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Abstract

Patient-reported outcome measures engage patients in disease severity measurement

and the metrics reported can be meaningful to their lives. The Polyneuropathy, Orga-

nomegaly, Endocrinopathy, Monoclonal protein and Skin changes syndrome

(POEMS) is a complex multisystem disorder with disabling neuropathy which is dis-

tinct from other acquired inflammatory neuropathies. No current POEMS-specific

validated disability scales exist. To address this, we have produced a Rasch-built

overall disability scale (RODS) specific to POEMS. A 146-item preliminary question-

naire containing relevant activity and participation items for neuropathic disability

was applied to 49 clinically stable patients with POEMS from the UK national

POEMS cohort. A total of 123 items not fulfilling Rasch model expectations were

sequentially removed. The final 23-item POEMS-RODS fulfilled Rasch model expec-

tations and showed acceptable test-retest reliability. The 23-item POEMS-RODS is a

disease-specific patient-reported outcome measure able to detect activity limitations

within the range of ability demonstrated by the UK POEMS cohort. Larger interna-

tional studies are needed to confirm the broader applicability and responsiveness of

this scale in other countries.
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1 | INTRODUCTION

The Polyneuropathy, Organomegaly, Endocrinopathy, Monoclonal

protein and Skin changes syndrome (POEMS) is a rare, complex multi-

system disease, often first diagnosed by neurologists because of the

disabling neuropathy which coexists with a monoclonal plasma cell

disorder.1 Although sometimes misdiagnosed as chronic inflammatory

demyelinating polyradiculoneuropathy (CIDP), the neuropathic distri-

bution is distinct from CIDP, and the treatment, pattern of disability

and outcomes are different. Serum or plasma Vascular Endothelial

Growth Factor has good diagnostic sensitivity and specificity for

POEMS and is sometimes useful for relapse identification, but it does

not reflect the disability or severity of the disease.2

The quantitative and meaningful measurement of disease severity

assists clinical diagnosis, prognosis and assessment of natural history

and response to intervention. Classical clinical test theory has gener-

ated hundreds of scales that may be useful but are often non-linear,

statistically invalid for populations, not relevant to patient outcomes

or unresponsive to change. Modern clinimetrics, for example, using

item response theories such as Rasch measurement theory,3 has

evolved to support the development of many improved scales. The

Rasch method uses responses to ordinal (ordered) questions from a
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selected cohort of individuals to build a single-dimension, linear scale

of item difficulty and person ability.

The most meaningful health domain for patients is ability/disabil-

ity. Patient-reported outcome measures (PROMS) engage the patient

in the process of disease measurement. Rasch-built Overall Disability

Scales (RODS) for neuropathies were introduced by the PeriNOMS

group for GBS, CIDP, multifocal motor neuropathy (MMN) and para-

proteinemic neuropathies (the inflammatory neuropathy RODS, or

i-RODS, and MMN-RODS)4,5 and have demonstrated their relevance,

responsiveness and statistical validity over other, non-linear disease

scores. However, these scales are validated for specific diseases and

thus one scale is not valid for alternative conditions. No POEMS-

specific validated disability scales exist. This makes it challenging to

measure disease severity in the clinical setting, and to demonstrate

treatment effectiveness in research trials.

We have built a RODS specific to POEMS neuropathy (POEMS-

RODS), using the UK national POEMS cohort, which conforms to the

Rasch unidimensional model and reflects the range of neuropathic dis-

abilities caused by POEMS.

2 | MATERIALS AND METHODS

The University College London Hospitals multidisciplinary team runs

the national POEMS clinic, which offers specialist assessment and

follow-up to UK patients with POEMS. Over 130 patients have been

seen since 2000, with approximately 10 to 15 new diagnoses yearly

and about 70 patients under ongoing follow-up.

