct	scale	[6]. Only pseudonymized data were used.

Because	the	original	patients	completed	the	preliminary	R-	PAct	
questionnaire	(consisting	of	49	items	with	five	response	options),	we	
selected	their	responses	from	the	final	18	items	of	the	R-	PAct	scale	
and carried out a post hoc scoring adjustment to transform the five 
administered response categories into an equivalent of the three re-
sponse	options	from	the	final	R-	PAct	scale.

Results: Data for 520 patients were eligible for analysis. Exploratory factor analysis sug-
gested	that	the	items	separated	into	two	domains:	Activities	of	Daily	Living	and	Mobility.	
Both domains independently displayed adequate Rasch model measurement properties, 
following	the	removal	of	one	item	("Are	you	able	to	practice	a	sport?")	from	the	Mobility	
domain, and can be added together to form a "higher order" factor as well. Differential 
item	functioning	(DIF)-	by-	language	assessment	indicated	DIF	for	several	items;	however,	
the	 impact	 of	 accounting	 for	DIF	was	 negligible.	We	 recalibrated	 the	 nomogram	 (raw	
score	 interval-	level	 transformation)	 for	the	updated	17-	item	R-	PAct	scale.	The	minimal	
detectable	change	value	was	13.85	for	the	overall	R-	PAct.
Conclusions: After	 removing	 one	 item,	 the	 modified-	R-	PAct	 scale	 is	 a	 valid	 disease-	
specific patient- reported outcome measure for patients with Pompe disease across mul-
tiple countries.

K E Y W O R D S
daily life activities, patient- reported outcome measure, Pompe disease, Rasch analysis
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Exploratory factor analysis

Exploratory	 factor	 analysis	 (EFA)	 was	 undertaken	 to	 inform	 on	
the	 factorial	 structure	 of	 the	 R-	PAct.	 EFA	 was	 carried	 out	 using	
MPlus software version 7.4, using a polychoric correlation matrix 
and geomin rotation, which accounts for the ordinality of the data 
structure [11].

Rasch analysis

Rasch	Measurement	Theory	(RMT)	provides	a	way	to	assess	whether	
it is valid to sum the items of a scale into an overall total score. 
Moreover, RMT provides a unified framework for several aspects of 
internal construct validity to be assessed, highlighting any measure-
ment anomalies within an item set. Rasch analysis was completed 
with RUMM2030 software [12],	using	the	partial-	credit	model.	All	
items were assessed for individual fit to the Rasch model, to test 
whether	each	item	contributes	to	the	overall	R-	PAct	score	(nonsig-
nificant at Bonferroni- adjusted chi- squared p- value, standardized 
fit-	residuals	within ±2.5).	Local	dependency	was	assessed	to	deter-
mine whether the response to any item has a direct impact on the 
response	to	any	other	item	(Q3	criterion	cut	point = 0.2	above	aver-
age	residual	correlation)	[13]. Item response structure was inspected 
through an assessment of item threshold ordering. Overall scale fit 
was assessed through the overall chi- squared fit and scale target-
ing	 (relative	 distribution	 of	 item	 and	 person	 locations),	 with	 scale	
reliability	assessed	with	person	separation	index	(PSI)	and	Cronbach	
alpha values [14]. Unidimensionality was assessed via a series of t- 
tests [15], where evidence of multidimensionality is apparent when 
independent subsets of items deliver significantly different person 
estimates,	 and	 the	 lower	 bound	 95%	 confidence	 interval	 (CI)	 per-
centage of significantly different t- tests is >5%.

Differential	 item	 functioning	 (DIF)	 was	 assessed	 by	 age,	 sex,	
disease duration, wheelchair use, use of mechanical ventilation, and 
language	 (nonsignificant	 at	 Bonferroni-	adjusted	 analysis	 of	 vari-
ance p-	value),	where	language	is	the	most	relevant	factor	relating	to	
cross-	country	generalizability.	Where	DIF	was	detected,	the	practi-
cal impact of this DIF on the final person estimates was investigated 
following the procedure outlined by Maritz et al. and Caselli et al. 
[16, 17]. This process compares the person estimates when DIF is 
taken into account to when DIF is not taken into account, and an 
effect	size	(Cohen	d)	is	calculated.	If	d < 0.2,	the	impact	of	correcting	
for DIF is considered negligible, and therefore no DIF adjustment is 
necessary. If d > 0.2,	the	impact	of	correcting	for	DIF	is	considered	
to make a difference, and therefore the DIF adjustment should be 
retained.

