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Background and purpose: A quality of life (QoL) questionnaire for neuromuscular

diseases was recently constructed and validated in the United Kingdom in a sample

of adult patients with a variety of muscle disorders. Preliminary results suggested it

could be a more relevant and practical measure of QoL in muscle diseases than

generic health measures of QoL. The purpose of our work was: (i) To validate

INQoL in Italy on a larger sample of adult patients with muscle diseases (ii) to

compare INQoL to SF-36.

Methods: We have translated into Italian and applied language adaptations to the

original UK INQoL version. We studied 1092 patients with different muscle disorders

and performed (i) test–retest reliability (n = 80); (ii) psychometric (n = 345), known-

group (n = 1092), external criterion (n = 70), and concurrent validity with SF-36

(n = 183).

Results: We have translated and formally validated the Italian version of INQoL

confirming and extending results obtained in the United Kingdom. In addition to

good results in terms of reliability, known-group and criterion validity, a comparison

with the SF-36 scales showed a stronger association between INQoL total index and

SF-36 physical (r = )0.72) than mental (r = )0.38) summary health indexes. When

considering comparable domains of INQoL and SF-36 with respect to an objective

measure of muscle strength assessment (MMRC), regression analysis showed a

stronger correlation using INQoL rather than SF-36 scores.

Conclusions: INQoL is recommended to assess QoL in muscle diseases because of its

ability to capture physical limitations that are specifically relevant to the muscle

condition.

Introduction

Muscle diseases are heterogeneous conditions that

share the property of physical disability usually attrib-

uted to progressive muscle weakness. Generic health-

related quality of life questionnaires, including the

widely used SF-36, have not been specifically con-

structed and validated for patients with muscle diseases

[1–9]. Whilst patients with muscle disorders may share

some functional limitations with other patients with

chronic diseases, some issues considered in generic

health measures (e.g., ability to walk long distances,

climbing stairs) may be superfluous to those with

muscle disorders (who are may be in a wheel-chair) and

some issues that are particularly relevant (e.g., muscle

stiffness, independence) may be omitted. Therefore, a

muscle disease-specific QoL measure may be more rel-

evant and consequently more sensitive for patients with

muscle disease. The Individualized Neuromuscular
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QoL (INQoL) is a muscle disease-specific QoL measure

developed in the United Kingdom [10]. Its theoretical

basis, development, content and construct validity,

reliability, and some limited responsiveness data suggest

that INQoL has the potential to be a useful assessment

of QoL in patients with muscle disease. Because QoL

may be an outcome for international trials and studies

of muscle disease, there is an advantage in having

INQoL available in other languages including Italian.

Therefore, we decided to validate INQoL for use in

Italy. This process entails a formal translation of the

INQoL but also a cultural validation obtained by

submitting the INQoL questionnaire to a large group of

Italian patients with an assessment of its reliability and

psychometric properties. We also took this opportunity

to formally compare the performance of INQoL

alongside that of the SF-36 Health Survey.

Methods

During the entire process of translation and validation,

a total of 1092 subjects were recruited in eight Italian

Muscle Clinics from the five diagnostic categories

(Table S1) through a multistep recruiting approach.

Among these patients, 80 patients were recruited for the

test–retest reliability evaluation, 345 for the psycho-

metric evaluation, 70 for the criterion validity, 1092 for

the known-group validity, and 183 completed both

INQOL and SF-36 questionnaires for the concurrent

validation. Recruitment depended on the availability of

the data from the different Centers involved in the

study, and on the willingness of patients to complete all

questionnaires and testing. There was no a priori choice

of the patients and inclusion in one evaluation or

another.

Recruitment and data collection

Subjects had to be older than 18 years. On the basis of

history data and laboratory data, patients were

excluded if they had major comorbidities unrelated to

muscle disease such as arthritis, respiratory disease

(other than neuromuscular respiratory weakness), car-

diovascular disease (other than muscle disease-related

cardiomyopathy), and cognitive impairment defined as

Mini Mental State Examination (MMSE) <22 [11].

Only patients fitting specific diagnostic criteria for each

disease group were included in the study (Table S1).

Data on age, gender, education, and disease duration

were collected. All assessments were performed during

the course of the patients� usual out-patient visit to their

muscle clinic. The questionnaires were administered in

three phases. In phase 1, subject just completed INQoL.

