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Abstract

Purpose The aims of this cross-sectional study were to explore reliability and validity of the Norwegian version of the
Patient-Reported Outcome Measurement System®—Profile 57 (PROMIS-57) questionnaire in a general population sample,
n=408, and to examine Item Response properties and factor structure.

Methods Reliability measures were obtained from factor analysis and item response theory (IRT) methods. Correlations
between PROMIS-57 and RAND-36-item health survey (RAND36) were examined for concurrent and discriminant valid-
ity. Factor structure and IRT assumptions were examined with factor analysis methods. IRT Item and model fit and graphic
plots were inspected, and differential item functioning (DIF) for language, age, gender, and education level were examined.
Results PROMIS-57 demonstrated excellent reliability and satisfactory concurrent and discriminant validity. Factor struc-
ture of seven domains was supported. IRT assumptions were met for unidimensionality, local independence, monotonicity,
and invariance with no DIF of consequence for language or age groups. Estimated common variance (ECV) per domain
and confirmatory factor analysis (CFA) model fit supported unidimensionality for all seven domains. The GRM IRT Model
demonstrates acceptable model fit.

Conclusions The psychometric properties and factor structure of Norwegian PROMIS-57 were satisfactory. Hence, the
57-item questionnaire along with PROMIS-29, and the corresponding 8 and 4 item short forms for physical function, anxi-
ety, depression, fatigue, sleep disturbance, social participation ability and pain interference, are considered suitable for use
in research and clinical care in Norwegian populations. Further studies on longitudinal reliability and sensitivity in patient
populations and for Norwegian item calibration and/or reference scores are needed.
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Plain language summary

PROMIS-57 is a questionnaire for self-reporting different
aspects of physical, mental, and social health in adults.
There are sections for physical function, anxiety, depression,
fatigue, sleep problems, social participation and pain meas-
urement. This study examined the Norwegian version by
having 408 persons complete the questionnaires PROMIS-57
and RAND-36, another commonly used questionnaire, and
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testing the results with a variety of advanced statistical meth-
ods to see if PROMIS-57 is able to accurately measure these
different components of a healthy life. The results indicate
that this is the case, and that the translated questionnaire may
be used in research and in health care to measure the results
of treatment, or to measure the burden of living with a health
condition or disability.

Introduction

Patient-reported outcomes measurement (PROM) based on
standardized questionnaires have become essential tools
for health research and patient-centered care. The Patient-
Reported Outcomes Measurement Information System®
(PROMIYS) initiative has introduced flexible ways to select
and develop PROM’s and provided new item banks, short
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form questionnaires, as well as flexible computerized
adapted testing, that are growing in popularity among health
researchers and in clinical services [1]. PROMIS item banks
were developed via factor analysis and item response theory
(IRT) [2, 3]. This measurement system encompasses several
hundred items across many item banks, each covering a dif-
ferent physical, mental, or social health domain [2], as well
as fixed short forms, and profiles such as PROMIS-57 and
PROMIS-29. These PROMIS profiles have been described
and validated in previous studies [1, 4-7].

Cultural and linguistic differences or translation issues
may cause any translated questionnaire to have different
psychometric properties than the original, so the properties
of translated versions need to be examined. The objective
of this study was to explore the reliability and validity of
the Norwegian PROMIS-57 and -29 according to standards
issued by the PROMIS Health Organization (PHO) [8] for
validation after translation, and using RAND-36 as compar-
ative reference. The short forms embedded in PROMIS-57
were hypothesized to have strong internal consistency, a
strong concurrent and discriminant validity against RAND-
36, satisfactory IRT properties, factor structure confirmed,
no differential item functioning (DIF) for language, age,
gender, education level, or self-reported health.

Methods

This study was cross-sectional, and collection of responses
was collected in a sample from the general population.
Respondents were recruited in 2019 through a newspaper
advertisement and posts on Facebook groups and pages
encouraging sharing of a link to an online questionnaire.
This questionnaire included a consent statement and infor-
mation about the purpose of the study (Online appendix
section S1).

