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ABSTRACT

Objective: The Cochin Hand Function Scale (CHFS) is commonly used among people with
systemic sclerosis (SSc), including study participants who speak different languages, are of
different sexes, or have different disease subtypes. It is not known, however, whether CHFS
displays differential item functioning (DIF) and if scores from participants in different groups
can be treated equivalently. We evaluated the degree that the CHFS generates scores that are
comparable across language, sex, and disease subtype.

Methods: We included participants enrolled in the Scleroderma Patient-centered Intervention
Network (SPIN) Cohort who completed the CHFS at their baseline assessment between April
2014 and September 2020. Confirmatory factor analysis (CFA) was used to test
unidimensionality, and Multiple Indicator Multiple Cause (MIMIC) models were used for DIF
analysis based on language, sex, and disease subtype. Both intraclass correlation coefficient
(ICC) and Pearson’s correlation were calculated using factor scores obtained from unadjusted
and DIF-adjusted MIMIC models to evaluate agreement and correlation between scores.
Results: 2155 participants were included. CFA with covarying error terms supported a good fit
of the model (32[127] =1754.671, P < 0.001, TLI = 0.985, CFI = 0.987, RMSEA = 0.077). Nine
items displayed statistically significant DIF for language of administration, 10 items for sex, and
10 items for disease subtype. However, the overall impact of DIF was negligible when
comparing factor scores that did and did not account for DIF (ICC= 0.999, r = 0.999).
Conclusion: The CHFS has score comparability in SSc regardless of participants’ language, sex,

and disease subtype.



SIGNIFICANCE AND INNOVATION

e Hand function is an important contributor to disability in systemic sclerosis (SSc), and
the Cochin Hand Function Scale (CHFS) is commonly used in SSc clinical trials and
multi-national observational studies.

e This is the first study to evaluate if CHFS items display differential item functioning by
language (English and French), sex, and disease subtype.

e Some CHFS items display differential item functioning for participants taking the CHFS
in different languages, are of different sexes, and have different disease subtypes, but the
impact on total scale scores is negligible.

e The CHFS can be used and compared among participants with SSc across different

languages, sexes, and disease subtypes.



Systemic sclerosis (SSc; scleroderma) is a rare chronic autoimmune disease characterized
by fibrosis of the skin and internal organs (1). Digital ulcers, contractures, and deformities of the
hand can lead to decreased flexion and limited extension (2). These symptoms impact hand
function and can result in substantial impairment (3). The Cochin Hand Function Scale (CHFS)
was developed to measure the functional ability of the hand among people with rheumatic
diseases (4) and has been validated (5,6) and used extensively in SSc (2,6-9). The self-report
CHEFS consists of 18 items used to assess a person’s ability to perform daily hand-related
activities (4).

The cross-language validity of the CHFS is important in SSc because SSc is a rare
disease (10), and people who complete a scale in different languages are commonly included in
the same study (11), especially when the study is carried out in countries or regions with more
than one commonly spoken language, such as Canada (e.g., French and English). Additionally,
for rare diseases such as SSc, international collaboration and recruitment of participants from
different countries who use different languages is often necessary to include sufficient numbers
of participants in a given study (7,9,12,13).

In addition, because approximately 85% of people with SSc are female (14,15), it is
important to ensure the measurements obtained from the CHFS are comparable regardless of sex.
Previous validations have been done with very small numbers of male participants, and thus it is
hard to evaluate the equivalence of measurement. For example, out of 40 participants in the first
study that validated the CHFS, then called the Duruéz Hand Index, in SSc, only 6 participants

were male (5).



SSc has two main subtypes - limited and diffuse (16), and disease severity, which is
reflected in subtypes, is an important indicator of hand function (12). Therefore, it is important to
assess the degree to which scores from the CHFS may systematically differ by disease subtype.

Differential item functioning (DIF) occurs when members of one group (e.g., English-
language responders) have a different expected score on an item compared to members of
another group (e.g., French-language responders), after controlling for any differences in the
construct being measured (e.g., hand function) (17,18). Therefore, the responses to an item are
influenced, not only by the level of the hand function the person has, but also by the grouping
factor (e.g., whether they completed the scale in French or English).

