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Background: People with hemophilia (PWH) experience frequent joint bleeding, resulting in pain 

and functional impairment. Generic and disease-specific patient-reported outcome (PRO) instru-

ments have been used in clinical studies, but rarely in the comprehensive hemophilia care setting.

Objective: The objective of this study was to assess construct validity of PRO instruments 

measuring pain, functional impairment, and health-related quality of life in US PWH with a 

history of joint pain/bleeding.

Methods: Adult male PWH completed 4 PRO instruments (EQ-5D-5L with visual analog 

scale, Brief Pain Inventory v2 Short Form [BPI], SF-36v2, Hemophilia Activities List [HAL]) 

and underwent a musculoskeletal examination (Hemophilia Joint Health Score v2.1 [HJHS]). 

Construct validity between index and domain scores was evaluated by Pearson product-moment 

correlation coefficient.

Results: A total of 381 PWH were enrolled. EQ-5D-5L Mobility correlated with BPI, SF-36v2, and 

HAL domains related to pain, physical function, and activity of the lower extremities. EQ-5D-5L 

Self-Care correlated only with HAL Self-Care. EQ-5D-5L Usual Activities correlated with BPI 

Pain Interference and domains within SF-36v2 and HAL related to pain and physical function/

activities (particularly those involving the lower extremities). EQ-5D-5L Pain/Discomfort cor-

related with Bodily Pain and Physical Summary on SF-36v2, HAL Overall Activity, and all BPI 

pain domains. EQ-5D-5L Anxiety/Depression correlated with social/emotional/mental aspects of 

SF-36v2. On BPI, most pain domains correlated with Bodily Pain and Physical Health Summary 

on SF-36v2 and Overall Activity on HAL. On SF-36v2, Physical Functioning, Role Physical, 

Bodily Pain, and Physical Health summary scores correlated with all the domains of HAL except 

Self-Care. For HJHS, Ankle and Total scores correlated with SF-36v2 Physical Functioning and 

HAL Lying/Sitting, Leg Function, Complex Lower Extremity Activity, and Overall Activity.

Conclusion: All PRO instruments have high construct validity but provide different levels 

of detail in describing effects of hemophilia. Instrument choice may depend on individuals’ 

symptoms, treatment planning goals, or outcome tracking research objectives, with consideration 

for administrative burden.

Keywords: hemophilia, patient-reported outcomes, construct validity, pain, functional impair-

ment, quality of life

Introduction
Congenital hemophilia is a rare bleeding disorder caused by a deficiency in either factor 

VIII (hemophilia A) or factor IX (hemophilia B), preventing proper activation of the 
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clotting cascade and resulting in prolonged or excessive 

bleeding.1–3 A characteristic feature of hemophilia is fre-

quent bleeding into joints (hemarthrosis), which leads to 

progressive joint damage and may cause significant pain, 

functional impairment, and diminished health-related qual-

ity of life (HRQoL).4–6 As the treatment of hemophilia has 

advanced rapidly over the last several decades and the 

average life expectancy for people with hemophilia (PWH) 

has risen, improved assessment and management of disease 

comorbidities has become an important focus in improving 

comprehensive care of adult PWH.