We administered 146-question preliminary RODS, to all responders

within the cohort. This item bank was developed by the PeriNOMS group

by reviewing activity and participation items in the International Classifi-

cation of Functioning, Disability and Health, and selecting those items

expected to be relevant to patients with neuropathy.4 It has been suc-

cessfully used in the creation of other Rasch-built neuropathy disability

scales including the i-RODS and the MMN-RODS.4,5 As POEMS-related

disability is primarily neuropathic,6 the complete item bank most likely

contains items reflecting the range of disability demonstrated by individ-

uals with POEMS. Participants completed this as an online questionnaire,

on a paper form (in a clinic or returned by post), or over the telephone.

Participants were asked to respond whether they found the tasks ‘possi-
ble, without any difficulty [2]’, ‘possible, but with some difficulty [1]’, ‘not
possible to perform [0]’, or ‘not applicable [9]’. Participants were asked to

respond on their ability to perform the tasks with any walking aids and/or

orthotics that they usually used in daily activities.

Age and gender of participants were recorded as person factors,

arbitrarily categorised as age (<50 years, 50-69 years, >70 years) and

gender (male vs female) to enable an analysis of differential item func-

tioning in the Rasch model.

2.1 | Rasch analysis

In the initial preliminary RODS, items scored as ‘not applicable [9]’
were interpreted as missing data. We removed individuals who had

more than 10% unanswered questions, as well as items where there

were more than 10% missing responses as a quality control measure.

The remainder of the responses were subjected to Rasch analysis

using the RUMM2030 Plus software (RUMM Laboratory Pty Ltd,

Australia).7 A sample size of 50 patients was estimated to give 99%

confidence with stable item calibration within ±1.0 logits.8 We

opened recruitment to the full POEMS clinic cohort to enable maxi-

mum numbers and disability breadth of responses.

The flowchart in Figure 1 summarises our iterative approach to

scale refinement based on Rasch statistics. The initial scale was ana-

lysed for conformity to the Rasch unidimensional measurement

model, to identify items which displayed the following characteristics

indicating a poor fit to the Rasch model:

• Threshold disordering (based on inspection of Category Probability

Curves [CPC], Figure 2). Items that did not display clear ordered

differentiation of the three response options did not adequately

contribute to the probability model and were removed.

• Poor individual item or person fit (based on item fit residual chi-

square probability and F-statistics)

• Differential item functioning (DIF, based on inspection of Item

Characteristic Curves [ICC], Figure 2). The scale should represent

abilities of male and female participants and of all ages in the

selected population. Where items identify functioning differently

between different person characteristics (eg, men and women)

these were discarded.

• Local dependency (by evaluating the overall correlation matrix, first

identifying items with correlation indices above 0.9, then 0.8, then

stepwise until all pairs of items with correlation indices over 0.28

were identified)

� Each pair of items was individually inspected, to see which had

the poorer item characteristic curves. The item with poorer fit

was removed and overall scale characteristics were re-inspected

to determine if removal improved or worsened overall model fit.

If removal worsened overall model fit, the item was reinstated

and the other item within the pair was removed.

Further details on this approach are presented in the Results sec-

tion. Items were removed using a sequential and iterative process if

they were they were found to exhibit one or more of these character-

istics (Figure 1). During this analysis, we monitored person distribution

within class intervals; overall model fit statistics and independent uni-

dimensionality t-tests of the scale to determine whether each item

removal improved the overall model. If item removal worsened the

overall model, the item was reinstated.

2.2 | Reliability testing

Internal reliability of the scale was tested using the person separation

index (PSI) (ie, that the scale is able to identify at least two groups of

patients), with a PSI over 0.7 considered as acceptable reliability.

Test-retest reliability was performed by asking participants to

complete the final POEMS-RODS on two separate occasions spaced
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2 to 4 weeks apart. The intraclass correlation coefficient (ICC) was

quantified using a two-way random effects analysis.

2.3 | Statistical analysis

RUMM2030 Plus software7 was used for Rasch analysis using the

partial credit model. Further analysis was performed using R v4.0.2/

v4.0.3 (R Core Team).9

2.4 | Ethics

The protocol was reviewed and approved by National Health Service

(NHS) England Health Research Authority (HRA) and Research Ethics

Committee (REC; reference 21/LO/0518). All participants provided

written informed consent.

