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Chapter 6

Abstract

Background

The PROMIS Profile-29 questionnaire is widely used worldwide, but it has not yet been
validated in the Netherlands, nor in persons with hemophilia. The aim of this study was
to validate the Dutch-Flemish version of the PROMIS-29 Profile v2.01 in adults with
hemophilia.

Methods

Dutch males with hemophilia (all severities) completed questionnaires that contained
socio-demographic and clinical characteristics, the PROMIS-29, RAND-36, and the
Hemophilia Activities List (HAL). Structural validity of each subscale was assessed
with Confirmatory Factor Analysis (CFA). Internal consistency was calculated for each
subscale with sufficient model fit in CFA. Construct validity was assessed by testing
hypotheses about 1) correlations of each PROMIS-29 subscale with corresponding
scales of RAND-36 and domains of HAL, and 2) mean differences in T-scores between
subgroups with different hemophilia severities, self-reported joint impairment, and hiv
infection status. We considered =75 percent of data in accordance with the hypotheses
evidence for construct validity.

Results

In total, 770 persons with hemophilia participated in this cross-sectional study. CFA
revealed sufficient structural validity for five subscales: Physical Function, Depression,
Sleep Disturbance, Ability to Participate in Social Roles and Activities and Pain Interfer-
ence. Internal consistency was high and Cronbach’s alpha ranged from 0.79 for Sleep
Disturbance to 0.96 for Pain Interference. Differences between clinical subgroups were in
the expected direction. Construct validity was confirmed for Physical Function, Anxiety,
Depression, Fatigue, Sleep Disturbance, and Pain Intensity.

Conclusion

This study revealed sufficient evidence for structural validity, internal consistency, and
construct validity for most PROMIS Profile-29 subscales among people with hemophilia
in the Netherlands.
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Validation PROMIS-29 in hemophilia

Introduction

The congenital bleeding disorder hemophilia causes recurrent bleeds into joints and
muscles due to a deficiency in coagulation factor VIl (hemophilia A) or factor IX (hemo-
philia B). The condition predominantly affects males and is classified into mild (0.05-0.40
IU/mL), moderate (0.01-0.05 IU/mL) and severe (<0.01 IU/mL) hemophilia, depending
on the activity of factor VIII or IX. Individuals with severe hemophilia often suffer from
spontaneous bleeds into joints and muscles, while those with mild hemophilia typically
bleed when triggered by trauma or surgery.[1] Treatment consists of coagulation factor
replacement by intravenous injection to treat bleeds (episodic treatment) or to prevent
bleeds (prophylaxis, defined as regular administration of an hemostatic agent, usually
administered intravenously or subcutaneously). Recently, non-factor replacement
products have been marketed and gene therapy is currently under study.[1]

Early forms of treatment had devastating effects on the hemophilia community:
through contaminated plasma-derived blood products, many patients were infected
with hiv in the 1980s and / or hepatitis C (HCV) before the 1990s.[2] The availability of
treatment has resulted in a near-normal life expectancy and improved outcomes,[3] but
a potential side-effect of factor replacement therapy is the development of neutraliz-
ing antibodies (‘inhibitors”) against the infused coagulation factor. Regular prophylaxis
with factor replacement products is not effective in patients with inhibitors, and since
recently, prophylaxis with non-factor replacement products helps reduce the burden of
bleeding.[1] In addition, joint damage (hemophilic arthropathy), pain and disability are
still relatively common, especially among older males affected by severe hemophilia,
due to recurrent joint bleeding. Large differences in joint status and pain exist between
individuals. It is important to measure and monitor these outcomes in persons with
hemophilia in order to personalize health care.

Patient-reported outcomes (PROSs) are any aspect of a patient’s health that come
directly from the patient without interpretation of the patient’s responses by a physician
or anyone else.[4] In hemophilia, PROs have been measured with hemophilia-specific
instruments such as the Hemophilia Activities List (HAL),[5, 6] Haemo-QoL-A [7] and
Hemofilia-QoL [8] as well as with generic instruments such as the RAND-36 [9] or
EQ-5D. Two systematic reviews reported that the measurement properties of hemo-
philia-specific instruments have not been studied sufficiently, in particular structural
validity, responsiveness and hypothesis-testing.[10, 11] Whether to use disease-specific
or generic tools forhemophilia PROs depends on the goal of measuring such outcomes.