Measures

Participants filled in their responses to all items in the
Norwegian PROMIS-57 and RAND-36, and the following
demographic information was collected: gender, age, educa-
tion level, employment status, income categories, cohabita-
tion, and presence of mental and/or physical health concern.

PROMIS Profile 57 (PROMIS-57) is a collection of eight-
item PROMIS short forms meant to capture important health
domains. The following seven domains are included: physi-
cal function (PF), anxiety (ANX), depression (DEP), fatigue
(FAT), sleep disturbance (SLP), ability to participate in
social roles and activities (SOC), pain interference (PAIN),
and a pain intensity numeric rating scale (NRS). The con-
cepts and properties of these domains have been previously
described [1, 9]. PROMIS-57 has recently been translated
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into Norwegian by the main author and colleagues, in coop-
eration with the Director of Translations for PROMIS,
and approved according to rigid standards set forth by the
PROMIS Health Organization [10]. This is the first study
to examine the psychometric properties of the Norwegian
version of PROMIS-57. Cultural bias from using US refer-
ence T-scores in Western Europe has previously been shown
to be minimal [7, 11]. There is still a need to confirm that
the psychometric properties (including monotonicity, unidi-
mensionality, local independence, etc.) are supported in this
translation, and to check DIF in this version.

PROMIS-29 is a shorter questionnaire nested within
PROMIS-57, consisting of four items from each of the seven
domains; thus the properties of PROMIS-29 can be exam-
ined using the same data.

Each item on the PROMIS-57 has 5 response options,
except for the 0—10 pain intensity NRS item. Raw scores
for each of the seven short forms (domains) in PROMIS-57
were calculated, and scores were converted to 7-scores for
each of the seven short forms (domains) in PROMIS-57
using the online scoring at www.assessmentcenter.net/ac_
scoringservice [12] (Details in online appendix section S2).
The T-score conversion establishes 50 as a general popu-
lation mean for all PROMIS domains, and any 10-point
deviation corresponds to one standard deviation (SD) dif-
ference, for easy-to-understand and consistent scoring across
measures. Higher scores in any PROMIS scale indicate more
of the measured construct, such that correlations between
function and severity domains would be negative. T-scores,
rather than raw scores, should always be used when applying
PROMIS measures in clinical care and studies.

RAND-36-item Health Survey 1.0 (RAND-36) [13]
reliability and validity are well established across diverse
populations [14]. It is license and cost free, and covers eight
life domains labeled as physical functioning (PF), bodily
pain (BP), role limitations due to physical health problems
(RP), role limitations due to personal or emotional problems
(RE), general mental health (MH), social functioning (SF),
energy/fatigue or vitality (VT), and general health percep-
tions (GH). RAND-36 contains the same items as the origi-
nal version Short Form-36 (SF-36) [13], but has a different
scoring system. The 3-, 5- or 6-category responses were con-
verted to sum scores, using the official RAND-36 scoring
syntax [14], so that higher scores indicate better health on a
0-100 scale for each of the eight domains.

Statistical analyses

The methods chosen for analysis were based on the criteria
in the COSMIN risk-of-bias checklist [15], the PROMIS
Standards for release of PROMIS instruments after transla-
tion v.8 [8] and PROMIS Instrument Development and Vali-
dation Scientific Standards Version 2.0 [10]. These standards
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require an evaluation of reliability, validity, and assumption
checking for IRT modeling. Ordinal item scores were used
for factor analysis, IRT, and DIF analyses. Raw sum scores
were used to explore floor/ceiling effects, while T-scores
were used for correlations and for presenting mean 7-scores
per domain.

Reliability and internal consistency

We used reliability measures based on factor analysis and
IRT, calculating marginal reliability and McDonald’s omega
coefficients from an exploratory bi-factor analysis in R pack-
age ‘psych’ v1.8.12, expecting excellent reliability > 0.9
for each of the domains, as found in other studies [16—18].
Measuring overall consistency for PROMIS-57 is not appro-
priate, since it is a multidimensional questionnaire, with no
total score calculation. IRT Test Information Function and
scale standard error (SE) plots were visually inspected to
evaluate the reliability of measurement across the range of
possible responses for each domain [19]. In addition, Cron-
bach’s alpha was calculated.