3 | RESULTS

3.1 | Participant characteristics and response rate

Forty-nine of 70 individuals approached from the UK national POEMS

cohort, with a confirmed diagnosis of POEMS and under ongoing

follow-up, completed the preliminary RODS questionnaire (response

rate 70%). Median age was 59 years (SD = 12.7, range 39-81 years).

67.3% of the participants were female.

3.2 | Data quality control

One individual was removed because of a greater than 10% rate of

unanswered questions. Four questions were removed from the

146-item question bank because there were missing responses from

more than 10% of participants.

3.3 | Initial analysis

Initial Rasch analysis on the remaining 142 items revealed charac-

teristics as detailed in Table 1. In summary, the initial 142-item

unselected item model failed the criteria for a unidimensional

scale.

3.4 | Iterative approach to data fitting

Individual item characteristics were examined to remove items contrib-

uting to model misfit, and overall scale characteristics were monitored

to ensure each removal improved model fit, as displayed in Figure 1.

3.4.1 | Step 1 - Threshold ordering

Items in the scale should be able to distinguish individuals with differing

ability levels reliably and consistently based on responses, with high ability

individuals responding ‘easy to perform’, low ability individuals responding

‘unable to perform’ and individuals with middling ability responding ‘able
to perform with difficulty’. Cohort responses are summarised by the item

CPC graph (Figure 2A,B). An example of an item with good threshold

ordering is seen in Figure 2A. Where responses are not ordered, or over-

lapped, these result in difficulty identifying category thresholds

(Figure 2B). Ten items were removed due to threshold disordering.

3.4.2 | Step 2 - Individual fit statistics

Individual person- and item-fit statistics can be examined to identify

deviations from expected model scores. Seventeen items with poor

item fit were sequentially removed. Person fit statistics were uni-

formly acceptable thus no further participants were removed.

3.4.3 | Step 3—differential item functioning (DIF)

DIF indicates that participants with differing characteristics (age

and/or gender) respond differently to items, despite having equal

overall ability levels (Figure 2C). Twenty-three items were removed

because of DIF to age and/or gender.

3.4.4 | Step 4 - local dependency

Local dependency describes items that are linked in a way that responses

on one item may depend on or not be independent of responses to

another; this may place undue weight on one particular type of ability

within the overall scale. A correlation index of 0.28 or greater is generally

considered to signify local dependency. A total of 69 items were removed

leaving no local dependency above a correlation index of 0.28.

F IGURE 1 Flowchart demonstrating
the sequential process of item removal to
improve fit to the Rasch model
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3.5 | Final 23-item POEMS-RODS

Following this iterative process, we produced a 23-item scale with accept-

able fit and meeting Rasch criteria for unidimensionality (Table 2, Appendix

S1). An online version of this is available at: https://bit.ly/3BXZlZH.

The threshold map and item difficulty locations for the 23 items

of the final POEMS-RODS are depicted in Figure 3. Item difficulty

ranged from �3.06 to +4.30 logits, with ‘take a lift/elevator’ being
the easiest item and ‘jump’ being the most difficult item on the scale.

The spread of item difficulty covers the range of participant ability

TABLE 1 Characteristics of 142-item preliminary RODS on initial Rasch analysis

Parameter Ideal values Observed values Interpretation

Item fit residual Mean = 0, SD = 1 Mean = �0.16, SD = 0.70 Acceptable fit residual

Person fit residual Mean = 0, SD = 1 Mean = �0.27, SD = 1.41 Acceptable fit residual

Item-trait χ2 probability >0.05 0.12 Criteria for item invariance met

Person separation index >0.70 0.99 Model able to differentiate >9 distinct groups

Cronbach's alpha >0.70 0.99 Good scale reliability

Unidimensionality t-testsa LL 95%CI <0.05 Proportion of significant t-tests = 0.167

(95% CI 0.105-0.228)

Scale fails criteria for unidimensionality

Abbreviations: 95% CI, 95% confidence interval; LL, lower limit.
aUnidimensionality t-tests were performed by comparing the six most positively loaded and six most negatively loaded items on the first principal

component analysis.