An alternative approach to measuring patient-reported outcomes is to use generic
instruments based on Item Response Theory (IRT), which has several advantages over
other generic instruments. First, instruments using IRT-based scoring take the difficulty
of items into account, thereby providing more valid and reliable scores.[12] Second, IRT-
based item banks, consisting of large sets of questions, can be used as short forms of
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any length (consisting of the best performing items from an item bank) or as comput-
erized adaptive tests (CAT). In a CAT, the computer selects relevant questions based
on the answer to the previous question, resulting in even more efficient and precise,
but comprehensive assessment of a construct of interest. The use of patient-reported
outcome measures (PROMs) in clinical practice is increasing. Using different PROMS for
different patients and implementing many different PROMs in electronic health records
may pose a burden on researchers and clinicians. Therefore, the availability of valid and
precise generic PROMs for domains that are relevant across medical conditions (such
as pain, fatigue, physical function) would be highly beneficial.

The Patient-Reported Outcomes Measurement Information System (PROMIS®),
developed inthe United States, is the most extensively validated measurement system
ofitem banks in the world.[13-15] PROMIS profiles have been developed that consist of a
collection of short forms derived from IRT-based item banks, covering seven patient-rel-
evant domains. Profiles offer quick assessment of several domains of health-related
quality of life (HRQoL).[16] Available profiles are the Profile-29, Profile-43 and Profile-57,
which measure seven domains with 4, 6 or 8 items, respectively.[16] As a generic tool,
PROMIS-29 has the advantage of making results comparable across diseases and the
general population.[12]

Before using an instrument in a new population or language, it should be validated [4]
by assessing its measurement properties. The measurement properties can be divided
into three domains: validity (content validity, construct validity, hypotheses-testing),
reliability (internal consistency, measurement error and test-retest reliability) and re-
sponsiveness.[17] A hierarchy of measurement properties can be defined.[18] Content
validity is considered the most important measurement property, defined as the degree
to which the content of an instrument is an adequate reflection of the construct to be
measured.[18] It can be assessed in a qualitative study in which the relevance, compre-
hensiveness and comprehensibility of the items of a PROM are assessed, for example
by cognitive debriefing in the target population.[19] The next measurement properties
that should be evaluated are structural validity and internal consistency.[17] Structural
validity is the degree to which the scores of an instrument are an adequate reflection of
the dimensionality of the construct to be measured [18] and is assessed with confirma-
tory factor analysis.[4] Internal consistency is the degree of interrelatedness of items
[18] as assessed with Cronbach’s alpha.[4] Finally, other measurement properties are
to be evaluated, such as test-retest reliability (the extent to which scores are stable
over time in stable participants), construct validity (the degree to which the scores of
an instrument are consistent with formulated hypotheses about relationships to scores
of otherinstruments, or differences between relevant groups, based on the assumption
that the instrument validly measures the construct to be measured), and responsiveness
(the ability of an instrument to detect a change of the construct over time).
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Item banks that underlie the PROMIS Profiles were translated into Dutch and showed
sufficient linguistic, content and conceptual equivalence.[20] A next step is to evaluate
the measurement properties of the item banks and their derivative short forms. PROMIS
Profiles have been validated in several countries and in a number of conditions,[21-23]
but not yet in hemophilia.

Therefore, this study aimed to validate the Dutch-Flemish version of the PROMIS-29
Profile v2.01 (‘PROMIS-29") in Dutch adults with hemophilia by assessing its structural
validity, internal consistency, and construct (convergent and discriminative) validity.

Methods

Data were collected as part of the Dutch nation-wide ‘Hemophilia in the Netherlands
6’ study (HiN-6). HiN-6 is the latest in a series of six cross-sectional studies that have
been conducted since 1972.[3, 24, 25] Approval was obtained from the Medical Ethical
Committee at Leiden University Medical Center, the Netherlands (registration number
NL59114.058.17).

Participants and procedures

All adult males with mild, moderate or severe congenital hemophilia A or B with levels
of Factor VIl of IX<0.40 IU/mL registered at one of the six Dutch hemophilia treatment
centers were invited by letter to participate between June 2018 and July 2019.
Participants received a questionnaire through a secure e-mail link or in hard copy,
depending on their preference. Answers were stored in the Castor Electronic Data
Capture system.[26] Clinical characteristics were collected from electronic medical
records. Participants signed written informed consent for extraction of data from elec-
tronic medical records, but this was not required for participation in the questionnaire.

Measures

Self-reported sociodemographic and clinical data collected through the questionnaire
were: age, education level (categorized in ISCED levels [27]), and perceived impairment
in joint function. Joint impairment was assessed with a single question that was used in
previous HiN surveys. Joint impairment was defined as ‘do you have any chronic joint
problems due to hemophilia’ (yes / no). Clinical characteristics collected from electronic
medical records were type and severity of hemophilia, treatment type (prophylaxis, ep-
isodic), inhibitor status, and hivand HCV status. Clinical characteristics were taken from
medical records if the participant had signed written informed consent for use of these
data. If medical record data were not available, self-reported data from the question-
naire were used. Hemophilia severity was known for all responders and non-responders.
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Dutch-Flemish PROMIS-29 Profile v2.01