Validity

Concurrent validity of PROMIS-57 T-scores per domain
were tested against their corresponding RAND-36 sub-
scales using Spearman rho correlation coefficients (r,), con-
sidering r,>0.8 as very strong correlation, 0.8 >r,>0.7 as
strong, and 0.7 > r>0.6 as moderate correlation strength.
Discriminant validity was assessed through correlations
between dissimilar PROMIS domain scores and RAND-36
sub-scales, expecting for instance physical, social, and pain
scores to have low to moderate correlations (r,<0.6) with
mental measures.

Factor validity was examined using confirmatory fac-
tor analysis (CFA). A 7-factor correlated traits CFA was
fit, examining PROMIS-57 overall. Then, items from each
domain were fit to a one-factor CFA for the relative fit of a
single-factor, consistent with the unidimensionality assump-
tion required to proceed to IRT analyses.

Item response analysis

Consistent with the PROMIS development process, and
the existing USA calibrations, all seven domains within
PROMIS-57 were separately analyzed with the graded
response model (GRM), using R package ‘mirt’ v1.31. We
hypothesized that the GRM would provide adequate fit and
appropriate model coefficients, since original measure in
English successfully used the GRM. Given some unexpected
results (see below) and as a sensitivity analyses to our antici-
pated model, we evaluated the appropriateness of the GRM,
contrasting it with the Generalized Rating Scale (GRSM)

and Rasch partial credit model to inform the selection of
IRT model and interpretation of higher than expected IRT
discrimination parameters.

Prior to IRT modeling, the statistical assumptions of uni-
dimensionality, local independence, and monotonicity were
evaluated. We sought an eigenvalue ratio>4:1 as signs of
unidimensionality, calculated using the ‘psych’ package
in R. We used bi-factor analysis, also in ‘psych’, to extract
explained common variance (ECV) and McDonald’s omega
hierarchical, indicating what proportion of variation is
explained by the general factor and general factor saturation,
which should be ECV >0.60 and omega >0.70 [20]. Further,
CFA was performed to test the factor structure for unidi-
mensionality, as stated above. CFA was performed using R
package ‘lavaan’ v6.05 with the weighted least square mean
and variance (WLSMYV) adjusted estimator. Model fit for the
factor analysis and for the IRT models was assessed, look-
ing for the lowest Bayesian information criteria (BIC), and
root mean square error of approximation (RMSEA) <0.06,
Standardized Root Mean Square Residual (SRMSR) <0.08,
Comparative Fit Index (CFI)> 0.95 and Tucker-Lewis Index
(TLI) > 0.95 as reference values [21]. Model fit for IRT was
examined through M2 analysis (type C2 because of the sam-
ple size) performed in R with ‘mirt’ package [22]. Local
dependency (LD) was examined based on the residuals from
the CFA with WLSMYV estimator in R package ‘lavaan’,
flagging any item pair with > 0.2 residual correlation, as in
PROMIS item bank development [3]. LD was also exam-
ined with the Chen and Thissen LD index [23] in R package
‘mirt’, considering standardized y* of > 0.3 as possible LD
and > 1 as definite LD. Monotonicity was tested using Mok-
ken scale in R package ‘mokken’ [24], expecting scalability
coefficients (coef_h)>0.3. IRT item fit was examined using
‘mirt’ [22], expecting no items with an S — y* p value of less
than 0.001, which would be indicative of poor item fit. The
S — 4 statistic indicates whether each item meets expected
response frequencies under the estimated IRT model [25].
Also, IRT plots from the GRM were created with ‘mirt’,
including the item response function (IRF), item character-
istic curves (ICC’s) and item information curves, and these
were visually inspected.