For phase 2, a proportion of the phase 1 subjects

(n = 80) returned to the clinic 3 weeks later to com-

plete INQoL again so as to obtain data on test–retest

reliability. A 3-week period was considered to be short

enough to minimize the likelihood that change would

occur in any of the dimensions but long enough to reduce

the chance the patients would recall their previous

answers. In phase 3, a new cohort of patients (n = 183)

were asked to complete both INQoL and SF-36. The

patients were recruited for each phase consecutively by

attendance at the Muscle Clinics at the eight partici-

pating centers with no a priori choice of the patients.

Data from medical records and from the INQoL

were collected in paper form, and a data manager from

each center inserted clinical reports, ratings, and data

from each patient (anonymously recorded with letter

and number coding) in an electronic database. The

clinical research forms, paper questionnaires, and the

electronic formats from each center were sent to the

coordinator center. The insertion of data and coding

were checked by two different people at the coordinator

center site (from paper to electronic database) to

increase precision.

Muscle testing was performed in the clinic by a

muscle disease specialist according to a standardized

manual muscle strength testing protocol. A total of 15

muscles were tested bilaterally (shoulder abductors and

adductors, elbow flexors and extensors, wrist flexors

and extensors, sternocleidomastoid muscles, thumb

opponents, long finger flexors, hip flexors, knee flexors

and extensors, ankle dorsiflexors, plantar flexors, and

extensor digit brevis). The five-point modified Medical

Research Council (MRC) scale was used allowing cal-

culation of an MRC sum score ranging from 0 to 150

[12,13].

Cognitive status was assessed by MMSE scores cor-

rected for age and education [11].

The Italian Version of SF-36 was used [4].

The study had ethical approval at the Coordinator�s
site (IRCCS PSD) and locally at each of the site�s
Ethical Committees. All subjects signed consent to the

study.

INQoL questionnaire

INQoL consists of 45 questions within 10 sections

(Table S2). Four of these refer to the impact of com-

mon muscle disease symptoms [weakness, myotonia

(locking), pain, and fatigue]. Five look at the degree

and importance of impact of the muscle disease on

particular areas of life (activities, independence, rela-

tionships, emotions, and body image). The last section

looks at treatment and its effects and expectations.

Participants respond using a seven-point Likert scale

giving their view of the degree of impact of a symptom
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or the degree of impact of muscle disease on an aspect

of their life together with the importance that they

attach to each item thus allowing a patient weighted

score to be given for each section. The final score from

each section is presented as a percentage of the maxi-

mum detrimental impact with a higher percentage

indicating greater symptom impact or worse QoL.

A composite score can also be obtained from five

preselected sections (scales) assessing the impact of

the muscle disease on particular areas of life, this

representing overall QoL. Participant�s perception of

treatment is represented by two scores, reflecting the

trade-off between the positive and negative effects of

current treatment and expectations for the future.

In conclusion, INQOL includes 45 items, structured in

10 sections, yielding 11 scores and one total score.

INQOL translation and linguistic adaptation

We added space at the end of the questionnaire for the

patients to write comments on the questionnaire or on

their muscle disease. These free text comments were

assigned a coded ID number allowing anonymous

analysis. A thematic analysis of the comments was

made, separating themes already considered in the

questionnaire from new themes mentioned by the

patients. This analysis allowed us to make consider-

ations on cultural similarities and differences between

the Italian and UK populations and, if necessary, to

apply changes to the final Italian version.

INQoL was translated using a simplified approach

based on published guidelines [14]. INQoL was

translated into Italian by an official English–Italian

translator and then back translated from Italian into

English by another English–Italian translator.

Assessment of conceptual and linguistic equivalence

was made during the translation process from English

into Italian and vice versa and after test–retest reli-

ability. Any linguistic changes in the wording of the

final Italian version were discussed with the UK

center and between the Italian centers with the sup-

port of the official English–Italian translator. INQoL

was usually self-completed in 5–10 min, but a physi-

cian was available for explanation of the questions or

for any other clarification when requested. If help was

required, the physician recorded on a separate note

what were the reasons for helping the patients (un-

clear wording, visual, motor, or cognitive impair-

ment).

