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ABSTRACT

Objectives To examine metric properties and
responsiveness of the International Classification of
Functioning, Disability and Health (ICF) Generic Set when
used in routine clinical practice to assess functioning.
Design Prospective multicentre study.

Setting 50 hospitals from 20 provinces of Mainland
China.

Participants 4510 adult inpatients admitted to the
departments of Pulmonology, Cardiology, Neurology,
Orthopaedics, Cerebral Surgery or Rehabilitation Medicine.
Main outcome measures The ICF Generic Set (ICF
Generic 6 Set) applied with an 11-point numeric rating
scale (0-no problem to 10-complete problem) was fit to
the Partial Credit Model (PCM) to create an interval score
of functioning.

Results PCM assumptions were found to be fulfilled
after accounting for Differential Item Functioning. With
an average improvement by 7.86 points of the metric ICF
Generic 6 score (95% Cl 7.53 to 8.19), the ICF Generic 6
Set proved sensitive to change (Cohen’s 2=0.41). Ceiling
and floor effects on detecting change in functioning were
cancelled or reduced by using the metric score.
Conclusion The ICF Generic 6 Set can be used for the
assessment of functioning in routine clinical practice and
an interval score can be derived which is sensitive to
change.

INTRODUCTION

For an optimal planning of treatments and
documenting outcomes of interventions,
diagnostic information should be comple-
mented by information on functioning,
that is physiological and mental functions,
activities of daily living and participation in
society.' * As indicated by previous research,
diagnosis alone cannot sufficiently predict
relevant health outcomes such as hospitalisa-
tion,” length of stay,” social integration,” and
mortality.’ 7 Information on functioning, in
turn, has been demonstrated to be of added

Strengths and limitations of this study

» This study introduces a new International
Classification of Functioning, Disability and Health
(ICF)-based standard for collecting reliable informa-
tion on patients’ functioning in routine clinical prac-
tice in hospitals across China.

» The metric ICF Generic 6 Set score derived in this
study can be used to compare functioning across
health conditions, clinical departments, hospitals
and over time.

» The non-random selection of hospitals in this study
may, however, limit generalisability of the results.

value in predicting those outcomes.”® More-
over, interval scales of functioning can be
used to quantify the impact of interventions
within and across patient populations.'

The International Classification of Func-
tioning, Disability and Health (ICF) is the
reference for a systematic documentation of
meaningful domains of functioning such as
memory, pain, walking, self-care and social
interactions, which are units of classifica-
tion and called categories." The list of more
than 1400 ICF categories is organised into
two parts, each with two components: Func-
tioning and Disability with the components
Body functions and structures (b and s) and
Activities and participation(d) and Contex-
tual factors with the components Environ-
mental factors (e) and Personal factors.
Personal factors have not yet been classified.
The ICF categories are designated by the
letters b, s, d and e, followed by a numeric
code starting with the chapter number (first
level, one digit), followed by the second level
(two digits) and the third and fourth levels
(one digit each). A detailed description of
functioning using the ICF usually involves
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the selection of second-level, third-level or fourth-level
categories. In order to facilitate the assessment of func-
tioning in clinical, research and other health-related
settings, ICF Core Sets'' and the ICF Generic Set have
been developed.'” While an ICF Core Set is a subset of
the ICF codes for describing patient functioning in popu-
lations with a specific health condition or in a specific
setting, the ICF Generic Set defines a minimum set of
information on functioning that should be collected
across health conditions and clinical settings as well as in
the community.'* The ICF categories of the Generic Set
are: from the component Body Functions: (1) energy and
drive functions (b130), (2) emotional functions (b152),
(3) sensation of pain (b280) and from the component
Activities and Participation: (4) carrying out daily routine
(d230), (5) walking (d450), (6) moving around (d455)
and (7) remunerative employment (d850). These ICF
categories address four out of the eight World Health
Survey domains of functioning. They were shown to
be sufficiently explanatory for self-perceived health in
general and clinical populations. The selection of these
categories was based on a psychometric approach using
data from three sources: (1) the German National Health
Interview and Examination Survey 1998, (2) the United
States National Health and Nutrition Examination
Survey 2007/2008 and (3) the ICF Core Set studies.'?
The ICF Generic Set is aimed as a response to the chal-
lenge of creating a common metric of functioning to
ensure comparability of data across studies and popula-
tions.'? Data corresponding to this minimum set of func-
tioning information can be generated with two different
approaches: (1) mapping existing assessment tools of
functioning to the ICF" ' and identifying items opera-
tionalising the functioning domains of the ICF Generic
Set or (2) using the categories of the ICF Generic Set in
combination with a rating scale as items.'” Regarding the
first approach, Oberhauser et al showed that a psychomet-
rically sound metric can be developed for tracking and
comparing functioning in people living in private house-
holds in England.'® The second approach was first tested
within a Chinese initiative to build a national ICF-based
data system for evaluating and monitoring health systems
performance.' ' In a pilot study, the seven categories of
the ICF Generic Set were used in routine clinical prac-
tice to collect functioning information by rehabilitation
professionals, using the generic ICF qualifier (a five point
ordinal scale: 0 no problem, 1 mild problem, 2 moderate
problem, 3 severe problem, 4 complete problem) as a
rating scale. Reinhardt et al demonstrated the feasibility
of the use of the ICF Generic Set in clinical practice with
about 6min assessment time on average and the possi-
bility to aggregate information across categories of the
ICF Generic Setinto a functioning score that was sensitive
to change during inpatient rehabilitation treatment.”
However, results from above study and feedback from
clinical raters also revealed several limitations that future
studies would need to address: (1) clinical raters reported
difficulties in applying the generic ICF qualifier scale, in

particular with regard to differentiation between scale
points, (2) the descriptions of the ICF categories were
not always consistently understood, (3) remunerative
employment had to be removed from the scale as clini-
cians found themselves unable to appraise this category
in the inpatient setting and (4) the study was confined to
the rehabilitation setting.'”