When	 Rasch	 model	 assumptions	 are	 satisfied,	 the	 sufficiency	
of the raw score allows for a linear, interval- level transformation of 
scores [8]. The transformed metric scores will be used to calculate 
the	R-	PAct	standard	error	of	measurement,	and	minimal	detectable	
change	(MDC).	MDC	is	a	distribution-	based	responsiveness	indica-
tor based on data from a single time point, indicating a score change 

value	that	can	be	interpreted	as	a	real	change	(for	a	person)	in	the	
construct that is being measured [18].

Other analyses

Other	 analyses	 were	 performed	 using	 SPSS	 for	 Windows	 (v25;	
SPSS,	Chicago,	 IL,	USA).	To	summarize	demographic	data,	descrip-
tive statistics were used. Data were tested for normality by using the 
Shapiro–Wilk	test.	For	continuous	data,	the	Mann–Whitney	test	was	
used.	For	categorical	data,	the	chi-	squared	test	was	used.	A	p- value 
of <0.05 was considered statistically significant.

RESULTS

Study population

In	 total,	 525	 patients	 were	 included.	 The	 initial	 R-	PAct	 validation	
cohort	 (n = 186)	 comprised	patients	 from	 the	Netherlands	 (n = 94),	
USA	 (n = 65),	 UK	 (n = 18),	 Canada	 (n = 6),	 and	 Belgium	 (n = 3).	 The	
new	 cohort	 (n = 339)	 comprised	 patients	 from	 Germany	 (n = 93),	
France	(n = 73),	the	Netherlands	(n = 63),	Italy	(n = 34),	Spain	(n = 31),	
Australia	 (n = 14),	Belgium	(n = 13),	USA	(n = 10),	Switzerland	 (n = 5),	
UK	 (n = 1),	New	Zealand	 (n = 1),	and	Canada	 (n = 1).	Patient	charac-
teristics and language details are summarized in Table 1. In the ini-
tial	validation	cohort,	age	was	lower	(p < 0.01),	disease	duration	was	
shorter	 (p < 0.001),	and	more	patients	were	wheelchair	dependent	
(p < 0.001),	reflecting	a	more	severely	affected	patient	cohort	than	
the new cohort.

Item analysis

Item	16	("Are	you	able	to	practice	a	sport?")	had	the	most	missing	re-
sponses	(8%),	but	no	items	were	omitted	on	this	basis.	Eighty-	three	
percent	of	the	questionnaires	were	filled	in	completely.	We	removed	
two	patients	due	to	a	high	proportion	of	missing	items	(>one third 
missing).	Three	other	patients	were	removed	due	to	erratic	response	
patterns	(e.g.,	patients	reporting	that	they	cannot	walk	but	can	run	
without	difficulty),	leaving	520	patients	for	the	Rasch	analysis.

Rasch analysis and EFA

Initial	 Rasch	 analysis	 of	 the	 18-	item	 R-	PAct	 scale	 indicated	 scale	
misfit and multidimensionality, with a series of t- tests reporting sig-
nificantly	different	person	estimates	in	10.42%	(lower	CI = 8.5%)	of	
cases	(Table 2,	"Initial"	analysis).	An	EFA	was	therefore	carried	out	to	
investigate how the items partitioned, to inform the progression of 
the	Rasch	analysis.	The	EFA	identified	that	the	items	loaded	into	two	
separate	 factors	 (see	Table 3),	where	 the	EFA	 factor	 loadings	also	
aligned with a conceptual separation of the items into the domains of 
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Activities	of	Daily	Living	(ADL)	and	Mobility	(root	mean	square	error	
of	 approximation = 0.055,	 comparative	 fit	 index = 0.994,	 Tucker–
Lewis	 index = 0.992).	 Each	 domain	 was	 then	 separately	 assessed	
within the Rasch analysis.

ADL	domain

The	ADL	domain	consisted	of	seven	items	(see	Table 3).	The	Rasch	
analysis	indicated	a	degree	of	overall	misfit	(p < 0.001;	see	Table 2).	
However, there were no issues indicated with response category 
threshold ordering or unidimensionality of the item set. The scale- 
sample targeting was slightly skewed, indicating that, on average, 
the	 sample	 (mean	 location = 1.87	 logits)	was	 generally	 functioning	
at higher levels than is being measured by the items within the scale 
(mean	location = 0.00	logits).	This	mistargeting	is	shown	in	the	differ-
ence	between	the	two	measures	of	reliability,	where	the	PSI	(0.82)	
reflects	 the	skewed	targeting,	but	 the	Cronbach	alpha	 (0.90)	does	
not.