PROMIS Profiles are derived from full PROMIS item banks that were developed in
the U.S. general population and patient groups.[13] PROMIS Profiles were shown to
be reliable and correlate highly with full item banks.[16] The PROMIS-29 Profile v2.01
(PROMIS-29) measures seven domains of health-related quality of life (HRQoL) that
are often considered important by patients:[16] Physical Function; Anxiety; Depression;
Fatigue; Sleep Disturbance; Ability to Participate in Social Roles and Activities; and Pain
Interference. Each domain is measured with four items. The PROMIS-29 also contains
a single item on Pain Intensity, resulting in a total of 29 items. Each item is scored from
1to 5; a higher score indicates a higher degree of the construct being measured. For
the subscales Physical Function and Ability to Participate in Social Roles and Activities
this means that a higher score indicates better HRQoL, while for the other subscales a
higher score indicates worse HRQoL.[16] Domain scores were calculated as T-scores
using the Health Measures Scoring Service,[28] resulting in a normalized score with a
mean of 50 and a standard deviation of 10 in the reference population (the US general
population). T-scores were only calculated for adomain if at least one item of that domain
was completed; T-scores were considered missing if none of the items was completed.

RAND-36

RAND-36 version 1is a generic measure that assesses health status using 36 items. It
consists of eight health concepts with multi-item scales: Physical functioning (10 items);
Social functioning (2 items); Role limitations caused by physical health problems (4
items); Role limitations caused by emotional problems (3 items); Emotional well-being (5
items); Pain (2 items); General health perceptions (5 items); Energy / Fatigue (4 items);
and an additional single item measuring Change in perceived health during the past 12
months.[29] Items were scored on a three to six point Likert scale. As per the standard
scoring instructions, subscale scores were calculated if a participant had completed
at least half of the items of that subscale.[30] If fewer than half of the items were com-
pleted, subscale scores were considered missing. Subscale scores were converted to
a 0-100 point scale.[9] A higher score indicates a better health status. The RAND-36
was reported to have good internal consistency and discriminative validity in the Dutch
general population [31] and in several hemophilia populations.[32, 33]

Hemophilia Activities List (HAL)

The HAL version 2.0 is a hemophilia-specific instrument, developed in the Netherlands,
that measures self-perceived functional abilities in adults due to hemophilia, in the
previous month. It consists of 42 items in seven subdomains: Lying / sitting / kneeling
/ standing (8 items), Functions of the legs (9 items), Functions of the arms (4 items),
Use of transportation (3 items), Self-care (5 items), Household tasks (6 items), Leisure
activities and sports (7 items). Iltems are scored on a 6-point Likert scale.[5, 6] Scores
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were calculated according to the standard instructions (i.e. a domain score was calcu-
lated if less than half of the items were missing) and converted to a 0-100 point scale,
with a higher score indicating better functional status. The HAL has sufficient content
validity and construct validity but its structural validity is not known.[11]

Statistical analyses

Descriptive statistics (means, standard deviations (SD), N) were used to describe
participant characteristics. Mean scores, SDs, the proportion of best and worst scores
and percentage of missing scores for each domain or subscale were described for all
measures. If proportions of best and worst scores were >30 percent, these were con-
sidered substantial ceiling or floor effects, respectively.[21]

Structural validity, internal consistency and construct validity were investigated as
defined by the COSMIN taxonomy[18] and reported according to the COSMIN report-
ing guideline for studies on measurement properties.[34] A sample size of at least 100
participants is considered adequate for these analyses.[35]

Structural validity was assessed with confirmatory factor analysis (CFA) for each
PROMIS domain separately. Model parameters were estimated with the Weighted Least
Square Mean and Variance Adjusted Estimators (WLSMV) for ordinal data.[36] Model
fit was assessed using the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI)
and the Root Mean Squared Error of Approximation (RMSEA). Model fit was considered
sufficient if CFl or TLI were >0.95, or RMSEA<0.06.[37] Internal consistency was calcu-
lated for each domain with sufficient model fit and considered sufficient if Cronbach’s
alpha was =0.70.[37]