Despite the importance of accurately measuring pain and 

its effects on HRQoL in PWH, assessment of patient-reported 

outcomes (PROs) has been limited and inconsistent in the 

clinical care setting.7–9 Although some generic PRO instru-

ments such as EQ-5D and SF-36 have been used in PWH, this 

has occurred primarily within the context of clinical studies, 

and these instruments have not been specifically validated for 

use in the hemophilia patient population.6,10 The Brief Pain 

Inventory v2 Short Form (BPI) is an attractive option for 

the specific and detailed assessment of pain, as it measures 

both pain severity and pain interference and has been vali-

dated in both cancer and non-cancer pain;11–14 however, use 

of this instrument in adult PWH has not yet been reported 

outside of the Pain, Functional Impairment, and Quality 

of Life (P-FiQ) study. An important aspect of HRQoL for 

assessment in PWH is functional impairment resulting from 

pain and joint disease. Because functional impairment in 

adult PWH typically manifests across specific types of activi-

ties, a hemophilia-specific functional assessment tool (the 

Hemophilia Activities List [HAL]) was previously designed 

with input from focus groups of patients in the Netherlands 

who identified activities with which they experienced dif-

ficulties. The HAL may be a useful tool within the clinical 

and research settings, because it measures specific functional 

limitations relevant to hemophilic arthropathy, but it has not 

yet been validated in an English-speaking population, and it 

is infrequently used for individual outcome assessment.15,16 

Given the current lack of consensus regarding the measure-

ment of pain and HRQoL in PWH, validating PRO scales 

is an important step toward facilitating the incorporation of 

these assessments into comprehensive clinical care.

The P-FiQ study was a US-based, non-interventional, 

cross-sectional assessment of the impact of pain on functional 

impairment and HRQoL in adult PWH with a history of joint 

pain or bleeding. The study included the administration of 

5 generic and disease-specific PRO instruments (EQ-5D-5L, 

BPI, International Physical Activity Questionnaire [IPAQ], 

SF-36v2, and HAL) with the potential for adoption into 

clinical practice and research, as well as a physical therapist-

administered musculoskeletal examination (Hemophilia 

Joint Health Score [HJHS]). Each of these instruments 

differs in scope, level of detail, timescale of assessment, and 

administrative burden, which may influence the applicability 

for use in specific care settings and patient circumstances. 

Although previous reports have presented the overall PRO 

data17 and analysis of test-retest reliability,18 this study reports 

data evaluating construct validity, which may contribute 

to a greater understanding of whether these instruments 

accurately measure constructs related to pain, functional 

impairment, and other aspects of HRQoL.

Methods
recruitment and study design
Adult male PWH who were attending an annual or other 

routine comprehensive care visit were approached for enroll-

ment in P-FiQ. The study protocol was approved by the 

local institutional review board (IRB) or central IRB. A list 

of all 14 approving IRBs is provided in the Supplementary 

materials. Investigators obtained written informed consent 

from the participants prior to engaging in any study-related 

activities. Participants could withdraw the consent at any time 

without obligation or penalty, and all were compensated for 

their participation in the study.

Eligibility criteria required all participants to be male, 

aged $18 years with congenital hemophilia A or B (with or 

without inhibitors) and a history of joint pain or bleeding, 

attending a scheduled visit to a hemophilia treatment center 

(eg, an annual comprehensive care or other routine visit) 

during which joint range of motion would be assessed, able to 

provide informed consent, and able to complete the study sur-

vey in English. Individuals who had previously participated 

in P-FiQ were not eligible for subsequent reenrollment.

Participation in the study included completion of a survey 

on sociodemographics, a pain history, and 5 PRO instru-

ments (EQ-5D-5L with visual analog scale [VAS], BPI, 

IPAQ, SF-36v2, and HAL), which were administered prior 

to the scheduled care visit. During the scheduled care visit, 

the site personnel completed a questionnaire regarding the 

participants’ medical history, and sites with available trained 

physical therapists optionally completed a standardized 

musculoskeletal examination (HJHS). Construct validity was 

assessed for 4 PRO instruments (EQ-5D-5L, BPI, SF-36v2, 

and HAL) and HJHS.
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Patient outcome assessment tools
eQ-5D-5l
The EQ-5D-5L is a PRO instrument that was developed in 

2011 for use as a simple, generic measure of health outcomes 

for a wide range of health conditions and treatments.19 This 

instrument consists of 2 sections, the EQ-5D-5L descriptive 

system and the 100-point VAS, each of which measures 

health status “today.” The descriptive section consists of 

5 dimensions (Mobility, Self-Care, Usual Activities, Pain/

Discomfort, and Anxiety/Depression), each described by 

5 response levels (no, slight, moderate, severe, or extreme 

problems), as well as an index score that is calculated from 

individual descriptive responses.

