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Abstract

Inflammatory Rasch-built overall disability scale (I-RODS) seems to be a valid activity

measure for use in patients with chronic inflammatory demyelinating poly-

radiculoneuropathy (CIDP). Our aim was to translate and validate the I-RODS for use in

CIDP patients from Serbia. Study comprised 83 patients diagnosed with CIDP. I-RODS

was translated and cross-culturally validated using the standard guidelines. Following

scales were also administered: Medical Research Council (MRC) sum score, Inflammatory

Neuropathy Cause and Treatment (INCAT) sensory and disability scores, Krupp's Fatigue

Severity Scale, Beck Depression Inventory, Visual Analogue Scale for pain, and health

survey-36 (SF-36) as a quality of life measure. According to the I-RODS, significant pro-

portion of our patients reported that “running” (51%), “dancing” (41%), and “standing for

hours” (40%) were impossible tasks to perform, while “teeth brushing” (94%), “eating”

(88%), and “reading a newspaper/book” (82%) were noted as the easiest items. Patients

with more muscle weakness (lower MRC sum score) and more severe INCAT sensory

score had lower I-RODS score (P < .01). Also, patients with fatigue, depression and pain

had lower I-RODS scores (P < .01). I-RODS score correlated with the INCAT disability

score (P < 0.01) was 78 ± 19 compared to 51 ± 30 in patients with INCAT >1 (P < .01).

I-RODS score correlated with the total SF-36 score (rho = +0.73, P < .01), as well as with

all SF-36 domain scores. Serbian version of the I-RODS seems to be a valid activity mea-

sure for use in CIDP patients. I-RODS was able to assess different levels of disability, it

was in association with impairment measures, INCAT disability scale and quality of life.

Further studies are needed to assess its responsiveness.

K E YWORD S

chronic inflammatory demyelinating polyradiculoneuropathy, disability, impairment, I-RODS,

quality of life, validation

1 | INTRODUCTION

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an

autoimmune, progressive, stepwise, or relapsing-remitting neuropathy,

characterized by symmetric proximal and distal weakness, sensory

dysfunction, and absent or reduced tendon reflexes of all extremities,

which is developing over at least 2 months.1 Appropriate outcome mea-

sures are needed in order to evaluate efficacy of new therapies in clinical

trials for CIDP. Any disease may be evaluated through the three main

types of outcome measures: impairment, activity and participation, and
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quality of life (QoL).2 Activity and participation scales have been pro-

posed as a primary outcome measure in CIDP clinical trials.3

To date, the most used outcome measure for CIDP is the Inflam-

matory Neuropathy Cause and Treatment (INCAT) disability scale,

particularly in its adjusted form. Although widely used, this activity

measure is ordinal-based and has limitations which could hamper the

comparison between patients and between different trials.4 In order

to overcome these limitations and ensure exactness, the Inflammatory

Rasch-built Overall Disability (I-RODS) scale was created.5-7 The

Rasch model is a process of creating interval-based measure which

could obtain more precise information of disease impact.6,8 I-RODS is

a patient-reported outcome measure which fulfills the modern scien-

tific requirements and clinimetric criteria. Thus, the ENMC interna-

tional workshop group recommended that I-RODS should be used as

a primary outcome measure in CIDP, because it had demonstrated sig-

nificantly higher responsiveness compared to the Rasch-transformed

ordinal-based INCAT scale.7 Also, I-RODS and the INCAT disability

scale will be used as activity and participation measures in the interna-

tional CIDP registry.9 Although it seems that I-RODS had a satisfying

cross-cultural validation,6 this measure has not been used in Eastern

European countries so far. PeriNomS study group reported that it

would have been ideal to have at least 50 patients per illness and

country included in the study to properly evaluate the cross-cultural

validation of the I-RODS.

The aim of this study was to translate and validate the I-RODS for

use in Serbian patients with CIDP. In addition, we sought to identify

the potential factors which influence patients' activities measured by

I-RODS, and if activity level measured by I-RODS correlates with

patients' QoL.

