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Abstract
Introduction  Psychometric properties of the Patient-Reported Outcomes Measurement Information System® Profile 
29 (PROMIS-29) Norwegian version has previously been examined in a general population. This multicenter study 
aimed to examine the internal consistency, construct validity, responsiveness, score distribution and floor/ceiling 
effects of PROMIS-29 v2.1 in a Norwegian rehabilitation context.

Methods  Patients receiving rehabilitation services participating in a longitudinal cohort study answered PROMIS-29 
at baseline and at 3-month follow-up. Internal consistency was assessed by Cronbach’s alpha and McDonald’s omega. 
Construct validity was examined through hypothesis testing, using EQ-5D-5L as comparator measure. Hypotheses 
for correlations of change scores for both questionnaires were tested as an expression of responsiveness. Score 
distribution and floor/ceiling effects were examined with histograms and descriptive statistics.

Results  A total of 828 patients with a mean age of 54.3 years were included for analysis. The internal consistency for 
each PROMIS-29 domain was confirmed, with alpha and omega values exceeding the threshold of ≥ 0.70. Regarding 
correlations between PROMIS-29 and EQ-5D-5L, 34 out of 40 hypotheses were confirmed for construct validity and 19 
out of 24 for responsiveness, both meeting our a priori criterion of ≥ 75% confirmed hypotheses. There was no floor 
effect of any PROMIS-29 domain in our sample, and ceiling effect only for anxiety and depression domain scores. Still, 
this confirmed the applicability of PROMIS-29 in a rehabilitation context.

Conclusion  The Norwegian PROMIS-29 has sufficient internal consistency, construct validity and responsiveness for 
use as an outcome measure for health status and health-related quality of life in rehabilitation.

Trial registration number  ClinicalTrials.gov NCT03764982 RehabNytte study, registered 2018-12-04.
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Background
One in three people worldwide will need rehabilita-
tion during the course of illness or injury, often due to 
conditions like musculoskeletal, neurological or car-
diovascular diseases [1]. Some need interventions from 
multidisciplinary teams in secondary healthcare [2]. In 
Norway, rehabilitation is provided in public hospitals and 
publicly funded private rehabilitation centres, with fol-
low-up by local municipal teams when needed [2].

Rehabilitation services help patients regain or maintain 
optimal function, meaningful activities, and participation 
in social and work life through collaborative processes 
and tailored interventions [3, 4]. These interventions tar-
get the impact of disease, comorbidities, or treatment 
side effects on self-perceived functioning and well-being 
[5, 6]. Accordingly, health-related quality of life (HRQoL) 
is crucial in rehabilitation, reflecting patients’ physical, 
mental, and social experiences [5, 6]. Patient-reported 
outcome measures, like the increasingly used Patient-
Reported Outcomes Measurement Information System® 
(PROMIS), provide valuable insights into how medical 
conditions and interventions affect HRQoL, enabling 
patient-centered care [6–9].

The PROMIS-29 Health Profile v2.1 (PROMIS-29) is a 
29-item questionnaire developed in the United States to 
standardize HRQoL in research and clinical practice [9, 
10]. It covers seven health domains: Physical Function, 
Depression, Anxiety, Fatigue, Sleep Disturbance, Ability 
to Participate in Social Roles and Activities (Social Par-
ticipation), and Pain (Interference and Intensity). PRO-
MIS-29 is intended for use both for patients with chronic 
diseases and the general population. The questionnaire 
has been translated into many languages and evaluated 
for its measurement properties across various popula-
tions [9–17]. The Norwegian version of PROMIS-29 has 
shown sufficient reliability and structural, convergent and 
discriminant validity in the general population in stud-
ies applying cross-sectional designs [18, 19]. However, 
further analyses are needed to assess these properties, 
including responsiveness to change in a longitudinal con-
text, as well as any floor or ceiling effects, in a rehabilita-
tion setting.

Thus, the aim of this study was to assess internal con-
sistency, construct validity and responsiveness of PRO-
MIS-29 v2.1 in a multicentre rehabilitation setting. 
Additionally, we aimed to examine potential floor and 
ceiling effects in a diverse sample of adults with chronic 
diseases requiring multidisciplinary rehabilitation in sec-
ondary healthcare.

Methods
Study design and clinical setting
The RehabNytte Project was a large, longitudinal cohort 
study following patients referred for rehabilitation in 

one of 17 rehabilitation centres from January 2019 to 
March 2020 [20]. The centres were all private institutions 
which were contracted to the public, secondary health-
care system in Norway, and part of the VIRKE Research 
and Development Network. This network established a 
common digital database, The RehabNytte Cohort, for 
monitoring the patients’ progress on PROMs and their 
overall benefits of rehabilitation services. The patients 
completed a set of PROMs at five different time points 
during a year. The set of PROMs included the assessment 
of work ability, pain, acceptability, change in health sta-
tus, health-related quality of life, patient-specific reha-
bilitation goals, and broader aspects of functioning. The 
latter was assessed by the PROMIS-29 [20].

