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Abstract
Objectives: To develop a simple, practical methodology to equate or link equivalent domains of the 36-item Short-Form Health Survey
(SF-36) and the Patient-Reported Outcomes Measurement Information System 29-item questionnaire (PROMIS-29) using the Rasch
framework.

Study Design and Setting: In April 2016, the PROMIS-29 and SF-36 were completed by 1501 individuals selected to be representative
of the French population. For each domain common to the two questionnaires, a Partial Credit Model was fitted to the items related to that
dimension in the two questionnaires. These items were then calibrated on the same metric, which enabled the scores from one questionnaire
to be associated with the scores from the other.

Results: Six of the seven PROMIS-29 scales and five of the six SF-36 subscales (physical, pain, social, vitality, depression and anxiety
domains) were equated or linked. Correspondence tables between scores, with a 95% confidence interval, were established for each domain.
A freely available Stata macro program was developed to automatize the equating or linking process.

Conclusion: These results should facilitate comparisons across studies using the SF-36 and the PROMIS-29 in France. The equating or
linking process developed is simple to implement and can be used in other countries and for other instruments. � 2024 The Author(s).
Published by Elsevier Inc. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
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1. Introduction

In recent decades, health-related quality-of-life
(HRQoL) has become a key indicator of health status in
epidemiology, health service research and clinical settings.
Several countries, including the USA, Germany and
Belgium, have implemented HRQoL surveillance using in-
struments such as the Center for Disease Control and Pre-
vention ‘‘Healthy Days Measures’’, the 12-Item Short-
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Form Survey (SF-12) or the European Quality-of-Life 5 Di-
mensions [1e3]. Elsewhere, standardized instruments
widely included in large population surveys have been used
to estimate trends in HRQoL over time, for example, in
France using the 36-item Short-Form Health Survey (SF-
36) in the Medical Outcomes Study [4]. In clinical settings,
systematic reviews and meta-analyses are increasingly con-
ducted to estimate the effects of treatments or the impact of
diseases on HRQoL [5]. However, the plethora of HRQoL
measures now available and in use has led to serious prob-
lems of comparison and interpretation, because measures
are difficult to compare, and liable to the ‘‘Tower of Babel
syndrome’’ [6,7]. Developing common metrics using
equating procedures to place HRQoL instruments on shared
continuums has, therefore, become a priority to broaden the
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What is new?

Key findings
� Subscales of the PROMIS-29 and SF-36 French

version were equated or linked.

� They concerned physical, pain, social, vitality,
depression, anxiety domains.

What this adds to what was known?
� We propose an equating or linking methodology

that is relatively simple to implement.

� A Stata macro program to implement this method-
ology is freely available.

What is the implication and what should change
now?
� Possible comparisons and syntheses of results from

studies using these questionnaires.

common bases of measurement, and enable better moni-
toring and summarizing of evidence from HRQoL mea-
sures [8].

Equating HRQoL instruments or subscales has been
around for at least 25 years, but there is still a long way
to go to reliably document links between the main generic
instruments [9]. A fundamental difference between scaling,
linking, mapping and equating is that equating scores from
multiple test forms assumes that these tests measure the
same construct (ie, the same latent trait) though the
different tests may introduce differences in difficulty [10].
To our knowledge, there has been no attempt to equate sub-
scales of the SF-36, one of the most, if not the most widely-
used generic measure assessing HRQoL and the more
recent Patient-Reported Outcomes Measurement Informa-
tion System 29-item questionnaire (PROMIS-29).