The purpose of the study was to evaluate whether: (1) the CHFS displays DIF with
respect to language (English or French), sex (male or female), and disease subtype (limited or
diffuse); and (2) if any identified statistically significant DIF influences CHFS scores to a non-
negligible extent.

METHODS

This was a cross-sectional study evaluating baseline data from the Scleroderma Patient-

centered Intervention Network (SPIN) Cohort (7). A protocol was published online prior to study

initiation (https://osf.io/qb8m3/). Because of overlap with previous studies, we adopted part of

the methods from previous work (12), including the description of the SPIN Cohort in the
Participants and Procedure section, and procedures and study variables in the Measures section.
This is in line with guidance from the Text Recycling Research Project (19).
Participants and Procedure

The SPIN Cohort is a convenience sample. Eligible patients at SPIN recruiting sites are

invited by the attending physician or a nurse coordinator to participate. Eligible participants must
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be classified as having SSc according to 2013 ACR/EULAR classification criteria; > 18 years of
age; and fluent in English, French, or Spanish (20). After written informed consent is obtained,
the recruiting site physician or nurse coordinator completes and submits an online medical data
form. An automated email is then sent to participants with instructions on activating their SPIN
online account and completing measures. SPIN Cohort participants complete outcome measures
via an online portal upon enrolment and subsequently every three months. The SPIN Cohort
consists of data from 51 centers in Canada, the United States, the United Kingdom, France,
Spain, Mexico, and Australia. The SPIN Cohort study was approved by the Research Ethics
Committee of the Centre intégré universitaire de santé et de services sociaux du Centre-Ouest-
de-1'Tle-de-Montréal (#MP-05-2013-150) and by the ethics committees of all recruiting sites.

The present study used baseline assessment data from participants enrolled between April
2014 and September 2020 who completed the CHFS in English or French only, and with
complete item-level data for the CHFS, and complete data on language of instrument
completion, sex, and disease subtype.
Measures
Sociodemographic and medical data

Participants provided marital status, years of education, number of cigarettes smoked per
week, and number of alcoholic drinks per week. SPIN physicians completed a medical data form
that included all items of the 2013 ACR/EULAR SSc classification criteria (20) and provided
age, sex, time since the first non-Raynaud’s phenomenon symptoms and diagnosis, SSc subtype
(limited or diffuse cutaneous SSc) (16), presence of overlap syndromes (systemic lupus
erythematosus, rheumatoid arthritis, Sjogren’s syndrome, idiopathic inflammatory myositis), and

presence of joint contractures (no/mild (0-25%) versus moderate/severe (>25%) limit in range of
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motion). Standard numeric rating scales were completed by patients for Raynaud’s severity in
the past week and severity of finger ulcers, ranging from 0 (not severe at all) to 10 (unbearable).

In the SPIN cohort, participants self-report race or ethnicity data using the standard
categories that are used in each country. Because categories differ across countries, and
categories used in one country may not be recognized by participants from other countries, we
characterized study participants by aggregating them as White, Black, and Other. The categories
used in each country are presented in Supplemental Material A.

Hand Function (CHFS)

The 18-item CHFS (4) was developed to measure the ability to perform daily hand-
related activities. Items reflecting 5 content areas (i.e., kitchen, dressing oneself, hygiene,
writing/typing, other) are scored on a 0-5 Likert scale (O=without difficulty; S=impossible). The
total score is obtained by adding the scores of all items (range 0-90), and higher scores indicate
more difficulty in hand function. Validity and reliability of the CHFS have been confirmed in
SSc (5,6).