The current study was a planned and independent 
study within the RehabNytte Project, aiming to examine 
the selected measurement properties of PROMIS-29. 
At one RehabNytte-centre, the PROMIS-29 was not 
included in their set of PROMs. At another centre, their 
one-week-course was not comparable to the rehabilita-
tion programs among the other centres. Therefore, the 
current study included 15 out of 17 RehabNytte centres.

Eligible patients were referred to one of the 15 centres 
primarily for somatic illness, while a smaller group was 
referred due to a complex interplay of somatic and men-
tal health issues. Other inclusion criteria were age ≥ 18 
years, able to read and understand questionnaires in 
Norwegian, and access to a smartphone, tablet or equiva-
lent devices necessary to complete digital data collection. 
The exclusion criteria were current participation in other 
research projects, severe cognitive impairment or mental 
illness influencing their ability to complete the patient-
reported outcome measures during their rehabilitation 
stay and in the subsequent 12 months follow-up period 
[20].

At each centre, patients followed a multidisciplinary 
rehabilitation program provided by at least four pro-
fessionals, such as nurses, physiotherapists, occupa-
tional therapists, and medical doctors. Some teams also 
included a social worker, a nutritionist/dietitian, sports 
educator, and/or a psychologist. Most centres delivered 
inpatient stays for 2–4 weeks. Some (6/15) provided out-
patient rehabilitation in addition, for patients living in 
short distance to the institution.

Individual and group-based sessions included activi-
ties of daily living, physical activity and exercise, as well 
as patient education on coping (fatigue, pain, sleep, and/
or stress), and healthy lifestyle changes (weight loss/con-
trol, and/or smoke cessation). When relevant, the ses-
sions also addressed family and social relationships, work 
and work adaptations, social services and rights. The pro-
grams were tailored to patients’ needs and agreed goals 
set in collaboration between the individual patient and 
the rehabilitation team.
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Patient research partners and clinician representatives 
were actively involved from developing to implement-
ing the project plans [20]. The study was approved by the 
data protection officer at Diakonhjemmet Hospital (DS-
00040, dated 17.10.2018), and registered in ClinicalTrials.

gov (NCT03764982) [20]. Further ethical approval was 
not required (2018/1645/ the Norwegian Regional Com-
mittee for Medical Research Ethics, South-East A). Writ-
ten informed consent from patients was obtained upon 
inclusion. Testing and reporting of measurement proper-
ties followed the COSMIN checklist and guidelines [21, 
22].

Data collection and measurements
As part of the larger RehabNytte project, data were col-
lected digitally, using a secure system (CheckWare) 
approved in accordance with the EU general data pro-
tection regulations. Patients completed items on demo-
graphics as listed in Table 1, as well as a set of PROMs at 
admission to rehabilitation (T1, baseline), discharge (T2) 
and 3, 6 and 12 months after admission (T3-6). In the 
current study, we utilized data from the PROMIS-29 and 
EQ-5D-5L questionnaires, collected at T1 (completed at 
the rehabilitation centre) and T3 (completed at home). 
At each time point, patients received an automated email 
and a text message on their phones containing a link to 
the data collection system. Non-responders were sent a 
reminder via email and text message one week later. The 
interval between T1 and T3 was deemed the most appro-
priate timeframe for evaluating responsiveness [21]. The 
RehabNytte cohort was limited to participants who pro-
vided responses to at least one item on both question-
naires at each time point.

The PROMIS-29 profile
Each of the health domains is assessed with four ques-
tions (items), except for Pain Intensity, which is measured 
on an 11-point numeric rating scale from 0 (“no pain”) 
to 10 (“worst imaginable pain” [10]. Each question has a 
response scale ranging from 1 to 5 (raw score); “Never”, 
“Without any difficulty”, or “Not at all” = 1, “Rarely”, 
“With a little difficulty”, or “A little bit” = 2, “Sometimes”, 
“With some difficulty” or “Somewhat” = 3, “Often”, 
“With much difficulty”, or “Quite a bit” = 4, and “Always”, 
“Unable to do”, or “Very much” = 5. A 7-day recall period 
is used for all domains except Physical Function and 
Social Participation, which assess current abilities. The 
total raw score or item response pattern for each domain 
should be converted to a standardized T-score. We used 
previously estimated item parameters, which were cali-
brated during PROMIS development, using the PROMIS 
wave 1 data [23] and the Graded Response IRT model 
to generate T-scores from the item response patterns 
for each domain. T-scores represent a mean of 50 and 
a standard deviation of 10 compared against the United 
States general population [10]. For the domains Physical 
Function and Social Participation, higher T-scores indi-
cate better health, while for Anxiety, Depression, Fatigue, 

Table 1  Baseline demographics of patients and their allocation 
across rehabilitation centres
Variables Study 

sample 
(n = 828)