The objectives of the present study were to develop a
simple, practical methodology to equate or to link SF-36
(V1.3 academic version) and PROMIS-29 equivalent set
of items using the Rasch modeling framework, and
applying it to French-language instruments. Equating was
performed when all the items of the subscales from the
two questionnaires to be equated were shown to be related
to the same dimension, elsewhere we considered it as a
linking process. Rasch models, including the partial credit
model (PCM) used here, provide a framework to score
several subscales simultaneously, to link them to a common
scale (the latent trait), to formally test the unidimensional-
ity of this scale and to define the score obtained with one
set of items and the score obtained with another set of items
as equivalent. Indeed, two properties of Rasch models are
interesting to carrying out this equating or linking process:
specific objectivity which allows the level of each
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individual to be estimated on the latent variable using a
subset of items, and the exhaustiveness property of the
score on the latent trait which ensures a one-to-one relation-
ship between each value of the score and the latent variable
[11].
2. Materials and methods

2.1. Data

We used data from 1501 subjects surveyed by telephone
in April 2016 in France by an independent polling company
(Ipsos) [12]. Quota sampling was used to obtain a nation-
ally representative sample for gender, age, occupation, re-
gion, and area of residence. Socio-demographic
information (age, education, income, occupation, marital
status, and household size) was collected, as was the pres-
ence of selected chronic diseases diagnosed by a doctor and
reported by the subject. The French versions of two
HRQoL questionnaires were administered: the PROMIS-
29 and the SF-36 [13,14].
2.1.1. PROMIS-29
The PROMIS-29 is a generic patient-reported outcome

measure developed within the PROMIS Initiative, a cooper-
ative group of research centers implementing mixed-
method development processes to create domain-specific,
person-centered measures of physical, mental and social
health for use across diseases [15e18]. It includes 28 items,
four from each of the seven PROMIS domains (depression,
anxiety, physical function, pain interference, fatigue, sleep
disturbance, and ability to participate in social roles and ac-
tivities), and a single item on pain intensity. Each item has
five response options (scored 1 to 5), except for pain inten-
sity, which has eleven response options (scored 0 to 10). A
total raw score is computed for each domain as the sum of
the responses to each question within the domain, yielding
seven domain scores, each scored from 4 to 20.
2.1.2. SF-36
The SF-36 is the most widely-used generic health status

measure, with 36 items exploring eight domains (physical
function, role physical, pain, general health, vitality, social
function, role emotional, mental health) with scores ranging
from 0 (worst perceived status) to 100 on each dimension,
as described in the MOS-SF36 user’s guide [13,19,20].
2.2. Statistical analyses

Stata software version 18 was used for all analyses
except for Rasch model fit, which was assessed using
RUMM2030 software and Confirmatory Factor Analyses
(CFA) performed using MPlus version 8.10 [21e23].
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2.2.1. Dimensionality
First, the four authors examined the items of the sub-

scales of the two questionnaires to identified candidates
for equating given the similarity of the concept they are in-
tended to assess (Table 1). Then, a unidimensional CFA
model was fitted on all the items from the PROMIS-29
and SF-36 dimensions to be equated to check for unidimen-
sionality. The response coding for items from the PROMIS-
29 dimensions pain interference, fatigue, anxiety and
depression was reversed so that a higher score indicated
better status, as in the SF-36. As local independence is
required to apply Rasch models, three new items were
created to replace each of the three sets of items that were
not locally independent in the physical function dimension
of the SF-36 (Supplementary material 1). The robust
weighted least squares estimator, appropriate for categori-
cal data, was used for CFA and residual covariance between
SF-36 items were allowed [23]. Hu et al. cut-off criteria
based on the Root Mean Square Error Approximation
(RMSEA), the Comparative Fit Index (CFI) and the Tucker
Lewis Index (TLI) were examined to evaluate the fit of CFA
models [24]. In case of poor CFA fit, an exploratory facto-
rial analysis (EFA) was applied to all the items in the
PROMIS-29 and SF-36 dimensions to be equated in order
to explore the possibilities to link these dimensions.

2.2.2. Equating or linking
For each dimension, once a unidimensional set of items

was found, two raw scores were computed using items from
the PROMIS-29 and from the SF-36 separately. Estimates
of the latent trait and its 95% confidence interval (95%
CI) were produced for each value of these raw scores using
a PCM. Then, for each of the three estimates (latent trait,
95% CI lower and upper bounds) associated with each
value of the raw score on one questionnaire, we searched
for the corresponding value in terms of raw score on the
other questionnaire using linear interpolation rounded to
the closest integer. Finally, all raw score values for the
two questionnaires were linearly transformed to identify
their equivalent on the classic score ranges of the question-
naires (4e20 for PROMIS-29 and 0e100 for SF-36). Previ-
ously-reversed PROMIS dimensions were reversed once
more to be in line with the classic PROMIS-29 scores used
in practice.