To address the above issues, a large multicentre study
was conducted as a follow-up. (1) Instead of the generic
ICF qualifier scale, where each qualifier is defined, a
numeric rating scale from 0 (no problem) to 10 (complete
problem), where only the extremes are defined, was used
and (2) clinically meaningful descriptions of ICF catego-
ries developed ina consensus conference were employed.'*
(3) Information about remunerative employment (d850)
was collected but not included in creating the sum score
of functioning in the inpatient setting. (4) The study was
conducted across various clinical departments.

The objective of this paper was to examine the psycho-
metric properties of the ICF Generic Set when used in
routine clinical practice to assess functioning. The specific
aims were (1) to identify whether it is possible to aggre-
gate information across categories contained in the ICF
Generic 6 Set and assessed on a 11-point numeric rating
scale into a metric functioning score, (2) to examine the
ICF Generic 6 Set’s sensitivity to change and (3) to inves-
tigate ceiling and floor effects affecting the detection of
the change.

METHODS

Study design and setting

This was a prospective multicentre study conducted
from 5 November 2014 to 28 February 2015. Patients
admitted to the departments of Pulmonology, Cardiology,
Neurology, Orthopaedics, Cerebral Surgery or Rehabili-
tation Medicine were included in this study. Inclusion
criteria were: (1) adults aged 18 years and older; (2) with
definite medical diagnosis and (3) with complete data at
admission and study endpoint (discharge, death, transfer
or end of study period). Participating centres comprised
Grade II and grade III hospitals from 20 provinces of
Mainland China. Grade II and grade III refer to size and
available resources of the hospitals, with grade III being
Province level hospitals meeting highest medical stan-
dards and Grade II being smaller but still well-equipped
City level hospitals. The study was presented at the
annual conference of the Chinese Nursing Association
in Guangzhou and partners from participating hospitals
were recruited there as well as through personal networks
of the authors. The study protocol was available to the
participating hospitals.

The study was performed according to the princi-
ples of the Helsinki Declaration and informed written
or verbal (in case of illiteracy) consent was obtained
from all study participants. We received ethical
approval for the analysis and publication of the data for
research purposes from of Shenzhen Southern Medical
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University, Guangzhou, China where the study centre
was located and the data was hosted on 20 September
2017 (No. NYSZYYEC20170013).

Study population

Patients with different health conditions admitted to the
participating hospitals and departments within above
specified timeframe were recruited for this study. Based
on their International Classification of Diseases (ICD)-10
diagnosis at admission, patients were assigned to six
different health condition groups: (1) musculoskeletal
health condition group including patients with limb
dysfunctions or bone and joint diseases, (2) neurological
health condition group including patients with stroke,
traumatic brain injury or cerebral apoplexy, (3) cancer
health condition group, for example, patients with lung
cancer or bone tumours, (4) cardiovascular health condi-
tion group, for example, patients with hypertension or
coronary heart disease, (5) respiratory health condition
group, for example, patients with pneumonia or bron-
chiectasis disease and (6) group comprising other health
conditions that could not be classified into one of the
above.

Measures and procedures

Six out of seven categories of the ICF Generic Set
(excluding d850-remunerative employment) were used by
clinical nurses to assess patients functioning on an 11-point
numeric rating scale (0 (no problem) to 10 (complete
problem)) at admission and discharge or study endpoint.
Each ICF category was accompanied by a simple, clinical
intuitive description."* For example, d230—Carrying out
daily routine refers to ‘actions of planning, managing
and completing activities of daily living’ as opposed
to the original ICF description ‘Carrying out simple or
complex and coordinated actions in order to, plan,
manage and complete the requirements of day-to-day
procedures or duties, such as budgeting time and making
plans for separate activities during the day’. The patients
were not involved in rating their functioning. In rating
each category, the assessors considered all previous data
routinely collected in the hospital department in ques-
tion: information from anamnesis, clinical examinations,
single item scales like visual analogue scale for pain or
standardised assessment tools such as the Barthel Index.
Nurses received formal training on how to assess func-
tioning with the ICF Generic Set by the authors (JR, XZ,
WC, SL). The functioning of each patient was assessed
by the same trained nurse at the admission and the study
endpoint. Mean time between assessments was about
13.5 days (SD: 9.1, Minimum: 1, Maximum: 70). Mean
assessment time was about 9.1 min at admission (SD: 5.3,
Minimum: 1, Maximum: 36) and 7.1 min at discharge or
study endpoint (SD: 4.2; Minimum: 1, Maximum: 30).
Demographic (gender, age) and diagnostic data (ICD-
10) were extracted from hospitals’ patient journals by the
authors (JR, XZ, WC, SL).