Agea, years, mean (SD) 54.3 (13.8)
Sexa, female, n (%) 561 (67.8)
Diagnosisb, n (%)
  Rheumatic or musculoskeletal diseases 428 (51.7)
  Neurological disease 125 (15.1)
  Lifestyle disease, overweight 93 (11.2)
  Cancer 54 (6.5)
  Sensory impairment 44 (5.4)
  Cardiovascular disease 44 (5.4)
  Mental disease 4 (0.5)
  Other disease 36 (4.3)
Rehabilitation institution, n (%)
  Centre 1 43 (5.2)
  Centre 2 96 (11.6)
  Centre 3 28 (3.4)
  Centre 4 58 (7.0)
  Centre 5 35 (4.2)
  Centre 6 153 (18.5)
  Centre 7 94 (11.4)
  Centre 8 13 (1.6)
  Centre 9 16 (1.9)
  Centre 10 65 (7.9)
  Centre 11 11 (1.3)
  Centre 12 23 (2.8)
  Centre 13 44 (5.3)
  Centre 14 104 (12.6)
  Centre 15 45 (5.4)
Patient-reported data
Comorbiditiesc n, median (min, max) 2.4 (1, 10)
Body mass index kg/m2, mean (SD) 30.1 (7.0)
Smoking and/or snuff use, n (%) 201 (24.3)
Education > 12 years, n (%) 360 (43.5)
Paid work (currently, full or part time), n (%) 445 (54.0)
Recipients of social security benefits, n (%) 678 (81.9)
Language (native tongue), n (%)
  Norwegian, Swedish, or Danish 785 (94.8)
  Other languages 43 (5.2)
Civil status, n (%)
  Married / cohabitant 514 (62.1)
  Single 311 (37.6)
Caregiver for child(ren)/others in or outside home, n (%) 352 (42.5)
Annual gross income in the household > 600 000 NOK, n 
(%)

382 (46.0)

aData collected from the national identification number. bClinician-reported 
data, mandatory, cSelf-reported, using a 19-tiem comorbidity checklist
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Sleep Disturbance and Pain Interference, higher T-scores 
indicate poorer health [10].

The EQ-5D-5L questionnaire
The EQ-5D questionnaires are standardized measures 
of health status, developed by the international EuroQol 
Group to provide a generic tool for clinical and economic 
evaluations [24, 25]. Using the EQ-5D-5L [25], patients 
respond to five health dimensions: Mobility, Self-Care, 
Usual Activities, Pain/Discomfort, and Anxiety/Depres-
sion. Each dimension is assessed with a single item, using 
response options ranging from 1 to 5 (raw score) to indi-
cate the severity level: “no problems” or “no symptoms” = 
1, “slight problems / symptoms” = 2, “moderate problems 
/ symptoms” = 3, “severe problems / symptoms” = 4, and 
“unable” or “extreme symptoms” = 5, [25–27]. In addi-
tion, patients rate their overall current health state on a 
100 mm visual analogue scale (EQ VAS), with 0 indicat-
ing “The worst health you can imagine” and 100 indicat-
ing “The best health you can imagine”. The recall period 
is set to “today” [28]. The EQ-5D-5L is widely used for 
research and clinical practice. It has demonstrated valid-
ity and reliability across diverse countries, populations 
and health settings, including rehabilitation and chronic 
diseases [29].

Floor and ceiling effects
We analyzed the distribution of the PROMIS-29 scores 
using the T-scores per domain. The results are pre-
sented by mean and standard deviation, as well as by 
histograms for visual comparisons. Further, we analyzed 
the raw scores and calculated the percentage of patients 
who reported the maximum or minimum scores at T1. 
A clustering of scores (≥ 15%) at the upper or lower end 
of the scale may indicate floor and ceiling effects [30, 31]. 
Missing values ≤ 5% was considered sufficient [31]. At 
the domain level we used PROMIS-29 per domain raw 
scores, ranging between 4 and 20. At the item level, raw 
scores ranged from 1 to 5. A floor effect was defined as 
reporting at the end of worst health status, in terms of 
lowest possible domain score for Physical Function and 
Social Participation, and highest possible domain score 
for Anxiety, Depression, Fatigue, Sleep Disturbance, Pain 
Interference, and Pain Intensity. The results addressing 
missing values, floor and ceiling effects are presented as 
percentages.

Internal consistency
In this study, internal consistency refers to the extent to 
which the four items within each domain in the PRO-
MIS-29 Profile are correlated with one another, dem-
onstrating that they consistently measure the same 
underlying aspect of HRQoL [21, 30]. We utilized item 
raw scores measured at T1. To ensure a robust evaluation 

of internal consistency, we used both Cronbach’s alpha 
(α) and McDonald’s omega (ω) [22, 31]. Internal consis-
tency was regarded sufficient if the estimate was ≥ 0.70 
for each domain [32], and excellent at 0.90 [33].