Hypotheses were formulated a priori for construct validity (convergent and discrim-

inative) for each domain. We considered = 75 percent of results in accordance with the
hypotheses evidence for construct validity.[37] Convergent validity was assessed with
Pearson’s correlations. We expected strong correlations (r 2 0.70 orr = -0.70) between
similar subscales of PROMIS-29 with RAND-36 subscales and HAL domains, based on
published literature [38-40] and expert judgment (authors EvB and SG), as shown in
Table 1. All other correlations were expected to be < 0.60.
Discriminative validity was assessed by comparing mean T-scores between relevant
clinical groups. Clinical subgroups were defined based on: hemophilia severity (mild
compared to severe hemophilia); self-reported joint impairment in one or more of the
six main joints (left and right ankles, knees, elbows; no / yes) and hiv infection (no/ yes).
Mean differences between mild and severe hemophilia were adjusted for age, mean
differences between absent and present joint impairment were adjusted for age and
severity using UNIANOVA. The comparison of mean T-scores for individuals with and
without hiv were restricted to those born in 1985 or earlier, because the risk of hiv in-
fection was considered negligible for younger patients.
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The following differences in mean T-scores were considered relevant differences
between groups, based on published minimally important differences or changes for
other patient groups (MID): = 2 for Physical function,[41] > -2.3 for Anxiety,[42] > -3.0
for Depression,[42] > -2 for Fatigue,[43] > -1 for Sleep Disturbance,[43] = 1 for Ability
to Participate in Social Roles and Activities,[43] = -2.0 for Pain Interference,[44] and >
-1 for Pain Intensity.[45] Because the MID is specific for each domain, a difference of,
for example, 2 points may be a relevant difference in one domain, but not in another.
Based on literature [46, 47] and clinical experience (authors SG, MD), we expected to
find the following relevant differences: between mild and severe hemophilia and between
absent and present joint impairment for Physical Function; between not hiv-infected
and hiv-infected for Fatigue; between absent and present joint impairment for Ability to
Participate in Social Roles and Activities; between mild and severe and between absent
and present joint impairment for Pain Interference and for Pain Intensity (Table 1).

All analyses were performed with IBM SPSS version 25, except for Confirmatory Factor
Analysis, which was performed in R, version 3.6.1 (package ‘lavaan”).

Results

Participants

Of1746 Dutch adults with hemophiliawho were invited to participate, 808 completed the
questionnaires partially or in full (response 46.3 percent). The final sample for analysis
consisted of 770 participants for whom one or more PROMIS-29 T-scores were calculated.
For598 of 770 participants (77.7 percent) clinical data from electronic medical records
were available. Mean age was 48.9 (SD 17.2) years. Half of the participants (49.9 percent)
had mild hemophilia, 15.6 percent had moderate and 34.5 percent had severe hemophilia,
which is representative of the total Dutch hemophilia population (55.8,13.2 and 30.1 per-
cent, respectively). Clinical and socio-demographic characteristics are shownin Table 2.

Table 2: Participant characteristics (n = 770)

Clinical characteristics

Hemophilia severity* N %
Mild 384 499
Moderate 120 156
Severe 266 345

Type of hemophilia N %
Hemophilia A 669 86.9
Hemophilia B 92 11.9
No hemophilia* 3 0.4
Unknownt 6 0.7

Prophylaxis (severe hemophilia) N %
Yes 233 876
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Table 2: Participant characteristics (n = 770) (Continued)

Clinical characteristics

No 30 11.3
Missing 3 11
Hivinfection N %
Yes 22 2.9
No 721 93.6
Unknown 27 3.5
HCV infection N %
Never infected 418 54.3
Pastinfection 231 30.0
Currentinfection 8 1.0
Past or currentinfections 2 0.6
Unknown 111 14.4
Inhibitor N %
Never 637 82.7
Past 68 8.8
Current 12 1.6
Unknown§ 53 6.9
Jointimpairment¥ N %
Yes 338 439
No 379 49.2
Unknown 53 6.9
Demographic characteristics Mean SD
Ageinyearstt 489 17.2
Educationtt N %
Primary education 44 57
Secondary education 397 51.6
Tertiary education 298 387
Missing / prefer not to say 31 4.0

Clinical characteristics were taken from electronic medical records if participant had provided informed
consent for extraction of data. If electronic medical record data were not available and participants did
not complete the questions, status is unknown. Hemophilia severity was available from electronic medical
records for all eligible persons (responders and non-responders)

*Three participants indicated on the questionnaire that they no longer had hemophilia, which might be
because of aliver transplant (n=1) or participationin a gene therapy trial, but the exact reason is unknown.
T Five participants did not know their type of hemophilia (A or B), and one person skipped this question.
Medical record data was missing for these individuals.

FFiveindividuals had a past or current HCV infection, but current infection status could not be established.
§ Inhibitor data from the medical record were not available for 53 participants because they did not
provide informed consent for extraction of data.

9 Joint impairment was self-reported chronic jointimpairment in any joint (yes / no).

Tt For three participants, age was missing and no electronic medical record was available.