Pearson’s correlation coefficients between the classic
SF-36 score and the SF-36 raw score used to conduct the
equating (or linking) were estimated as the SF-36 classic
scoring was not used for some of the dimensions (new
items, scoring weights not considered, etc.). They were also
assessed between the classic score of each questionnaire
considering that a Pearson’s coefficient !0.6 would iden-
tify dimensions that were insufficiently correlated to be
equated. Lastly, Intraclass Correlation Coefficient (ICC)
was assessed between the classic score on one question-
naire and the equated value (central point of the 95% CI),
plausible equated values (randomly drawn within the 95%
CI) and the equated value obtained by the widely used equi-
percentile method on the same questionnaire corresponding
to the classic score of the other questionnaire [25]. Agree-
ment between classic score and equated value was consid-
ered as poor, fair, good or excellent if the ICC was below
0.4, between 0.4 and 0.59, between 0.6 and 0.74 and above
0.74 respectively [26]. A comparison between the Rasch
equating process developed in this study and the equiper-
centile method was also conducted. This involved esti-
mating the proportion of individuals with an absolute
difference between the equated and the classic scores
exceeding 10 and 20 points for the SF36 and 2 and 4 points
for the PROMIS-29.
3. Results

The characteristics of the 1501 participants in the survey
are shown in Table 2. The mean age was 48.3 years
(SD 5 17.0), 52% were female, 49% had higher education,
68% were married or living with a partner, 52% had an
occupation and 38% reported a chronic disease.
3.1. Domains to be equated

As shown in Table 1, only five SF-36 dimensions were
identified as candidates to be equated to six PROMIS-29 di-
mensions: the physical (Physical Function for SF36 and
PROMIS-29), pain (Bodily Pain SF-36 e Pain Interference
PROMIS-29), social (Social Function SF-36 e Social
Participation PROMIS-29), vitality (Vitality SF-36 e Fa-
tigue PROMIS-29), depression (Mental Health SF-36 e
Depression PROMIS-29), and anxiety (Mental Health SF-
36 e Anxiety PROMIS-29) dimensions. Depression and
anxiety items were grouped in the SF-36 Mental Health
dimension while they were found in two dimensions in
the PROMIS-29.

The unidimensionality assumption was supported for the
physical (using three items and three new items from the
SF-36, and four PROMIS-29 items, RMSEA 5 0.086
[0.077; 0.096], CFI 5 0.993, TLI 5 0.985), the pain (using
two SF-36 items and four PROMIS-29 items,
RMSEA 5 0.063 [0.047; 0.079], CFI 5 1.000,
TLI 5 0.999) and the social (using two SF-36 items and
four PROMIS-29 items, RMSEA 5 0.053 [0.038; 0.069],
CFI5 0.999, TLI5 0.998) dimensions. Equating was, thus
considered possible for these three domains.

For the vitality dimension, as the unidimensionality
assumption was not met, an EFA was applied to the four
SF-36 vitality items and the four PROMIS-29 fatigue items,
yielding a 2-factor solution with the two positively worded
SF-36 items (with response coding reversed) loading on the
second factor. It was, thus decided to link the raw score
computed on the two negatively worded SF-36 items
(VT3 and VT4) to the raw score of the 4-item PROMIS-



Table 1. Identification of the candidate dimensions of the PROMIS-29 and the SF-36 to be equated

SF36 PROMIS-29

Physical function (PF) 10
items 3 response options

SF-PF1 - Vigorous activities, such as
running.a

SF-PF2 - Moderate activities, such as
moving a table.a

SF-PF3 e Lifting or carrying groceries
SF-PF4 - Climbing several flights of

stairsa

SF-PF5 e Climbing one flight of stairsa

SF-PF6 e Bending, kneeling or stooping
SF-PF7 e Walking more than a milea

SF-PF8 e Walking several blocksa

SF-PF9 e Walking one blocka

SF-PF10 e Bathing or dressing yourself

Physical function (PF) 4
items 5 response options

PR-PF1 - Are you able to do chores such as
vacuuming. PR-PF2 e Are you able to go up
and down stairs. PR-PF3 e Are you able to
go for a walk of at least . PR-PF4 - Are you

able to run errands and shop?