Statistical analysis plan

We applied criteria outlined by the Scientific Advisory

Committee of the Medical Outcome Trust for the

Italian validation of INQoL [14,15]. After appropriate

translation, language and cultural adaptations, we

considered: (i) reliability, including internal consistency

and reproducibility and (ii) validity, including psycho-

metric evaluation (scaling and grouping success),

construct-related (known-group validity) and criterion-

related validity (INQoL�s correlation with objective and

functional measures of muscles strength). In addition,

we compared INQoL to SF-36 (concurrent validity) to:

(i) study the direction and strength of the association

between INQOL and SF-36, (ii) see whether INQoL

could better capture the physical limitations because of

the muscle condition than the more generic SF-36.

Reliability

Three-week test–retest reliability was assessed using

severalmethods: correlation coefficients, ICC [16], Bland

and Altman�s method [17]; limits of agreement are cal-

culated to assess the size of differences between the first

and second administrations of the questionnaire on the

same patient. Internal consistency reliability using

Cronbach�s alpha [18] was also determined.

Validity

Psychometric evaluation Psychometric evaluation was

assessed using multitrait scaling, including item–item,

item–scale and scale–scale correlations. In particular,

item internal consistency (correlation between an item

in that domain and the domain score computed from all

other items in that domain) and item discriminant

validity (correlation between an item of a domain and

the other domains) were evaluated. A satisfactory

item–scale correlation was set when r ‡ 0.40 imply-

ing appropriate inclusion of items within a specific

domain.

Known-group (correlation between INQOL and variables

describing cognitive impairment, demographic and

clinical parameters) and Criterion-related (correlation

with objective measures of muscle strength)

validity Construct and criterion validity of the iNQOL

was assessed in relation to external criteria known to

have an expected impact on questionnaires scores such

as age, gender, type of diagnosis, and of an objective

measure of muscle strength. Analysis of variance was

used to calculate the F statistic, defined as the ratio

between-group and with-group (error) variance, for

each scale and external (or criterion) group.

Concurrent validity: comparison between INQoL index

and SF-36 We used Spearman�s correlation coefficient

to estimate the association between INQoL and SF-36

scales and summary indexes.
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First, the association between the INQOL scales and

total score with each of the scales and two SF-36

summary indexes were estimated to assess the nature

(direction and strength) of the association between

INQOL and an external well-known generic question-

naire. Then, to test whether the new specific question-

naire was different (better or worse) in measuring

specific health concepts relevant for the disease under

evaluation, selected scales of both questionnaires

(INQOL pain versus SF-36 bodily pain; INQOL

weakness versus Sf-36 vitality; INQOL fatigue versus

SF-36 vitality; INQOL activity versus SF-36 physical

functioning; and INQOL emotion versus SF-36 mental

health) were compared in terms of association (corre-

lation) with a standardized objective measure of muscle

strength (MegaMRC).

Results

Table 1 shows the characteristics of each of the subs-

amples used for each specific analysis, for a total of

1092 patients included in five subsamples assembled

during the development and validation process to be

specifically tested according to specific research topics:

reliability (No. = 80), psychometric evaluation (345),

known-group validity (1092), criterion validity (70),

and comparison with the Sf-36 (183).

Reliability

In the 80 subjects who completed two administrations

of INQoL, the difference in mean values between initial

and second measurements ranged from 0.99 (locking,

Table 1 Sample characteristics

Test–retest

(n = 80)

Psychometric

evaluation (n = 345)

Criterion validity

(n = 70)

Known-group

validity (n = 1092)

SF-36 comparison

(n = 183)

Age (years); sex (M/F, %) 43.9 (12.0); 65/35 42.8 (13.9); 66/34 45.9 (13.2); 73/27 43.9 (14.9); 59/41 44.1 (15.3); 54/46

Disease duration (years) 16.2 (12.3) 12.9 (9.9) 15.7 (10.6) 16.3 (12.5) 16.0 (13.7)

Education (years) 10.7 (3.9) 10.2 (3.4) 10.5 (3.2) 10.4 (3.7) 11.0 (3.5)

Diagnosis (%)

DM 40.0 40.5 100 38.6 39.5

FSHD 24.3 24.8 – 23.3 18.5

LGMD 10.0 14.5 – 17.9 19.1

BMD 18.6 13.8 – 13.6 7.6

IM 7.1 6.4 – 6.6 15.3

INQoL domains

Weakness 46.3 (27.7) 47.6 (28.9) 36.7 (28.1) 47.6 (31.9) 46.0 (28.8)