F+ Education level was categorized according to ISCED levels: Primary education (ISCED level 1),
Secondary education ISCED levels 2 and 3), Tertiary education (ISCED levels 6 and 7).
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Description of measures

Table 3 shows mean, minimum and maximum scores, standard deviations, floor and
ceiling effects and percentage of missing scores of all measures from the questionnaires.
Mean T-scores for PROMIS-29 were better than the U.S. general population average for all
subscales except Physical function, which was worse (48.9). Distributions of all PROMIS-
29 domain scores were skewed toward better scores, i.e. scores >50 for the subscales
Physical Function and Ability to Participate in Social Roles and Activities, and <50 for
all other subscales (Figure 1). Five of seven PROMIS-29 subscales and Pain Intensity
showed substantial ceiling effects of >30 percent patients with the best scores, while
this was the case for five of eight RAND subscales and for all HAL-domains. PROMIS-29
had fewer missing answers than RAND-36 and HAL.

Structural validity

PROMIS-29 showed sufficient CFA model fit (CFl or TLI >0.95, or RMSEA<0.06) for
Physical Function (CFI 0.95, TLI 0.85, RMSEA 0.13), Depression (CFI 1.00, TLI 0.99,
RMSEA 0.02), Sleep Disturbance CFI 0.94, TLI 0.82, RMSEA 0.05), Ability to Participate
in Social Roles and Activities (CF11.00, TLI1.00, RMSEA 0.00) and Pain Interference (CFI
0.99, TLI0.98, RMSEA 0.05). The subscales Anxiety and Fatigue did not show sufficient
model fit (Table 4).

Internal consistency

Internal consistency was sufficient (Cronbach’s alphas >0.70) for all five PROMIS-29
subscales with sufficient model fit in CFA. For four of them, Cronbach’s alphas were
>0.90: Physical function, Depression, Ability to Participate in Social Roles and Activities,
and Pain Interference (Table 4). No Cronbach’s alphas were calculated for Anxiety and
Fatigue, because model fit was not sufficient.
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Table 3: Characteristics of PROMIS-29, RAND-36 and HAL for adult men with hemophilia

N* Mean (SD)+ Range (min- Worst Best Missing
max) score score (%)8
%)+ %6+

PROMIS-29
Physical Function 765 48.9(9.6) 22.9-56.9 13 51.9 0.6
Anxiety 744 48.0(8.2) 40.3-81.4 0.1 43.2 34
Depression 744 46.4(7.8) 41.0-79.3 0.3 59.1 3.4
Fatigue 738 46.6(9.6) 33.7-75.8 0.5 21.0 4.2
Sleep Disturbance 738 46.5(7.9) 32.0-733 0.3 56 42
Ability to Participate in Social 729 54.2(8.9) 275-64.2 0.6 30.6 53
Roles and Activities
PainInterference 726 49.6(9.0) 41.6-75.6 0.6 47.4 57
Pain Intensity 724 24(25) 0-10 0.1 31.6 6.0
RAND-36
Physical functioning 734 779(27.4) 0-100 0.8 31.9 2.3
Social functioning 705 83.5(20.7) 0-100 0.5 43.0 8.4
Role limitations - physical 710 76.5(37.5) 0-100 131 61.7 77
Role limitations - emotional 702 84.9(31.6) 0-100 8.1 71.8 8.7
Emotional well-being 698 77.2(15.6) 0-100 0.1 36 9.2
Energy / Fatigue 698 64.7 (17.8) 0-100 0.3 1.2 9.1
Pain 698 774 (22.5) 0-100 0.5 31.6 9.0
General health perceptions 694 64.5(22.3) 0-100 0.6 4.3 0.0
Change in health 763 50.4(19.8) 0-100 2.7 48 0.9
HAL
Lying/ sitting / kneeling / 709 776 (26.5) 7.5-100 0.0 37.3 71
standing
Functions of the legs 694 74.0(31.3) 0-100 16 38.8 9.1
Functions of the arms 688 83.9(24.5) 0-100 0.6 50.9 10.3
Use of transportation 680 85.8(24.7) 0-100 0.4 55.6 11.6
Self-care 681 90.8(18.3) 5-100 0.0 59.0 11.4
Household tasks 647 87.4(21.8) 0-100 0.4 51.7 125
Leisure activities and sports 614 82.0(24.9) 0-100 0.5 39.1 131

*The number of participants for whoma score could be computed as described in the methods section.
T Higher scores on RAND-36 and HAL indicate better health status and better physical functioning, higher
scores on PROMIS-29 indicate more of the construct being measured (e.g. more Physical Function and
Ability to Participate in Social Roles and Activities, or more Anxiety, Depression, Fatigue, Sleep Disturbance
and Pain)

+ Worst and best possible scores were calculated if at least one item had been completed. Floor and
ceiling effects are defined as the percentage of participants with the worst and the best scores possible.
Floor and ceiling effects are considered present if >30 percent (in bold).