2 | METHODS AND MATERIALS

The INeSS (Inflammatory Neuropathy Study of Serbia) was designed in

August 2016 with the main goal of collecting as many as patients

diagnosed with CIDP from Serbia, Republic of Srpska (Bosnia and

Herzegovina) and Montenegro. We sought to comprise all CIDP

patients from tertiary health care centers over the last 10-year period

between 2007 and 2016. All patients who met the European Federa-

tion of Neurological Societies/Peripheral Nerve Society (EFNS/PNS)

diagnostic criteria for CIDP were included in the database.1 CIDP vari-

ants were also diagnosed according to these criteria.1 Of the 190 iden-

tified patients, 26 have died by the time of testing, 4 were positive for

IgM paraproteins (MGUS) and thus excluded, 32 were lost from

follow-up, and 28 denied participation in this research. Moreover,

nine patients were excluded because of the presence of other severe

disorders (hematological malignancy, connective tissue disease, motor

neuron disease, stroke, and neurofibromatosis). Eight patients that are

diagnosed and treated at the Military Medical Academy in Belgrade

did not take part in this research. Finally, the total number of patients

tested in 2016 was 83. The Ethical Board of the Neurology Clinic,

Clinical Center of Serbia approved this research, and informed con-

sent to participate in this study was obtained from all patients.

Main sociodemographic data (including gender, age, education,

profession, and disease duration) were obtained from all patients at

time of testing. The presence of significant comorbid disorders such

as diabetes mellitus and monoclonal gammopathy of undetermined

significance (MGUS) was noted (with the exception of IgM because

these patients were excluded). Different therapeutic modalities and

response to treatment were also analyzed.

Muscle strength and sensory deficit were considered as impair-

ment measures. In order to examine muscle strength, we used the

MRC 0-5 point scale (0—without movement, 5—normal strength).

MRC sum score (MRC-SS) evaluates six muscle groups on both sides

(shoulder abductors, elbow flexors, wrist extensors, hip flexors, knee

extensors, and foot dorsiflexors).10 The INCAT sensory score is an

impairment measure which we used in order to evaluate objective

sensory deficits of our patients.11

We also investigated fatigue, depression, and pain. Krupp's

Fatigue Severity Scale (FSS) was used in order to estimate severity of

fatigue. A score above 36 represented a significant fatigue.12 In order

to assess level of depression, the Beck Depression Inventory (BDI)

was applied. Patients were considered depressed if the score was

≥11.13 The presence of pain was self-evaluated by all patients, using

the Visual Analogue scale (from 0 to 10 points).

To assess patients' activity limitations and participation restric-

tions we used the INCAT disability scale and I-RODS.14 I-RODS is a

scale with a list of 24 activities graded in an easy to difficult manner.

The easiest question was “Are you able to read a newspaper/book?”

and the most difficult one was “Are you able to run?”.8,15 For each

activity mentioned in the questionnaire, patient can respond: not pos-

sible to perform (0 point); possible, but with some difficulty (1 point);

possible without any difficulty (2 points). Overall raw score ranges

from 0 to 48 and is subsequently transferred to a convenient centile

metric.6 Higher score means less limitation in the activity and social

participation.

All patients completed the Serbian version of the SF-36 question-

naire as a measure of QoL.16 It is a generic measure which comprises

eight general health domains: physical functioning (PF), role physical (RP),

bodily pain (BP), general health (GH), vitality (VT), social functioning (SF),

role emotional (RE), and mental health (MH). Total SF-36 score, physical

composite score (PCS), and mental composite score (MCS) are the main

scores which summarize these eight domains. All scores range from 0 to

100, where higher numbers represent better QoL.

3 | TRANSLATION PROCESS AND
STATISTICS

I-RODS was translated and cross-culturally validated using accepted

guidelines and standard methodology.17,18 The translation process

was done by two translators (native Serbian speakers who are bilin-

gual in English) and two inflammatory neuropathy experts (I. B. and

S. P.). As a result, the first Serbian version of the I-RODS was created.

Two translators (native English speakers who are bilingual in Serbian),

translated this version back to English and compared it to the original
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I-RODS. This phase resulted in the second Serbian version which was

also evaluated by inflammatory neuropathy experts (I. B. and S. P.).

Second version was applied in 10 CIDP patients (native Serbian

speakers) and after minor corrections the final Serbian I-RODS version

was established.

Normality of datawas tested by the Kolmogorov-Smirnov test. Mann-

Whitney U test, Student's t test and χ2 test were used, as appropriate.