Patient and public involvement

As clinicians were to rate patients in ICF categories based
on available routinely collected information, patients
were notinvolved in the design of the study or recruitment
procedures and conduct. They were, however, informed
about the purpose of the study and informed consent was
obtained. After academic publication, patients and the
public will be informed about the results in patient maga-
zines and through social media.

Statistical analysis

Descriptive statistics

Descriptive statistics were used to describe the study
population and response distributions. The marginal
homogeneity test was used to test change in response
patterns for each ICF category between admission and
study endpoint.

Rasch analysis
A one-parameter item response model, also known as
Rasch model, was used to testifavalid interval score of func-
tioning could be derived by aggregating responses across
ICF Generic Set items, that is, ICF-categories combined
with the 11-point numeric rating scale.'® ' Although the
Rasch model requires more assumptions than non-para-
metric item response models for measuring persons and
items, it offers high stability of model parameter estimates
and person ability estimation.”” The RUMM2030 package
was used for carrying out the Rasch analysis.”' Based on
item parameters estimated using a pairwise conditional
method, RUMM2030 calculates person parameters using
weighted maximum likelihood. In addition, item thresh-
olds, thatis, equal probability points between two adjacent
response options, were estimated for each item. Thresh-
olds should be ordered to be interpretable since they are
supposed to reflect an increase on the functioning trait.
The three assumptions of the Rasch model, thatis, local
dependency, unidimensionality and invariance, were iter-
atively tested. First, the unidimensionality assumption
of items being homogeneous in the sense of measuring
a single latent trait of functioning was tested using the
principal component analysis (PCA) method proposed
by Smith.** For each patient, two separate abilities were
estimated from the Rasch calibration of the set of items
with positive loadings and the Rasch calibration of the
set of items with negative loadings on the first residual
component from the PCA followed by pairwise t-tests.
The number of significant t-tests should be below 5% to
indicate unidimensionality. Second, the local indepen-
dence assumption implying no relations between pairs
of items and unbiased parameter estimates was tested.
The presence of local dependence among items after
accounting for the trait (residual correlations of items)
may be an indicator for additional dimensions, which
again would violate the unidimensionality assumption.”
To this end, Yen’s Q, statistic representing correlations
between item residuals of the Rasch analysis were used.**
The critical value for Yen’s Q, statistic, Q,*, that is, the
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difference between Q, and the average correlation, was
calculated based on the parametric bootstrapping proce-
dure implemented by Christensen et al.* Testlets, that is,
super items combining individual items, were created for
locally dependent items to absorb local dependency and
improve model fit.”® The iterative process in the testlet
design is the same as in single item design, except that
under the testlet design the thresholds ordering is not
expected.” Third, to assess Differential [tem Functioning
(DIF) across age groups (above or below the age mean,
ie, b8 years), gender, health conditions groups (musculo-
skeletal, neurological, cancer, cardiovascular, respiratory
and others) and time of assessment (admission vs study
endpoint), analysis of variance (ANOVA) tests based on an
overall significance level of 0.05 with Bonferroni correc-
tion for the number of items were carried out.”® A signifi-
cant main effect of the respective group variable indicates
that subgroups respond in a systematically different way
(indicated by parallel item characteristic curves). Items
demonstrating DIF were split into specific questions for
each of the levels in the groups showing DIF.

The Partial Credit Model (PCM) was chosen after a
likelihood ratio test was performed with the output of
the initial analysis to identify which version of the polyt-
omous Rasch model (Rating Scale or Partial-Credit) was
appropriate.” * While the item fit was examined with
individual item y* probability values, the overall fit of the
data to the Rasch model was checked based on the global
x? of the items.*" !

The targeting of the functioning scale with regard to
the sample was studied by comparing the distribution of
person and item locations.”® Reliability was studied with
the person separation index (PSI) from the Rasch anal-
ysis with an adequate expectation of 0.70 or above at the
group level* #

Two stratified random samples, called development
sample and validation sample, were selected across admis-
sion and study endpoint so that each person was repre-
sented only once while ensuring equal representation of
the two time points. Health condition (six groups), age
(younger than 58 years vs 58 years and older) and gender
were used as criterion for stratification when selecting
patients for each random sample, with equal represen-
tation of each subgroup. The subgroup of females older
than 58 years suffering from cancer had the smallest
number of 32 patients and thus defined the size of the
other subgroups. Stratified random samples for devel-
opment and validation thus comprised 768 patients
(32%6%*2%2) each.

After obtaining the final logit score from the Rasch
model, a user-friendly scale from 0 to 100 and a transfor-
mation table were created allowing deriving scores for the
overall sample at both admission and discharge or study
endpoint.

Sensitivity to change
We assumed that on average, patients’ functioning scores
should improve during clinical treatment from admission

to study endpoint. As we had to account for repeated
measurements as well as for clustering of patients in eval-
uators in hospitals, we used mixed effects regression with
maximum likelihood method to estimate 95% CIs for the
average change in patients between admission and study
endpoint. We compared all nested models with each
other using likelihood ratio tests. The fully nested model
employing random intercepts for patients, evaluators
and hospitals showed superior fit. Cohen’s f* was used as
a measure for standardised effect size with values above
0.15 considered moderate and those above 0.35 consid-
ered large.17 o We, moreover, conducted stratified anal-
ysis by health condition group.