In	terms	of	individual	item	fit,	item	2	("Are	you	able	to	eat?")	dis-
played	 an	underdiscrimination	misfit	 and	 item	5	 ("Are	 you	 able	 to	
take	a	shower?")	displayed	an	overdiscrimination	misfit	(see	Table 3).	
There was also a borderline dependency indicated between items 3 
and	5	("Are	you	able	to	put	on	trousers"	and	"Are	you	able	to	take	a	
shower?";	Q3	correlation	value = 0.011	above	the	criterion).

Various	options	were	explored	to	try	to	improve	the	fit,	including	
item	removal	and	combining	items	3	and	5	into	a	superitem	(testlet)	
to account for the dependency, but these had little impact on the 
scale fit statistics compared to the loss of information when remov-
ing	an	item.	Although	the	removal	of	item	2	does	remove	the	largest	
misfit anomaly, this item marks the "endpoint" of the scale, as it is the 

least problematic activity to perform. The removal of item 2 does 
result in a slightly better fit, but this is tempered by the loss of both 
clinical and statistical information that results from losing the item. 
Given the mistargeting of the scale to the sample, it was felt that the 
benefits of retaining the item outweigh the marginal improvements 
in	scale	fit.	As	a	result,	all	items	in	the	ADL	domain	were	retained.

DIF analysis indicated that there was no uniform DIF by cohort, 
sex, age group, disease duration, or ventilation. The DIF- by- language 
assessment	indicated	one	significant	difference	for	item	6	("Are	you	
able	to	grab	an	object	above	the	head?").	Post	hoc	analysis	revealed	
that this item appears to work differently in France/French when 
compared to the other countries/languages. This DIF was accounted 
for through an item split, separating item 6 for the French group. 
Assessment	 of	 the	 impact	 of	 this	DIF	 separation	 showed	 it	 to	 be	
negligible	 (mean	group	difference = 0.006	 logits,	Cohen	d = 0.055),	
indicating that it is unnecessary.

Additionally,	 three	 items	 indicate	DIF	by	wheelchair.	 In	magni-
tude	order,	these	are	"Are	you	able	to	take	a	shower?",	"Are	you	able	
to	 prepare	 a	meal?",	 and	 "Are	 you	 able	 to	 put	 on	 your	 trousers?".	
All	 three	 items	 are	 biased	 toward	 non-	wheelchair	 users	 scoring	
higher	(better	outcome)	than	wheelchair	users.	This	bias	appears	to	
make sense conceptually; therefore, the context of any data analy-
sis would determine whether this DIF should be resolved. However, 
this decision should be taken at the analysis stage rather than the 
measurement stage [19].

Mobility domain

The	mobility	domain	consisted	of	11	items	(see	Table 3).	The	Rasch	
analysis	indicated	a	degree	of	overall	misfit	(p < 0.001;	see	Table 2, 

Characteristic
Total, 
n = 525

New cohort, 
n = 339

Initial validation 
cohort, n = 186 p

Sex female, n	(%) 277	(53) 181	(53) 96	(52) 0.646

Age,	years,	mean	(SD)a 51.6	(14.2) 52.9	(14.8) 49.5	(13.0) <0.01*

Disease duration, years, 
mean	(SD)b

16.0	(10.9) 18.2	(11.3) 12.3	(9.0) <0.001*

Wheelchair	use,	n	(%) 147	(28) 59	(17) 88	(47) <0.001*

Mechanical ventilation use, 
n	(%)

224	(43) 140	(41) 84	(45) 0.474

Language, n	(%)

Dutch 170	(32) 76	(22) 94	(51)

English 119	(23) 27	(8) 92	(49)

German 98	(19) 98	(29) 0

French 73	(14) 73	(22) 0

Italian 34	(6) 34	(10) 0

Spanish 31	(6) 31	(9) 0

Abbreviation:	n, number of patients.
an = 506.
bn = 481.
*Significant at 5% level.