Statistical analysis

Descriptive statistics were calculated for all variables and all participants in the sample.
We fit a unidimensional confirmatory factor analysis (CFA) model to the CHFS data using a
robust weighted least squares variance estimator (21) to test the unidimensionality of the
underlying latent trait (hand function). We chose to assess a unidimensional model in order to
evaluated whether the standard practice of scoring the CHFS with a simple summed score is
justified. To evaluate the unidimensional model, we determined fit via a mean- and variance-
adjusted chi-square test statistic, the Comparative Fit Index (CFI), the Tucker-Lewis Index

(TLI), and the root mean square error of approximation (RMSEA). The CFI, TLI, and RMSEA
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indices were prioritized, as the chi-square test is highly dependent on the sample size of the study
and may reject the model despite its good fit (22). Values of CFI and TLI >0.95 and RMSEA
<0.08 were considered to indicate a good fit for the model (23-25). We also calculated
modification indices to recognize item pairs for which measurement errors correlate highly (26).
If there was also theoretical justification for shared effects within these pairs of items, we then
allowed their errors to co-vary if this improved model fit.

We then used Multiple Indicator Multiple Cause (MIMIC) models to determine if items
of the CHFS exhibited DIF when different groups were compared by language, sex, and disease
subtype. We first fit a baseline MIMIC model that only included the path between the grouping
variables and the latent variable, hand function (27,28). This model is a unidimensional CFA
model with the additional paths between all groups and the latent variable to capture any mean
differences in scores for participants in different groups. Next, we used the constrained baseline
approach. Specifically, for each grouping variable, we fit 18 augmented models, each with paths
from the grouping variable to the individual CHFS item. For each of the grouping variables, we
iterated this process 18 times for each item separately. Meanwhile, we noted the statistical
significance of the coefficient of the path between the grouping variables and each item. Once
we identified all the items that displayed DIF and which grouping variable(s) were the sources of
DIF, we constructed the final MIMIC model by adding paths between all the DIF items and the
corresponding grouping variables to the baseline MIMIC model, even if these paths were no
longer statistically significant in the final DIF-adjusted MIMIC model in order to be conservative
in our model choice. We did not employ a Type 1 error correction for the p values from the

original sets of models in order to capture any possible DIF across items.
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Lastly, we assessed the effect of DIF on latent factor scores. This is important because we
included 2155 participants and, due to the large sample size, we expected to detect statistically
significant DIF for potentially many items. Use of an effect size measure indicates whether any
statistically significant DIF has an actual, meaningful impact on the reason the CHFS is
administered — to obtain scores for hand function for participants. Ideally, clinical decisions are
based on highly precise estimates and effect sizes and not on analyses of statistical significance.
Therefore we calculated the agreement between the scores obtained from the MIMIC baseline
model and the final DIF-adjusted MIMIC model through the intraclass correlation coefficient
(ICC) and its 95% confidence interval (29). As a secondary measure, we also calculated
Pearson’s correlation coefficient and its 95% confidence interval (30). Upon analyzing all the
MIMIC models, we identified if any CHFS item exhibited DIF and which grouping variable(s)
contributed to DIF, as well as whether any observed DIF impacted the factor scores that were
estimated from the participants’ responses. A high ICC or correlation would indicate that any
statistically significant DIF had meaningful impact, while a low ICC or correlation would
indicate that although there was statistically significant DIF, it may not have clinical impact.

All analyses were conducted in R (31), with the CFA and MIMIC models fit using the
MplusAutomation package (32).

Sample size calculation

Recommendations for CFA sample size vary. In the present study, we performed a single-
factor CFA and multiple MIMIC models with 18 indicators, using a sample of 2155 participants.
This number significantly surpassed the minimum sample size recommended by many
established recommendations and standards (33,34) to ensure a substantial agreement between

true sample characteristics and model estimates.
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RESULTS
Sample characteristics

Within the SPIN Cohort, 2240 participants had complete data for all CHFS items with
2178 of those in English or French. However, only 2155 participants had complete data for all
variables in the CFA and MIMIC model analyses (i.e., sex, disease subtype) and were included
in this study. There were 1882 females (87.3%) and 273 males (12.7%; see Table 1); 1459
people responded to the CHFS in English (67.7%) and 696 in French (32.3%); 842 respondents
presented with diffuse SSc (39.1%); and 1313 respondents presented with limited or sine SSc
(60.9%). 1788 (83.0%) self identified as White. Most participants were married or living as
married (61.8%). The mean time since first non-Raynaud’s symptoms was 11.1 (SD=8.8) years,
and the mean time since diagnosis was 9.4 (SD=8.1) years. The mean CHFS score was 13.5
(SD=16.1). There were 63 (2.9%) participants with sine disease subtype who were grouped
together with the 1250 (58.0%) participants with limited disease subtype for all following
analyses.