F IGURE 2 Category Probability Curves (CPC) (A, B) and Item Characteristic Curves (ICC) plotting for Differential Item Function (DIF) (C, D). In
(A) and (B), the coloured lines display relative probability of participants responding ‘not possible to perform’ (blue), ‘possible, but with some difficulty’
(red), and ‘possible, without any difficulty’ (green) over a range of person locations (person ability on a linear scale). (A) CPC for item ‘getting into a
car’ showing good threshold ordering - this item was retained at this point (but removed later to reduce local dependency). (B) CPC for item ‘driving a
car’ shows disordering of thresholds, with the ‘possible, but with some difficulty’ category (red line) never being the most probable to be observed at
any point in the scale. This item was removed. (C) ICC plot for item ‘cycle a bike’ shows significant DIF for gender, with male (red line) and female
(blue line) participants displaying significant differences in responses at the same person location. This item was removed. (D) ICC plot for item ‘put on
shoes’ showed no significant DIF for gender, with male and female participants responding similarly at similar levels of ability. This item was retained.
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and ranges from �6.4 to +6.2 logits (Figure 4, Table 3). The raw final

POEMS-RODS range from 0 to 46. For ease of interpretation, we

converted the scale into a linear centile score with values ranging

from 0 (most severe disability) to 100 (no disability) (Table 4).

The SE for the POEMS-RODS varied with differing levels of par-

ticipant ability with a ‘U’-shaped pattern (Figure 5), with SE being

lowest in the middle of the scale (moderate disability), similar to other

RODS.5,10

None of the participants scored the minimum or maximum score for

the final POEMS-RODS, suggesting negligible floor and ceiling effects.

3.6 | Reliability studies

On repeat testing of the final POEMS-RODS, a PSI of 0.959 indicated that

internal reliability of the scale remained good. We also demonstrated good

F IGURE 3 Threshold map and item difficulty locations for the 23-item final POEMS-RODS. Coloured bars correspond to participant
responses of ‘not possible to perform’ (blue), ‘possible, but with some difficulty’ (red), and ‘possible, without any difficulty’ (green) for each item.
SE: Standard error of item location (logits)

TABLE 2 Characteristics of 23-item preliminary RODS on Rasch analysis

Parameter Ideal values Observed values Interpretation

Item fit residual Mean = 0, SD = 1 Mean = 0.055, SD = 0.85 Good model fit

Person fit residual Mean = 0, SD = 1 Mean = �0.186, SD = 0.874 Good model fit

Item-trait χ2 probability >0.05 0.982 Criteria for item invariance met

Person separation index >0.70 0.958 Model able to differentiate >5 distinct groups

Cronbach's alpha >0.70 0.964 Good scale reliability

Unidimensionality t-testsa LL 95%CI <0.05 Proportion of significant t-tests = 0.104 (95% CI

0.043-0.166)

Scale passes the test of unidimensionality

Abbreviations: 95% CI, 95% confidence interval; LL, lower limit.
aUnidimensionality t-tests were performed by comparing the six most positively loaded and six most negatively loaded items on the first principal

component analysis.
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test-retest reliability, with item hierarchy within the 23-item scale demon-

strating an ICC of 0.936 (95% CI 0.856-0.972) and patient location an ICC

of 0.954 (95% CI 0.914-0.976) (Figure 6).

4 | DISCUSSION

We developed a 23-item POEMS-RODS disability score using the UK

national POEMS cohort, which conforms to Rasch statistical parame-

ters and demonstrates good test-retest reliability.

The disability of POEMS is primarily neuropathic.6 However,

POEMS is a multi-system disease, and in practice, other factors such

as pedal oedema and cardiorespiratory aspects of the disease may

also contribute towards patient disability in POEMS. Where neuropa-

thy is minimal, which is frequently the case in Castleman disease-

associated POEMS, systemic factors can account for the entirety of

patient disability, although this disability is often less than cases with

additional neuropathy. Overall, disability scales such as this POEMS-

RODS are likely to reflect the combined multi-system disability seen

in most patients with POEMS, especially at the more physically

demanding end of the scale with items such as ‘Jump’ and ‘Remain

standing for a long time (hours)’, which require a combination of good

neurological and cardiovascular function.

