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Abstract
Background: Legacy hemophilia-specific questionnaires are considered too long, 
show floor-/ceiling effects, and/or include irrelevant questions. Patient Reported 
Outcomes Measurement Information System (PROMIS) item banks, including 
Computer Adaptive Tests (CATs) and short forms, were designed for more efficient 
outcome assessment.
Objectives: Evaluate the feasibility, measurement properties, and relevance of seven 
PROMIS CATs and two short forms in patients with hemophilia.
Patients/Methods: In this cross-sectional study, Dutch adults with hemophilia com-
pleted nine PROMIS item banks electronically. Feasibility was assessed by number of 
items and floor/ceiling effects. Reliability was determined as the proportion of reli-
able scores (standard error ≤3.2). Construct validity was assessed by comparison with 
legacy instruments and expected differences between subgroups. Relevance of item 
banks was determined by proportions of limited scores.

mailto:﻿
https://twitter.com/IsoldeKuijlaars
https://orcid.org/0000-0003-2920-2258
https://twitter.com/IsoldeKuijlaars
https://orcid.org/0000-0002-8067-2792
https://twitter.com/lizevanvulpen
https://orcid.org/0000-0003-3242-5524
https://twitter.com/lizevanvulpen
https://orcid.org/0000-0003-1910-999X
https://orcid.org/0000-0001-6891-9062
https://orcid.org/0000-0002-1957-4122
https://orcid.org/0000-0002-0265-4871
https://twitter.com/CnossenM
https://orcid.org/0000-0003-1557-2995
https://twitter.com/CnossenM
https://orcid.org/0000-0001-9661-2746
https://twitter.com/LotteHaverman
https://orcid.org/0000-0001-7849-0562
https://twitter.com/LotteHaverman
https://orcid.org/0000-0001-7126-6613
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:i.a.r.kuijlaars-2@umcutrecht.nl


2 of 14  |     KUIJLAARS et al.

Essentials

•	 This study investigates Patient Reported Outcomes Measurement Information System (PROMIS) Computer Adaptive Tests (CATs) and 
short forms in hemophilia.

•	 This is a multicenter study in 142 Dutch adults with hemophilia.
•	 Four PROMIS CATs are feasible and valid alternatives to legacy instruments.
•	 The PROMIS CAT domain physical function is most relevant to patients with hemophilia.

1  |  INTRODUC TION

Clinical management and therapeutic options for hemophilia have 
greatly improved in the past decades in resource-rich countries, from 
prophylactic clotting factor replacement therapy to prevent bleed-
ing,1 introduced in the Netherlands in 1968, to current ongoing he-
mophilia gene therapy trials2 and upcoming nonreplacement therapy 
development and implementation since 2017.3 Logically, outcome 
has also improved, from reduced life expectancy and development 
of painful crippling arthropathy at an early age to a near-normal life 
expectancy and participation in contact sports.4,5 Currently, com-
prehensive care with a focus on physical and psychosocial health is 
standard care.1 Appropriate patient-reported outcomes are essen-
tial to evaluate these and novel interventions in individual patients 
and should cover the wide range of consequences of hemophilia.6

Patient Reported Outcomes Measurement Information System 
(PROMIS) is a set of universal, person-centered item banks that eval-
uates and monitors physical, mental, and social health in adults and 
children, currently available in many languages (eg, English, Dutch, 
German, Spanish, French, Hebrew, Chinese, and Korean).7 Other 
than Classical Test Theory (CTT)-based legacy instruments like 
the Haemophilia Activities List (HAL) and RAND-36, with sum and 
component scores that are a sum of all individual ordinal items of 
the questionnaire, PROMIS item banks were developed according 
to the Item Response Theory (IRT). According to IRT, the score is 
determined on the basis of the specific item and scoring option lev-
els, taking rating of individual answers into account. In addition, an 

important advantage of IRT is the application of Computer Adaptive 
Tests (CATs), where the next item presented to the patient depends 
on the response to earlier items. As a consequence, it is not neces-
sary to answer all items of the patient-reported outcome measure. 
This system lowers the burden of outcome assessment by admin-
istering a limited number of more relevant questions with a higher 
reliability.8 For example, the HAL contains 42 items versus a mean 
of 4 to 6 PROMIS physical functioning CAT items.9 When CATs are 
not available or information technology (IT) facilities and budget 
are limited, static PROMIS short forms with a selection of items 
are a reliable alternative.10 An additional advantage is that PROMIS 
item banks are generic and patients do not need to complete dif-
ferent questionnaires for every comorbidity, resulting in a lower 
burden for the patient. This aspect is increasingly relevant to pa-
tients with hemophilia who experience an increasing life expectancy 
and as a result acquire more comorbidities associated with aging.5 
Furthermore, the occurrence of floor and ceiling effects, a frequent 
limitation of the HAL and Short Form-36 (SF-36), are minimalized in 
PROMIS item banks based on item selection over the whole score 
range.9,11-14 A large set of PROMIS item banks has been translated 
and validated in the Dutch general population and several patient 
populations.15-18 However, PROMIS item banks have not yet been 
validated in adults with hemophilia and were to date seldom applied 
in hemophilia research projects.19-21 Therefore, this study aimed to 
evaluate (i) feasibility, (ii) measurement properties, and (iii) relevance 
of nine PROMIS CATs and short forms for Dutch adult patients with 
hemophilia. We hypothesized that PROMIS CATs and short forms 

Results: Overall, 142 of 373 invited patients (mean age, 47 [range, 18-79], 49% severe 
hemophilia, 46% receiving prophylaxis) responded. Per CAT item bank, mean number 
of items answered varied from 5 (range, 3-12) to 9 (range, 5-12), with floor effects in 
pain interference (26% lowest scores) and depression (18% lowest scores). Construct 
validity and reliability were good for physical function, pain interference, satisfaction 
with social roles and activities, and fatigue. The CAT physical function showed the 
most limited scores (38%). The self-efficacy short forms showed ceiling effects (22%-
28%) and no relation with the legacy instruments.
Conclusions: The PROMIS CATs physical function, pain interference, satisfaction with 
social roles and activities, and fatigue are feasible, reliable, and valid alternatives to 
legacy instruments for patients with hemophilia, with few items and low floor-/ceiling 
effects.