In addition to assumption checking and fitting the ini-
tial IRT model, we also evaluated DIF as a potential threat
to validity via biased scores for only some sub-population.
DIF analysis was performed using R package ‘lordif’ v0.3-3
[26] with ordinal logistic regression models. First we con-
ducted ordinal logistic regression without an anchor and
the »? criterion to identify potential items with DIF. Then
we followed up the analyses using as anchor the items not
exhibiting DIF, with McFadden’s pseudo R>-change of > 2%
as a critical value, as suggested by the PHO [8]. The impact
of DIF on item scores and total domain score was examined
by inspecting ICCs and test characteristic curves (TCCs), as
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in previous studies on PROMIS translation validation stud-
ies [11, 27, 28]. Language DIF was performed by compar-
ing the scores in this study against two available PROMIS
datasets from US studies, the ‘PROMIS Profiles HUI data’
[29] and the ‘PROMIS 1 WAVEL’ [30], including only
the respondents who had completed all items within any
given short form. Age DIF in the Norwegian sample was
studied by grouping respondents as younger (n=206) and
older (n=202) around the median age (52). Gender DIF was
examined with 310 female and 98 male respondents. Edu-
cation level DIF compared college/university level educa-
tion (n=299) vs. those with high school or lower (n=109).
Health DIF groups consisted of respondents reporting hav-
ing “no health problems” (n=130) vs. physical problems,
mental health problems, or both (n=278).

Results

A total of 408 complete and anonymous responses were
collected and all were included in the analysis. Character-
istics of respondents are presented in Table 1. Responses to
PROMIS-57 were complete for every item, and all response
categories were endorsed in each domain, although category
“5” has only < 10 respondents in five of the DEP and three
ANX items. (Histograms of all domain scores are presented
in the supplementary online appendix figure S1.)

Reliability

The 8-item short forms within PROMIS-57 all had high
reliability indices in this Norwegian sample, with McDon-
ald’s omega total between 0.91 and 0.99, and IRT marginal
reliability scores between 0.87 and 0.94, and Cronbach’s
alpha values between 0.91 and 0.98, see Table 2 for details.
Floor/ceiling effects (% respondents at the max/min raw sum
score) were quite high in this sample, especially for PF, see
Table 2.

Plots for the IRT standard error ranges in Fig. 1 were
satisfactory, except for Sleep disturbance 8, where reliability
was lower at both ends of the theta range. These plots show
a small difference in reliability across the range. Both the 4-
and 8-item short forms (associated with the PROMIS-29 and
-57, respectively) were reliable within a range of the theta
(the “ability” or “problem” range) that is relevant to health
measurement, from about one SD better than the population
average to at about two SD worse (below 0 for negatively
scored PROMIS domains; anxiety, fatigue, pain).

Validity

Strong correlations were found between comparable
domains on the PROMIS and RAND-36. PROMIS Physi-
cal function and RAND-36 PF (0.88), social SF (0.89), and
FAT and VT (-0.86), DEP and MH (- 0.81), ANX and MH
(= 0.73), PAIN and BP (- 0.93), and between PROMIS

Table 1 Sample characteristics:
demographic variables and
health status (n=408)

Age—mean (SD*/min-max)

n (%)

Women

Living alone

Income level

Education

Health problems, self reported

52 (13/19-88)

310 (76)
Employed, part or full time 102 (25)
Retired 215 (53)
Permanent disability 57 (14)
Sick leave, short or long term® 79 (19)
Other® 42 (10)
Low ( < 350 k NOK) 15 4)
Middle (350 k—600k NOK) 124 (31)
High (> 600 k NOK) 183 (45)
College level or higher 96 (24)
Intermediate 298 (73)
Elementary only ( > 10 year) 89 (22)
Physical health problems 21 (5)
Mental health problems 166 (41)
Both physical and mental 18 (4)
No health problems 94 (23)

4Standard deviation

b Away from work > 12 month duration, «arbeidsavklaringspenger»

“Homemaker, student, no response or marked as «other»
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Table2 PROMIS-57 per domain mean scores, and reliability and validity variables
PROMIS domain Physical function Anxiety Depression Fatigue Sleep Dstrb  Social R&A Pain Intf  Pain intensity NRS