Our 23-item POEMS-RODS shows good internal validity, evi-

denced by a high PSI of 0.959. In the construction of disability scales,

external validity may be supported by correlating it with other existing

scales validated for the condition; for example, the i-RODS was

shown to correlate well with the Overall Disability Sum Score

(ODSS).4,11 However, the ability to validate the scale externally is reli-

ant on a pre-existing scale for the condition; neither the ODSS nor

the modified Overall Neuropathy Limitations Scale,12 or any other

neuropathy disability scales have been validated in POEMS. Future

longitudinal and responsiveness assessments will explore comparative

performance to some of these non-validated scores.

The POEMS-RODS SE differs with different levels of patient abil-

ity in a characteristic ‘U’-shaped curve (Figure 5), with the SE being

highest at extremes of patient ability and lowest where patient ability

is middling. This is similar to previous RODS5,10 and reflects a more

limited number of individual responses available at extremes of

patient ability during scale construction. The responses of the UK

POEMS cohort used to construct this scale revealed very few individ-

uals with particularly low ability levels, as seen by the gaps on the left

of the curve in Figure 5.

The uncertainty inherent in scores at the extremes of patient abil-

ity is particularly important for the interpretation of the centile scale

presented in Table 4 and the interpretation of a minimal clinically

important difference (MCID). Although changes in a single absolute

point in the middle of the scale reflect only a 1 to 2 centile change in

the linear centile score of the POEMS-RODS compared to 8-10 cen-

tiles at extreme ends, the smaller SE in the middle of the scale indi-

cates that a small change in score in the middle of the scale is likely to

be more certain, and to an extent thus more clinically important, than

a larger change at the high and low ends of the scale. Because of this,

although we have presented conversion to a centile form of the scale

as has been done for other scales, we advise caution in interpreting

changes at the extreme ends of the scale as being highly significant.

Further studies of the POEMS-RODS are likely to be valuable in

establishing a meaningful MCID at various points in the scale. This has

been an ongoing task and a persistent debate for the i-RODS over its

first decade of use.

Although the POEMS-RODS displayed good intraclass correlation

coefficients (ICC) for person and item location on repeat testing, sug-

gesting good test-retest reliability, a number of patients and items

demonstrated changes in scale location outside the 95% CI (Figure 6,

shaded areas). We recognise that longitudinal and larger collaborative

international studies could improve the reliability and certainty of the

POEMS-RODS, or result in small modifications that would reduce the

uncertainties. However, larger patient cohorts are not currently avail-

able and this first version of POEMS-RODS has reasonable validity at

this stage for use.

One of the main limitations of our study is the sample size. Previ-

ous studies creating RODS for inflammatory neuropathies4,5 have

F IGURE 4 Person-item threshold
map of the 23-item final POEMS-RODS
reveals good distribution of item difficulty
(lower half) relative to person ability
(upper half)
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TABLE 3 23-item POEMS-RODS item location (right side of the
scale) relative to person ability (left), depicted on a single ruler of
ability/difficulty (logits)

Persons Location (logits) Item location

x 7.0

j
j
j
j

xx 6.0

j
j
j
j

x

x

5.0

j
j
j
j

Jump

xx

xx

x

4.0

j
j
j
j

Remain standing for a long time

(hours)

x

x

xx

3.0

j
j
j
j

Stand on one leg

xx

x

xx

x

2.0

j
j
j
j

Kneel down

Clip your toenails; Lift a heavy object

xx

xx

xxxx

xxx

1.0

j
j
j
j

Walk on uneven ground

Walk outdoors up to 1 km; Change

the sheets

x

x

x

0.0

j
j
j
j

Carry a tray

Tie your laces

Walk up a flight of stairs; Put the

rubbish outside

Remain standing for a short time

(15 min)

Open an upper window

xx

xx

x

xxx

�1.0

j
j
j
j

Do the dusting; Put on shoes

Go to the general practitioner

�2.0

j
j
j
j

Walk indoors

Put a rucksack on

Zip your trousers

Get out of a car

xx

x

x

x

�3.0

j
j
j

Take a lift/elevator

TABLE 3 (Continued)

Persons Location (logits) Item location

j
�4.0

j
j
j
j

�5.0

j
j
j
j

x �6.0

j
j
j
j

Note: x = 1 person.