Locking 27.6 (30.3) 27.5 (30.6) 32.0 (31.0) 27.5 (30.7) 28.6 (29.7)

Pain 24.7 (28.9) 25.3 (30.5) 12.4 (22.5) 24.4 (30.0) 25.3 (30.3)

Fatigue 41.8 (29.5) 43.0 (30.9) 35.4 (29.6) 44.8 (30.7) 41.8 (30.8)

Activity 41.9 (29.7) 40.9 (29.1) 29.3 (27.8) 42.1 (29.2) 39.6 (27.1)

Independence 34.6 (32.6) 35.1 (31.6) 23.5 (29.0) 34.5 (32.5) 29.8 (30.9)

Relationships 18.5 (22.0) 17.5 (22.3) 13.3 (20.3) 16.7 (21.1) 13.7 (17.8)

Emotions 26.2 (24.6) 26.5 (24.2) 19.6 (20.4) 28.4 (24.4) 27.1 (22.5)

Body image 36.7 (29.6) 36.0 (30.4) 29.3 (30.5) 36.0 (30.2) 34.0 (29.8)

INQoL index 33.7 (22.3) 33.3 (22.8) 8.7 (22.3) 33.7 (23.1) 31.3 (21.0)

SF-36 domains

Bodily pain – – – – 68.2 (30.1)

Role physical – – – – 59.7 (41.9)

Physical functioning – – – – 54.1 (32.7)

Vitality – – – – 50.9 (21.8)

General health – – – – 48.5 (23.7)

Social functioning – – – – 69.8 (25.8)

Role emotional – – – – 68.6 (40.5)

Mental health – – – – 64.8 (19.7)

Mental health Index – – – – 40.1 (12.5)

Physical health Index – – – – 47.2 (10.8)

Other scales

MMRC – – 135.6 (14.2) – –

MMSE – – 27.3 (2.6) – –

DM, myotonic dystrophies; FSHD, facioscapulo humeral dystrophy; LGMD, limb-girdle muscular dystrophies; BMD, Becker muscular

dystrophy; IM, inflammatory myopathies; Age, disease duration, education, INQoL domains, SF-36 domains, MMRC, and MMSE values are

expressed as means. Standard deviation is in brackets. n = number of patients considered for that procedure/analysis.
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muscle pain) to )7.34 (activities), with a median of 0

(score range from )100 to 100).

Correlation coefficients ranged from 0.83 (fatigue) to

0.69 (body image), with a median value of 0.72. Even

for those domains (activities and independence) where

differences between initial and repeat administrations

showed higher dispersion of mean values (activities:

)7.3; independence: )6.3), correlation coefficients were

high (0.8 and 0.7, respectively). Also, the interclass

correlation coefficient (ICC) showed a range of consis-

tent values except for the Treatment domain See

Table 2.

Cronbach�s alpha was estimated twice in the test–

retest sample. In both cases, its values were high,

varying from 0.88 to 0.95.

Validity

Table 3 shows the descriptive statistics of the INQOL

questionnaire in terms of mean, standard deviation, and

range. The full range of values was actually present.

Estimates according to age and gender are reported

later.

Psychometric evaluation

Table 4 summarizes the results of scaling and grouping

tests of INQoL questionnaire.

Cronbach�s estimates, evaluating the internal consis-

tency of the scores, always satisfied the levels for group

comparison (>0.70). Two scales (relationship and body

image) had values >0.90, the level requested for indi-

vidual comparison. In terms of grouping and scaling

tests, we observed 100% success for internal conver-

gence and low frequency of discriminant failures,

activity, and independence scores being those with more

failures (8–10%).

Table 5 shows the univariate correlation between the

INQOL Total score and each of the five scales used to

assemble it. All scales had a correlation coefficient

higher than 0.70, being the Activity scale the one with

the strongest correlation 0.85. We also tested the mul-

tivariable association between the INQOL Total score

and each of the five preselected scales used to assemble

it to evaluate the nature of the association of each scale

with the summary score after adjusting for the

reciprocal confounding effect, as well as the amount of

variance explained. The five scales explained about the

94% of variance, and again the Activity scale emerged

as the most important factor of the total score.