§ Percentage of participants for whom all items on a domain are missing.
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being measured.
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Table 4: Structural validity and internal consistency of PROMIS-29

N CFI TLI RMSEA  Cronbach’salpha

PROMIS-29

Physical function 752 095 085 013 0.94

Anxiety 735 088 063 015 -

Depression 727 1.00 0.99 0.02 0.93

Fatigue 728 085 056 0.24 -

Sleep Disturbance 713 094 082 0.05 0.79

Ability to Participate in Social Roles and Activities 717 1.00 1.00 0.00 0.93

Pain Interference 715 0.99 0.98 0.05 0.96

CFl: comparative fit index, TLI: Tucker-Lewis Index, RMSEA: root mean square error of approximation,
Sufficient fit, indicated in bold: CFlor TLI>0.95, or RMSEA<0.06. Good internal consistency is defined as
Cronbach’s alpha =0.70. Fit parameters were rounded to two decimal places.

Construct validity

Results for convergent validity are shown in Table 5. For the subscales Anxiety, Depres-
sion, Fatigue, Sleep Disturbance, and Pain Intensity all correlations were in accordance
with the hypotheses for convergent validity. For the subscales Physical Function 12 out
of 16 correlations were as hypothesized, while for Ability to Participate in Social Roles
and Activities this was the case for 11 out of 16 correlations. Nine out of 16 correlations
were in accordance with the hypotheses for Pain Interference.
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Chapter 6

Unadjusted and adjusted differences in mean T-scores between clinical groups (dis-
criminative validity) are shown in Table 6. All differences between groups were in the
expected direction, i.e. participants with mild hemophilia, no joint damage and no hiv
infection had better scores for all subscales. Adjusting for age resulted in a larger differ-
ence between mild and severe hemophilia, and adjusting for age and disease severity
resulted in smaller differences between individuals with and without joint impairment.
Finally, differences became smaller when hiv-infected participants were compared with
non-infected participants with severe hemophilia born in or before 1985.

The evidence for discriminative validity was strongest for Physical Function, De-
pression, Pain Interference and Pain Intensity: all differences between subgroups
were as hypothesized. For Anxiety, two of three differences between groups were as
hypothesized, and for Fatigue and Ability to Participate in Social Roles and Activities
one difference was as hypothesized. None of the differences between groups were in
accordance with the hypotheses for Sleep Disturbance.

In total, six subscales showed evidence for construct validity (=75 percent hypoth-
eses confirmed): Physical Function, (79 percent), Anxiety (95 percent), Depression
(100 percent), Fatigue (89 percent), Sleep Disturbance (84 percent) and Pain Intensity
(100 percent). Two subscales did not meet the criterium for 275 percent of hypotheses
confirmed: for Ability to Participate in Social Roles and Activities and Pain Interference
63 percent of hypotheses were confirmed.

Table 7 summarizes the evidence for structural validity, internal consistency and con-
struct validity.

Table 7: Summary of the evidence for structural validity, internal consistency and construct validity
(convergent and discriminative)

PROMIS-29 subscale Structural validity  Internal Construct validity
consistency
Physical function + + +
Anxiety - 0 +
Depression + + +
Fatigue - 0 +
Sleep Disturbance + + +
Ability to Participate in Social Roles and Activities + + -
Pain Interference + + -
Pain Intensity n/a n/a +

+indicates evidence for the measurement property according to pre-specified criteria; - indicates that
the evidence for the measurement property did not meet pre-specified criteria; 0: not assessed because
of limited structural validity; n/a: measurement property not applicable (1 item)
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Discussion

This study is the first validation of the Dutch-Flemish version of the PROMIS Profile-29,
as well as the first validation of this Profile among persons with hemophilia. Using con-
sensus-based standards for evaluating validity, we aimed to assess structural validity,
internal consistency and construct validity of the PROMIS-29 Profile v2.01in Dutch adults
with hemophilia. In a representative sample of the Dutch hemophilia population, our
analyses showed sufficient evidence for structural validity and internal consistency for
five of seven subscales and sufficient evidence for construct validity for five subscales
and for Pain Intensity.

In the confirmatory factor analysis, model fit was not sufficient for Anxiety and
Fatigue, potentially indicating a lack of unidimensionality,[48] i.e. that these subscales
may measure more than one construct for people with hemophilia. An explanation may
be that CFA modelling assumes a normal distribution of the data. Our results, however,
showed skewed distributions for all subscales. This may have influenced fit statistics.
[48] In contrast to our findings, a previous validation of PROMIS-29 among kidney
transplant recipients found excellent structural validity for all subscales,[23] even with
similarly skewed distributions.