TABLE 4 Nomogram conversion of 23-item POEMS-RODS from
a 46-point scale to a 100-point centile score

Raw POEMS-RODS score
Rasch person
location (logits)

POEMS-RODS
centile score

0 �7.906 0

1 �6.433 10

2 �5.493 16

3 �4.892 20

4 �4.432 23

5 �4.044 25

6 �3.700 28

7 �3.385 30

8 �3.093 32

9 �2.820 33

10 �2.563 35

11 �2.318 37

12 �2.086 38

13 �1.863 40

14 �1.650 41

15 �1.443 42

16 �1.243 44

17 �1.047 45

18 �0.856 46

19 �0.669 47

20 �0.484 49

21 �0.301 50

22 �0.120 51

23 0.060 52

24 0.240 53

25 0.420 55

26 0.601 56

27 0.783 57
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utilised over 100 participants for scale design, with recommendations

that more than 250 may be required for high certainty.8 Based on

these sources, our sample size is estimated to convey a 99% confi-

dence with stable item calibration within ±1.0 logits.8 To increase the

certainty of the estimations, additional validation studies with a larger

cohort will be needed for the improvement of the POEMS-RODS.

However, POEMS is much rarer than CIDP and MMN, and our study

of 49 POEMS patients represents a large proportion of the current

known UK POEMS cohort.2 Because of this rarity, despite the more

limited sample size, we feel that our final POEMS-RODS is reasonably

representative of the range of disabilities experienced by the UK

POEMS cohort.

The enrolled patient cohort for this study was heterogeneous,

including patients with POEMS treated for a wide range of disease

durations. Not only did this maximise sample size, but ensured the

cohort reflects the range of disabilities seen in POEMS. As the study

was cross-sectional, there was very little inter-examination variabil-

ity. We did not explore responsiveness as most patients are highly

stable, having been successfully treated, and smaller numbers are in

active treatment. Future studies with a larger cohort will allow for

analysis of factors (beyond age and gender) that might contribute

towards Differential Item Function and heterogeneity. The disease is

too rare to generate the participant numbers required for these

validations.

TABLE 4 (Continued)

Raw POEMS-RODS score

Rasch person

location (logits)

POEMS-RODS

centile score

28 0.966 58

29 1.151 59

30 1.339 61

31 1.530 62

32 1.725 63

33 1.925 64

34 2.130 66

35 2.343 67

36 2.565 69

37 2.800 70

38 3.049 72

39 3.319 73

40 3.615 75

41 3.948 78

42 4.334 80

43 4.798 83

44 5.388 87

45 6.214 92

46 7.369 100

F IGURE 5 Participant location on
POEMS-RODS with corresponding SE. A

U-shaped curve is seen indicating SE
differs based on patient ability, with SE
being lowest for participants with
moderate disability.

F IGURE 6 Test-retest reliability of the 23-item POEMS-RODS. Shaded areas represent 95% confidence intervals. (A) Item difficulty hierarchy of the
final POEMS-RODS in the first vs the second assessment. (B) Person location during first vs second assessment. ICC, intraclass correlation coefficient
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International collaboration will be important in achieving the

larger patient numbers required to confirm the broader statistical via-

bility of the POEMS-RODS and to determine its responsiveness.13

Larger studies will also facilitate accurate estimations of the MCID of

the POEMS-RODS, either through statistical techniques, anchoring or

consensus. International engagement will also be helpful in confirming

cross-cultural validity, as cultural differences are known to cause indi-

viduals of different nationalities to respond differently to certain

activity items.

5 | CONCLUSION

We have built a 23-item POEMS-RODS from representative patient

responses which reflects the range of disabilities within the UK

POEMS cohort, conforms well to a Rasch model, and demonstrates

good test-retest reliability. Larger international studies are needed to

confirm the broader applicability of this scale in other countries.
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