TA B L E  1 Descriptive	statistics	of	the	
cohort.
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"Mob1"	analysis).	However,	no	issues	were	indicated	with	response	
category	threshold	ordering	or	unidimensionality.	Additionally,	 the	
scale- sample targeting was slightly skewed, indicating that, on aver-
age,	 the	 sample	 (mean	 location = −1.65	 logits)	was	 generally	 func-
tioning at lower levels than is being measured by the items within 
the	scale	 (mean	 location = 0.00	 logits),	meaning	that	 the	skew	was	
in the opposite direction from, and of a smaller magnitude than, the 
ADL	scale.	Again,	 the	skewed	targeting	 is	shown	 in	the	difference	
between	 the	 two	measures	 of	 reliability,	where	 the	 PSI	 (0.91)	 re-
flects	 the	skew,	and	the	Cronbach	alpha	 (0.94)	does	not,	although	
the reliability level remains high in both.

In	terms	of	individual	item	fit,	item	16	("Are	you	able	to	practice	
a	 sport?")	 displayed	 a	 standout	 underdiscrimination	 misfit	 anom-
aly	within	 the	 item	set.	 Items	9	 ("Are	you	able	 to	walk	on	uneven	
ground?")	and	12	("Are	you	able	to	walk	one	flight	of	stairs?")	both	
displayed	borderline	overdiscrimination	misfit	 (see	Table 3).	 There	
was	no	local	dependency	indicated	at	the	Q3	criterion	level.

The clear underdiscrimination anomaly suggests that item 16 is 
measuring something slightly different from the rest of the items in 
the mobility item set. It was therefore removed from the scale, re-
sulting	in	a	vastly	improved	overall	scale	fit	(p = 0.088;	see	Table 2, 
"Mob2"	analysis).	At	this	point,	no	further	large	issues	were	found.	
However,	item	12	still	displayed	a	borderline	overdiscrimination	(fit	
residual = −2.63),	and	a	borderline	dependency	was	found	between	
item	11	("Are	you	able	to	walk	1	km	outside")	and	item	14	("Are	you	
able	 to	walk	 at	 rapid	 speed?";	Q3	 correlation	 value = 0.002	 above	
the	criterion).

DIF analysis indicated that there was no uniform DIF by cohort, 
sex, age group, disease duration, wheelchair, or ventilation. The DIF- 
by- language assessment indicated four significant differences, and 
post	hoc	analysis	revealed	that	 item	10	("Are	you	able	to	stand	up	
from	a	sitting	position?")	operated	differently	for	the	Dutch	group,	
item	17	("Are	you	able	to	squat	down	and	up?")	operated	differently	
for	 the	 French	 group,	 item	 15	 ("Are	 you	 able	 to	 perform	 garden	
tasks?")	 operated	 differently	 for	 the	 Spanish	 group,	 and	 item	 13	
("Are	you	able	to	bend	over	and	pick	up	an	object	from	the	floor?")	
operated differently for the German group. This language DIF was 
accounted for through an iterative item- splitting process, which also 
confirmed that none of the indicated DIF was artificial. The impact 
of the DIF separation was then assessed, and the effect size showed 
that	the	impact	of	accounting	for	the	DIF	was	negligible	(mean	group	
difference = 0.001	logits,	Cohen	d = 0.007),	suggesting	that	the	DIF	
splitting is unnecessary.

R-	PAct	higher	order	factor

The analysis suggests two separate domains are present within the 
R-	PAct	 scale.	However,	when	each	 subscale	works	 independently,	
it is possible to run a bifactor model to determine whether the sub-
scales can be added together to form a "higher order" factor, where 
a single total score represents what is common between the sub-
scales [20].	 Each	 domain	 is	 treated	 as	 a	 superitem	 (testlet)	within	TA
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the analysis, which takes account of the within- domain dependency 
when considering the total score. Due to technical issues when data 
are incomplete, only cases with complete data were used for this 
analysis. Results are summarized in Table 2	 ("Bifactor"	 analysis),	
where excellent fit is indicated. The latent correlation between the 
domains was r = 0.99,	 the	common	nonerror	variance	between	the	
domains was A = 0.96,	and	the	series	of	t- tests reported significantly 
different	person	estimates	 in	6.02%	of	cases	 (lower	CI = 4.0%),	 in-
dicating that the domains do combine to measure a unidimensional 
higher	order	factor.	When	the	domains	are	combined	in	this	way,	the	
scale-	sample	targeting	is	also	much	better	(see	Figure 1).