Because I-RODS is composed of 24 items, internal consistency was also

analyzed using Cronbach's alpha (minimal standard was 0.70 for group

comparisons and 0.90 for individual comparisons). Percentage of patients

obtaining top score (ceiling effect) and bottom score (floor effect) were cal-

culated. Construct-related validity was assessed as an impact of

sociodemographic factors on I-RODS: through the Mann-Whitney U test

for gender (male vs female), and through the linear regression analysis for

age at onset, duration of the disease, age at testing, and education.

Criterion-related validity was calculated as an association between

I-RODS score and clinical features of the disease using Mann-Whitney

U test for CIDP variant (typical vs atypical), nerve conduction study find-

ings (possible vs definite/probable CIDP), diabetes mellitus (present vs

absent), and IgG/IgA paraprotein (present vs absent); and by usingmultiple

linear regression analysis weighted for gender and age for INCAT sensory

score, MRC-SS, FSS, BDI, and pain. Association between I-RODS score

and INCAT disability scale was also analyzed with the multiple linear

regression analysis weighted for gender and age representing concurrent

validity. In addition, both I-RODS and INCAT disability scale were com-

pared in terms of correlation with SF-36 (Spearman's rho). In all analyses,

significant testing was two-sided, with α sets at 0.05 for statistical signifi-

cance and 0.01 for high statistical significance.

4 | RESULTS

Male to female ratio of our CIDP patients was 1.9:1 and mean age at

testing was 62.0 ± 12.5 years (median 63 years). Typical CIDP was

diagnosed in 69% of subjects and 82% had definite CIDP according to

the EFNS/PNS criteria. Other sociodemographic and clinical charac-

teristics of our cohort are presented in Table 1. A total of 32% of

TABLE 1 Main sociodemographic and clinical features of
investigated CIDP patients (N = 83)

CIDP features

Male gender (n [%]) 54 (65.1%)

Age at onset

(years, mean ± SD [med])

54.5 ± 13.8 (54)

Age at testing

(years, mean ± SD [med])

62.0 ± 12.5 (63)

Disease duration

(years, mean ± SD [med])

7.5 ± 5.4 (7)

Education

(years, mean ± SD [med])

12.2 ± 2.8 (12)

CIDP variants (%)

Typical 68.7%

Pure motor 8.4%

Focal 8.4%

Pure sensory 7.2%

DADS 4.8%

LSS 2.4%

EFN/PNS NCS criteria (%)

Definite 81.9%

Probable 1.2%

Possible 16.9%

Comorbid disorders (%)

Diabetes mellitus 20.0%

MGUS (IgM or IgA) 14.5%

Therapy (any time during

disease course) (%)

Oral prednisone 85.5%

Pulsed i.v. steroids 16.9%

IVIg 36.8%

PLEx 4.8%

Immunosuppressant

drugs

Azathioprine 10.8%

Cyclosporine 1.2%

Azathioprine + cyclosporine 1.2%

MRC-SS

(mean ± SD [med])

54.5 ± 7.3 (57)

INCAT sensory scale

(mean ± SD [med])

Arms 1.4 ± 2.0

Legs 2.8 ± 2.0

Total 4.4 ± 3.8 (3)

FSS (mean ± SD) 34.4 ± 17.1

Significant fatigue (%) 42.2%

BDI (mean ± SD) 8.6 ± 7.8

Depressiveness (%) 32.5%

VAS (mean ± SD) 2.5 ± 3.0

Pain (%) 56.6%

(Continues)

TABLE 1 (Continued)

CIDP features

INCAT disability scale (mean ± SD [med])

Arms 0.6 ± 0.8

Legs 1.2 ± 1.4

Total 1.8 ± 2.0 (1)

Abbreviations: BDI, Beck Depression Inventory; CIDP, chronic

inflammatory demyelinating polyneuropathy; DADS, distal acquired

demyelinating symmetric neuropathy; EFNS/PNS, European Federation of

Neurological Societies/Peripheral Nerve Society; FSS, Fatigue Severity

Scale; INCAT, Inflammatory Neuropathy Cause and Treatment; IVIg,

intravenous immunoglobulin; LSS, Lewis-Sumner syndrome; MGUS,

monoclonal gammopathy of undetermined significance; MRC-SS, Medical

Research Council sum score; NCS, nerve conduction studies; TPE, plasma

exchange; VAS, Visual Analogue Scale for pain.
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patients had symptoms and signs of depressiveness, 42% complained

of significant fatigue, while 57% reported pain (Table 1).