K E Y W O R D S
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are feasible alternatives to legacy instruments for patients with 
hemophilia.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and study population

This study was a cross-sectional multicenter study in three Dutch 
Hemophilia Treatment Centers: Van Creveldkliniek in Utrecht, 
Amsterdam University Medical Center in Amsterdam, and Erasmus 
University Medical Center in Rotterdam. Data collection occurred 
from December 2020 to February 2021 in adult patients who par-
ticipated in the Hemophilia in the Netherlands-6 (HiN-6) nationwide 
survey study, for which patients were invited from June 2018 until 
July 2019, and gave permission to be contacted for follow-up stud-
ies.22 Inclusion criteria were mild to severe hemophilia A or B and 
≥18  years at HiN-6 assessment. Exclusion criteria were relevant 
self-reported changes in health between HiN-6 and PROMIS assess-
ment. Relevant changes were defined as started or stopped with 
prophylactic treatment, started with emicizumab or gene therapy, 
changes in health status like stroke or major bleeds with remaining 
complaints, and joint surgery and other major surgeries between 
HiN-6 and PROMIS assessment. Patients were invited to participate 
by email and received a personal link to the research website to sign 
online informed consent and to complete PROMIS questionnaires. 
After 2 weeks, patients received one reminder email. Included pa-
tients gave written informed consent for the HiN-6 survey and elec-
tronic informed consent for the collection of PROMIS data. Patients 
were informed about the project by the Netherlands Hemophilia 
Patient Society. A sample size of ≥100 has been recommended for a 
validation study.23

Patient characteristics and data from five legacy questionnaires 
(HAL, RAND-36, Haemophilia & Exercise Project-Test-Questionnaire 
[HEP-test-Q], Validated Hemophilia Regimen Treatment Adherence 
Scale—Prophylaxis [VERITAS-Pro], Patient Activation Measure-13 
[PAM-13]) were extracted from the HiN-6 study. Legacy question-
naires were completed online (84%) or on paper.

The Medical Research Ethical Committee of the University 
Medical Center Utrecht reviewed the study (protocol number 
20-691/C).

2.2  |  Measurements

2.2.1  |  PROMIS item banks

Nine Dutch PROMIS item banks were selected by nine members 
of the PROMIS in Hemophilia Care’ workgroup (IK, MT, LV, MP, SG, 
MHC, LH, KF, MH), including physicians, physical therapists, and 
psychologists. Seven item banks were assessed as CAT: V1.2, physi-
cal function; V1.1, pain interference; V1.0, depression; V1.0, anxiety; 
V2.0, ability to participate in social roles and activities (participation); 

V2.0, satisfaction with social roles and activities (satisfaction with 
participation); and V1.0, fatigue.15 For two items banks no CAT was 
available; these were assessed as short form with 8 questions: V1.0, 
self-efficacy for managing medications and treatment (self-efficacy 
medications); and V1.0, self-efficacy for managing symptoms (self-
efficacy symptoms). All item banks use a 5-point Likert scale. The 
CATs automatically stopped when the standard error (SE) was ≤2.2 
(95% reliability) and/or a maximum of 12 items was administered. 
PROMIS total scores are calculated by transforming the item scores 
into T scores, based on US population data, with a mean of 50 and a 
standard deviation (SD) of 10. For all item banks, higher scores rep-
resent more presence of the construct (eg, more pain interference 
or better physical function). The scores of the short forms were cal-
culated in the PROMIS Assessment Center Scoring Service. All item 
banks cover a 7-day recall period, except from the physical func-
tion and participation, which do not use a recall period, and the self-
efficacy item banks, which ask the current level of confidence.

2.2.2  |  Legacy instruments from HiN-6

The HAL is a validated instrument for assessment of self-reported 
limitations in activities and participation in patients with hemophilia. 
It contains 42 items, distributed over seven domains (lying down/sit-
ting/kneeling/standing, functions of the legs, functions of the arms, 
use of transportation, self-care, household tasks, and leisure activi-
ties and sports). Patients score the items on a 6-point Likert scale 
(impossible, always, mostly, sometimes, rarely, never), with a not ap-
plicable (N/A) scoring option for some items. Domain scores, compo-
nent scores, and sum scores are converted to a normalized domain 
score ranging from 0 (worst possible functional abilities) to 100 (best 
possible functional abilities). Domain and component scores were 
calculated only if a minimum of 50% of items of a domain or compo-
nent were scored on the 6-point Likert scale. The HAL uses a recall 
period of 1 month.24,25 The internal consistency of the HAL was high 
(Cronbach’s α, 0.97-0.98).24,26

The RAND-36 measures health-related quality of life across 8 
domains (‘physical functioning, role limitations due to physical health 
problems, bodily pain, general health, energy/fatigue, social func-
tioning, role limitations due to emotional health problems, and emo-
tional well-being), and construct validity has been studied in patients 
with hemophilia.27 In six of eight domains, patients score the items 
on a 3- to 6-point Likert scale, and in two of eight domains, patients 
score yes or no. Scores range from 0 to 100, with higher scores in-
dicating better health status. The recall period varies from at this 
moment to the last four weeks.28,29 The internal consistency of the 
RAND-36 was high (Cronbach’s α, 0.78-0.95).30