We found evidence for sufficient internal consistency for five subscales, with Cron-
bach’s alphas >0.90 for the subscales Physical Function, Depression, Ability to Partici-
pate in Social Roles and Activities, and Pain Interference. Consistent with our findings,
two previous studies in kidney transplant recipients and populations with rheumatoid
arthritis, osteoarthritis, systemic lupus erythematosus reported similarly high Cronbach’s
alphas for all subscales.[21, 23]

Overall, the subscales Physical Function, Anxiety, Depression, Fatigue, Sleep Dis-
turbance and Pain Intensity showed evidence for construct validity (i.e. >75 percent
of results in accordance with the hypotheses). Fewer hypotheses were confirmed for
the subscales Ability to Participate in Social Roles and Activities and Pain Interference
(63 percent).

Correlations lower than the expected 0.70 were found for Ability to Participate in
Social Roles and Activities with the RAND-36 Role limitations caused by physical or
emotional health problems (0.62 and 0.50, respectively). The hypothesis for the former
correlation was based on a Dutch study among 30 abdominal surgery patients that
reported a correlation of 0.72 between the SF-36 subscale Role limitations caused by
physical health problems and the 8-item PROMIS Ability to Participate in Social Roles and
Activities short form.[40] Though the correlation we report is below the 0.70 threshold,
itis of the same order of magnitude and the difference may be due to random variation
or to differences in the underlying constructs being measured.

Lower correlations were also found between PROMIS-29 Ability to Participate in
Social Roles and Activities with HAL Household tasks (0.60) and Leisure and sports
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(0.60). This may mean that these constructs differ more than anticipated, resulting in
fewer hypotheses for convergent validity confirmed. Indeed, HAL subscales measure
several aspects of self-perceived functional ability, while PROMIS Ability to Participate
in Social Roles and Activities measures participation.

Some subscales that were not expected to correlate highly with RAND-36 and HAL
(i.e. expected to be < 0.60) showed correlations above the threshold of 0.60. This was
the case forthe correlation between Physical Function with RAND-36 Pain (0.63), RAND-
36 Role limitations caused by physical health problems (0.63) and HAL Self-care (0.66),
and for Ability to Participate in Social Roles and Activities with RAND-36 General health
perceptions (0.62), and for Pain Interference with RAND-36 Role limitations caused by
physical health problems (-0.66), with RAND-36 General health perceptions (-0.63) and
with HAL Functions of the arms (-0.64). We used a relatively low expected correlation
of < 0.60 between subscales that do not measure the same construct to distinguish
them from the correlations > 0.70 expected between subscales that measure the same
construct, but this resulted in fewer hypotheses confirmed (especially for Ability to Par-
ticipate in Social Roles and Activities and Pain Interference), and thus lower evidence of
construct validity. This strict criterium may have led to quite conservative conclusions.

Alsointeresting is that most correlations between Pain Interference and HAL subscales
were of similar strength, between -0.58 and -0.66. Though below the 0.70 threshold, the
subscales perceived functional ability (HAL) [5, 6] and Pain Interference with functional
ability (PROMIS) [16] may measure similar constructs after all.

We found unexpected differences larger than the MID for some subscales. For exam-
ple, differences between all clinical groups were larger than expected for Sleep Distur-
bance. Sleep Disturbance is not routinely studied in hemophilia, but a qualitative study
reported that pain may affect sleep disturbance.[49] Persons with severe hemophilia,
joint impairment and hiv are more likely to experience pain due to recurrent bleeding,
which may explain part of the observed differences. However, confidence intervals of
the observed differences were wide. Also, the correlation between PROMIS-29 Sleep
Disturbance and RAND-36 pain was low (-0.31), making a substantial influence of pain
on sleep disturbance less likely. Differences between mild and severe hemophilia and
for different hiv infection status were also larger than expected for Ability to Partici-
pate in Social Roles and Activities, while we only expected to find differences for joint
impairment. Since effective treatment is available, persons with severe hemophilia
should be able to lead near-normal lives, and for this reason were expected to have
similar levels of social participation as individuals with mild hemophilia. Our results
indicate that this may not be the case. Indeed, hemophilia is reported to have a nega-
tive impact on employment and education,[50] and may also have affected the Ability
to Participate in Social Roles and Activities. Individuals with hiv infection may have a
more severe bleeding phenotype than those without hiv: persons with a more severe
bleeding phenotype may have received more plasma-derived treatment products in
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the past, and contracted hiv as a result, compared to persons with severe hemophilia
with a milder bleeding phenotype. A more severe bleeding phenotype may also have
resulted in more joint impairment and lower participation. Unfortunately, we did not
have reliable information on bleeding phenotype and were therefore unable to correct
for this confounder. It should be noted that the number of individuals with hivwas small
(n=22), resulting in less reliable estimates of T-scores in this subgroup.