Mean raw I-RODS score was 35.2 ± 11.7, while mean centile

score was 66.7 ± 23.5 (range 6-100, median 67). Cronbach's alpha

was 0.96 fulfilling criteria for both group and individual comparison.

According to I-RODS, a significant proportion of our patients stated

that “running” (51%), “dancing” (41%), and “standing for hours” (40%)

were tasks impossible to perform. On the other hand, “teeth brushing”

(94%), “eating” (88%), and “reading a newspaper/book” (82%) were

noted as the easiest items to perform (Figure 1).

Regarding I-RODS, floor effect (bottom score) was not observed

in any of the patients. Ceiling effect (top score) was reported by

16 (19.3%) patients. Among these, 12 patients had INCAT disability

score 0, two had INCAT 1, and two had INCAT 2 (one in arms + one

in legs). When consider INCAT disability scale, floor effect was absent,

but ceiling effect was found in even 31% of CIDP patients.

Sociodemographic features correlated neither with the total I-RODS

score nor with the individual I-RODS items (Table 2). On the other hand,

INCAT sensory score, MRC-SS, presence of fatigue, depressiveness, and

pain, as well as INCAT disability score were in association with the I-

RODS total score and with number of items on I-RODS (P < .01).

Results on the SF-36 questionnaire and association of both I-

RODS and INCAT disability scores with SF-36 domains in our CIDP

cohort are presented in Table 3. Overall, the I-RODS showed better

correlation with all SF-36 scores compared to INCAT (Table 3).

5 | DISCUSSION

Serbian version of I-RODS is a simple, easily understandable, reliable

and valid activity, and social participation scale that can differentiate

degrees of disability in CIDP patients. Draak et al underlined that most

of CIDP patients showed poor general functionality.19 In addition to

these findings, our results indicate that CIDP may affect even the sim-

plest daily activities although only some of them were unable to per-

form the most difficult tasks. I-RODS is able to capture wider range of

activities than INCAT disability scale which suggests its sensitivity and

relevance for everyday life. Floor effect (bottom score) was not

observed in any of the patients which means that I-RODS may make a

distinction even between patients with high levels of disability and

social participation restriction. On the other hand, ceiling effect (top

score) was reported by 16 (19%) patients which suggest that in the

group of patients in remission, I-RODS makes no enough distinction.

However, ceiling effect was much higher (31%) for INCAT disability

scale. Furthermore, we believe that I-RODS can capture the slightest

relapses of the disease and therefore may be convenient for analyzing

patients even during long-term maintenance therapy.20 In previous

papers, I-RODS ceiling effect was lower (6% and 9.5%), but investi-

gated groups were reportedly with higher level of disability compared

to ours.8 Based on the fact that both INCAT and I-RODS have ceiling

effect, it would be of interest to combine this with a scale without

ceiling such as six-minute walk test.21 However, Draak and colleagues,

although not using six-minute walk test itself, showed that improve-

ment of one construct such as walking ability was not able to capture

the spectrum of all functional limitations in CIDP.19

Mean centile I-RODS score was 66.7 ± 23.5 in our cohort with

range of 6 to 100. Similar mean score was observed in the PATH

study although the range was narrower (51 to 83).22

I-RODS has been recently suggested as a primary outcome measure

for clinical trials in CIDP patients.6,23 Further research is needed to dem-

onstrate a responsiveness of the Serbian I-RODS in order to fulfill the cri-

terion of a satisfying outcome measure for clinical trials.7 I-RODS
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70

85
64
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60

79
65
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64
65
58

48
47

55
60

40
39

29
36

23

1washing your upper body *
dressing your upper body

brush your teeth
move a chair

go to the toilet
make a sandwich

washing your lower body
eating

catch an object
turn a key in a lock

go to the general practitioner
read a newspaper or book

take a shower
do the washing up

walking while avioding obsticles
walk one flight of stairs

bend and pick up an object
do the shopping

travel by public transportation
walk outdoors, up to max 0.6 mile
carry and put down a heavy object

remain standing for a long period of time
dance

run

Not possible to perform Possible, but with some difficulty

Possible, without any dfficulty Missing answer

F IGURE 1 Distribution of
patients' responses on each item of
the I-RODS (N = 83). Results are
presented as a percentage of patients
giving certain response. * Missing
answer in one (1%) patient
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TABLE 2 Construct-, criterion-, and concurrent-related validity of the I-RODS (N = 83)