Confirmatory factor analysis

A unidimensional CFA model of the CHFS items, where covariance of item residuals
was restricted to zero, resulted in less than ideal fit (}2[135] = 5232.629, P <0.001, TLI = 0.955,
CFI = 0.960, RMSEA = 0.132).

The modification indices suggested allowing error measurements of the following items
to covary: items 1 and 2, items 2 and 3, items 2 and 4, items 3 and 4, items 9 and 10, items 9 and
12, items 9 and 17, and items 13 and 14. For example, item 13 measures how well participants
can write a short sentence with a pencil or an ordinary pen, and item 14 measures how well

participants can write a letter with a pencil or an ordinary pen, which are extremely similar. Due
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to high degree of similarity across the content or wording of these CHFS items, we allowed all
pairs of items with large modification indices to have correlated covariance terms until the CFA
model had adequate fit. Therefore, the CFA model was refitted with allowing the error terms of
these items to covary, and the refitted model indicated a good fit (¥2[127] =1754.671, P < 0.001,
TLI=0.985, CFI =0.987, RMSEA = 0.077).

DIF analysis

The baseline MIMIC model with paths between each grouping variable and the latent
variable demonstrated good fit (¥2[178] =2173.740, P < 0.001, TLI = 0.982, CFI = 0.984,
RMSEA = 0.072). The baseline MIMIC model’s parameters can be found in Table 2.

Using iterations to identify DIF for each grouping variable, we found that 9 items
displayed DIF for the grouping variable of language of CHFS administration, 10 items displayed
DIF for the grouping variable of the respondent’s sex, and 10 items displayed DIF for the
grouping variable of the respondent’s disease subtype. See Table 3 for the p-values of each of
statistically significant paths in the MIMIC models.

Table 4 shows the final MIMIC model parameters after correcting for DIF. Estimated
group differences on the latent factor did not differ meaningfully depending on whether we
controlled for DIF. The difference between the two language groups (French - English) on the
latent factor was not statistically significant for either the model with DIF adjustment
(standardized mean differences [SMD] = -0.048, 95% CI -0.150 to 0.053, p = 0.352) or without
adjustment (SMD = -0.049, 95% CI -0.149 to 0.052, p = 0.343). The difference between the two
sex groups (Male - Female) on the latent factor was statistically significant for both the final
MIMIC model with DIF adjustment (SMD = -0.282, 95% CI -0.432 to -0.131, p < 0.001) and the

baseline MIMIC model (SMD = -0.292, 95% CI -0.439 to -0.146, p < 0.001). The difference
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between the two disease subtype groups (Diffuse - Limited) on the latent factor was statistically
significant for both the model with DIF adjustment (SMD = 0.624, 95% CI 0.526 to 0.722, p <
0.001) and without adjustment (SMD = 0.638, 95% CI 0.541 to 0.735, p <0.001).

The ICC between the factor scores obtained from the baseline MIMIC model and the
ones from the final MIMIC model was 0.999 (95% CI 0.999, 0.999). Pearson's correlation
coefficient between the factor scores obtained from the baseline MIMIC model and the ones
from the final MIMIC model was 0.998 (95% CI 0.998, 0.998).

DISCUSSION

We tested the unidimensional structure of the CHFS and examined whether there were
meaningful differences in measurement properties on the latent variable with three grouping
variables - language, sex, and disease subtype - in a sample of participants with SSc. We
confirmed the unidimensionality of the latent trait and found that while there was statistically
significant DIF in items of the CHFS, the overall impact of DIF on scores was negligible.