A potential limitation of this study is that the response rate of the HiN-6 study was
limited (46.3 percent). This may have led to some bias. First, fewer people had only
primary education (5.7 percent) and more had secondary education (51.6 percent)
compared to the general Dutch population (21 and 40 percent, respectively).[51] If
people with a higher education were better able to manage their hemophilia, this could
have resulted in higher scores on PROMIS subscales. This may, in part, explain our
finding that mean scores on many PROMIS-29 subscales were higher than the general
population average of 50. Second, persons with more health-related problems due to
hemophilia may have been more likely to participate because they were more motivated
to complete a questionnaire about their health. This would have resulted in low scores.
However, our results showed large proportions of participants with the highest scores
on several subscales, indicating few health problems. Therefore, we believe selection
bias due to health problems was unlikely to have impacted the findings of this study.

Content validity of PROMIS-29 was reported to be good in several other populations.
[13,14] Our results also provide some evidence for content validity of PROMIS-29 among
persons with hemophilia: the number of missing answers was low, which may indicate
that items were relevant to participants.[52] On the other hand, PROMIS-29 showed
large proportions of best scores for most subscales, which may indicate a lack of content
validity: best scores may indicate that items were not relevant to measure the domain for
this population and that more ‘difficult’ items may be missing.[52] The large proportion
of best scores on most subscales (except Fatigue and Sleep Disturbance) leads to a
loss in measurement precision in well-functioning individuals. The 4-item short forms
that comprise PROMIS-29 may therefore not be optimal for persons with hemophilia.
Because PROMIS item banks are IRT-based, they are flexible and another selection
of items can be considered. For example, a longer or a custom short form with more
‘difficult’ items from the item bank or a Computerized Adaptive Test may solve these
ceiling effects and still yield comparable results.[12] Unfortunately, Dutch CATs were
not available yet at the time of our study, but have become available recently.[53, 54]

In our study, five subscales met all criteria for structural validity and internal consis-
tency andfive and Pain Intensity met all the criteria for hypotheses-testing for construct
validity. Small changes in the methods regarding the cut-offs of correlations and the
percentage of hypotheses confirmed may have had profound effects on the conclusions.

Other studies that validated PROMIS-29 in different populations did not formulate
hypotheses for construct validity, which may lead to less transparent and less consistent
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interpretation of the results.[21-23] Yet, hypothesis-testing for construct validity depends
on sufficient knowledge about the constructs being measured with all subscales. How-
ever, limited literature was available that quantified correlations with other instruments
or differences between groups. Despite the lack of explicit hypotheses in other studies,
the magnitude of differences between relevant subgroups is similar.[21-23] This indicates
generalizability across diseases.

Ideally, PROMs are used that measure the most relevant outcomes for a specific
population. A consensus-based standard set of relevant outcomes for persons with
hemophiliawas published recently,[55] along with recommendations for instruments to
measure these outcomes. The set included the five patient-reported outcomes Ability
to engage in normal daily activities, Chronic pain, Sustainability of physical functioning,
Social functioning, and Mental health. The latter four can be measured with the PROMIS
Profile-29 subscales that were validated in the current study: Pain Interference and Pain
Intensity; Physical function; Ability to Participate in Social Roles and Activities; and Anx-
iety and Depression, respectively. Foran even more comprehensive assessment, Social
functioning may be measured with the PROMIS domain Self-efficacy for managing social
interactions, and Mental health with the subscales General Life Satisfaction and Positive
Affect. Ability to engage in normal daily activities may be measured with PROMIS Self-effi-
cacy for Managing Chronic Conditions - Managing Daily Activities. PROMIS item banks or
short forms for these subscales may be validated for comprehensive assessment of the
standard set of outcomes for hemophilia. The standard set of outcomes did not include
the domains fatigue and sleep disturbance, which may not need to be prioritized for
measurement, though they may still be important in some patients or certain situations.

Which tools to use (disease-specific or generic) depends on the goal of measuring
outcomes and the type of outcomes. Some outcomes, such as degree of hemophilic
arthropathy, are disease-specific and need to be assessed with disease-specific in-
struments. Functional outcomes such as those measured with PROMIS item banks
(e.g. physical function, fatigue) are of a more generic nature. For clinical care aimed
at improving outcomes, generic tools may be the most suitable, while in other cases
disease-specific tools may be necessary. Still, in many cases, a combination of generic
tools where possible, supplemented with disease-specific tools where needed, may be
the most suitable for comprehensive measurement of all outcomes that are relevant
for hemophilia.

Conclusion
This study found sufficient evidence for structural validity, internal consistency and

construct validity of the PROMIS-29 subscales Physical Function, Depression and Sleep
Disturbance in adult persons with hemophilia in the Netherlands. Construct validity
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was also sufficient for Anxiety, Fatigue and Pain Intensity. These results indicate that
PROMIS short forms that measure these domains may be used in hemophilia popula-
tions. Future studies should explore whether the use of custom short forms or CAT can
solve observed ceiling effects.
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