Construct validity
Construct validity refers to the degree to which the 
instrument provides scores that align with established 
knowledge about the underlying construct it aims to 
measure [21]. We investigated the validity by testing 
hypotheses about expected relationships with another 
outcome measure addressing the HRQoL concept [30]. 
Therefore, we assessed construct validity by testing pre-
defined hypotheses about the expected relationships 
of scores of the PROMIS-29 Profile with scores of the 
EQ-5D-5L questionnaire [21, 30]. Our rationale for the 
hypotheses derived from the assumed conceptual over-
lap between the two questionnaires, as both are designed 
to measure patients’ self-perceived HRQoL [34]. The 
hypotheses were based on the presence of both over-
lap and divergence in the dimensions covered by PRO-
MIS-29 and EQ-5D-5L, existing evidence regarding 
correlations between their scores [18, 35], and by clinical 
and scientific expertise within the research group. Pre-
liminary hypotheses developed by three of the authors 
(SAR, RHM, ALSS) were discussed and refined until 
final versions were established by a larger research group 
(SAR, IK, HD, RHM, ALSS). Our hypothesized classifi-
cation of PROMIS-29 domains with EQ-5D-5L dimen-
sions, based on their degree of similarity, is presented 
together with the results in Table  4, as well as in Addi-
tional file 1 for more details. We established an 8 × 5 map-
ping table, in which the PROMIS-29 domains (n = 7) plus 
the Pain Intensity Scale comprised the rows and the EQ-
5D-5L dimensions (n = 5) comprised the columns. Hav-
ing 40 hypotheses for evaluation of the construct validity, 
7 cells reflected the same constructs, 13 cells reflected 
largely related but dissimilar constructs, 15 cells reflected 
moderately related but dissimilar constructs, and 5 cells 
reflected weakly related or unrelated constructs.

The criteria for expected levels of correlation adhered 
to those used in a prior study conducted within the gen-
eral population in Norway [18], as this formed a central 
part of our rationale for the hypotheses. Thus, correla-
tions were expected to be ≥ 0.60 for scores assessing the 
same construct, < 0.60 and ≥ 0.30 for scores assessing 
largely related but dissimilar constructs, < 0.50 and ≥ 0.20 
for scores assessing moderately related but dissimilar 
constructs, and < 0.30 for scores assessing weakly related 
or unrelated constructs [36]. For hypothesis testing, we 
compared the T-score for each PROMIS-29 domain and 
the EQ-5D-5L item scores, except for the PROMIS Pain 
Intensity domain, where we used the numeric rating scale 
score.
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Responsiveness
Responsiveness is regarded as an indicator of longitu-
dinal validity [30]. We assessed responsiveness by test-
ing hypotheses regarding expected correlations between 
changes (∆) in scores of the PROMIS-29 Profile and 
changes in scores of EQ-5D-5L [21, 30]. We expected 
patients’ HRQoL to either improve, deteriorate, or 
remain stable from T1 to T3, due to effectiveness of the 
rehabilitation interventions, the adoption of new self-
management strategies, or the fluctuating or progressive 
nature of chronic diseases or comorbidities.

In parallel with developing validity hypotheses, we 
(SAR, RHM, ALSS) drafted preliminary responsiveness 
hypotheses. Given the limited evidence regarding the 
relationship between PROMIS-29 and EQ-5D change 
scores [34], we relied most on expert consensus within 
the research group (SAR, IK, HD, RHM, ALSS). Addi-
tionally, we used the mapping table and the results from 
the construct validity testing to finalize the pre-defined 
responsiveness hypotheses. We expected the correlations 
to be ≥ 0.50 for changes in pairs of domains/dimensions 
measuring similar constructs, < 0.50 and > 0.30 for pairs 
measuring related but dissimilar constructs, and < 0.30 
for pairs measuring unrelated constructs [37]. Addi-
tional hypotheses addressed the relative correlations 
of change [30, 37]. In short, we developed 24 hypoth-
eses; 10 addressing relative correlations and 14 address-
ing expected magnitude of the correlations. These are 
presented together with the results, in Table  3. Details 
regarding the rationale for the responsiveness hypoth-
eses are given in Additional File 2. For the hypothesis 
testing, we compared changes in the T-score for each 
PROMIS-29 domain and changes in the EQ-5D-5L item 
scores, except for the PROMIS Pain Intensity domain, 
where we used changes in the numeric rating scale score.

The correlation analyses were conducted using the 
Spearman’s rho coefficient to assess both responsiveness 
and validity. The correlation values are presented as abso-
lute values. Validity and responsiveness were deemed suf-
ficient if at least 75% of the predefined hypotheses were 
confirmed [32, 37].

Statistical analyses were performed using SPSS Statis-
tics v.29 and R v.4.3.1.

Results
A total of 1098 patients completed one or more items of 
both PROMIS-29 and EQ-5D-5L at T1. The loss to fol-
low up from T1 to T3 was 270/1098 participants (24.6%). 
A total of 828 patients, who also completed one or more 
items of both questionnaires at T3, formed our study 
sample (Fig.  1). The sample consisted of patients from 
all 15 participating centres, between 11 and 153 patients 
from each site. The majority (51.7%) had rheumatic or 
musculoskeletal diseases. The mean age was 54.3 years, 

67.8% were female and 43.5% had higher education 
(Table 1). Demographic and clinical variables of the 270 
respondents with incomplete or missing follow-up data 
were compared. Comorbidity (2.0 vs. 2.4 comorbidities 
– p-value < 0.01) and foreign native tongue respondents 
(8.9% vs. 5.2% - p-value < 0.01) were found to be signifi-
cantly different, in addition to some differences in centre 
allocations. More details are given in Additional file 4.