Mean T-score (SDY) 47.6 (10.6) 50.8 (11.0) 51.3(13.0) 52.3(11.0) 52.6(9.9) 48.3(12.2) 55.0(11.8) 3.5°(2.8)
Ceiling% 36.4 .0 1.0 24 1.5 21.5 6.8 1.2
Floor% 0.5 242 29.6 17.6 2.7 39 29.1 19.6
Cronbach’s alpha 0.97 0.96 0.97 0.98 0.92 0.98 0.98
McDonalds omega 0.97 0.96 0.97 0.98 0.92 0.99 0.99
w_t, (w_h)° (0.96) (0.95) (0.96) (0.98) (0.91) (0.99) (0.99)
IRT Marginal reliability ~ 0.87 0.91 0.89 0.94 0.92 0.93 0.90
IRT discrimination 5.9 4.7 4.8 7.4 4.0 7.5 8.5
mean’
Eigenvalue ratio per 12:1 10:1 16:1 33:1 5:1 54:1 26:1
domain?
Explained common vari- 0.88 0.86 0.88 0.96 0.74 0.96 0.94
ance (ECV)®

aStandard Deviation
®Pain NRS mean is not a 7-score

‘w_t=omega total, w_h=hierarchical

YRT Discrimination parameter from Graded Response model. All confidence intervals (95%) for alpha and omega are< +.01, except

Sleep: +.02
¢Obtained from bi-factor analysis with R package psych

Pain intensity NRS and RAND-36 BP (— 0.92). See details
in Table 3.

PROMIS-57 discriminated well between physical and
mental scores, as PROMIS anxiety and depression scores
correlated only moderately (r,<0.5) with RAND-36 PF
and RP, as well as between PROMIS Physical Function and
RAND-36 RE and MH, and between PROMIS pain interfer-
ence and RAND-36 RE and MH. The remaining correlations
among PROMIS and RAND-36 dimensions were moderate
to strong (r.5-7.8).

Weaker correlations were found, as expected, within
PROMIS-57; r,<0.5 between PF/PAIN and ANX/DEP.
Moderate correlation (r,>0.6) between SOC and ANX/
DEP, between FAT and ANX, and between SLP and all other
PROMIS dimensions. As expected, PF, FAT, SOC and PAIN
were more closely related, with correlations well above r
0.7. Details in Table 3.

Unidimensionality (factor validity)

The correlated seven-factor CFA solution using WLSMV
estimator for the entire PROMIS-57 produced a satisfac-
tory model fit, confirming the original factor structure of
seven domains within PROMIS-57. Scaled fit indices were
CFI=0.94, TLI=0.94, RMSEA =0.04, and SRMR =0.04.
The average absolute residual correlation was 0.002, and no
residual correlations were >0.2. From a single-factor CFA
using WLSMYV estimator performed separately for each
domain, most scaled fit indices were within the acceptable
thresholds, though less ideal for SLP than the other domains

(Table 4). RMSEA criteria of >0.06 were not met for any
domain, but that is not uncommon for PROMIS and similar
questionnaires [31].

IRT analysis

Assumptions for IRT were satisfied for all seven short forms.
Unidimensionality was supported by ECV from bifactor
models between 0.74 and 0.96, omega hierarchical greater
than 0.70, and ratio of first to second eigenvalues was greater
than 4:1 for all domains. The factor structure with seven
domains was supported by the CFA.

Each domain was considered locally independent, since
no item pair residuals from the CFA are >0.2 in any domain,
and the standardized Chen and Thissen LD index for each
domain flagged no pairs > 1, and only four pairs > 0.3; two
FAT, one SLP, one SOC. (Details in supplementary online
appendix Table S3.) Monotonicity was supported, as Mok-
ken scalability coefficient for each domain scale was between
0.62 (SLP) and 0.93 (PAIN), well above the 0.3 cutoff, and
no single item lower than 0.49 (Item Sleep116). (Details in
the supplementary online appendix 1 Table S1).

PROMIS-57 had good IRT Item fit with GRM, except for
two Sleep disturbance items with S — 4 p values <0.001,
with or without FDR False Discovery Rate correction [32].
The misfitting items were Sleep44 and Sleep72.