The HEP-test-Q is a validated questionnaire for the assessment 
of subjective physical performance in patients with hemophilia. The 
HEP-test-Q consists of 25 items pertaining to four domains (mo-
bility, strength & coordination, endurance, and body perception). 
The response options are a 5-point Likert scale (never to always). 
Subscales and the total score were transformed to a scale ranging 



4 of 14  |     KUIJLAARS et al.

from 0 to 100, with high scores indicating better physical perfor-
mance. The HEP-test-Q used a recall period of 4 weeks, except for 
two items assessing physical activity: at this moment and compared 
to the last year.31 The internal consistency of the HEP-test-Q was 
high (Cronbach’s α, 0.96).31

The VERITAS-Pro is a validated questionnaire for the assessment 
of prophylactic treatment adherence in patients with hemophilia. 
The 24-item questionnaire consists of six subscales (time, dose, plan, 
remember, skip, communicate). The response options were a 5-point 
Likert scale (always to never). The score ranges from 100 to 0, with 
an optimum score of 0. The VERITAS-Pro has a recall period of 3 
months.32 The VERITAS-Pro was available only for patients on pro-
phylactic treatment. The internal consistency of the VERITAS-Pro 
was high (Cronbach’s α, 0.92).32

The PAM-13 measures patient knowledge, skills, and confidence 
for self-management. All 13 items have five possible responses, with 
scores ranging from 1 (disagree strongly) to 4 (agree strongly) or 0 
(not applicable). The PAM-13 has a calibrated scale range from 38.6 
to 53.0 (on a theoretical 0-100 point scale, with 100 as the opti-
mum score). The PAM-13 does not specify a recall period.33,34 In the 
general population, internal consistency of the PAM-13 was high 
(Cronbach’s α, 0.88).34

2.2.3  |  Patient characteristics

Patient characteristics analyzed included age at HiN-6 participation, 
type of hemophilia (A or B), severity of the disease (mild [factor VIII/
IX activity, 0.06-0.40 IU/mL], moderate [factor VIII/IX activity, 0.01-
0.05 IU/mL] or severe [factor VIII/IX activity, <0.01 IU/mL]), clotting 
factor regimens (prophylaxis yes/no), inhibitor status (current/for-
mer/never) and comorbidities (HIV yes/no, hepatitis C current/past/
unknown, and other comorbidities).

2.3  |  Statistical analyses

SPSS, version 25 (IBM, Armonk, NY, USA) was used for data analy-
ses. Complete case analyses were performed in the case of missing 
data.

Patient characteristics were presented as proportions or means 
(SD).

2.3.1  |  Feasibility

To determine the feasibility of PROMIS CATs and short forms, floor 
and ceiling effects were evaluated. Floor effects were defined as 
>15% of the patients reported the lowest possible score, and ceil-
ing effects were defined as >15% reported the highest possible 
score.35 In addition, for the CATs the number of items (mean [SD], 
range) completed by patients with hemophilia were evaluated. For 
the legacy instruments, floor and ceiling effects were evaluated and 

number of items described. Both the floor and ceiling effects and 
number of items were compared between the PROMIS item banks 
and the legacy instruments. Data on time to administer the legacy 
instruments and PROMIS CATs and short forms were not available.

2.3.2  | Measurement properties—construct 
validity and reliability

Construct validity was studied by testing hypotheses regarding the 
relationship of PROMIS items banks with the legacy instruments 
(convergent validity) as well as regarding expected differences be-
tween subgroups (known-group validity). Hypotheses were de-
fined a priori based on the literature13,14,31,36-39 and expert opinion 
(KF, MT, MP, MC, SG, MHC, MK) and are presented in Supporting 
Information.

To test hypotheses regarding convergent validity, correlations 
between PROMIS item banks and the legacy instruments were cal-
culated. Spearman’s correlations were calculated because some data 
showed skewed distributions. Correlation coefficients of ≥0.9 were 
considered as a very strong correlation, 0.7 to 0.89 as strong, 0.4 to 
0.69 as moderate, 0.10 to 0.39 as weak, and <0.10 as negligible.40

To test the hypotheses regarding known-group validity, differ-
ences in PROMIS T scores between a priori defined groups (severe 
vs nonsevere [mild and moderate] hemophilia and young adults [18-
29 years] vs adults [≥30 years]) were tested with unpaired t tests.

The reliability of the CATs was evaluated by calculating the pro-
portion of T scores with an SE  ≤  3.2. In IRT, the reliability varies 
across levels of the measured construct and is shown as the SE. An 
SE of ≤3.2 signifies a reliability of 90%, which has been considered 
a minimum requirement for use of patient-reported outcome mea-
sures (PROMs) in individual patients.41  This SE cutoff point devi-
ates from the stopping rule of ≤2.2 as described for the PROMIS 
CATs. To assess reliability of the legacy instruments of the patients 
with hemophilia, internal consistency estimates (Cronbach’s α) were 
calculated.