Baseline score distribution and floor/ceiling effects
The PROMIS-29 mean scores at T1 deviated 3.4 to 11.3 
T-score points from the United States general population 
reference of “50”, indicating that these patients on average 
had mild to moderate problems with Physical function, 
Fatigue, Social participation and Pain, and to a lesser 
extent with Sleep, Anxiety and Depression (Table 2). The 
histograms (Fig.  2) showed nearly normally distributed 
T-scores, but with some scores clustered at the lowest 
and/or highest possible score. T1-T3 mean change scores 
indicate a modest, but statistically significant improve-
ment on a group level in all PROMIS domains (Table 2, 
details in Additional file 3).

The proportion of missing (%) was well below 5% at 
both the item and domain levels (Table  3). No floor 
effects of ≥ 15% were observed in any of the PROMIS-29 
domains in this sample, indicating that scores did not 
cluster substantially at the worst end of the health sta-
tus scales. There was, however, a ceiling effect for 
PROMIS-29 Anxiety (22.5%) and Depression (22.8%), 
meaning about one fifth of the patients were at the 
best-health-status end of the scales for these domains 
(Table  3). There was a clustering of item scores (≥ 15%) 
at either end of the scale in four items related to Physical 
Function and two Sleep Disturbance items, without caus-
ing any floor/ceiling effect at the domain level for these 
domains. Results on item-level are provided in Addi-
tional File 3.

Internal consistency
At T1, the values of both Cronbach’s Alpha and McDon-
ald’s Omega fell within the range of sufficient internal 
consistency (≥ 0.70), and most PROMIS-29 domains were 
in the excellent range. The Cronbach’s Alpha values for 
each domain ranged between 0.85 and 0.96, and McDon-
ald’s Omega total ranged between 0.88 and 0.95. In detail, 
the values for Alpha (Omega) were for Physical Function 
0.91 (0.93), Anxiety 0.89 (0.92), Depression 0.89 (0.89), 
Fatigue 0.94 (0.93), Sleep Disturbance 0.85 (0.88), Social 
Participation 0.90 (0.91), and Pain Interference 0.96 
(0.95).

Construct validity
In total, 34 out of 40 hypotheses (85.0%) for correla-
tions between PROMIS-29 domains and EQ-5D-5L 
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dimensions were confirmed. All seven hypotheses for 
baseline correlations between pairs of the same construct 
were confirmed, as well as 11 out of 13 for largely related 
but dissimilar constructs, 11 out of 15 for moderately 
related but dissimilar constructs, and all five hypotheses 
targeting weakly related or unrelated constructs (Table 4).

Responsiveness
In total, 19 of 24 (79.2%) hypotheses were confirmed, 
including 10 out of 10 hypotheses for relative correla-
tions, one out of five for pairs of similar constructs, three 
out of four for related but dissimilar constructs, and all 
five hypotheses targeting unrelated constructs (Table 5).

Fig. 1  Flow diagram illustrating the selection of participants included in the current study
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Discussion
In this study, the PROMIS-29 Profile v2.1 demonstrated 
sufficient internal consistency, construct validity, and 
responsiveness when used in a Norwegian rehabilitation 
context involving patients with a variety of chronic dis-
eases. There were no floor effects in this heterogeneous 
sample of adults undergoing rehabilitation, though ceil-
ing effects were observed in two domains.

Floor and ceiling effects
The proportion of missing PROMIS-29 items was well 
below 5%, providing a comprehensive evaluation of the 
patients’ health status. We found no floor effects in this 
study, indicating no clustering at the lowest health scores 
across any PROMIS-29 domains. However, ceiling effects 
were present, with approximately one-fifth of the scores 
clustering at the best health levels in the Anxiety and 
Depression domains. At the item level, potential ceiling 
effects were also noted in Physical Function. The ceil-
ing effects observed in our study were lower than those 
reported in previous research conducted in the general 
Norwegian population, with proportion reaching up 
to 54% at the best health end of scales for Anxiety and 
Depression [18, 19]. In those studies, pronounced clus-
tering of scores at the best health end of scales were also 
observed in the domains of Physical Function, Fatigue, 
Social Participation, Pain Interference and Pain Inten-
sity [18, 19]. The greater variability in responses to 
PROMIS-29 in our rehabilitation sample, compared to 

general population, strengthen the applicability of the 
questionnaire in clinical research and practice. While 
the presence of ceiling effects reduces the question-
naire’s responsiveness and precision at the healthier end 
of Anxiety and Depression scales, it still allows for the 
assessment of symptom deterioration or maintenance of 
symptom absence post-treatment. PROMIS Computer 
Adaptive Testing (CAT) can eliminate the ceiling effects 
in languages where the complete PROMIS Item Banks 
have been translated. PROMIS CAT is not yet available in 
Norway, however the PROMIS-57 profile or 8-item PRO-
MIS short forms for anxiety and depression can similarly 
offer greater measurement precision in the healthier end 
of the scale. The T-score logic allows for interpreting 
scores from CAT, 4-item and 8-item PROMIS versions 
interchangeably and on the same scale.

Internal consistency
The internal consistency for each PROMIS-29 domain 
was confirmed, with alpha and omega values both 
exceeding the COSMIN threshold of ≥ 0.70, and near 
or above 0.90 in all domains except Sleep disturbance. 
Our findings align with other studies that demonstrate 
sufficient internal consistency [17, 19, 38, 39] for this 
questionnaire.