Construct and criterion validity

As reported in the Methods section, we tested the

association between INQOL scores and selected exter-

nal variables known to capture the disease character-

istics and complexity.

Correlation between INQoL index and clinical

parameters Table 6 summarizes the results of the asso-

ciation between INQOL scores and selected variables,

Table 2 Test–retest results

Domains No. of items

Correlation

coefficient

95% Confidence

interval

Min–Max ICC

Mean difference

(SD)

Cronbach�s alpha

Test Retest

Muscle weakness 3 0.7272 0.7158–0.7382 0.7283 )4.47 (20.50) 0.8817 0.9123

Locking 3 0.7512 0.7401–0.7619 0.7538 0.99 (20.97) 0.9002 0.9200

Muscle pain 3 0.8184 0.8100–0.8265 0.8204 0.99 (17.20) 0.8981 0.9235

Fatigue 3 0.8340 0.8263–0.8414 0.8358 )1.84 (17.25) 0.8779 0.9093

Activities 5 0.7722 0.7636–0.7804 0.7709 )7.34 (18.67) 0.8790 0.9101

Independence 3 0.7056 0.6941–0.7167 0.7056 )6.25 (23.12) 0.8846 0.9165

Relationships 10 0.8513 0.8448–0.8575 0.8523 )2.73 (11.31) 0.8847 0.9200

Emotions 6 0.6988 0.6859–0.7112 0.7013 )2.30 (19.38) 0.8853 0.9150

Body image 3 0.6930 0.6803–0.7053 0.6944 )4.41 (22.62) 0.8857 0.9124

Treatment 6 0.4575 0.4377–0.4768 0.4601 3.75 (30.03) 0.9298 0.9455

Table 3 Distribution of INQoL scales and INQoL total index

INQoL domains

Mean

(SD)

Standard

deviation Range

Weakness 47.6 31.9 0–100

Locking 27.5 30.7 0–100

Pain 24.4 30.0 0–100

Fatigue 44.8 30.7 0–100

Activity 42.1 29.2 0–100

Independence 34.5 32.5 0–100

Relationships 16.7 21.1 0–100

Emotions 28.4 24.4 0–100

Body image 36.0 30.2 0–100

Treatment effect 17.8 29.5 )67 to 100

Treatment expectation 16.0 29.2 )92 to 100

INQoL index 33.7 23.1 0–100

See text for details.
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such as gender, schooling, diagnosis, and disease

duration used to test the questionnaire known-group

validity. Based on clinical ground and on previous re-

search in this field [19–23], it was hypothesized that (i)

scores would be higher in women, (ii) there would be a

positive association between quality of life and educa-

tion (years of schooling) and a negative correlation

between quality of life perception and disease duration,

(iii) a difference across type of diseases, with lower

scores in myotonic dystrophies, because of the known

cognitive-behavioral impairment in these disorders.

Table 6 confirms our hypothesis regarding gender and

disease duration and, to a minor degree, regarding

education.

As expected, INQoL total index was significantly

lower in myotonic dystrophies compared to INQoL

total index in FSHD, LGMD, and inflammatory

myopathies (P < 0.0001).

As to the association between INQOL Total score

and MMSE, we found a negative correlation: for each

increase in MMSE score by 1 unit, there was a decrease

of INQoL index of 1.5 units (r = )0.3317;
P = 0.0636).

Correlation between INQoL index and muscle strength A

negative correlation between INQoL index and Mega-

MRC was observed where the stronger the patient the

better is QoL perceived (r = )0.549; P < 0.0001): in

practical terms, for each increase in MRC score by

1 unit, there is a decrease of INQoL index of

0.958 units. A positive correlation is seen between

INQoL index and MIRS. In this case, the more im-

paired from a functional point of view, the worst is QoL

perceived (r = 0.4695; P < 0.0001).

When exploring stratification by MegaMRC scores

(cutoff 140/150, data not-shown) and by disease dura-

tion (cutoff 10 years of disease), we observed a rela-

tionship between these parameters and INQoL: the

higher the MegaMRC score, the better the scores for

each of the five domains constituting INQoL index

(from nine in �relationship� to one in �independence�);
the longer the disease duration, the worst the scores in

each of the five domain constituting INQoL index

(from a 3-points worsening in �emotion� to a 13-points

worsening in �independence�).