2.3.3  |  Relevance

To determine which item banks were relevant to adults with he-
mophilia, descriptive analyses (mean T scores and SD, range) were 
performed for the PROMIS item banks. For the PROMIS CATs pain 
interference, physical function, depression, anxiety, participation, 
and fatigue T scores were categorized in the following categories: 
within normal limits, mildly- (0.5 SD), moderately (1 SD), or severely 
(2 SD) deviant. For the PROMIS CAT satisfaction with participation T 
scores were categorized as very high (+2 SD), high (+1 SD), average, 
low (−1 SD), and very low (−2 SD) for the construct being measured. 
Reference data from the general Dutch male population were used 
to determine the score cutoff points for these seven PROMIS item 
banks, according to data from the Dutch-Flemish PROMIS national 
center (personal communication, CB Terwee, April 29, 2021, and 
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August 26, 2021). For the PROMIS short forms self-efficacy medica-
tions and self-efficacy symptoms T scores were categorized as very 
high (+2 SD), high (+1 SD), average, low (−1 SD), and very low (−2 SD) 
for the construct being measured. In the absence of Dutch reference 
data, score cutoff values from the general US population were used 
to categorize these two PROMIS scores. In the general population, 
84.1% scored within normal limits or the mildly deviant categories or 
the average, high, or very high categories.42

Finally, a synthesis of the results on feasibility, measurement 
properties, and relevance was generated.

3  |  RESULTS

3.1  |  Patient characteristics

In total, 373 adult patients with hemophilia were invited to partici-
pate in the study, 162 patients (43%) signed informed consent, but 6 
did not proceed to answer the questionnaires, and 14 reported rel-
evant changes in their health status since participating in the HiN-6 
study and were therefore excluded. Eventually, 142 adult patients 
with hemophilia were included and started to complete the PROMIS 
item banks resulting in a response rate of 38%. Of these 142 pa-
tients, 133 (94%) completed all nine PROMIS item banks. Patient 
characteristics are shown in Table 1. The mean age was 47.4 (range, 
18-79) years, and 49% had severe hemophilia. One-third (34%) of 
the patients reported no comorbidities. The most common reported 
comorbidities were hepatitis C (51%), hypertension (20%), HIV (8%), 
hypercholesterolemia (8%), and (a history of) cancer (7%). The mean 
(SD) time between the data collection for the HiN-6 study (legacy 
instruments) and the current study (PROMIS item banks) was 2.2 
(±0.3) years and varied from 1.0 to 2.6 years.

3.2  |  PROMIS item banks and legacy instruments

3.2.1  |  Feasibility

Table 2 presents data on the number of items and floor and ceiling 
effects of the nine Dutch PROMIS item banks. The mean number of 
questions answered per CAT item bank varied from 5.2 (range, 3-12) 
for satisfaction with participation to 8.7 (range, 5-12) for anxiety. 
In total, the legacy instruments contained 141 items, and the mean 
total number of PROMIS items completed was 57 (±13). Details on 
the number of items for the legacy instruments are shown in the 
Supporting Information.

Floor effects were observed in two PROMIS item banks: the 
CATs pain interference (26% minimum scores) and depression (18% 
minimum scores). Patients had to administer the maximum of 12 CAT 
items when reporting minimum scores. Ceiling effects were observed 
in two PROMIS item banks: the short forms self-efficacy medications 
(28% maximum scores) and self-efficacy symptoms (22% maximum 
scores). Details on the proportions of lowest and highest scores for 

the legacy instruments are shown in the Supporting Information. 
Ceiling effects were observed for the RAND-36 domains physical 
functioning (26%), social functioning (49%), pain (28%), and role lim-
itations due to physical health problems (64%), and for the HAL sum 
score (22%). Floor effects were observed for the VERITAS-Pro do-
mains time (20%) and remember (22%).

3.2.2  | Measurement properties—construct 
validity and reliability

Results of construct validity and hypotheses testing of the PROMIS 
item banks compared to legacy instruments are shown in Table 3. 
For PROMIS CATs physical function and pain interference domains, 
correlations with the legacy instruments were strong and met the 
predefined criteria for convergent validity. For the PROMIS CAT 
satisfaction with participation domain, correlations were moderate 
and met the predefined criteria for convergent validity. The correla-
tion between the PROMIS CAT fatigue and the RAND-36 energy/
fatigue domains was −0.59, which was almost consistent with the 
hypothesis (r > −0.6) and considered as confirmed by the authors. 
The correlations between PROMIS CATs depression and anxiety and 

TA B L E  1 Patient characteristics

Patient characteristics (n = 142) Mean (SD) or %

Age (years) 47.4 (17.1)

Hemophilia A 86.5

Hemophilia severity

Mild 33.1

Moderate 18.3

Severe 48.6

Prophylaxis 45.8

Inhibitor

Current 2.1

Former 8.5

Comorbidities

No comorbidities 34.7

HIV positive 7.7

Hepatitis C

Current 1.4

Former 49.3

Unknown 0.7

Other comorbiditiesa

1 22.5

>1 20.4

Abbreviation: SD, standard deviation.
aOther comorbidities included hypertension (20%), 
hypercholesterolemia (8%), cancer (ever) (7%), heart diseases other 
than angina pectoris (6%), diabetes type 2 (6%), lung diseases (5%), 
psychological complaints (4%), liver failure (2%), ischemic stroke (1%), 
hemorrhagic stroke (1%), osteoporosis (1%), and kidney disease (1%).
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the RAND-36 emotional well-being domain were moderate and did 
not meet the predefined criteria (r > −0.6). The correlations between 
the PROMIS CAT participation domain and the legacy instruments 
RAND-36 social functioning domain, RAND-36 domain role limita-
tions due to physical health problems and the HAL complex lower-
extremity component were weak to moderate and did not meet the 
predefined criteria (r > 0.6).

The correlation between the PROMIS short form domain self-
efficacy symptoms and PAM-13 was weak, and the correlations 
between the PROMIS short form self-efficacy medications and 
VERITAS-Pro time and remember scales were negligible and did not 
meet the predefined criteria (r > 0.4).