Although there was statistically significant DIF for 9 items between English- and French-
language participants, 10 items between male and female participants, and 10 items between
participants with limited and diffuse disease subtype, the cumulative effect of DIF was minimal
and did not meaningfully influence estimates of hand function differences of participants,
regardless of their language, sex, or disease subtype. The high Pearson’s correlation (0.998) and
ICC (0.999) between factor scores from models that did and did not account for DIF allowed us
to conclude that CHFS scores of French- and English-language, male and female, diffuse and
limited subtype participants can be aggregated and compared without concerns of bias due to the
grouping factors we studied. The lack of impact of DIF on the CHFS may be due, in part, to the

wording of the items. Specifically, all items assess concrete abilities to perform a certain task
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that requires the use of hands, and not abstract concepts. This, in turn, may reduce the likelihood
of DIF based on participant characteristics.

The present study is the first to assess DIF of CHFS using MIMIC models and the first to
compare measurement properties based on participants’ language, sex, and disease subtype. Our
findings have important implications for research. This study’s result demonstrated the
comparability of CHFS scores across English and French-languages in SSc. Furthermore,
regardless of participants’ sex and disease subtype, their CHFS scores can be compared without
scaling or DIF correction. Considering SSc is a rare disease, with its overall pooled prevalence of
SSc approximately 17.6 per 100,000 people (35), local or regional samples can be limited. Our
study supports the use of the CHFS in larger-scale collaborations and promotes broader
utilization in international participants cohorts, such as the SPIN Cohort. Additionally,
interventions and treatments aimed at improving hand functionality have been shown to reduce
symptom burden among individuals with SSc to some degree (8). The CHFS is a valid outcome
measure that can be used to measure hand function in patients with SSc across language, sex, and
disease severity. Future work may investigate sensitivity to change for the CHFS, therefore
allowing it to be used to test interventions and treatments.

There are several noteworthy strengths of our study, including its international cohort
recruited from 51 clinical sites, its large sample, and the assessment of measurement properties
among people with SSc in multiple languages. Although this study focused on determining the
impact of DIF for the CHFS for people with SSc based on their language, sex, and disease
subtype, the MIMIC models we used could be applied to other participant populations and other

measures for DIF identification and correction.
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The present study, however, represents only a first step in using the DIF approach to attempt to
standardize processes for validating CHFS among people with SSc with different backgrounds
and medical histories. There are also limitations to our study. First, the SPIN Cohort is a
convenience sample, and thus may not represent the SSc population. For example, the cohort
participants completed all the required measures online. Second, the examination of DIF was
limited to English- and French-speaking participants, and therefore the generalizability of the
finding based on our sample population is unknown. Third, we only examined uniform DIF in
this study with the assumption of a constant relationship between measures and grouping
variables; we did not examine non-uniform DIF (36). We only examined the differences in mean
across groups and did not examine the patterns. However, because in practice the CHFS is
scored with a summed score that does not allow for varying factor loadings, any non-uniform
DIF would not influence how the CHFS is scored. Lastly, future research may investigate
whether our results are replicable under other well-known methods for DIF detection, such as
those that use item response theory methods.

Overall, the results of this study indicated that while the CHFS displayed statistically
significant DIF across language of administration, participant sex, and disease subtype, the
impact of this DIF was negligible on scores obtained from the scale. This means that
participants’ CHFS scores can be compared without DIF adjustment, which supports the use of
the CHFS in studies that administer the scale in different languages or recruit participants with

SSc of different sexes or with different levels of disease severity.
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TABLES

Table 1. Participant demographic and. disease characteristics (n=2155)