BPi
The BPI is a generic PRO instrument that was developed in 

1994 to assess the severity of pain and the impact of pain on 

daily functions among adults.12 For the P-FiQ study, the BPI 

was used to assess the pain experienced over the past week. 

This assessment tool consists of 2 sections: Pain Severity, 

calculated as the average of 4 individual domains (Worst 

Pain, Least Pain, Average Pain, and Current Pain), and 

Pain Interference, calculated as the average of 7 individual 

domains (General Activity, Mood, Walking Ability, Normal 

Work, Relations with Other People, Sleep, and Enjoyment of 

Life). Each domain is measured on a scale from 0 (“no pain” 

or “does not interfere”) to 10 (“pain as bad as you can 

imagine” or “completely interferes”).

sF-36v2
The SF-36v2 is a generic PRO instrument that was developed 

in 2010 to measure health concepts that are relevant across 

different ages, diseases, and treatment groups.20 The instru-

ment consists of a Physical Health Summary, composed of 

4 domains (Physical Function, Role Physical, Bodily Pain, 

and General Health), a Mental Health Summary, composed 

of 4 domains (Vitality, Social Functioning, Role Emotional, 

and Mental Health), and an Overall Health summary score. 

Each domain measures health status as experienced over the 

past 4 weeks using a 100-point scale.

hAl
The HAL is a disease-specific PRO instrument that was 

developed in 2004 based on initial surveys of adults with 

hemophilia15 and has been validated in the Netherlands,16 

but not in PWH from native English-speaking countries. 

The instrument consists of 7 domains measuring various 

aspects of physical function as experienced over the past 

month (Lying/Sitting/Kneeling/Standing, Functions of the 

Legs, Functions of the Arms, Use of Transportation, Self-

Care, Household Tasks, and Leisure Activities and Sports) 

using a 0- to 100-point scale. Summary scores (Upper 

Extremity Activities, Basic Lower Extremity Activities, 

Complex Lower Extremity Activities, and Overall Sum) are 

also derived from relevant domain scores.

hJhs
The HJHS is a physical therapist-administered instrument 

that was developed in 2011 to measure joint health status 

and to identify early signs of joint disease in children. This 

tool assesses joints most commonly affected by bleeding in 

PWH (knees, ankles, and elbows).21,22 Each of the 6 joints is 

assessed across 8 domains (Swelling, Duration of Swelling, 

Atrophy, Crepitus, Flexion Loss, Extension Loss, Pain, and 

Strength), and a Total Score is calculated as the sum of all 

joint domain scores. The instrument also includes a measure 

of Global Gait, which encompasses assessments of 4 skills: 

walking, stairs, running, and hopping on 1 leg.

Data analysis
Construct validity was measured by Pearson product-

moment correlation coefficient (r), with corresponding 

P-values. Correlation coefficients can be categorized as small 

(r=0.1–0.23), moderate (r=0.24–0.36), and high (r$0.37);23 

this analysis and report are focused on the strongest correla-

tions (PRO instruments, r.0.6; HJHS, r.0.5). All statistical 

analyses were performed using SAS software, version 9.2 or 

higher (SAS Institute, Cary, NC, USA).

Results
Participant characteristics
Overall, 381 adult male PWH were enrolled between October 

2013 and October 2014 from 15 separate trial sites. Mean 

(median) enrollment per site was 25.4 (28) subjects, and 

none withdrew from the study. Median age was 34 years, and 

most (77.4%) of the participants had hemophilia A; 22.6% 

had hemophilia B, and 8.7% had inhibitors. A majority of 

participants had severe hemophilia (factor VIII or factor IX 

level ,1%; 70.5%), and most reported experiencing pain 

during the 6 months preceding study enrollment (any pain, 

85.3%; acute pain only, 19.5%; chronic pain only, 34.4%; 

acute and chronic pain, 31.5%). Ankles were most often 

reported as the most painful joints (37%), followed by knees 

(24%) and elbows (19%). Arthritis/bone/joint problems were 
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self-reported by 64.6%; 64.8% were overweight or obese. 