The hypotheses regarding expected differences between sub-
groups were confirmed for the PROMIS CATs domains physical 
function and participation (Figure 1 and Table 3). Compared to pa-
tients with severe hemophilia, patients with nonsevere hemophilia 
had better physical function (53.0 vs 45.0; P < .001) and better abil-
ity to participate in social roles and activities (54.4 vs 50.5; P < .001). 
Compared to patients aged ≥30 years, patients aged 18 to 29 years 
had better physical function (57.9 vs 46.4; P < .001) and better abil-
ity to participate in social roles and activities (56.3 vs 51.3; P < .001). 
For the PROMIS physical function domain, the minimal important 
change is 2 to 8, and the differences were considered to be clinically 
relevant.43 For the PROMIS participation domain, data on the mini-
mal important change were not available.

The reliability varied between the different PROMIS item banks 
(Table  2). For all PROMIS CATs and short forms, >70% of the T 
scores were reliable (SE ≤ 3.2, 90% reliable), except for the PROMIS 

short form domain self-efficacy medications (44%). The internal 
consistency of the legacy instruments was good, with Cronbach’s 
α between 0.76 and 0.97. Details on the internal consistency for the 
legacy instruments are shown in the Supporting Information.

3.2.3  |  Relevance

Table 4 presents the T scores for the PROMIS item banks. In addi-
tion, Figures 2 and 3 show the distribution of the scores according to 
the score cutoff values. The PROMIS CAT domain physical function 
(38%) was most frequently scored as limited. Adult patients with he-
mophilia reported lower scores than the general Dutch male popu-
lation for physical function and satisfaction with participation. For 
all other PROMIS item banks, adult patients with hemophilia scored 
similar or better, compared to the general population.

3.3  |  Synthesis of results on feasibility, 
measurement properties and relevance

Table 5 presents a synthesis of the results on feasibility, measure-
ment properties, and relevance for the item banks. The number of 
items for the PROMIS CATs was lower than the entire legacy in-
struments, but on domain level the number of items was similar 
or higher, except for the PROMIS CAT domain physical function. 
Minimum and maximum scores occurred equally or less frequently 
in the PROMIS CATs than in the legacy instruments, except for 

PROMIS item bank

Floor Ceiling Number of items
Reliability 
(SE ≤ 3.2)

n% % Mean (SD) Min Max %

Computer Adapted Tests (CATs)

Physical function - 0.7 6.0 3.5 3 12 95.1 142

Pain interference 26.1 - 6.1 4.2 3 12 73.9 142

Depression 17.6 - 8.6 3.2 5 12 82.4 142

Anxiety 11.4 - 8.7 2.7 5 12 87.1 140

Participation - 9.4 6.4 2.9 3 12 90.6 139

Satisfaction with 
participation

- 2.2 5.2 2.4 3 12 97.8 139

Fatigue 2.2 - 6.4 2.5 4 12 100.0 138

Short forms

Self-efficacy 
medications

1.5 27.8 43.6 133

Self-efficacy 
symptoms

0.7 22.4 70.1 134

Note: Participation: ability to participate in social roles and activities; satisfaction with 
participation: satisfaction with social roles and activities; self-efficacy medications, self-efficacy 
for managing medications and treatment; self-efficacy symptoms, self-efficacy for managing 
symptoms.
Abbreviations: CATs, Computer Adaptive Tests; PROMIS, Patient Reported Outcomes 
Measurement Information System; SD, standard deviation; SE, standard error.

TA B L E  2 Feasibility and reliability of 
the PROMIS CATs and short forms: floor 
and ceiling effects and numbers of items 
completed
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the PROMIS CAT domain depression. Convergent validity of the 
PROMIS CATs domains physical function, pain interference, satis-
faction with participation, and fatigue was confirmed by hypoth-
esis testing. Convergent validity of the PROMIS CATs domains 
depression, anxiety, and participation was, in this study, not con-
firmed. For the PROMIS CAT domains participation and physical 
function, known-group validity was confirmed, as both were able 
to discriminate between different age and severity categories. The 
reliability of the CATs was good. The PROMIS CAT domain physi-
cal function was considered to be most relevant for adult patients 
with hemophilia, as most limitations were reported in this domain. 
The PROMIS short form domain self-efficacy symptoms was reli-
able and shorter than the PAM-13, but showed a considerable ceil-
ing effect and convergent validity was not confirmed. The PROMIS 
short form domain self-efficacy medications was not a feasible and 
reliable alternative to the VERITAS-Pro and measured a different 
construct.

4  |  DISCUSSION

This study aimed to determine the feasibility, validity, and relevance 
of nine PROMIS item banks in 142 adult Dutch adults with hemo-
philia. The PROMIS CATs were considered to be feasible, with a 
low number of items and limited floor effects. The number of CAT 
items (mean number of CAT items, 5-9) was substantially lower than 
in the legacy instruments, which varies from 13 items for the en-
tire PAM-13 to 42 for the entire HAL. The PROMIS CAT domain 
physical function was more feasible than the legacy instruments 
and was most relevant for adult patients with hemophilia. In addi-
tion, the PROMIS CATs domains pain interference, satisfaction with 
participation, and fatigue were feasible alternatives to the legacy 
instruments. The PROMIS CAT domain participation was a feasible 
tool to discriminate between different age and severity categories. 
The PROMIS CATS on mental health did not meet the predefined 
correlation criteria with the legacy instruments. The current results 

TA B L E  3 Predefined hypotheses and results of validity testing according to PROMIS item banks show that convergent validity was 
confirmed for the PROMIS CATs domains physical function, pain interference, and satisfaction with participation and known-group validity 
was confirmed for the PROMIS CATs domains physical function and participation