Item response curves generated in the ‘mirt’ package in
R to visualize reliability displays well distributed curves,
generally without response category curves completely over-
lapped by others, except item Sleep 116 and PF53 (Physical
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Fig.1 PROMIS-57 and 29 Standard error plots per domain, from
Graded Response Model, reliability range. The horizontal axis rep-
resents the different ability/problem levels for each domain. 6=0
representing the estimated mean from the IRT model, with a standard

function). However, steep slopes for some items indicate
high discrimination parameters, also evident as spiked Test
Information curves (Fig. 2).

Comparing the test information function (TIF) of
PROMIS-57 and PROMIS-29, the information precision
is lower in the shorter versions (i.e., the PROMIS-29 or
the included 4-item short forms). Some of the TIF curves
appear spiked with the GRM, related to their high discrimi-
nation parameters. IRT parameters and plots for the indi-
vidual items are available in supplementary online appen-
dix Table S1. Given the steep slopes with the Norwegian
calibrations, we conducted a sensitivity analyses to test the
appropriateness of the GRM to the obtained data. Alterna-
tive models included the GRSM and the Rasch partial credit
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deviation of 1. The vertical axis represents the standard error (relia-
bility), with reference reliabilities of .90 and .95. The lower the curve,
the greater the reliability

model. The GRM provided better fit than the Rasch model
for all domains, but the GRSM provided better fit to Physical
Function, Anxiety, DEP, Social and Pain. (Fit indices, see
supplementary online appendix Table S2.)

Differential item functioning

When applying suggested thresholds, no language, age, gen-
der, education DIF of consequence was found. Along the
way to this conclusion, however, there were some findings
worth exploring.

Language DIF: Three items in PROMIS-57 could not be
tested for English vs Norwegian language DIF; item PFC12 as
it was not included in either of the US reference data sets, and
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Table 3 Spearman rho correlations r, within PROMIS-57 domains and against RAND-36 subscores
PROMIS Physical function ~ Anxiety = Depression  Fatigue Sleep Social® Pain® PainNRS®
Physical function 1.000 —-0409 —-0.501 -0.750 —-0.541 0822 -0.815 —-0.741
Anxiety —0.409 1.000 0.759 0.591 0.547  —0.532 0.438 0.449
Depression —0.501 0.759 1.000 0.642 0546  —0.585 0.509 0.462
Fatigue —0.750 0.591 0.642 1.000 0.608  —0.857 0.728 0.688
Sleep —0.541 0.547 0.546 0.608 1.000 —0.593 0.547 0.533
Social®* 0.822 -0532 -0.585 —0.857 —-0.593 1.000 -0.774  —0.691
Pain® - 0.815 0.438 0.509 0.728 0547 —-0.774 1.000 0918
Pain® NRS —0.741 0.449 0.462 0.688 0533 —0.691 0.918 1.000
RAND 36
RAND36 PF PHYSICAL 0.880 -0329 -0422 - 0.675 -0.513 0751 -0.781 —-0.731
RAND36 RP ROLEPHY 0.786 -0420 -0479 — 0.738 - 0.509 0794 —-0.737 —0.688
RAND36 BP BODILYPAIN 0.793 —-0414 —0.468 -0.713 —0.526 0741 -0927 -00918
RAND36 GH GENERAL 0.776 —-0524 —0.558 -0776  —0.620 0785 —-0.718 —0.681
RAND36 VT VITALIT 0.715 -0560 —0.632 -0.864 —-0.617 0.827 —-0.670 —0.622
RAND36 SF SOCIAL 0.785 -0517 —-0.587 —0.827 - 0.597 0885 —0.743 —0.683
RAND36 RE ROLEMOT 0.389 —-0545 —0.584 —-0524 -0.441 0488 —0.417 —-0432
RAND36 MH MENTAL 0.467 -0.727  —-0.806 -0.644  —-0.560 0574 —-0480 —0.451