Concurrent validity

Correlation between INQoL and SF-36 Table 7 shows

the correlation between preselected INQOL and SF-36

scores. When considering the correlation between single

comparable domains included in the INQoL and SF-36

questionnaires, on average, the correlation between

relevant domains was in the expected negative direc-

tion, and most of the time substantial. Of note, the

association between the pain scores in each scale

(r = )0.79), the INQOL activity and SF-36 physical

functioning scores (r = 0.71), INQOL weakness and

Table 4 Summary results of tests of item internal consistency and discriminant validity: results from INQoL questionnaire (n = 1092)

Domain

Cronbach�s
alphaa

Item internal

consistency

rangeb

% Internal

convergence

successc
Discriminant

validity ranged
% Item discriminant

validity failuree

Activity 0.88 0.69–0.76 100.0 0.45–0.75 10.0

Independence 0.90 0.77–0.83 100.0 0.48–0.81 8.3

Relationship 0.93 0.66–0.80 100.0 0.38–0.66 0.0

Emotions 0.90 0.64–0.81 100.0 0.32–0.69 4.2

Body image 0.91 0.78–0.86 100.0 0.45–0.65 0.0

aInternal consistency reliability; bcorrelations between items and hypothesized scale corrected for overlap; cpercentage of the internal correlation

coefficients >0.4; dcorrelations between items of each scale with other scales; epercentage of correlations of items with own scales lower than

correlations with other scales.

Table 5 Correlation matrix between INQoL scales and total INQoL index

QoL index Activity Independence Relationships Emotions Body image

QoL index – 0.86 0.81 0.73 0.81 0.82

Activity 0.86 – 0.79 0.58 0.61 0.69

Independence 0.81 0.79 – 0.55 0.52 0.62

Relationships 0.73 0.58 0.55 – 0.64 0.52

Emotions 0.81 0.61 0.52 0.64 – 0.64

Body image 0.82 0.69 0.62 0.52 0.64 –

See text for details.
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the SF-36 physical functioning scores (r = 0.72). A

somewhat lower unsatisfactory association was ob-

served between the INQOL relationships and the SF-36

social functioning scores (r = )0.45). As to the asso-

ciation between relevant summary scores, we observed

a stronger, negative association between INQoL index

and Physical Health index (r = )0.7238; P < 0.0001)

and, although to a minor degree also between INQoL

index and Mental Health Index (r = )0.5124;
P < 0.0001).

Added value of INQoL versus SF-36 When considering

comparable domains of INQoL and SF-36 (pain versus

bodily pain; weakness versus vitality; fatigue versus

vitality; activity versus physical functioning; and emo-

tion versus mental health) with respect to muscle

strength assessment (MMRC) regression analysis

showed a somewhat stronger correlation using INQoL

rather than SF-36 scores for the following domains:

Pain, Weakness, and Fatigue and a worse association

for the domains Activity and Emotion (Table 8).

Discussion

We have translated in Italian and adapted the origi-

nal UK version of INQoL and have tested it in a

large and well-characterized sample of patients. We

have demonstrated that this questionnaire is reliable,

valid, and practical to assess QoL in adult patients

with muscle diseases, thus confirming and extending

data obtained in the United Kingdom in a smaller

sample.

Table 6 Summary results of known-group and criterion validity

Gender

Female (n = 448)

Mean (SD)

Male (n = 644)

Mean (SD) P-value

INQoL domains

Weakness 51.0 (28.9) 44.4 (29.4) 0.0003

Locking 29.2 (31.6) 25.5 (29.4) 0.0526

Pain 30.2 (31.6) 19.8 (27.7) <0.0001

Fatigue 50.3 (30.0) 40.3 (30.5) <0.0001

Activity 46 (30.4) 39.0 (27.9) 0.0001

Independence 40.5 (34.2) 30.2 (30.7) <0.0001

Relationships 18.7 (22.7) 14.8 (19.8) 0.0034

Emotions 33.8 (26.0) 24.2 (22.4) <0.0001

Body image 40.1 (30.4) 32.6 (29.6) <0.0001

INQoL index 37.8 (23.8) 30.3 (21.8) <0.0001

Education (years) 1–5 (n = 555)

Mean (SD)