Convergent validity

PROMIS item bank Legacy instrument Predefined correlation Spearman’s correlation
Confirmed 
(Yes/No)

Physical function RAND-36 Physical functioning >0.6 0.85 Yes

HAL >0.4 0.84 Yes

HEP-test-Q >0.6 0.81 Yes

Pain interference RAND-36 Pain >−0.6 −0.72 Yes

Depression RAND-36 Emotional well-being >−0.6 −0.52 No

Anxiety RAND-36 Emotional well-being >−0.6 −0.46 No

Participation RAND-36 Social functioning >0.6 0.39 No

RAND-36 Role limitations due to physical 
health problems

>0.6 0.44 No

HAL complex lower extremity >0.6 0.44 No

Satisfaction with participation RAND-36 Social functioning >0.4 0.46 Yes

Fatigue RAND-36 Energy/fatigue >−0.6 −0.59 No

Self-efficacy medications VERITAS-Pro Time >−0.4 −0.08 No

VERITAS-Pro Remember >−0.4 0.01 No

Self-efficacy symptoms PAM-13 >0.4 0.37 No

Known-group validity

PROMIS item bank Differences between

Physical function •	 Severe and nonsevere hemophilia
•	 Young adults (18-29 years) and adults (≥30 years)

Yes

Participation •	 Severe and nonsevere hemophilia
•	 Young adults (18–29 years) and adults (≥30 years)

Yes

Note: In the nonsevere categories, all persons with mild and moderate hemophilia were included.
Participation: ability to participate in social roles and activities; satisfaction with participation: satisfaction with social roles and activities; self-
efficacy medications: self-efficacy for managing medications and treatment; self-efficacy symptoms: self-efficacy for managing symptoms.
Abbreviations: HAL, Haemophilia Activities List; HEP-test-Q, Haemophilia & Exercise Project-Test-Questionnaire; PAM-13, Patient Activation 
Measure-13; PROMIS, Patient Reported Outcomes Measurement Information System; VERITAS-Pro, Validated Hemophilia Regimen Treatment 
Adherence Scale – Prophylaxis.
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do not support the use of the PROMIS short forms on self-efficacy 
in adults with hemophilia.

4.1  |  Internal and external validity

The generalizability of the study to other populations with compa-
rable treatment regimens was promoted by inclusion of a hetero-
geneous group of adult Dutch patients with hemophilia aged 18 to 
79 years of all severities. However, a higher proportion of patients 
with severe hemophilia (49%) were included in the current study in 
comparison to all Dutch patients with hemophilia (33%).22 In addi-
tion, the effect of data collection in an online survey on the general-
izability was unclear.

The choice of legacy instruments is an important factor in testing 
convergent validity. However, the legacy instruments were already 
collected for the HiN-6 study and were the best available legacy 
data. For the PROMIS short form domain self-efficacy medications, 
higher correlations with the VERITAS-Pro were expected, although 
the focus of the PROMIS short form domain self-efficacy medica-
tions is more on confidence in managing medication schedules and 
the VERITAS-Pro on adherence to prophylactic treatment in he-
mophilia.32 Besides a narrow data range and ceiling effects, which 
always lower correlations, the lack of correlation may have been af-
fected by the differences between the management of medications 
for patients with hemophilia compared to other diseases as well as 
by the multifactorial character of adherence to prophylaxis.39,44 The 
correlation between the PROMIS short form domain self-efficacy 
symptoms and PAM-13 was also lower than expected. This may 
be explained by a difference in focus of these instruments: where 
the PROMIS short form domain self-efficacy symptoms focuses on 

F I G U R E  1 T-scores on the PROMIS CAT (A) physical function and (B) participation according to age and hemophilia severity. The 
blue lines show the mean score of the general adult Dutch male population on the PROMIS CAT domains physical function (50.9) and 
participation (51.2). Participation: ability to participate in social roles and activities. CAT, Computer Adaptive Test; PROMIS, Patient 
Reported Outcomes Measurement Information System
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TA B L E  4 T scores on the PROMIS CATs and short forms

PROMIS item bank

PROMIS T score

nMean (SD) Min Max

Computer Adapted Tests (CATs)

Physical function 49.1 9.5 26.0 69.2 142

Pain interference 51.0 7.7 41.0 70.2 142

Depression 47.3 7.5 37.1 68.9 142

Anxiety 47.8 7.7 35.9 79.7 140

Participation 52.5 8.2 34.7 64.9 139

Satisfaction with 
participation

50.0 7.2 29.3 65.7 139

Fatigue 46.9 9.2 28.8 74.2 138

Short forms

Self-efficacy 
medications

49.9 9.5 19.0 60.6 133

Self-efficacy 
symptoms

51.8 8.7 23.2 63.5 134

Note: Interpretation: PROMIS total scores are calculated by 
transforming the item-scores into T scores with 50 (based on the US 
population mean) with a SD of 10. For all item banks, higher scores 
represent more of the construct (eg, more pain interference or better 
physical function).
Participation: ability to participate in social roles and activities; 
satisfaction with participation: satisfaction with social roles and 
activities; self-efficacy medications: self-efficacy for managing 
medications and treatment; self-efficacy symptoms: self-efficacy for 
managing symptoms.
Abbreviations: CATs, computer adaptive tests; PROMIS, Patient 
Reported Outcomes Measurement Information System; self-efficacy 
symptoms, self-efficacy for managing symptoms.
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F I G U R E  2 Scores on six PROMIS CATs in patients with hemophilia. PROMIS T scores were presented in four categories according 
to score cutoff points: within normal limits (green), mild (0.5 SD) (yellow), moderate (1 SD) (orange), and severe (2 SD) (red) symptoms/
limitations in function. As depicted, 84% (blue line) of the general adult Dutch male population scores within normal limits or mild symptoms. 
Participation: ability to participate in social roles and activities. Interpretation: For example, for the PROMIS CAT domain physical function, 
62% of the patients with hemophilia scored within normal limits (green), 19% reported mild limitations (yellow), 18% reported moderate 
limitations (orange), and 1% reported severe limitations (red). For the general Dutch male population, 84% scored within the normal limits 
or mild limitations (blue reference line). In conclusion, patients with hemophilia reported more moderate/severe limitations (19%) on 
physical functioning than the general Dutch male population (16%). CAT, Computer Adaptive Test; PROMIS, Patient Reported Outcomes 
Measurement Information System