Role physical 4 items 2
response options

SF-RP1 - Cut down the amount of time
you spent on work.

SF-RP2 e Accomplished less than you
would like

SF-RP3 e Were limited in the kind of
work or other activities

SF-RP4 - Had difficulty performing the
work or other .

Bodily pain 2 items 6 (BP1)
and 5 (BP2) response
options

SF-BP1 - How much bodily pain have you
had during .

SF-BP2 - ., how much did pain interfere
with your normal work.

Pain interferencec 4 items
5 response options

PR-PI1 - . interfere with your day-to-day
activities? PR-PI2 - . interfere with work

around the home? PR-PI3 - . interfere with
your ability to participate in social. PR-PI4 -
. interfere with your household chores?

Pain intensity 1 item 11
response options

PR-PI5 - How would you rate your pain on
average?

General health 4 items 5
response options

SF-GH1 - I seem to get sick a little easier
than other people

SF-GH2 - I am as healthy as anybody I
know

SF-GH3 e I expect my health to get worse
SF-GH4 - My health is excellent

Vitality 4 items 6 response
options

SF-VT1 - Did you feel full of pep?b

SF-VT2 e Did you have a lot of energy?b

SF-VT3 e Did you feel worn out?
SF-VT4 - Did you feel tired?

Fatiguec 4 items 5 response
options

PR-FA1 - I feel fatigued
PR-FA2 e I have trouble starting things

because I am tired
PR-FA3 e How run-down did you feel on

average?
PR-FA4 - How fatigued were you on average?

Social function 2 items 6
response options

SF-SF1 - . to what extent has your
physical health or emotional problems
interfered with your normal social..

SF-SF2 - . how much of the time has
your physical health or emotional

problems interfered with your social
activities.

Social participation 4 items
5 response options

PR-SP1 e . of my regular leisure activities
with others PR-SP2 e . of the family

activities that I want to do PR-SP3 e . of
my usual work (include work at home) PR-
SP4 e . of the activities with friends that I

want to do

Mental Health 5 items 6
response options

SF-MH1 e Have you been a very nervous
person?

SF-MH2 e Have you felt so down in the
dumps that.

SF-MH3 e Have you felt calm and
peaceful?b

SF-MH4 e Have you felt downhearted
and blue?

SF-MH5 - Have you been a happy
person?b

Depressionc 4 items 5
response options

PR-DE1 e I felt worthless
PR-DE2 e I felt helpless
PR-DE3 e I felt depressed
PR-DE4 - I felt hopeless
PR-AN1 e I felt fearful

PR-AN2 e I found it hard to focus on
anything other.

PR-AN3 e My worries overwhelmed me
PR-AN4 - I felt uneasy

Anxietyc 4 items 5 response
options

(Continued )
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Table 1. Continued

SF36 PROMIS-29

Role emotional 3 items 2
response options

SF-RE1 - Cut down the amount of time
you spent on work.

SF-RE2 e Accomplished less than you
would like

SF-RE3 e Didn’t do work or other
activities as carefully.

Health transition 1 item 5
response options

SF-HT - Compared to 1 yr ago, how would
you rate your health in general now?

Sleep disturbance 4 items
5 response options

PR-SD1 - My sleep quality was
PR-SD2 e My sleep was refreshing

PR-SD3 e I had a problem with my sleep
PR-SD4 - I had difficulty falling asleep

a Sets of items not locally independent for which new items equal to the sum of the former item were created (supplementary material 1).
b Positively worded items that did not load on the same factor as the negatively worded items in the exploratory factor analysis, even when the

response coding was reversed. These items have not been used in the analysis.
c A higher score indicates poorer status on the dimension, in gray: no dimension to be equated in the questionnaire.
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29 fatigue dimension (RMSEA 5 0.082 [0.067; 0.098],
CFI 5 0.999, TLI 5 0.998).