6–10 (n = 247)

Mean (SD)

11–13 (n = 218)

Mean (SD)

>14 (n = 72)

Mean (SD) P-value

INQoL domains

Weakness 49.9 (29.2) 46.0 (29.7) 41.9 (28.3) 46.8 (30.1) 0.0793

Locking 27.8 (32.0) 29.5 (30.7) 25.6 (27.1) 25.3 (30.4) 0.2178

Pain 25.9 (31.0) 26.4 (30.5) 19.2 (26.7) 21.4 (29.2) 0.0005

Fatigue 47.8 (30.9) 45.1 (30.4) 38.6 (29.9) 39.4 (31.3) 0.0061

Activity 44.8 (30.1) 43.2 (29.0) 34.9 (26.5) 38.2 (27.2) <0.0001

Independence 36.6 (33.3) 35.8 (32.7) 28.1 (29.6) 31.7 (31.5) 0.0015

Relationships 18 (22.6) 15.9 (20.1) 14.6 (18.8) 14.9 (17.6) 0.0126

Emotions 31.1 (25.9) 27.2 (23.8) 22.4 (19.9) 29.0 (23.4) 0.0001

Body image 38.1 (30.4) 34.0 (30.2) 32.6 (28.8) 35.3 (31.3) 0.0515

INQoL index 35.9 (24.2) 33.4 (22.4) 28.5 (20.2) 32.3 (21.7) 0.0003

Disease duration (years) 1–5 (n = 207)

Mean (SD)

6–10 (n = 233)

Mean (SD)

11–20 (n = 328)

Mean (SD)

>21 (n = 324)

Mean (SD) P-value

INQoL domains

Weakness 38.3 (31.2) 41.5 (28.9) 45.7 (28.3) 58.0 (24.4) <0.0001

Locking 24.9 (31.3) 27.2 (30.0) 27.1 (30.1) 30.1 (31.5) 0.4123

Pain 26.2 (31.1) 24.1 (28.0) 22.0 (30.3) 26.0 (30.1) 0.4405

Fatigue 40.4 (32.9) 39.9 (31.1) 45.3 (30.4) 51.7 (27.6) 0.0002

Activity 34.2 (29.4) 36.9 (28.0) 41.2 (28.2) 53.1 (27.1) <0.0001

Independence 23.4 (28.9) 26.9 (29.5) 34.2 (32.0) 49.9 (32.2) <0.0001

Relationships 12.6 (20.4) 15.3 (20.9) 16.4 (20.0) 20.6 (22.0) 0.0019

Emotions 24.3 (25.0) 25.2 (23.5) 26.1 (22.4) 32.5 (25.0) 0.0017

Body image 26.8 (29.2) 30.0 (28.9) 35.4 (28.9) 46.1 (29.6) <0.0001

INQoL index 27.0 (23.4) 29.2 (21.4) 32.7 (21.2) 41.8 (22.3) 0.0096
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Considering the domains/scales of the questionnaire

determining INQoL index (Activities, Independence,

Relationships, Emotions, and Body image), we

confirmed that Activity and Independence seem to af-

fect QoL more than the others.

When stratified by diseases, QoL perception appears

to be better in group A (the myotonic dystrophies)

compared to the other muscle disease groups consid-

ered in the study. It is well known that patients with

myotonic dystrophy have a dysexecutive frontal syn-

drome [24–30], reduced initiative, difficulties with

planning strategies, and apathy, and we may speculate

that this in part justifies the patient�s better perception
of QoL than what would be expected by the objective

and functional limitations present compared to other

similarly affected patients.

As expected from our clinical experience and the UK

data [10], disease duration is the parameter that most

affects the patient�s perception of QoL. In agrement

with previous data, women have a worse QoL percep-

tion than men [19,20]. In contrast to literature data in

other disorders, age [21,24] and education [31] do not

seem to have an impact on the patient�s perception of

QoL [22,23].

To determine whether INQoL assessed in a valid and

reliable way physical and mental health concepts we

tested the association with SF36 a well-known stan-

dardized HR-QoL generic questionnaire. We first tested

the direction and strength of association between

INQoL and the two summary scores of the SF36 indi-

ces. We then assessed the association between relevant

domains of the two questionnaires (eg, the pain scales);

eventually, we also tested the comparative capability of

the two questionnaires in terms of strength of correla-

tions between relevant scales and an objective measure

of physical strength.