Construct validity
The construct validity of the PROMIS-29 was demon-
strated by confirming 85.0% of the 40 predefined hypoth-
eses, indicating that most domain scores followed the 
expected pattern, showing varying degrees of correla-
tions with the dimensions from the EQ-5D-5L. All pairs 
of domain/dimension expected to represent the same 
constructs, or weakly / unrelated constructs, were con-
firmed. For the pairs that did not meet the threshold 
for large or moderate correlations, the correlation val-
ues were close, deviating no more than 0.09 from the 
expected levels. Our findings support the construct 
validity of the Norwegian version of PROMIS-29 in a 
rehabilitation setting, as previously demonstrated only in 
the Norwegian general population sample [18].

Responsiveness
Responsiveness was demonstrated by confirming 79.2% 
of the predefined hypotheses. Although all change scores 
for relative correlations followed the expected pattern, 
some deviations were observed in the absolute correla-
tions concerning pairs of items expected to represent 
the same constructs. The deviations may be explained by 
differences in the descriptive systems of the PROMIS-29 
and EQ-5D-5L [34]. Despite conceptual overlaps, the 
more detailed items in the PROMIS-29 may not measure 
exactly the same as the more general statements in the 
EQ-5D-5L. However, the correlation values for the most 

Table 2  Distribution of PROMIS-29 per domain T-scores and 
change scores in the period from admission (T1) to the first 
follow-up measurement at home (T3)
PROMIS-29 domain
(min-max possible score 
range)

T-score 
mean (SD)
at T1

T-score 
mean (SD)
at T3

Mean change 
(SD) in T-scores
between T1 
and T3

  Physical function 
(22.5–57.0)

38.7 (8.1) 41.0 (8.0) 2.4 (6.6)

  Anxiety (40.3–81.4) 53.4 (9.1) 52.1 (9.1) -1.3 (7.3)
  Depression (41.0–79.3) 53.4 (8.6) 52.7 (8.8) -0.7 (7.6)
  Fatigue (33.7–75.8) 56.6 (9.1) 53.6 (10.0) -3.0 (7.8)
  Sleep disturbance 
(32.0–73.3)

55.1 (8.5) 53.0 (8.3) -2.1 (7.5)

  Social Participation 
(27.5–64.2)

42.7 (7.2) 44.9 (8.1) 2.2 (6.7)

  Pain Interference 
(41.6–75.6)

60.1 (8.7) 58.0 (8.9) -2.1 (7.2)

NRS-score 
mean (SD) 
at T1

NRS-score 
mean (SD) 
at T3

Change (SD) in
NRS-scores
between T1 
and T3

  Pain Intensity (NRS, 
0–10)

4.8 (2.4) 4.3 (2.4) -0.5 (2.0)

SD: standard deviation; T1: admission to rehabilitation; T3: three months after 
admission; NRS: numeric rating scale. Better health = positive T-score change for 
physical function and social participation, and negative change for all others
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similar constructs were close, deviating no more than 
0.08 from expected levels. Our findings indicate that the 
PROMIS-29 can be used to measure changes in patient-
reported HRQoL over time.

Strengths and limitations
Strengths of this study include the COSMIN-based 
methodology [21, 30, 32, 40], the large study sample, and 
the use of the widely validated EQ-5D-5L as a compara-
tor, with research evidence supporting the relationship 
between PROMIS-29 domains and EQ-5D-5L dimen-
sions [18, 34, 35]. The use of digital data collection and 
the method of participant selection may have introduced 
sampling bias. Some of our findings may be less valid in 
immigrant populations, as the proportion of non-Scandi-
navian native tongue were higher among the participants 

Table 3  Proportion of missing, floor and ceiling effects* by 
PROMIS-29 domain
PROMIS-29 domain Missing (%) Floor (%)

(= worst health)
Ceiling (%)
(= best health)

Physical Function 0.2 4.8 7.4
Anxiety 0.4 0.0 22.5
Depression 0.4 0.0 22.8
Fatigue 0.4 3.3 3.7
Sleep disturbance 0.4 4.3 1.1
Social Participation 0.4 3.9 2.1
Pain Interference 0.8 7.4 10.1
Pain Intensity 1.3 0.4 6.9
*Percentage per domain raw scores at “4” or “20”. Floor: worst health status, 
regardless of the scoring direction of the domain. Thus, low Physical Function 
and Social Participation scores, and high Anxiety, Depression, Fatigue, Sleep 
Disturbance and Pain scores were considered floor effects. Floor/ceiling effects 
at (≥ 15) at the domain level are marked with bold numbers

Fig. 2  Distribution histograms for PROMIS-29 per domain T-scores at baseline
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who were lost to follow-up compared to our study sam-
ple. Limitations arising from differences in the ques-
tionnaires’ descriptive systems were addressed through 
hypothesized correlation levels and knowledge and clini-
cal expertise of our research team. Some combinations 
of PROMIS-29 domains and EQ-5D-5L dimensions are 
conceptually very similar, supported both by face valid-
ity and previous studies, adding a degree of certainty 
that the change score correlations also would correlate 
strongly. Still, conceptually divergent combinations may 
be expected to be somewhat connected, based on clini-
cal experience. Relying on the opinion of experienced 
practitioners and researchers when needed, may add a 
potential for biases hypotheses. The limited response 
options of EQ-5D-5L and the modest PROMIS-29 mean 
improvement achieved may have diminished the reliabil-
ity of the change correlations. Another limitation was the 
overlap between some of the selected change correla-
tion categories, resulting from reliance on team consen-
sus. Adding more literature of relationship between the 
constructs embedded in the PROMIS-29 domains and 
the EQ-5D-5L dimensions could have strengthened the 
rationale for the hypotheses used in this study.