For the mental health dimension, the unidimensionality
assumption was not met, whether the PROMIS-29 dimen-
sion considered was depression or anxiety. An EFA was,
thus applied to the five SF-36 items in the mental health
dimension first with the four PROMIS-29 items in the
depression dimension, followed by the four PROMIS-29
items in the anxiety dimension. In both cases, it showed a
2-factor solution with the two positively-worded SF-36
items (response coding reversed) loading on the second fac-
tor. It was, thus decided to link the raw score computed on
the three negatively-worded SF-36 items (MH1, MH2 and
MH4) with the raw score of the 4-item PROMIS-29 depres-
sion dimension (RMSEA 5 0.086 [0.073; 0.099],
CFI 5 0.997, TLI 5 0.994) and with the raw score of
the 4-item PROMIS29 anxiety dimension separately
(RMSEA 5 0.062 [0.049; 0.076], CFI 5 0.998,
TLI 5 0.996).

3.2. Equated or linked scores

Figure 1 is a graphic presentation of the equating pro-
cess, taking the physical dimension as an example. The
estimation of the latent trait level corresponding to an SF-
36 classic score of 70 on the physical functioning dimen-
sion was �2.67 [�3.67; �1.66] (red line). This latent trait
estimation corresponded to 18 [15; 19] on the PROMIS-29
physical functioning classic scale. Conversely, the estima-
tion of the latent trait level corresponding to a PROMIS-
29 physical functioning classic score of 10 was �4.75
[�5.65; �3.85] (green line). This latent trait estimation cor-
responded to 23 [10; 42] on the SF-36 physical functioning
classic scale.

Figure 2 (equated domains: physical, pain and social di-
mensions) and 3 (linked domains: vitality, depression and
anxiety dimensions) show the relationships between SF-
36 classic scores and PROMIS-29 classic scores with their
95% CIs, for each dimension (Supplementary Tables 1 and
2).

As shown in Table 3, Pearson’s correlations between the
raw scores used for equating and the classic SF-36 scores
were almost perfect (O0.99) for the equated domains and
very high (O0.89) for the linked domains. Pearson’s coef-
ficients between the classic scores on the two question-
naires ranged from 0.62 (social) to 0.75 (pain and
fatigue), which seemed compatible with the scope for
equating or linking. A good to excellent agreement was
found between the classic SF-36 score and the SF-36
equated value (ICC ranged from 0.63 to 0.77) and good
to excellent agreement between the classic PROMIS-29
score and the PROMIS-29 equated value (ICC ranged from
0.61 to 0.78). These values were slightly lower when
computed with the equipercentile equated values or with
plausible equated values randomly drawn within the 95%
CI.

On average, across the six domains, for 60% (respec-
tively 81%) of the sample, the absolute difference between
the equated and the classical score was 10 points or lower
(respectively 20 points) for the SF36 with the proposed
method (50% and 80% with the equipercentile method).
These proportions were 74% (respectively 91%) for an ab-
solute difference of 2 points or lower (respectively 4 points)
concerning PROMIS-29 (74% and 91% with the equiper-
centile method).
4. Discussion

This study reports the first and successful attempt to
equate the PROMIS-29 and the SF-36 (V1.3 academic
version) measures for most of their subscales. Equating
was possible for physical, pain, and social domains but
not for fatigue, anxiety and depression (PROMIS-29



Table 2. Socio-demographic characteristics of subjects (N 5 1501)

Characteristics N (%)

Gender

Men 725 (48)

Women 776 (52)

Age

18e24 279 (19)

25e34 244 (16)

35e44 277 (18)

45e54 261 (17)

55e64 214 (15)

65e74 226 (15)

�75 279 (19)

Region

Ile-de-France 280 (19)

North-West 338 (23)

North-East 337 (23)

South-West 170 (11)

South-East 376 (25)

Residence area

Rural 345 (23)

Fewer than 20,000 inhabitants 258 (17)

20,000e99,999 inhabitants 204 (14)