When considering the summary indices, results sug-

gest that INQoL better captures physical than mental

health concepts. When considering relevant homolo-

gous domains, all correlations were in the expected

negative direction and most showed a substantial cor-

relation, although again physical scales more strongly

correlated than mental ones. The domain �Locking�, in
INQoL, does not correlate with any of the physical

domains of SF-36. This is a very specific muscle

symptom confined to a restricted number of patients

with muscle diseases (only group A in our study pop-

ulation) which cannot find a comparable health con-

cept/scale in SF-36. Of note is the low correlation

between INQOL relationships and the SF-36 social

functioning scales. A possible explanation may be

attributed to the fact that SF36 social functioning is

known to be the less performing domain of the SF-36.

The better association observed with the Physical

Health Index of SF-36 compared to the Mental Health

Index again emphasizes that INQoL is more sensitive in

capturing the physical limitations because of the muscle

condition.

Despite the observations outlined earlier, there are

also several limitations of this study that need to be

considered.

The first one regards INQoL construct. The struc-

ture of INQoL was derived from the ICIDH-2 model

of disease which incorporates the concepts of impair-

ment, activity, and participation. In this respect, a

concern may be that INQoL reflects a measure of

physical disability rather than of quality of life.

However, the scores related to symptom severity are

separated in the INQoL structure from the scores re-

lated to the impact on disease which constitutes

quality of life. The score from each domain is actually

weighted by the perceived importance assigned by the

participant, and the final summary score from each

section is presented as a percentage of the maximum

detrimental impact.

Another concern may regard the heterogeneity of the

sample considered. Our study population includes a

variety of different muscle disorders that, although

Table 7 Correlations between INQoL – SF36 domains

INQoL SF-36

Correlation

coefficient P-value

Pain Bodily pain )0.7942 <0.0001

Pain Role physical )0.4957 <0.0001

Pain Physical functioning )0.4105 <0.0001

Weakness Role physical )0.4778 <0.0001

Weakness Physical functioning )0.7238 <0.0001

Weakness Vitality )0.5371 <0.0001

Fatigue Role physical )0.5959 <0.0001

Fatigue Physical functioning )0.6678 <0.0001

Fatigue Vitality )0.6228 <0.0001

Locking Role physical )0.2214 0.0026

Locking Physical functioning )0.2017 0.0062

Activity Physical functioning )0.7117 <0.0001

Activity Social functioning )0.4741 <0.0001

Relation Social functioning )0.4507 <0.0001

Emotion Role emotional )0.4949 <0.0001

Emotion Mental health scale )0.5124 <0.0001

Table 8 Correlations between selected scales from INQoL and SF36

with MMRC

INQoL SF-36

Domain R Domain R

Pain 0.14499 Bodily pain )0.08303
Weakness )0.21152 Vitality 0.02014

Fatigue )0.22645 Physical functioning 0.33986

Activity )0.12128 Mental health score 0.14156

Emotion )0.00926
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heterogeneous, share the property of physical disability,

usually attributed to progressive muscle weakness.

Criterion validation only occurred in the patients

with myotonic dystrophy. Patients with myotonic

dystrophy may present only distal muscle weakness or

both proximal and distal muscle weakness as disease

progresses. We cannot definitely conclude that these

results apply to other forms of myopathy, but the re-

sults are encouraging and obtained on a large sample

size (n = 422). However, further testing in other dis-

ease groups is necessary.

Another limitation of our study regards the fact we

have not unfortunately yet had the opportunity to study

responsiveness of INQoL. This is a fundamental attri-

bute to assess this QoL instrument to detect change

over time and will be our next step.

In conclusion, the muscle disease specificity of

INQoL, the documented content, and construct validity

in the UK population, together with the acceptable

expected burden for patients prompted us to translate

the questionnaire and proceed for validation in Italy.

Our results have documented good reliability and

internal consistency, satisfactory psychometric and

known-group validity in Italian adult patients with

muscle diseases. Concurrent validity with SF-36 indi-

cates that INQoL is more sensitive in capturing physical

rather than psychological health concepts, and some of

its scale are more strongly associated with an objective

and standardized measure of muscle strength when

compared with the relevant scales from the SF-36.
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