While the EQ-5D-5L may not be the optimal compara-
tor for assessing responsiveness, as further exploration of 
its responsiveness is still needed [29], it was highly rel-
evant in our study. Both PROMIS-29 and EQ-5D-5L are 
designed to measure patients’ self-perceived HRQoL. 
They cover key health dimensions, are generic in nature, 

and exhibit sufficient conceptual overlap, making the EQ-
5D-5L a suitable comparator in this context.

Implications
Our study was conducted in a new clinical set-
ting compared to previous research on the Norwe-
gian PROMIS-29, thereby providing new insights into 
measurement properties of this increasingly utilized 
questionnaire. Further, the use of PROMIS-29 in a lon-
gitudinal context also allowed assessment of responsive-
ness, which is a measurement property that has not yet 
been sufficiently explored.

The currently demonstrated measurement proper-
ties of PROMIS-29 support its use in clinical rehabili-
tation practice. Health professionals can confidently 
use PROMIS-29 to measure patients’ HRQoL, evaluate 
their progress over time, and tailor interventions based 
on each patient’s profile score. Researchers can include 
PROMIS-29 to measure rehabilitation outcomes and 
evaluate changes in HRQoL following interventions, and 
healthcare leaders can use PROMIS-29 data to inform 
development of rehabilitation services.

Conclusion
In conclusion, this study provides evidence for the inter-
nal consistency, construct validity and responsiveness 
of the PROMIS-29 v2.1 in a Norwegian rehabilitation 
context involving patients with various chronic diseases. 
The use of the Norwegian version of PROMIS-29 v2.1 is 

Table 4  Expected similarity between PROMIS-29 domains and EQ-5D-5L dimensions, and correlation* results
Color coding: 
A priori expected correlation 
strengths are identified by back-
ground shading:

Weakly related or 
unrelated constructs
< 0.30

Moderately related but 
dissimilar constructs
< 0.50 and ≥ 0.20

Largely related
but dissimilar 
constructs
< 0.60 and ≥ 0.30

The same 
construct
≥ 0.60

PROMIS-29 Domains: EQ-5D-5L Mobility EQ-5D-5L
Self-Care

EQ-5D-5L 
Usual Activities

EQ-5D-5L 
Pain/ Discomfort

EQ-5D-5L 
Anxiety/ 
Depression

Physical function -0.76 
[-0.78, -0.73]

-0.57
[-0.60, -0.53]

-0.67
[-0.70, -0.64]

-0.47
[-0.51, -0.42]

-0.04
[-0.09, 0.02]

Anxiety 0.01
[-0.05, 0.06]

0.05
[0.00, 0.10]

0.16 
[0.11, 0.21]

0.24
[0.19, 0.29]

0.75 
[0.73, 0.77]

Depression 0.11 
[0.06, 0.16]

0.13 
[0.08, 0.19]

0.24
[0.19, 0.29]

0.30
[0.25, 0.34]

0.70
[0.67, 0.73]

Fatigue 0.20
[0.15, 0.25]

0.22
[0.17, 0.27]

0.46
[0.41, 0.50]

0.45
[0.41, 0.49]

0.40
[0.35, 0.44]

Sleep disturbance 0.11
[0.06, 0.17]

0.18
[0.12, 0.23]

0.27
[0.22, 0.32]

0.41
[0.36, 0.45]

0.29
[0.24, 0.34]

Social Participation -0.39
[-0.44, -0.35]

-0.33
[-0.38, -0.29]

-0.63 
[-0.66, -0.60]

-0.44
[-0.48, -0.39]

-0.24 
[-0.29, -0.19]

Pain Interference 0.44
[0.40, 0.48]

0.41
[0.36, 0.45]

0.53
[0.49, 0.57]

0.75 
[0.72, 0.77]

0.21
[0.15, 0.25]

Pain Intensity 0.37
[0.33, 0.42]

0.35
[0.30, 0.39]

0.40
[0.35, 0.44]

0.78
[0.76, 0.80]

0.19 
[0.14, 0.24]

* Spearman’s rho coefficient was used to compare the T-scores of each PROMIS-29 domains (for pain intensity: numeric rating score) with each EQ-5D-5L item score. 
Bold numbers indicate confirmed hypotheses. [in brackets]: 95% confidence intervals for each correlation coefficient. The rationale behind these hypotheses is 
explained in Additional File 1
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Table 5  Expected correlations between changes in scores of PROMIS-29 and EQ-5D-5L, and results
Hypotheses addressing relative change scores (∆) Confirmed