Effect of ceiling and floor effects at baseline on detection of
change

We used boxplots for studying whether ceiling and floor
effects may prevent the detection of change for patients
corresponding to each of the baseline quintiles of the ICF
Generic Set raw score in comparison with the interval ICF
Generic 6 Set.” In addition, for both the ICF Generic 6
Set raw score and the interval ICF Generic 6 Set, an F-test
(based on ANOVA) followed by Tukey’s Honest Signifi-
cance Difference (HSD) posthoc tests, when significant,
were used for determining if average change in func-
tioning differed significantly across groups of patients
corresponding to different quintiles of the ICF Generic
6 Set baseline score.” For testing how much the trans-
formation of raw scores into interval scores was linked
with the presence of ceiling and floor effect on detecting
change, eta-squared measures, 12, were calculated (as an
indicator of the association between the total variability
in the change of functioning and patients corresponding
to different baseline quantiles of the ICF Generic 6 Set
raw score) 37

RESULTS
Baseline characteristics of study participants
Table 1 shows descriptive characteristics of the 4510 adults
patients considered in this analysis after excluding chil-
dren, 308 adults with no defined medical diagnosis and
58 adults with incomplete data at admission and study
endpoint. From the 4510 adult patients, more than half
were male and the mean age was about 58 years. While
musculoskeletal and neurological conditions were the
most common diagnoses, cancer was the least common. A
total of 915 patients underwent surgery during inpatient
treatment (510 from the musculoskeletal, 54 from the
cancer, 217 from the cardiovascular, 13 from the respi-
ratory, 83 from neurological health condition group and
38 from the group comprising other health conditions).
The sample of patients for each region was determined
by the number and grade of hospitals. Table 2 shows the
distribution of response options, mean and median for
individual categories of the ICF Generic 6 Set at admis-
sion and study endpoint.

4

Ehrmann C, et al. BMJ Open 2018;8:€021696. doi:10.1136/bmjopen-2018-021696

“ybuAdoo Aq paroaioid ‘Bingsbny gn 1e €20z ‘LT 1890190 uo Jwod fwq uadolwagy/:dny woly papeojumod ‘8102 loquiadad T Uo 969T20-8T0Z-uadolwa/9cTT 0T Se paysiignd 1s1y :uado CING


http://bmjopen.bmj.com/

Table 1 Descriptive information on sample demographics,
diagnostic groups, departments and provinces at admission
(n=4510)

Variable Values Distribution
Gender
Male, % (N) 58.9 (2656)
Female, % (N) 41.1 (1854)
Age
Mean (SD) 58.16 (16.9)
18 to 29years, % (N) 7.1 (320)

30 to 49years, % (N) 22.5(1017)
50 to 64 years, % (N) 31.2 (1404)
65years and older, % (N) 39.2 (1769)

Diagnostic group

Cancer, % (N) .7 (170)
Cardiovascular, % (N) 17.2 (777)
Musculoskeletal, % (N) 25.8 (1165)
Neurological, % (N) 31.3 (1412)
Respiratory, % (N) 15.8 (711)

Other, % (N) 275)

0(
70.1 (3161)

Discharge  Planned-discharge, % (N)

type
Self-discharge, % (N) 9.5 (427)
Transferred to other hospital/ 5(114)
department, % (N)
Died, % (N) 4 (19)
Remained hospitalised, % (N) 10.9 (490)
Other, % (N) 6 (299)

Department Rehabilitation, % (N) 20.6 (929)
Neurology, % (N) 15.7 (705)
Cerebral surgery, % (N) 8 (348)
Orthopaedics, % (N) 19.5 (880)
Pneumology, % (N) 18.2 (821)
Cardiology, % (N) 18.2 (827)

Provinces
Guangdong, % (N) 29.1 (1314)
Fujian, % (N) 2 (98)
Sichuan, % (N) 3 (374)
Xianxi, % (N) 3 (195)
Jiangsu, % (N) 1(187)
Shandong, % (N) 0 (316)
Hainan, % (N) 2(192)
Anhui, % (N) (192)
Zhejiang, % (N) 5(114)
Ningxia, % (N) 1(184)
Jilin, % (N) 1(99)
Xinjiang, % (N) 1(92)
Chonggqing, % (N) 7(170)

Continued

Table 1 Continued

Variable

Distribution
4.2 (189)

2 (102)
Heilongjiang, % (N) 4 (244)
Yunnan, % (N) 0 (94)
Hubei, % (N) (1 07)

2 (99
2 (

Values
Guizhou, % (N)
Jiangxi, % (N)

Qinghai, % (N) )
Shanghai, % (N) 148)