Functional disability was assessed using the Centers for Disease 

Control and Prevention Universal Data Collection template,24 

on which many participants reported limitations in school/

work or recreational activities due to pain, loss of motion, or 

weakness (66.6%). Anxiety and depression were self-reported 

by 13.9% and 16.3% of the participants, respectively.

eQ-5D-5l
Correlations between EQ-5D-5L domains (including VAS 

and index score) and other PRO domain and summary scores 

are presented in Table 1. Of 196 individual comparisons, 

strong correlations (P,0.001) were observed for all except 

for EQ-5D-5L Anxiety/Depression with SF-36v2 Overall 

Health (P=0.012). All correlations reflect a directionality 

of lower scores (indicating worsening HRQoL) correlating 

with other measures of worse outcomes.

The highest correlations (r.0.6) observed for EQ-5D-5L 

Mobility were with domain/summary scores expected to 

affect mobility, including various BPI, SF-36v2, and HAL 

scores related to pain, physical function, and activities of 

the lower extremities. EQ-5D-5L Usual Activities showed 

Table 1 correlation of eQ-5D-5l domains with BPi, sF-36v2, and hAl scores

Construct Pearson’s r

Mobility Self-
Care

Usual 
Activities

Pain/
Discomfort

Anxiety/
Depression

Index Visual analog 
scale

BPI
Domain scores

Worst pain 0.56 0.34 0.50 0.69 0.39 -0.66 -0.55
least pain 0.53 0.31 0.50 0.64 0.35 -0.59 -0.49
Average pain 0.61 0.34 0.51 0.72 0.41 -0.67 -0.54
current pain 0.65 0.41 0.56 0.77 0.45 -0.74 -0.62

summary scores
Pain severity 0.65 0.39 0.57 0.78 0.44 -0.74 -0.61
Pain interference 0.62 0.43 0.63 0.68 0.45 -0.70 -0.62

SF-36v2
Domain scores

Physical functioning -0.73 -0.50 -0.63 -0.58 -0.29 0.65 0.57
role physical -0.62 -0.47 -0.66 -0.57 -0.39 0.64 0.59
Bodily pain -0.64 -0.45 -0.64 -0.72 -0.40 0.73 0.60
general health -0.51 -0.35 -0.47 -0.53 -0.43 0.59 0.69
Vitality -0.41 -0.30 -0.45 -0.48 -0.50 0.53 0.55
social functioning -0.53 -0.43 -0.57 -0.55 -0.61 0.68 0.59
role emotional -0.38 -0.30 -0.42 -0.41 -0.63 0.55 0.43
Mental health -0.26 -0.23 -0.35 -0.37 -0.71 0.47 0.42

summary scores
Physical health summary -0.72 -0.49 -0.66 -0.64 -0.22 0.66 0.64
Mental health summary -0.21 -0.19 -0.30 -0.33 -0.72 0.45 0.39
Overall health 0.29 0.22 0.31 0.29 0.13 -0.29 -0.42

HAL
Domain scores

lying/sitting/kneeling/standing
Functions of the legs
Functions of the arms
Use of transportation
self-care
household tasks
leisure activities and sports

summary scores
Upper extremity activities
Basic lower extremity activities
complex lower extremity activities

-0.66
-0.73
-0.52
-0.63
-0.46
-0.62
-0.64

-0.53
-0.75
-0.68

-0.40
-0.36
-0.45
-0.52
-0.62
-0.51
-0.43

-0.57
-0.35
-0.37

-0.57
-0.60
-0.51
-0.58
-0.51
-0.62
-0.64

-0.56
-0.61
-0.56

-0.59
-0.58
-0.52
-0.55
-0.45
-0.58
-0.52

-0.53
-0.59
-0.58

-0.33
-0.32
-0.35
-0.31
-0.32
-0.39
-0.34

-0.37
-0.34
-0.29

0.62
0.64
0.55
0.60
0.52
0.64
0.60

0.59
0.65
0.62

0.49
0.52
0.46
0.53
0.39
0.55
0.48

0.47
0.53
0.49

Overall activity -0.72 -0.49 -0.66 -0.63 -0.38 0.69 0.56

Notes: High correlations are defined as r$0.37. Bold values indicate the strongest correlations with r.0.6. P#0.001 for all comparisons except eQ-5D-5l Anxiety/
Depression versus sF-36v2 Overall health (P=0.012).
Abbreviations: BPi, Brief Pain inventory v2 short Form; hAl, hemophilia Activities list.
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very strong correlations with BPI Pain Interference, SF-36v2 