Variable N (%) or Mean (SD)
Demographic
English language, n (%) 1459 (67.7)
Female sex, n (%) 1882 (87.3)
Race or ethnicity,” n (%) #
White 1788 (83.0)
Black 149 (6.9)
Other 216 (10.0)
Age in years, mean (SD) 55.0 (12.6)
Marital status, n (%)
Married 1332 (61.8)
Living as married 196 (9.1)
Separated or divorced 257 (11.9)
Widowed 97 (4.5)
Single 273 (12.7)
Education in years, mean (SD) 14.9 3.7)
Alcohol consumption(drinks/week), n (%)
0 1224 (56.8)
1-7 773 (35.9)
8+ 158 (7.3)
Cigarette consumption (cigarettes/day), n (%)
0 2001 (92.9)
1-9 75 (3.5)
10-19 57(2.6)
20+ 22 (1.0)
Disease characteristics
Time since onset first non-Raynaud’s symptom in years, mean (SD) 11.1 (8.8)
Time since diagnosis, n (%) { 9.4 (8.1)
Disease subtype, n (%)
Limited 1250 (58.0)
Diffuse 842 (39.1)
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Sine 63 (3.0)
Patient-reported severity of Raynaud’s, mean (SD) § 3.8(2.8)
Patient-reported severity of finger ulcers, mean (SD) 1.7 (2.7)

Small joint contractures, n (%)

None or mild 1505 (69.8)
Moderate 383 (17.8)
Severe 151 (7.0)
Not available 116 (5.4)

Large joint contractures, n (%)

None or mild 1743 (80.9)
Moderate 185 (8.6)
Severe 70 (3.2)
Not available 157 (7.3)
Presence of systemic lupus erythematosus, n (%) 63 (2.9)
Presence of Sjogren’s syndrome, n (%) 164 (7.6)
Presence of rheumatoid arthritis, n (%) 119 (5.5)
Presence of idiopathic inflammatory myositis, n (%) 107 (5.0)
Cochin Hand Function Scale total score, mean (SD) 13.5 (16.1)

SSc = systemic sclerosis; CHFS = Cochin Hand Function Scale

# Because ethnicity/race information is collected differently across countries, it is aggregated here into the
categories “White”, “Black”, and “Other”. See Supplementary Material A for further details about race or
ethnicity grouping.

#N=2153; + N=1975; t N=2072; § N=2132; { N =2131
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Table 2. Factors Loadings of the Baseline MIMIC Model

Variable Estimate 95% Confidence Interval
Item 1 Hold bowl 0.874 (0.858, 0.890)
Item 2 Raise bottle 0.817 (0.797, 0.836)
Item 3 Hold plate 0.857 (0.841, 0.874)
Item 4 Pour liquid 0.865 (0.849, 0.881)
Item 5 Unscrew lid 0.810 (0.793, 0.828)
Item 6 Cut meat 0.887 (0.874, 0.899)
Item 7 Prick fork 0.876 (0.857, 0.896)
Item 8 Peel fruit 0.895 (0.883, 0.907)
Item 9 Button shirt 0.870 (0.858, 0.883)
Item 10 Zipper 0.879 (0.865, 0.893)
Item 11 Toothpaste tube 0.875 (0.857, 0.893)
Item 12 Hold toothbrush 0.865 (0.848, 0.882)
Item 13 Write short 0.842 (0.824, 0.860)
Item 14 Write letter 0.786 (0.766, 0.807)
Item 15 Doorknob 0.885 (0.873, 0.897)
Item 16 Cut paper 0.897 (0.884,0.911)
Item 17 Pick up coins 0.854 (0.841, 0.867)
Item 18 Turn key 0.906 (0.895,0.917)
Item 2 with Item 1 0.110 (0.095, 0.125)
Item 2 with Item 3 0.164 (0.145, 0.182)
Item 2 with Item 4 0.144 (0.126, 0.161)
Item 3 with Item 4 0.124 (0.107, 0.141)
Item 9 with Item 10 0.103 (0.086, 0.120)
Item 9 with Item 17 0.069 (0.056, 0.082)
Item 11 with Item 12 0.087 (0.071, 0.103)
Item 13 with Item 14 0.243 (0.221, 0.266)
Hand function on language -0.049 (-0.149, 0.052)
Hand function on sex -0.292 (-0.439, -0.146)
Hand function on disease

subtype 0.638 (0.541, 0.735)