Investigated feature Association with I-RODS score
Association with individual I-RODS items at the level
of P < .01

Gender None None

Male

Female

Age at onset None None

Disease duration None None

Age at testing None None

Education None None

CIDP variant None None

Typical

Atypical

NCS findings None None

Definite CIDP

Possible/probable CIDP

Diabetes mellitus None None

Present

Absent

IgG/IgA paraprotein None None

Present

Absent

MRC-SS Beta = 0.66* adjusted R2 = 0.45 Wash your upper body; go to the toilet; dress your upper body;

wash your lower body; turn a key in a lock; go to the general

practitioner; take a shower; do the washing up; do the

shopping; catch an object; bend and pick up an object; walk

one flight of stairs; travel by public transportation, walk while

avoiding obstacles; walk outdoor s, up to max 0.6 mile; carry

and put down a heavy object; dance; remain standing for a

long period of time; run

INCAT sensory score Beta = −0.49* adjusted R2 = 0.24 Dress your upper body; do the washing up; catch an object;

bend and pick up an object; travel by public transportation,

walk while avoiding obstacles; walk outdoors, up to max 0.6

mile; carry and put down a heavy object

Fatigue Beta = −0.71* adjusted R2 = 0.48 Wash your upper body; go to the toilet; dress your upper body;

wash your lower body; move a chair; go to the general

practitioner; take a shower; do the washing up; do the

shopping; catch an object; bend and pick up an object; walk

one flight of stairs; travel by public transportation, walk while

avoiding obstacles; walk outdoor s, up to max 0.6 mile; carry

and put down a heavy object; dance; remain standing for a

long period of time, run

Depressiveness Beta = −0.44* adjusted R2 = 0.18 Dress your upper body; wash your upper body; go to the

general practitioner; do the washing up; do the shopping;

catch an object; bend and pick up an object; walk one flight

of stairs; travel by public transportation, walk while avoiding

obstacles; walk outdoor s, up to max 0.6 mile; carry and put

down a heavy object; dance; remain standing for a long

period of time; run

Pain Beta = −0.31* adjusted R2 = 0.09 Move a chair; go to the general practitioner; do the shopping;

catch an object; bend and pick up an object; walk one flight

of stairs; travel by public transportation, walk while avoiding

obstacles; walk outdoor s, up to max 0.6 mile; carry and put

down a heavy object; dance; remain standing for a long

period of time; run

(Continues)
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responsiveness has been previously showed,6,24 and the questionnaire

have been used in clinical trials already.20 High Cronbach's alpha of the

Serbian version suggest that questionnaire may be able to compare not

only a whole group of patients, but also between individual patients.

No significant associations were observed between I-RODS and

sociodemographic factors of CIDP patients. Thus, I-RODS is a measure

that may be applied in all CIDP patients, independent of gender, age, dis-

ease duration, education, CIDP variant, nerve conduction study findings,

presence of diabetes, or IgG/IgA paraprotein. On the other hand, I-RODS

well differentiated between different grades of impairment in CIDP mea-

sured by MRC-SS and INCAT sensory scale which once again confirms

its relevance. Similarly, correlation between I-RODS and hand grip

strength as an objective impairment measure has been previously

reported.15

Our findings suggest that patients' abilities are significantly

affected by presence of depressiveness, fatigue, and pain. These

associations have not been commonly investigated so far in CIDP

patients. However, it is well known that depression and fatigue are

significant predictors of worse QoL in CIDP.25,26 A recent study on

anti-myelin-associated glycoprotein neuropathy patients showed

that I-RODS correlated with the total pain score.27 Thus, patients

with CIDP should be properly screened for the presence of depres-

sion, fatigue, and pain because these potentially treatable disorders

may affect patients' abilities, social participations, and QoL.