F I G U R E  3 Scores on three PROMIS CATs and short forms in patients with hemophilia. PROMIS T scores were presented in five 
categories according to score cutoff points: very high (+2 SD) (green), high (+1 SD) (light green), average, low (−1 SD) (orange), and very low 
(−2 SD) (red). As depicted, 84% (blue line) of the adult Dutch male (satisfaction with participation) or general US population (self-efficacy 
short forms) scores within the very high, high, or average categories. Satisfaction with participation: satisfaction with social roles and 
activities. CAT, Computer Adaptive Test; PROMIS, Patient Reported Outcomes Measurement Information System
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confidence in managing symptoms, the PAM-13 has a broader view 
on self-management.33

In addition, the comparison of PROMIS item banks with legacy 
instruments may have been negatively affected by the extended 
interval (1.0-2.6 years) between the assessments collected for the 
HiN-6 and PROMIS studies. However, we did observe a high cor-
relation for the domain physical function after exclusion of patients 
with major health changes, which were identified by an anchor 
question focused on physical health. The lack of correlation for the 
PROMIS CATs domains anxiety and depression could be attributable 
to changes in mental health during COVID-19 or the high scores, 
as the symptoms evaluated within these domains are generally less 
prevalent in hemophilia.40,45,46 The lack of correlation between the 
PROMIS CAT domain participation and the legacy instruments was 

also affected by high scores and a narrow data range, which was 
also observed for the participation item bank in the Dutch general 
population.16,47

A limitation of the study is that reliability of the PROMIS item 
banks (SE) could not be compared with the legacy instruments 
(Cronbach’s α), which is a result of different measurement theories 
for the legacy instruments and PROMIS (CTT vs IRT). However, it is 
expected that the PROMIS item banks measure more precisely at the 
lower and upper ends of the score ranges.8 For example, the RAND-
36 domain role limitations due to physical health problems consists of 
only two items and had a large ceiling effect, which will result in less 
measurement precision. In contrast, the total PROMIS participation 
item bank consists of 35 items and a selection of relevant items will 
be used in the CAT.

TA B L E  5 Synthesis of the results on feasibility, measurement properties and relevance of the PROMIS CATs and short forms shows that 
the PROMIS CATs domains physical function, pain interference, satisfaction with participation, and fatigue were feasible alternatives to the 
legacy instruments

PROMIS item 
bank Legacy instrument

Feasibility Measurement properties

Relevance
N items 
PROMIS

N items 
legacy 
instruments

Floor/
ceiling

Convergent 
validity

Known-
group 
validity Reliability

Physical function RAND-36 Physical 
functioning

6.0 10 + + + ++ +

HAL 42

HEP-test-Q 25

Pain interference RAND-36 Pain 6.1 2 ± + N/A + −

Depression RAND-36 Emotional 
well-being

8.6 5 − − N/A + −

Anxiety RAND-36 Emotional 
well-being

8.7 5 + − N/A + −

Participation RAND-36 Social functioning 6.4 2 + − + ++ −

RAND-36 RP 4

HAL complex lower 
extremity

9

Satisfaction with 
participation

RAND-36 Social functioning 5.2 2 + + N/A ++ +

Fatigue RAND-36 Energy/fatigue 6.4 4 + + N/A ++ −

Self-efficacy 
medications

VERITAS-Pro Time 8 4 − − N/A − −

VERITAS-Pro Remember 4

Self-efficacy 
symptoms

PAM-13 8 13 − − N/A + −

Participation: ability to participate in social roles and activities; satisfaction with participation: satisfaction with social roles and activities; self-
efficacy medications: self-efficacy for managing medications and treatment; self-efficacy symptoms: self-efficacy for managing symptoms.
Abbreviations: CATs, computer adaptive tests; HAL, Haemophilia Activities List; HEP-test-Q, Haemophilia & Exercise Project-Test-Questionnaire; 
PAM-13, Patient Activation Measure-13; PROMIS, Patient Reported Outcomes Measurement Information System; RP, role limitations due to physical 
health problems; VERITAS-Pro, Validated Hemophilia Regimen Treatment Adherence Scale – Prophylaxis.
Interpretation: N items: for the CATs the mean number of CAT items was shown. Floor/ceiling: + no floor- and/or ceiling effects, ± similar floor- and/
or ceiling effects as legacy instrument, - more floor- and/or ceiling effects than legacy instrument. Convergent validity: + predefined hypothesis 
was confirmed, - predefined hypothesis was not confirmed. Known-group validity: + predefined hypothesis was confirmed, - predefined hypothesis 
was not confirmed. Reliability: ++ >90% of the scores was reliable (SE ≤ 3.2), + >70% of the scores was reliable (SE ≤ 3.2), - <70% of the scores was 
reliable (SE ≤ 3.2). Relevance: + patients with hemophilia had more limited scores than the general population, - patients with hemophilia had fewer 
or similar limited scores than the general population.
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Finally, the use of reference data from the general population in-
fluenced the distribution of the categories of the PROMIS T scores. 
Proportions of abnormal scores were similar or lower than in Dutch 
men or the general US population, except for physical function and 
satisfaction with participation. This may be explained by a tendency 
that patients with lifelong conditions like hemophilia report higher 
health states than the general population, known as the disability 
paradox, suggesting the impact of hemophilia may be underesti-
mated if general population references are used.48 In the absence of 
Dutch male reference data, reference data of the general US popula-
tion were used for the PROMIS item banks self-efficacy medications 
and self-efficacy symptoms, which may have affected the results.49