100,000 inhabitants and more 448 (30)

Paris area 246 (16)

Current occupation

Managers and Professionals 157 (11)

Technicians, Clerks, Service workers 332 (23)

Workers, self-employed, Armed forces 259 (18)

Inactive/Unemployed 703 (48)

Missing 50

Education

Primary school or less 114 (8)

Secondary (professional) 357 (24)

Secondary (general) 291 (19)

University e Higher education (short
cycle)

314 (21)

University - (medium cycle) 219 (14)

University - (long cycle) 206 (14)

Marital Status

Never Married (Single) 309 (21)

Living with a partner 223 (15)

Married/Civil Partnership 796 (53)

Separated 29 (2)

Divorced 104 (7)

Widowed 40 (3)

Figure 1. The equating process, with the physical domain as an
example. The X-axis represents the latent trait, and the estimated
latent trait values (circles) and 95% confidence intervals (lines) for
each score on the SF-36 (ranging 0e100) are shown at the bottom,
while these values for each classic score on the PROMIS-29 (ranging
from 4 to 20) are shown in the middle of the graph. At the top are rep-
resented the frequencies according to the latent trait in the sample.
Red line: the estimation of the latent trait level corresponding to an
SF-36 classic score of 58 on the physical functioning dimension
was �2.67 [�3.67; �1.66] which corresponded to 18 [15; 19] on
the PROMIS-29 physical functioning classic scale. Green line: the
estimation of the latent trait level corresponding to a PROMIS-29
physical functioning classic score of 10 was �4.75 [�5.65;
�3.85] which corresponded to 23 [10; 42] on the SF-36 physical
functioning classic scale. (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version of this
article).
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dimensions) with vitality and mental health (SF-36 dimen-
sions). In these latter, a linking process was nevertheless
proposed while it was impossible for sleep disturbance,
which has no counterpart in the SF-36, and for general
health, which has no counterpart in the PROMIS-29. We
provide Figures 2 and 3 and supplementary tables that
can be easily used in practice when one of these two ques-
tionnaires is used and when a comparison is needed with
previously-collected data using the other questionnaire.
For example, if the PROMIS-29 were to be chosen to eval-
uate HRQoL among individuals enrolled in a cohort study
for its good psychometric properties, Supplementary
Table 2 could be used to equate each value of the
PROMIS-29 score to SF-36 metrics for each individual if
a historic comparison is required with data previously
collected using the SF-36. The 95% CIs were provided to
enable users wishing to take the precision of the estimation
into account and avoid overestimation of equated SF-36
score variance. In the Appendix, we provide a Stata macro
program that automatizes the equating process presented in
this paper, freely available (command ‘‘ssc install pcm’’
directly from Stata).

Equating the pain dimensions (4 PROMIS-29 items and
2 SF-36 items) was simple, with the shape of the curve of
the equated scores close to linear and good to excellent
agreement between classic score and equated value (ICC
from 0.68 to 0.78). This finding is not really surprising
in view of a previously published study by Cook et al.
equating SF-36 bodily pain with the PROMIS pain inter-
ference bank (41 items) [27]. Equating physical dimen-
sions (4 PROMIS-29 items and 10 SF-36 items) was
also relatively simple, only requiring the creation of new



Figure 2. Equated SF-36 scores with PROMIS-29 scores (top, continuous line) and equated PROMIS-29 scores with SF-36 scores (bottom, contin-
uous line) with their 95% confidence intervals (dotted lines) for the physical, pain and social domains.
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items for locally dependent SF-36 items. This result is in
line with previous successful attempts to equate SF-36
physical functioning and HAQ scales to the PROMIS
physical functioning bank (76 items) [28]. However, the
shape of the curve of the equated scores also evidences
the already known ceiling effect that characterizes
PROMIS-29 dimensions [12,29]. Similar satisfactory
equating was obtained for the social dimension
(4 PROMIS-29 items and 2 SF-36 items).