Although	this	 indicates	 that	 there	 is	overlap	between	the	ADL	
and mobility subscales, it should be noted that this "higher order" 
factor represents what is common between the domains after ad-
justing for within- domain dependency. It is therefore recommended 
that the "higher order" score is used alongside, rather than instead 
of, the separate domain scores.

Table 4 presents the conversion nomograms for both domains 
and the "higher order" overall scores. These allow the conversion 
of	R-	PAct	summed	raw	scores	to	a	Rasch	person	location	(in	logits)	
and to a centile metric. The nomogram can only be used when the 
patient has completed all questions.

The MDC for the three separate scales is shown in Table 2, with 
the	MDCs	 reported	 as	 28.98	 for	 the	 ADL	 domain,	 21.07	 for	 the	
Mobility	domain,	and	13.85	for	the	overall	R-	PAct	score.	All	MDCs	
are given for the 0–100 scale scoring system.

DISCUSSION

Our	study	shows	a	robust	validation	of	the	R-	PAct	scale	 in	a	 large	
sample of late onset Pompe disease patients from 12 different coun-
tries.	We	demonstrate	that	this	modified	version	of	the	R-	PAct,	now	
termed	 modified	 R-	PAct	 (mR-	PAct),	 can	 be	 used	 across	 multiple	
countries in different language versions. The two domains within the 
mR-	PAct	scale	(i.e.,	ADL	and	Mobility),	can	be	used	separately	and/
or	alongside	a	single	total	mR-	PAct	score.	One	item	("Are	you	able	
to	practice	a	sport?")	was	removed	as	it	was	a	clear	misfit	anomaly.	
DIF- by- language assessment indicated DIF for several items in both 
domains.	However,	the	impact	of	accounting	for	DIF	(by	DIF	separa-
tion)	was	negligible.

The two domains of the scale can be used separately or to-
gether.	Overall,	 the	ADL	domain	 comprises	more	 accessible	 items	
than the Mobility domain, allowing evaluation of more severely af-
fected patients. This is relevant because these patients are often 
unable to perform tests used for clinical assessments, for example, 
walking	distance	(6MWT),	muscle	strength,	or	pulmonary	function.	
Therefore, data on severely affected patients are often lacking in 
studies. Moreover, clinical evaluation of treatment response in 
these	 patients	 is	 complicated.	 Another	 limitation	 of	 the	 currently	
used outcome measures is the lack of a defined minimal clinically 
important	 difference	 (MCID),	 that	 is,	 the	 minimum	 change	 score	
necessary to reflect clinically relevant change over time, specific 

for	 Pompe	 disease	 patients.	 For	 6MWT	 and	 FVC,	 the	MCID	 has	
been	 established	 for	 other	 (chronic)	 diseases	 (i.e.,	 pulmonary	 fi-
brosis),	but	applying	this	 to	 late	onset	Pompe	disease	patients	has	
limitations, because the outcome of these measures is dependent 
on various, often disease- specific, factors [21, 22]. Because of the 
cross- sectional design of our study, the MCID could not yet be es-
tablished.	We	 calculated	 the	MDC,	 which	 indicates	 the	minimum	
change that can be interpreted as a real change in an individual pa-
tient's	mR-	PAct	0–100	score.	For	the	separate	ADL	and	Mobility	do-
mains, the MDC is relatively high. The MDC is lower for the overall 
(bifactor)	scale,	 indicating	a	more	sensitive	measure.	 In	all	cases,	a	
shift toward the end of the scale range is easier to achieve than a 
shift in the middle of the scale range in terms of the MDC. However, 
it should be noted that MDC measures should be used cautiously, 
and that distribution- based approaches should act only as tempo-
rary substitutes, pending the availability of empirically established 
anchor- based MCID values [23].