Social roles and activities ability
bPain interference

“Pain intensity numeric rating scale

Table 4 Single-factor CFA fit, all PROMIS-57domains tested sepa-
rately with WLSMYV estimator

rmsea.scaled srmr cfi.scaled tli.scaled

Physical function 0.129 0.022  0.998 0.997
Anxiety 0.080 0.019 0.998 0.998
Depression 0.124 0.023  0.996 0.994
Fatigue 0.115 0.010 0.999 0.999
Sleep disturbance 0.223 0.074  0.986 0.980
Social roles and activ- 0.124 0.011  0.999 0.999
ity

Pain interference 0.156 0.015 0.999 0.999
Commonly used <0.06 <0.08 >0.95 >0.95

Cutoffs

Bold =meets cutoff

EDANXQO07 and Sleep72 as they were collected from other US
respondents than the remaining items. Only respondents that
had been presented with the same items in the same domain
were selected from the US data sets, n=1214 in Wavel and
n=3409 in Profiles-HUI. DIF analysis with the over-sensi-
tive chi-square (%) criterion, alpha threshold=0.01, typi-
cally flagged one or more items per domain initially. Using
the AR? criterion suggested by the PHO (i.e., lordif settings:
pseudo.R2="McFadden”, criterion="R2”, R2.change =0.02,
model="GRM?”), and using as anchors 2-3 DIF free items,
as identified by the y* method [33], there was language DIF
against the US datasets in only one item PAININOO in all

PROMIS-57 short forms. Running DIF analysis without
anchors, language DIF was flagged for one item (but not
flagged without anchors), EDANXO05 against Wavel dataset
(Fig. 3). These same items were not flagged as DIF against the
other US dataset (Profiles-HUI).

Gender DIF: There were some differences between gen-
der mean scores, but no gender DIF detected in any of the
seven PROMIS short forms in PROMIS-57. Age DIF: Three
PROMIS-57 short forms (FAT, ANX, and PAIN) were free
of DIF between older and younger respondents with either
method. Uniform DIF was detected for one Physical Func-
tion item only with the > method, but none with the pseudo
R2 method. Depression: uniform DIF was detected for two
items only with the y* method, but not with the R2 method.
Two short forms, Sleep disturbance and Social roles showed
non-uniform age DIF in one item only with the > method, but
not with the R2 method. Education DIF: No item in any short
form was flagged for education DIF, comparing with/without
college level. Health status DIF: unable to run for two short
forms (PF and ANX) as some of the response categories had
too few respondents in the healthier group. No health status
DIF was found in the remaining short forms (DEP, FAT, SLP,
SOC, or PAIN).
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Fig.2 PROMIS-57 vs PROMIS-29 comparison of IRT test informa-
tion function (TIF) plots. The horizontal axis represents the different
ability/problem levels for each domain, with =0 representing the
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Fig.3 Test characteristic curves
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Discussion The Norwegian translation has retained the original

This was the first study to assess the psychometric prop-
erties of PROMIS profile and short forms, Norwegian
version. PROMIS-57 and -29 and the embedded short
forms displayed sufficient validity and reliability for use
as a generic clinical measure of physical, mental, and
social health in adults. The high reliability of the domains
(omega total and hierarchical, empirical reliability, and
Cronbach’s alphas > 0.9) support the excellent internal
consistency and reliability for the Norwegian version of
PROMIS-57, as in other PROMIS studies [1, 4-7]. Visual
inspection of the IRT SE plots generated from Norwegian-
specific calibrations provides further evidence of excel-
lent reliability in the most relevant range for most patient
populations, from about population mean to 2SD’s worse.
PROMIS-29 and its 4-item short forms has similar reliabil-
ity to PROMIS-57, but with a somewhat narrower preci-
sion range beyond 1.5 SD’s worse than the mean (Fig. 1).
Correlations against RAND-36 support the concurrent
and discriminatory validity of PROMIS-57. T-scores were
used to demonstrate the validity of the currently recom-
mended scoring method. Previous studies have also found
correlations across PROMIS and RAND-36/SF36 between
0.66 and 0.91 for similar constructs [34-37] and between
0.30 and 0.61 for dissimilar ones [5, 38]. The floor/ceiling
effects in this sample were considerable, so these short
forms may be more appropriate for disease populations
than this general population sample.

seven-factor structure, and has not introduced significant
language DIF bias or age DIF, and likely no gender or edu-
cation DIF, though more research with larger sample sizes is
necessary as several of our comparisons had group sample
sizes less than the recommended minimum of 200.