Linking the PROMIS-29 and SF-36 vitality-fatigue and
mental health dimensions was more difficult, and required
dropping two SF-36 items from these domains to obtain
acceptable model fits. This was hardly surprising, as well-
known dimensionality problems affect the SF-36 vitality
and mental health scales, and also because of the apparent
Table 3. Pearson’s correlation coefficients (PCCs) and Intraclass correlation
and scores used in the equating or linking process

Domains

SF36 classic score

SF-36 raw

score (PCC)

PROMIS-29

classic

score (PCC)

SF-36

Rasch-equated

or linked

valuea (ICC)

SF-36

equipercentile-

equated or

linked value (ICC)

Equated domains

Physical 1.00 0.63 0.66 0.66

Pain O0.99 �0.75 0.77 0.65

Social 1.00 0.62 0.63 0.62

Linked domains

Fatigue 0.89c �0.75 0.76 0.72

Depression 0.93d �0.74 0.72 0.65

Anxiety 0.93d �0.70 0.69 0.66

a central point of the 95% CI.
b randomly drawn within the 95% CI.
c raw score computed using two of the four items from the SF-36 Vitali
d raw score computed using three of the five items from the SF-36 Men
absence of reported attempts to link these scales to the
PROMIS banks, contrary to what happened with other
well-known measurement instruments for anxiety or
depression [30e33]. Despite these difficulties, linking fa-
tigue and vitality, anxiety and mental health and depression
and mental health was found satisfactory for the curves of
the linked scores (close to linear in all cases) and for ICC
between classic scores and expected values (good to excel-
lent agreement). However, this linking process is less
straightforward than for other domains because the classic
SF-36 score cannot be used directly. Due to dimensionality
issues affecting the SF36 mental health and vitality scales,
a derived score must be calculated before linking can be
applied. Furthermore, this process may yield different
derived SF-36 mental health scores depending on whether
coefficients (ICCs) between the SF-36 and PROMIS-29 classic scores

PROMIS29 classic score

SF-36

Rasch-equated or

linked plausible

valuesb (ICC)

PROMIS-29

Rasch-equated

or linked

valuea (ICC)

PROMIS-29

equipercentile-equated

or linked values (ICC)

PROMIS-29

Rasch-equated

or linked plausible

valuesb (ICC)

0.37 0.63 0.62 0.59

0.68 0.78 0.75 0.69

0.58 0.61 0.61 0.48

0.71 0.75 0.73 0.67

0.62 0.72 0.70 0.64

0.61 0.69 0.67 0.59

ty dimension.
tal Health dimension.



Figure 3. Linked SF-36 scores with PROMIS-29 scores (top, continuous line) and linked PROMIS-29 scores with SF36 scores (bottom, continuous
line) with their 95% confidence intervals (dotted lines) for the fatigue, depression and anxiety domains.
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one is looking at the anxiety or depression dimension,
which are not distinct in the SF-36 mental health scale.

The method used in this study can easily be replicated in
other countries, provided that a sample of participants who
completed the two questionnaires to be equated is available.
Nevertheless, it could yield different results in other coun-
tries due to transcultural disparities. Additionally, a similar,
if not better, agreement (ICC)was found between the equated
and classic scores than for the equipercentile method. How-
ever, further studies should explore the performance of these
methods in case of missing data as we can anticipate better
performance for the Rasch based method.

One limit of our study is the use of general population
data that covers only about half of the score range to be
equated (Fig 1) leading to lower precision for equated
values in the other half. However, compared to classical
linking methods (as equipercentile linking), latent
variable-based approaches (Rasch models, IRT), as we used
in this study, provide results that are not dependent of the
sample, therefore, results can be easily generalized [34].
Another limit is that our method requires a unidimensional
set of local independent items and this led to adaptations of
original scales that reduce the ease with which our method
can be applied.
5. Conclusions

Overall, six of the seven PROMIS-29 scales and five of
the six SF-36 subscales were equated or linked. This should
enable comparisons across studies, and also the synthesis of
results for numerous studies, surveys or clinical trials using
these instruments. The methodology presented in this paper
is relatively simple to implement (especially with the freely
available Stata macro program provided in the Appendix)
and can, therefore, be used in other countries and for other
HRQoL scales.
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