Several PROMs are currently used in research in late onset 
Pompe disease patients. Commonly used are the Short Form 
36	 Health	 Survey,	 the	 EuroQol-	5D,	 and	 the	 World	 Health	
Organization	Quality	of	Life	or	adapted	versions	of	these	scales	
[24–26]. The response options of these scales are based on or-
dinal	 (or	 Likert-	type)	 choices.	 In	 clinical	 use,	 1-	point	 response	
change is generally considered equal between different response 
options	(i.e.,	a	change	from	score	1	to	2	is	equivalent	to	a	change	
from	score	3	 to	4).	However,	because	 the	 response	options	are	
ordinal based, the distance between the response categories is 
not	truly	known	but	probably	unequal.	Also,	when	calculating	a	
sum score, every item on the scale gets the same “weight,” al-
though	 not	 every	 item	 has	 equal	 (clinical)	 relevance.	 Linearly	
weighted outcome measures have been developed for neuro-
muscular	 disorders	 in	 general	 (e.g.,	 ACTIVLIM)	 and	 for	 specific	
myopathies	and	neuropathies	 (e.g.,	R-	ODS,	DM1-	Activ)	 [27–29]. 
Because different neuromuscular disorders have pronounced 
patterns of muscle involvement, causing various limitations in 
daily life activities, non- disease- specific scales might miss rele-
vant	 clinical	 information	 for	 a	 particular	 disease.	We	 therefore	
argue that disease- specific scales are essential. The Pompe 
Disease Symptom Scale and the Pompe Disease Impact Scale 
are recently developed Pompe- specific scales, but these scales 
are ordinal based too [30]. Moreover, these scales are multidi-
mensional, addressing a variety of symptoms. In contrast, the 
mR-	PAct	 scale	 specifically	 captures	 activity	 and	 participation	
limitations in Pompe disease patients.

The strength of our current study is the exceptionally large sam-
ple size of >500 individual patients, considering the rarity of Pompe 
disease. The large patient number allowed recalibration of the orig-
inal	 raw	 score-	to-	logit	 score	 conversion	 table	 (nomogram)	 for	 use	
in future studies or clinical trials. The most important limitation is 
the unequal distribution of patients among the different language/
country groups and that some groups were too small for DIF anal-
ysis.	Also,	because	all	data	were	collected	 in	Western	countries,	 it	
is plausible that the scale cannot be used as it is in countries with 
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F I G U R E  1 Targeting	of	separate	domains	and	combined	higher	order	factor.	ADL,	Activities	of	Daily	Living.
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a	different	health	 care	 system	or	 culture/habits	 (e.g.,	 third	world/
developing	countries);	this	should	be	explored	further.	Furthermore,	
the	responsiveness	of	the	mR-	PAct	scale	(i.e.,	the	ability	of	the	scale	
to	detect	clinical	changes	over	time),	taking	into	account	the	concept	
of MCID, needs further evaluation.

In conclusion, after removing one item, this now 17- item scale 
can be used in Pompe disease patients across multiple countries 
and in different stages of the disease, including severely affected 
patients.
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TA B L E  4 Raw	score	to	0–100	metric	conversion	nomograms.

ADL Mobility Overall (bifactor)

Raw score Logit score Centile metric Raw score Logit score Centile metric Raw score Logit score Centile metric

0 −4.72 0.00 0 −6.20 0.00 0 −6.00 0.00

1 −3.66 10.69 1 −5.24 8.13 1 −4.79 10.90

2 −2.83 19.09 2 −4.43 14.98 2 −3.80 19.75

3 −2.18 25.69 3 −3.74 20.76 3 −3.00 26.94

4 −1.62 31.33 4 −3.10 26.17 4 −2.37 32.55

5 −1.11 36.43 5 −2.49 31.40 5 −1.90 36.79

6 −0.63 41.32 6 −1.88 36.54 6 −1.54 40.02

7 −0.14 46.27 7 −1.28 41.59 7 −1.26 42.54

8 0.38 51.52 8 −0.71 46.45 8 −1.03 44.59

9 0.95 57.23 9 −0.17 50.98 9 −0.83 46.33

10 1.55 63.34 10 0.32 55.14 10 −0.66 47.86

11 2.20 69.84 11 0.78 58.99 11 −0.51 49.25

12 2.93 77.24 12 1.21 62.62 12 −0.36 50.53

13 3.90 87.04 13 1.62 66.14 13 −0.23 51.75

14 5.18 100.00 14 2.04 69.63 14 −0.10 52.91

15 2.46 73.19 15 0.03 54.05

16 2.90 76.94 16 0.16 55.18

17 3.39 81.05 17 0.28 56.30

18 3.95 85.81 18 0.41 57.43

19 4.68 91.99 19 0.54 58.58

20 5.63 100.00 20 0.67 59.78

21 0.81 61.04

22 0.96 62.37

23 1.12 63.79

24 1.29 65.34

25 1.48 67.06

26 1.70 68.99

27 1.94 71.17

28 2.22 73.68

29 2.54 76.58

30 2.92 79.90

31 3.34 83.69

32 3.82 87.99

33 4.42 93.34

34 5.16 100.00

Abbreviation:	ADL,	Activities	of	Daily	Living.
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