Rasch analysis

For both development sample (Sample A) and valida-
tion sample (Sample B), Body Functions items loaded
positively on the first residual component from the PCA,
while the Activities and Participation items loaded nega-
tively. The ICF Generic 6 Set showed unidimensionality
in both samples, as less than 5% of pairwise t-tests were
statistically significant (Sample A: 4.23%, (2.75-5.72);
Sample B: 3.61% (2.24-4.97)). The local independence
assumption was not met in any of the samples. According
to the critical value of 0.12 for Yen’s Qg*, the following
items showed local dependence in both samples A and
B: Energy and drive functions (b130) and Emotional func-
tions (b152), Emotional functions (b152) and Sensation of
pain (b280), Carrying out daily routine (d230) and Walking
(d450), Walking (d450) and Moving around (d455). More-
over, for both samples A and B, all items showed DIF for
health condition group and the item Sensation of pain
(b280) for time of assessment. None of the items showed
DIF by gender or age group. For both samples, two
testlets (Body Functions testlet: Energy and drive functions
(b130), Emotional functions (b152) and Sensation of pain
(b280) and Activities and Participation testlet: Carrying
out daily routine (d230), Walking (d450) and Moving around
(d455)) were created. After examining the testlet design
for DIF, the Body Functions testlet showed DIF for time of
assessment and the Activities and Participation testlet for
health condition group. For the Activities and Participa-
tion testlet, the item characteristic curves of musculoskel-
etal and neurological disorders group were parallel with
the item characteristic curves of respiratory and cardio-
vascular disorders group and of cancer and other disor-
ders group. Therefore, the DIF for the health conditions
groups was accommodated by splitting this testlet in three
specific items for the musculoskeletal and neurological
disorders group, the respiratory and cardiovascular disor-
ders group and the cancer and other disorders group.
Splitting the Activities and Participation testlet had a
good effect on the items fit, but the DIF for the Body
Functions testlet for time of assessment was still present.
We, however, did not adjust this testlet for time of assess-
ment DIF since this DIF was found inconsistent due to the
small differences of this testlet mean locations between
the time of assessment for all class intervals (below 0.5
logits). Item locations and fit statistics and the targeting
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Table 2 Distribution of response options from 0 (no problem) to 10 (complete problem) and average and median item scores at admission and discharge

Mean

10

(Median)

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) valuet

N (%)

Time*

ICF item

3.82 (3)
2.14 2)
3.21(3)
1.76 (1)
3.21@3)
1.44 (1)
4.49 (4)
3.05 (2)
4.22 (3)
2.92 (1)
5.32 (5)
4.15 (3)
3.32 (0)

<0.001

161 (3.56) 178 (3.94)

401 (8.89)
107 (2.37)
270 (5.98)

440(9.75) 364 (8.07) 233 (5.16)

383 (8.49)
260 (5.76)
419 (9.29)
223 (4.94)
441 (9.77)
205 (4.54)
346 (7.67)

594 (13.17) 577 (12.79)

326 (7.22)

853 (18.91)
1533 (33.99)

1
2
1
2
1

b130 Energy and
drive functions

103 (2.28) 47 (1.04) 74 (1.64)
194 (4.30)

150 (3.32)
331 (7.34)
128 (2.83)
329 (7.29)

246 (5.45)

761(16.87) 514 (11.39)

715 (15.85)
410 (9.09)

<0.001

95 (2.10)

85 (1.88)

394 (8.73)

591 (13.10)
436 (9.66)

727 (16.12)

994 (22.03)
1827 (40.51)
1320 (29.26)
2125 (47.11)

b152 Emotional

functions

39 (0.86)
102 (2.26)

33(0.73)
122 (2.70)

76 (1.68)
251 (5.56)

70 (1.55)
216 (4.78)

196 (4.34)
457 (10.13)

746 (16.54)
514 (11.39)
671 (14.87)
440 (9.75)

736 (16.31)
254 (5.63)

<0.001

504 (11.17)

b280 Sensation
of pain

28 (0.62)
515 (11.42)
271 (6.01)

13 (0.29)
233 (5.16)

58 (1.28)
451 (10)

50 (1.10)
226 (5.01)

81 (1.79)
332 (7.36)

134 (2.97)
376 (8.33)
315 (6.98)
257 (5.69)
218 (4.83)
259 (5.74)

421 (9.33)
472 (10.46)
472 (10.46)
394 (8.73)
337 (7.47)

724 (16.05)
276 (6.11)

2

d230 Carrying out 1
daily routine

<0.001

843 (18.69)
1285 (28.49)
1299 (28.80)
1807 (40.06)

93 (2.06)
149 (3.30)

201 (4.45)
293 (6.49)
175 (3.88)
348 (7.71)

166 (3.68)
155 (3.43)
108 (2.39)
191 (4.23)
148 (3.28)

247 (5.47)

299 (6.63)
258 (5.72)

556 (12.32) 605 (13.41)

271 (6.01)

2
1

842 (18.67) <0.001

507 (11.24)
1283 (28.45)

225 (4.98)
158 (3.50)
185 (4.10)

367 (8.13)
451 (10)

d450 Walking

78 (1.73)
191 (4.23)
122 (2.71)

216 (4.79)
279 (6.18)

455 (10.08)
212 (4.70)
380 (8.42)

2

1

<0.001

930 (20.62) 296 (6.56) 336 (7.45)

1250 (27.71)

d455 Moving
around

908 (20.13)

212 (4.70)
170 (3.77)
109 (2.41)

213 (4.72)
151 (3.34)
173 (3.83)

443 (9.82)  335(7.42) 256 (5.67) 243 (5.38)
130 (2.88)
131 (2.90)

116 (2.57)
188 (4.17)

2

1

954 (21.15)  <0.001

764 (16.94)

128 (2.83) 133 (2.94) 83 (1.84) 81 (1.79)
145 (3.21)

132 (2.92)

73 (1.62)
130 (2.88)

2487 (55.14)

d850

0.354 2.80 (0)

50 (1.10)

74 (1.64)

2610 (57.87)

2

Remunerative
employment

Study endpoint.