Yes/No:
Expected relative 
correlations

PROMIS-29 Anxiety ∆ correlating higher with EQ-5D-5L Anxiety / Depression ∆ than with any other 
EQ-5D-5L dimension ∆

Yes

PROMIS-29 Depression ∆ correlating higher with EQ-5D-5L Anxiety / Depression ∆ than with any 
other EQ-5D-5L dimension ∆

Yes

PROMIS-29 Pain Interference ∆ correlating higher with EQ-5D-5L Pain / Discomfort ∆ than with any 
other EQ-5D-5L dimension ∆

Yes

PROMIS-29 Pain Intensity ∆ correlating higher with EQ-5D-5L Pain / Discomfort ∆ than with any 
other EQ-5D-5L dimension ∆

Yes

PROMIS-29 Social Participation ∆ correlating higher with EQ-5D-5L Usual Activities ∆ than with any 
other EQ-5D-5L dimension ∆

Yes

PROMIS-29 Fatigue ∆ correlating higher with EQ-5D-5L Usual Care ∆
than with any other EQ-5D-5L dimension ∆

Yes

PROMIS-29 Sleep Disturbance ∆ correlating higher with EQ-5D-5L Pain / Discomfort ∆ than with 
any other EQ-5D-5L dimension ∆.

Yes

EQ-5D-5L Mobility ∆ correlating higher with PROMIS-29 Physical Function ∆ than with any other 
PROMIS-29 domain ∆

Yes

EQ-5D-5L Self-Care ∆ correlating higher with PROMIS-29 Physical Function ∆ than with any other 
PROMIS-29 domain ∆

Yes

EQ-5D-5L Usual Activities ∆ correlating higher with PROMIS-29 Physical Function ∆ than with any 
other PROMIS-29 domain ∆

Yes

Expected magnitude of the 
correlations

Hypotheses addressing change scores (∆) for the most similar constructs Confirmed Yes/No*:
PROMIS-29 Physical Function ∆ will correlate ≥ 0.5 with EQ-5D-5L Mobility ∆ No (0.49) 

[0.44, 0.54]
PROMIS-29 Anxiety ∆ will correlate ≥ 0.5 with EQ-5D-5L Anxiety / Depression ∆ No (0.43)

[0.37, 0.48]
PROMIS-29 Depression ∆ will correlate ≥ 0.5 with EQ-5D-5L Anxiety / Depression ∆ No (0.33)

[0.27, 0.38]
PROMIS-29 Pain Interference ∆ will correlate ≥ 0.5 with EQ-5D-5L Pain / Discomfort ∆ No (0.42)

[0.37, 0.47]
PROMIS-29 Pain Intensity ∆ will correlate ≥ 0.5 with EQ-5D-5L Pain / Discomfort ∆ Yes (0.50)

[0.45, 0.55]
Hypotheses addressing change scores (∆) for related but dissimilar constructs Confirmed Yes/No*:
PROMIS-29 Physical Function ∆ will correlate in the interval between 0.30 and 0.50 with EQ-5D-5L 
Self-Care ∆

Yes (0.33)
[0.27, 0.38]

PROMIS-29 Physical Function ∆ will correlate in the interval between 0.30 and 0.50 with EQ-5D-5L 
Usual Activities ∆

Yes (0.45)
[0.40, 0.49]

PROMIS-29 Social Participation ∆ will correlate in the interval between 0.30 and 0.50 with EQ-5D-
5L Usual Activities ∆

Yes (0.36)
[0.30, 0.41]

PROMIS-29 Sleep Disturbance ∆ will correlate in the interval between 0.30 and 0.50 with EQ-5D-5L 
Anxiety / Depression ∆

No (0.19)
[0.13, 0.25]

Hypotheses addressing change scores (∆) for the most unrelated constructs Confirmed Yes/No*:
PROMIS-29 Sleep Disturbance ∆ will correlate < 0.3 with EQ-5D-5L Mobility ∆ Yes (0.12)

[0.06, 0.18]
PROMIS-29 Anxiety ∆ will correlate < 0.30 with EQ-5D-5L Mobility ∆ Yes (0.04)

[-0.02, 0.10]
PROMIS-29 Depression ∆ will correlate < 0.30 with EQ-5D-5L Self-Care ∆ Yes (0.13)

[0.07, 0.19]
PROMIS-29 Fatigue ∆ will correlate < 0.30 with EQ-5D-5L Self-Care ∆ Yes (0.11)

[0.20, 0.32]
PROMIS-29 Sleep Disturbance ∆ will correlate < 0.30 with EQ-5D-5L Self-Care ∆ Yes (0.16)

[0.10, 0.22]
*Spearman’s rho coefficient was used to compare changes in the T-scores of each PROMIS-29 domains (or numeric rating score for Pain Intensity) with changes in 
each EQ-5D-5L item score. [In brackets]: 95% confidence interval. The first 10 relative correlations are based on absolute numbers, and not tested for significant 
difference
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recommended for both research and clinical practice tar-
geting adults referred for rehabilitation services.
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