Some items yield very high IRT discrimination slopes
(especially FAT, SOC and PAIN). Some of the SLP items
show item misfit. Possible explanations are local independ-
ence violations, skewed or zero-inflated scores, and the sam-
ple size, which may be inadequate for IRT analysis in the
presence of a non-normal distribution. Simulation studies
looking into sample size for IRT modeling accept n> 200,
[39], but caution that this depends on a few other factors.
Model complexity, and too few respondents endorsing some
of the categories, can bias the parameters estimated from
the model [40]. LD is not present in the domains and items
with inflated discrimination. The sample may have too many
“non-cases”, or zero-inflation, which may result in inflate
slopes [41, 42]. A recent simulation study suggests 1.5 to 2
points increased bias of discrimination with zero-inflation
[43]. IRT discrimination, LD and item fit needs to be exam-
ined in larger and more diverse samples, or else ignored as
itis in 1PL and Rasch models. These issues prompted us to
compare model fit for alternative models. We chose to use
the GRM, consistent with the existing PROMIS measures in
English and the PHO translation standards. However, these
elevated slopes led us to consider alternative IRT models.
For five of the seven domains, the GRSM provided superior
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fit to the GRM. The GRM model fit indices are approach-
ing established criteria of RMSEA < 0.06, SRMSR < 0.08,
CFI>0.95 and TLI>0.95 [21], (details in online supple-
ment Table S2). M2 fit analysis on PROMIS-57 as a whole,
supports using GRM. Absolute adherence to cutoffs are not
needed when assessing model fit indices [44]. The GRM
has been recommended for PROMIS measures [8], and the
sensitivity analysis supports its use in several cases. Future
research should also consider whether an alternative statisti-
cal model would be appropriate for PROMIS item domains.

Two items showed minimal language DIF, however the
amount of DIF found in these two items was small and prob-
ably of no consequence to the total score, judged by the vis-
ual representations. Given the lack of DIF and the utility of
PROMIIS calibrations used internationally (especially with
precedent from translations into other European languages)
[7, 11], we propose continuing to use the USA calibrations
for the Norwegian sample. As evidenced in Table 2, this
general population Norwegian sample has broadly consist-
ent 7-scores to the USA, and is comparable to other Western
European score distributions [7].

Strengths and limitations

A strength of this study has been the application of more
advanced statistical methods, exposing the questionnaire
to closer scrutiny. Assessing seven PROMIS short forms
at once has its advantages, as it allows for better compari-
son between domains. We maintained the original PROMIS
emphasis on unidimensional domains, though the PROMIS
Profiles are amenable to other advanced statistical meth-
ods, such as multidimensional IRT. This is an important
future direction which could be considered for multiple lan-
guages—not just the Norwegian translation. Validating mul-
tiple PROMIS short forms at once is the first step expanding
these item banks into Norway, while validation of entire
item banks would allow testing the PROMIS system for full
theta range reliability, floor/ceiling effect, and full calibra-
tion of the scale in this new language. Our sample could be
more representative, as there was more self-reported health
problems compared to the Norwegian general population,
and more participants with higher education. Thirty-two
percent of the sample reports no health problems vs 73%
in the HUNT study [45], 73% in the present study had col-
lege level education vs 33% in the general population [46].
The 4.7 year age difference between the genders is signifi-
cant, whereas gender associations with living alone, income
level or taking prescription medications are not. The sample
is also somewhat gender skewed, not unlike many patient
populations in Norway.

Norwegian version of the PROMIS-57 and PROMIS-29
and embedded short forms are sufficiently reliable and
valid to be used in clinical care and research. Future studies

@ Springer

should explore longitudinal reliability and responsiveness
in patient populations, as well as IRT calibration in a larger
Norwegian sample.
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