*1=Admission; 2

TMarginal homogeneity test was used for indicating statistical significance between admission and discharge.

of the scale are shown in table 3. According to the PSI
values, the reliability of the scale was just below 0.7 for
both samples A and B (table 3).

Figure 1 illustrates the targeting of patients included
in sample A and sample B as well as of the overall sample
of 4510 patients at both admission and study endpoint.
The functioning abilities for the overall sample were
estimated using the item difficulties from the validation
sample. When comparing the distribution of item thresh-
olds with the persons’ abilities, ICF Generic 6 Set items
did not discriminate well between persons with a very low
level of difficulties.

After fit to the Rasch model was achieved for the
ICF Generic 6 Set, logit-scores were transformed into a
user-friendly scale ranging from 0 (no problem) to 100
(complete problem) and a transformation table for total
raw scores into an interval scale for use in parametric
analyses was created (table 4).

Sensitivity to change

Patients from all health condition groups apart from
cancer showed improvement from admission to study
endpoint (figure 2). Across all health conditions, patients
improved by 7.86 points of the Rasch transformed
overall score (95% CI 7.53 to 8.19). Effect size in terms
of Cohen’s f* was 0.41 (large). Average improvement for
the musculoskeletal and neurological health condition
group was 6.75 (95% CI 5.89 to 7.61) with a Cohen’s f*
of 0.37 (large) and 10.88 for cardiovascular and pulmo-
nary diagnoses (95% CI 9.15 to 12.62) with a Cohen’s f*
of 0.63 (large). With 4.19 points (95% CI 2.51 to 5.88),
the cancer and other health conditions group showed the
smallest improvement over time which was also reflected
in the lowest standardised effect size of 0.12 (low).

Effect of ceiling and floor effects at baseline on detection of
change

Both the box-plots and non-significant Tukey’s HSD test
for the interval ICF Generic 6 Set score showed that a
floor effect present in detecting change when using the
ICF Generic 6 Set raw score was cancelled when using
the interval score for patients with musculoskeletal and
neurological health conditions (figure 3) as well as respi-
ratory and cardiovascular health conditions. For patients
with cancer and other health conditions, a floor effect
was present in both raw and interval scales (figure 3 and
significant differences between patients corresponding
to the first baseline quintile of the ICF Generic 6 Set
raw score and patients corresponding to all other base-
line quintile groups). For all health conditions groups,
there was a significant difference between patients corre-
sponding to the fifth baseline quintile of the ICF Generic
6 Set raw score and patients corresponding to the other
baseline quintile groups, with a larger decrease of scores
for the fifth quintile. However, the transformation of raw
scores into the interval score reduced this ceiling effect as
indicated by the respective eta-squared measures (muscu-
loskeletal and neurological health conditions: n?*—raw
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Table 3 Individual item locations and fit statistics, including targeting, unidimensionality, reliability, local dependency and DIF
for both samples A and B for final solution

Part A: Individual item location and fit statistics

Sample A Sample B
Individual item fit statistic Individual item fit statistic
Testlets DIF strategy Location SE FR P values Location SE FR P Values
Body Functions testlet 0.224 0.009 0.839 0.027 0.235 0.010 1.180 0.033
Energy and drive functions
(b130),Emotional functions
(b152), Sensations of pain
(b280)
Activities and Participation Musculoskeletal ~ -0.185  0.011 -0.428 0.023 -0.211  0.011 -0.713 0.050
testlet and neurological
Carrying out daily routine  disorders
(d230), . B B B _
Walking (d450), Moving Resplratory and 0.056  0.015 1.078 0.026 0.017 0.015 1.358 0.033
d (d455 cardiovascular

around ( ) disorders

Cancer and other 0.017 0.012 -0.580 0.024 -0.008 0.012 -0.741 0.083

disorders
Part B: Targeting, unidimensionality and overall fit statistic
Item-trait interaction—y2  Value 75.861 68.4677

df 36 36

p-value 0.02* 0.40*
Reliability —PSI WITH extremes 0.67 0.63
ltems Mean (SD) 0.000 (0.171) 0.000 (0.182)
Fit Residual Mean (SD) -0.311 (0.815) -0.408 (1.099)
Persons Mean (SD) —-0.269 (0.537) —0.254 (0.436)

Unidimensionality

Percentage of

4.24 (2.75 t0 5.72)

3.61 (2.24 to 4.97)

significant t-tests
(95% Cl)

*Conditional test of fit.

DIF, Differential ltem Functioning; FR, fit residual; PSI, person separation index; SE, standard error of measurement.

scores=0.20, n*—interval scores=0.08; respiratory and
cardiovascular health conditions: M>—raw scores=0.40,
n?>—interval scores=0.02; cancer and other health condi-
tions: N*—raw scores=0.23, n?>—interval scores=0.04).