In our research, worse INCAT disability scores were in associa-

tion with worse I-RODS score. However, it should be noticed that

I-RODS is a more sensitive outcome measure.7 Moreover, ordinal-

oriented measures such as INCAT have significant limitations, such

as the fact that individual items of the sum scores are not equal-

weighted and cannot be presented linearly. Thus, slight but impor-

tant clinically changes could be easily overlooked by ordinal-based

measures.5 On the other hand, I-RODS is more suitable for

detecting differences, while a change of one point on INCAT dis-

ability scale can be implied on narrow range of clinical presenta-

tions.5 I-RODS represents the patient's selection of many everyday

activities reflecting general functionality.

Both INCAT disability scale and I-RODS correlated with the SF-36

score and its individual domains. Similar correlations of INCAT and

SF-36 score have been previously reported.25,27,28 Correlation mea-

sured by Spearman's rho was stronger for I-RODS than for INCAT.

Similarly, the association between the I-RODS and EuroQoL ther-

mometer was consistently higher compared with the association

between INCAT ONLS and EuroQoL thermometer.24 This can be

explained due to the better statistical properties of I-RODS (ordinal-

based vs interval-based scale) and due to the wider range of relevant

abilities captured by I-RODS. Although ability measures (both INCAT

and I-RODS) were found to correlate with all SF-36 domains, associa-

tion was expectedly stronger for the physical domains, that is, PF and

RP. Also, correlation with PCS was stronger than with MCS.

TABLE 2 (Continued)

Investigated feature Association with I-RODS score
Association with individual I-RODS items at the level
of P < .01

INCAT disability score Beta = −0.71* adjusted R2 = 0.51 Wash your upper body; go to the toilet; make a sandwich; dress

your upper body; wash your upper body; move a chair; turn a

key in a lock; go to the general practitioner; take a shower; do

the washing up; do the shopping; catch an object; bend and

pick up an object; walk one flight of stairs; travel by public

transportation, walk while avoiding obstacles; walk outdoor s,

up to max 0.6 mile; carry and put down a heavy object;

dance; remain standing for a long period of time; run

Note: Association of sociodemographic variables with I-RODS score was made by using Mann-Whitney U test for nominal variables and linear regression

analysis for ordinal and continuous variables. Association of clinical variables with I-RODS score was made by using multiple linear regression analysis

weighted for gender and age.

Abbreviations: CIDP, chronic inflammatory demyelinating polyneuropathy; INCAT, Inflammatory Neuropathy Cause and Treatment; I-RODS, inflammatory

Rasch-built overall disability scale; MRC-SS, Medical Research Council sum score; NCS, nerve conduction studies.

*P < .01.

TABLE 3 Correlation of I-RODS and INCAT disability scale with
SF-36 scores in CIDP patients (N = 83)

SF-36 score Mean ± SD

Correlation
with
I-RODS
score (rho)

Correlation
with INCAT
disability
scale (rho)

Physical

functioning (PF)

49.7 ± 34.0 0.77* −0.64*

Role physical (RF) 42.3 ± 42.9 0.69* −0.52*

Bodily pain (BP) 60.9 ± 30.0 0.50* −0.39*

General health

(GH)

54.1 ± 23.3 0.55* −0.46*

Vitality (VT) 55.8 ± 25.5 0.51* −0.42*

Social

functioning (SF)

71.0 ± 26.8 0.48* −0.39*

Role emotional (RE) 53.1 ± 46.5 0.52* −0.48*

Mental health (MH) 63.6 ± 20.3 0.44* −0.40*

Physical composite

score (PCS)

52.6 ± 26.1 0.76* −0.61*

Mental composite

score (MCS)

59.5 ± 23.7 0.62* −0.54*

Total SF-36 score 56.3 ± 24.9 0.73* −0.61*
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6 | CONCLUSION

Serbian version of the I-RODS is a simple, easily understandable, reli-

able and valid activity, and social participation scale that can be

applied in different subgroups of CIDP patients and can differentiate

degrees of their disability. I-RODS seems to be more sensitive than

INCAT and showed stronger correlation with QoL than INCAT. Fur-

ther research is needed to demonstrate responsiveness of the Serbian

I-RODS.

7 | LIMITATIONS

The limitation of the study is the fact that the original FSS was used

to evaluate the presence of fatigue instead of the modified Rasch-

built fatigue severity scale.29 Another important limitation of this

study is the shortage of follow-up data so we were not able to calcu-

late responsiveness. However, this would be our future goal.
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