4.2  |  Comparison with other studies

The reported floor and ceiling effects for the legacy instruments 
were comparable to earlier reports of the HAL and SF-36 in Dutch 
and Swedish patients with hemophilia.11-13  The PROMIS T scores 
(physical function, pain interference, depression, anxiety, partici-
pation, and fatigue) in the current study were also comparable to T 
scores in North American patients with hemophilia, although in North 
American patients higher correlations were reported between mental 
health domains and the EQ-5D-5L anxiety/depression.21 In addition, 
strong correlations were reported between the PROMIS-29 domains 
depression and anxiety and the RAND-36 emotional well-being do-
main in the HiN-6 study, with data collected at the same time point.50

In the current study, the PROMIS CAT domain pain interference 
was limited in only 15% of the patients, which may be a result of a high 
reference value in the general Dutch male population (mean, 54.7) in 
contrast to 50 for the general US population. These findings are in con-
trast with reports of increased pain in a European study in 903 patients 
with hemophilia (age, 36; 35% receiving prophylaxis) and a recent study 
in 46 young Canadians (weighted mean age, 21; all receiving prophy-
laxis), measured with the SF-36.46,51 Using US population references 
would have resulted in a score for increased pain interference in 33% 
of adults with hemophilia.

The current results partly support the recommendations of the 
recent HaemoValue initiative. Based on expert opinion only, the core 
outcome set for hemophilia care includes five of the currently inves-
tigated PROMIS item banks—physical function, pain interference, 
depression, anxiety, and participation—but excluded fatigue and sat-
isfaction with participation.52

Finally, the recently developed Patient Reported Outcomes, 
Burdens and Experiences (PROBE) questionnaire was not included 
in the current study as this questionnaire was not part of the HiN-6 
study. The PROBE provides the opportunity to measure patient-
important reported outcomes (demographic data, general health 
problems, hemophilia-related health problems, and health-related 
quality of life) in patients with hemophilia and people without a 
bleeding disorders.53 In comparison to PROBE, PROMIS has the 
advantage of application of CATs as well as item banks specifi-
cally developed for children. A disadvantage of PROMIS is the lack 

of hemophilia-specific items. Both arguments must be considered 
when choosing between patient-reported outcome instruments in 
studies and clinical practice.

4.3  |  Clinical implications and future research

Why should we use PROMIS above the legacy instruments in patients 
with hemophilia? As 66% of patient with hemophilia reported ≥1 co-
morbidity, the use of generic PROMIS item banks will be an efficient 
tool for outcome assessment while including the ability to consider ef-
fects of and/or comparison according to comorbidities. For research 
purposes especially, the PROMIS CAT domain physical function is more 
feasible than the legacy instruments and is relevant to patients when 
assessing disabilities at group level. In addition, the PROMIS CAT do-
main participation may be considered useful for research purposes for 
comparison of groups of patients with hemophilia. However, in day-to-
day care for individual patients, all health domains may be of interest 
in a comprehensive care setting. The PROMIS CATs domains pain in-
terference, satisfaction with participation, and fatigue are expected to 
result in more precise measurement in the lower and upper ends of 
the score range with more relevant items for each individual patient, 
in comparison with the RAND-36 with only a few items on each do-
main. In addition, based on the current data the PROMIS short forms 
on self-efficacy for managing chronic conditions are not recommended 
for use in hemophilia care. Possibly due to the study design (2.2 years 
between questionnaires and COVID-19 pandemic) the current results 
do not support the use of the PROMIS CATs depression and anxiety 
domains as an alternative to the RAND-36 emotional well-being do-
main (5 items, Cronbach’s α = 0.87). This is in contrast with results from 
other studies that do support the use of PROMIS depression and anxi-
ety domains in patients with hemophilia.21,50

What work should be done before implementation of PROMIS 
CATs in day-to-day care and research? Several issues need to be ad-
dressed. First, further testing of smallest detectable changes and min-
imal important changes of PROMIS item banks is needed to improve 
the interpretability of scores in a setting of routine follow-up assess-
ment. Second, the stopping rule of PROMIS CATs should be evaluated 
to improve feasibility, as people had to administer the maximum of 12 
CAT items when they had no pain or depression symptoms. Finally, 
good facilities for digital administration of CATs like a PROMs mobile 
app or routine data collection from the electronic medical records are 
essential. Especially if IT facilities and budget for using CATs are lim-
ited, PROMIS short forms are an alternative for the CATs.

5  |  CONCLUSION

PROMIS CATs are feasible and may lower the burden of outcome as-
sessment by reducing the number of questions needed to assess var-
ious aspects of health compared to legacy instruments. The PROMIS 
CATs domains physical function, pain interference, satisfaction with 
participation, and fatigue are feasible, reliable, and valid alternatives 



12 of 14  |     KUIJLAARS et al.

to legacy instruments for adult patients with hemophilia, with a low 
number of items and low floor and ceiling effects. For the imple-
mentation of PROMIS CATs in hemophilia care with lifelong routine 
assessment, data on the smallest detectable changes and minimal 
important changes and validation in children and young adults are 
essential.
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