DISCUSSION

This nationwide validation study demonstrated that
the ICF Generic 6 Set in combination with an 11-point
numeric rating scale can be used for the assessment
of functioning in routine clinical practice and across a
variety of hospital departments and health conditions.
After accounting for local dependence of items by
creating a body function and a activity and participation
testlet and DIF across health condition groups unidimen-
sional interval scores for three different health condition
groups could be established for the ICF Generic 6 Set. The
interval ICF Generic 6 Set score was sensitive to change
with large standardised effect sizes (with the exception of
the cancer and other health conditions group). We could
also show that ceiling and floor effects in the detection

of change were reduced or cancelled when transforming
the raw scores into Rasch-based interval scores.

In the application of the PCM, the unidimensionality,
local dependency and DIF assumptions were tested. Our
results confirmed previous findings from our pilot study.17
Irrespective of the type of rating scale used for the ICF
Generic 6 Set, local dependency among Body Functions
items and Activities and Participation items was present.
The dependent sets of items identified based on the crit-
ical value for the Yen’s Q3* statistic are also content-de-
pendent items when following ICF. Thus, the fitting
statistics from the PCM were better than those of the indi-
vidual items.?® In both studies, DIF for health conditions
groups was found for all items of the ICF Generic 6 Set.
After items were combined in two testlets, the DIF at the
level of body functioning testlet disappeared. This could
be explained by the heterogeneity of functioning of indi-
vidual items nested within the testlet. Moreover, due to
the existence of the testlet effect, the DIF for time of
assessment amplified for this testlet. The DIF between
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Figure 1 Histogram of people’s functioning (grey columns) and item thresholds (small vertical black lines) for both samples A
and B and for overall sample at admission and study endpoint.
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Table 4 Transformation of the ICF Generic 6 Set score raw
scores into interval ICF Generic 6 Set score ranging from 0
(no problem) to 100 (complete problem) by health condition
groups

Overall Musculoskeletal Respiratory and Cancer
raw and neurological cardiovascular and other
scores disorders disorders disorders
0 0 0 0
1 11 15 17
2 18 21 23
3 22 24 26
4 24 26 29
5 26 28 30
6 28 29 31
7 29 30 32
8 30 31 33
9 31 32 34
10 32 32 35
11 32 33 35
12 88 34 36
13 34 34 36
14 34 85 37
15 35 35 37
16 35 36 38
17 36 36 38
18 36 37 39
19 37 38 39
20 37 38 40
21 37 39 40
22 38 39 40
23 38 40 41
24 38 40 41
25 38 41 42
26 39 41 42
27 39 42 43
28 39 43 43
29 40 43 44
30 40 44 44
31 40 44 44
32 41 45 45
33 41 45 45
34 41 46 46
35 42 47 46
36 42 47 46
37 42 48 47
38 43 48 a7
39 43 49 48
40 44 50 48
Continued

Table 4 Continued

Overall Musculoskeletal Respiratory and Cancer
raw and neurological cardiovascular and other
scores disorders disorders disorders
4 45 50 49

42 45 51 49

43 46 52 50

44 47 52 50

45 48 53 51

46 49 54 52

47 51 55 52

48 52 56 58

49 54 57 55

50 59 58 56

51 57 60 58

52 59 61 60

53 61 63 62

54 64 66 64

55 67 68 67

56 70 72 70

57 74 75 74

58 79 80 79

59 86 88 87

60 100 100 100

health condition groups reflects the complexity of each
health condition. This did not cause a major problem as
we could statistically adjust for it and accounted for DIF
by providing different transformation tables for three
health condition groups.

With respect to the distribution of persons and items
along the continuum of functioning of the ICF Generic
6 Set, the items did not completely match the expected
patients’ abilities at the lower end of the continuum. This
finding is also reflected by the PSI value for both samples
A and B. Although we used a heterogeneous sample in
this study, the reliability was slightly better than in the
pilot study.'” Further research is needed as to whether
this result is due to the use of the 11-point numeric rating
scale in contrast to the ICF qualifiers.

While in the pilot study we split the Body Functions
testlet for time of assessment group, in this study, we
ignored this issue since the testlet showed good fit. In
contrast to the pilot study, Sensation of pain (b280) fitted
the Rasch model better. The DIF for time of assessment
groups could be neglected as the testlet that included
this item showed an overall good fit. However, Sensation
of pain was clinician administered, and further research
is necessary, also in other countries, to clarify its fit to the
metric of functioning.'” The patient’s self-reported pain
may be used since pain is subjective. While listed as a body
function in WHO'’s ICF and ICD-11, it may be debated if
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Figure 2 Distribution of interval-scale ICF Generic 6 Set scores (0-100 scale) at admission and study endpoint for each

health condition group. The central rectangle spans the first quartile to the third quartile, with the central segment showing the
median and the whiskers above and below the box extend until each reaches no more than 1.5 times the height of the box (third
quartile—first quartile). The points above and below the end of whiskers are the outliers. The white points indicate the mean.

pain is a function or a symptom.*’ Furthermore, there is a
difference between the actual sensation of pain and cases
where this sensation is impaired, that is, patients are not
able to feel pain in certain body parts in spite of tissue
damage. Moreover, there are the issues of neuropathic
pain and phantom pain. Future research is needed on
how this category is actually understood by the raters as
well as patients in different situations.