27



Table 3. P-values for Items Displaying DIF

Initial Models

MIMIC Models

Item on Item on Disease Item on Item on Disease
Variable Language Item on Sex Subtype Language Item on Sex Subtype
Item2 <0.001 0.001 - <0.001 <0.001 -
Item3  <0.001 - <0.001 <0.001 - 0.029
Item4  0.028 0.006 0.035 0.065 0.006 0.186
Item5 <0.001 <0.001 - <0.001 <0.001 -
Item6 0.026 0.001 <0.001 0.095 <0.001 <0.001
Item8 - - 0.003 - - 0.002
Item9 - <0.001 - - <0.001 -
Item 10 - - 0.003 - - 0.020
Item 11 - - 0.012 - - 0.035
Item 12 0.006 0.004 0.031 0.013 0.006 0.058
Item 13 <0.001 0.001 0.002 <0.001 <0.001 0.001
Item 14 <0.001 - - <0.001 - -
Item 15 - 0.006 - - 0.002 -
Item 16 — - 0.020 - - 0.011
Item 17 - <0.001 <0.001 - <0.001 -
Item 18 0.006 - - 0.008 — -
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Table 4. Factors Loadings of the final MIMIC Model

Item on Language Item on Sex

Item on Disease

Estimate Estimate Estimate Subtype Estimate

Variable (95% CI) (95% CI) (95% CI) (95% CI)
0.874

Item 1 (0.858,0.890) - — -
0.816 0.195 -0.198

Item 2 (0.797,0.836)  (0.121, 0.270) (-0.304, -0.092) -
0.858 0.426 -0.070

Item 3 (0.841,0.874)  (0.356, 0.496) — (-0.133, -0.007)
0.865 0.069 -0.131 -0.043

Item 4 (0.849,0.881)  (-0.004, 0.141) (-0.224, -0.037) (-0.106, 0.020)
0.81 -0.18 -0.342

Item 5 (0.793,0.828)  (-0.256, -0.104)  (-0.448, -0.236) —
0.886 -0.057 -0.187 0.132

Item 6 (0.874,0.899)  (-0.124, 0.010) (-0.278, -0.096) (0.072, 0.192)
0.876

Item 7 (0.857,0.896) — — -
0.895 0.093

Item 8 (0.883,0.906) - — (0.034, 0.151)
0.871 0.185

Item 9 (0.858,0.883) - (0.097,0.273) -
0.879 -0.072

Item 10 (0.865,0.893) - - (-0.132,-0.011)
0.875 -0.078

Item 11 (0.857,0.893) - - (-0.15, -0.0006)
0.865 -0.100 0.140 0.069

Item 12 (0.848,0.882)  (-0.179,-0.021)  (0.039, 0.241)  (-0.002, 0.14)
0.842 -0.170 0.171 -0.115

Item 13 (0.824, 0.86) (-0.248, -0.093)  (0.079,0.264) (-0.182, -0.047)
0.787 -0.152

Item 14 (0.766, 0.807)  (-0.23, -0.074) - -
0.885 -0.142

Item 15 (0.873,0.897) - (-0.233,-0.05) -
0.897 0.079

Item 16 (0.884,0.911) - - (0.018, 0.14)
0.854 0.211 0.174

Item 17 (0.840,0.867) — (0.109, 0.314)  (0.112,0.235)
0.906 -0.087

Item 18 (0.895,0917)  (-0.150, -0.023) - -
0.110

Item 1 with Item 2
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Item 2 with Item 3
Item 2 with Item 4
Item 3 with Item 4
Item 9 with Item 10
Item 9 with Item 12
Item 9 with Item 17
Item 13 with Item 14
Hand function on
language

Hand function on sex

Hand function on
disease subtype
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0.164
(0.145, 0.182)

0.144
(0.126, 0.161)
0.124

(0.106, 0.141)
0.103

(0.086, 0.120)
0.087

(0.071, 0.103)
0.069

(0.056, 0.082)
0.243

(0.220, 0.266)
-0.048

(-0.150, 0.053)
-0.282

(-0.432, -0.131)
0.624

(0.526, 0.722)