Remunerative employment (d850) was not included in the
Rasch model since the category was difficult to assess
in the clinical setting. However, since previous research
claimed that this ICF category is relevant to commu-
nity follow-up, Remunerative employment (d850) should be
assessed and reported alongside the interval ICF Generic
6 Set score."!

As in our pilot study, the interval ICF Generic 6 Set
score was sensitive to improvement of patients’ func-
tioning during inpatient treatment. With regard to the
new COSMIN guidelines for testing sensitivity to change
(responsiveness) of a measure, we could not assess
proportions of correlation between the change in the

interval ICF Generic 6 Set score and change in another
functioning measure.”” In line with the results of the
pilot study, we would expect moderate to large treatment
effects. In contrast to other health conditions groups, the
standardised effect size was, however, small for cancer
and other unclassified diagnoses. This may be owed to
progression of disease counteracting treatment effects. In
addition, the heterogeneity of this group may have posed
an issue. Furthermore, beyond standardised effect sizes,
minimal clinically important differences in scores need to
be determined in future research. In contrast to untrans-
formed raw scores of the ICF Generic 6 Set score, the
Rasch-transformed interval score could largely reduce or
cancel ceiling or floor effects in identifying change for
patients with very low or very high baseline scores. This
finding is indeed promising in that it shows a wide appli-
cability of the interval-scale ICF Generic 6 Set across the
patient spectrum.

We note several limitations to our study. First, most
of the patients had neurological and musculoskeletal
conditions, which may limit the generalisability to other
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Figure 3 Distribution of ICF Generic 6 Set raw scores (0-60 scale; upper part of the figure) and interval-scale ICF Generic 6
Set scores (0-100 scale; lower part of the figure) stratified at baseline quintiles (Q1=the best initial functioning, Q5=the worst
initial functioning) for each health condition group. The central rectangle spans the first quartile to the third quartile, with the
central segment showing the median and the whiskers above and below the box extend until each reaches no more than 1.5
times the height of the box (third quartile—first quartile). The points above and below the end of whiskers are the outliers. The

white points indicate the mean.

diagnostic groups such as cancer. We, however, accounted
for this in determining samples for the Rasch analysis by
equal representation of all health conditions, genders
and age groups. Second, patients were from grade III and
IT hospitals that were recruited at a nursing conference
or through authors’ personal networks. We thus cannot
exclude selection bias further limiting generalisability

of our study. It should, however, be noted that there are
usually no more than 2-3 grade III hospitals per province
so that our sample should be at least fairly representa-
tive for the 20 included Provinces. Third, the assessment
of functioning at admission and discharge by the same
nurse might affect applicability of our results to clinical
practice. We, however, collected additional data on 703
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patients with functioning rated by two independent nurses
at each time point for investigating interrater reliability.
A follow-up study will report the results of the respec-
tive analysis. Fourth, although most floor effects in the
detection of change were no longer present after trans-
formation of the ordinal raw score to an interval score
based on Rasch-abilities, reduced floor effects remained
for the cancer and other health conditions groups. Clin-
ical studies using the ICF Generic 6 Set as an outcome
measure could deal with this problem by employing Tobit
models.” Fifth, although it is possible to assess how a
person manages daily routine along a wide range of activ-
ities of daily living (ADL) in hospital environments, these
environments differ from those which patients face when
discharged to their homes and communities. Perfor-
mance in managing daily routine (d230), but also walking
(d450) or moving around (d455) once discharged to
their homes and communities can thus only be inferred
from what patients are able to do in the hospital. How
good this inference is must be evaluated in future studies
examining the use of the ICF Generic 6 in community
follow-up.

This study marks the first attempt to apply the ICF
nationwide and generate a reliable, interval score of
functioning. Further research studying the interrater
reliability, convergent validity, known group validity and
predictive validity of the ICF Generic 6 Set is underway.
In line with the actual efforts to validate the ICF Core Sets
across the six WHO regions, similar attempts are needed
and have in fact been initiated in other countries to apply
the ICF Generic Set. For instance, under the leadership
of the European Union of Medical Specialists, Board of
Physical and Rehabilitation Medicine an initiative was
launched towards developing ICF-based clinical data
collection tools following the approach described in this
study.* ** Collaborations across countries will allow devel-
oping a universal scoring algorithm of functioning which
will ultimately allow comparison of functioning outcomes
across health conditions and clinics as shown in this study
and across countries.

CONCLUSION

In conclusion, the ICF Generic 6 Set in combination with
an 11-point numeric rating scale can be used for creating
an interval score of functioning that is sensitive to change
in clinical practice and across a wide range of health condi-
tions. We recommend the use of the ICF Generic 6 Set
on a 11-point numeric rating scale in clinical practice and
research within Mainland China. However, the reliability of
the ICF Generic 6 Set in terms of PSI was only moderate.
Our finding also revealed that some items, for example,
Sensation of pain (b280), require specific attention. Based on
the evidence gained in this study, future studies are needed
to test the ICF Generic Set as a standard for the reporting
of functioning information in different healthcare systems
and countries.
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