scores related to physical pain and function, and HAL scores 

related to functions of the legs (Functions of the Legs and 

Basic Lower Extremity Activities) and usual activities 

(Household Tasks, Leisure Activities and Sports, and Over-

all Activity). EQ-5D-5L Pain/Discomfort correlated most 

strongly with pain-specific scores, including all BPI domain/

summary scores, and with HAL Overall Activity. EQ-5D-5L 

Self-Care demonstrated a very strong correlation only with 

HAL Self-Care, and EQ-5D-5L Anxiety/Depression corre-

lated with SF-36v2 Social Functioning, Role Emotional, and 

Mental Health scores. EQ-5D-5L VAS scores (measuring 

health “today”) correlated most strongly with other measures 

of health status (SF-36v2 General Health and Physical Health 

Summary) and with specific measures of pain (including 

Current Pain on BPI, as well as both Pain Severity and Pain 

Interference). EQ-5D-5L Index scores showed very strong 

correlations with several domain/summary scores, including 

most BPI pain scores, SF-36v2 scores related to physical and 

social function, and HAL scores related to functions of the 

lower extremities.

Select EQ-5D-5L correlations between scores that were 

expected to be related are graphically depicted in Figure 1. 

These data demonstrate a significant correlation between 

worsening EQ-5D-5L Mobility assessments and worsening 

HAL Functions of the Legs scores (Figure 1A). Similarly, 

separate measures of self-care (EQ-5D-5L Self-Care and 

HAL Self-Care) were shown to correlate significantly 

(Figure 1B), suggesting high convergent validity for these 

assessment tools. Select correlations of EQ-5D-5L Pain/

Discomfort are additionally presented in Supplementary 

materials, which demonstrate significant correlations with 

various measures of pain and physical function (BPI Pain 

Severity and Pain Interference [Figure S1], SF-36v2 Bodily 

Pain [Figure S2], and HAL Upper Extremity Activities, Basic 

Lower Extremity Activities, and Complex Lower Extremity 

Activities [Figure S3]).

BPi
Correlations between each of the 4 BPI pain domains (Worst 

Pain, Least Pain, Average Pain, and Current Pain) with 

SF-36v2 and HAL domain/summary scores are presented in 

Table 2. All correlations reached significance of P,0.001, 

and all reflected a directionality of higher scores (indicating 

worsening pain) correlating with other measures of worse 

outcomes. Each BPI domain had a strong correlation (r.0.6) 

with SF-36v2 Bodily Pain; most BPI domains (all except for 

Least Pain) also correlated highly with SF-36v2 Physical 

Health Summary and with HAL Overall Activity. In addition, 

current pain, but not the other BPI domains, was shown to 

correlate highly with HAL Household Tasks.

sF-36v2
Correlations between the 8 domain scores and 3 summary 

scores of SF-36v2 with HAL domain/summary scores are 

presented in Table 3. All correlations reached significance 

of P,0.001, and the directionality of each demonstrated 

higher scores (indicating worse HRQoL) correlating with 

other measures of poorer outcomes.

SF-36v2 Physical Functioning, Role Physical, and Bodily 

Pain each correlated highly (r.0.6) with all measures of 

physical function on HAL, with the exceptions of HAL Self-

Care, Functions of the Arms (did not reach r.0.6 with Role 

Physical and Bodily Pain) and Upper Extremity Activities 

(did not reach r.0.6 with Bodily Pain). In contrast, SF-36v2 

Social Functioning correlated strongly with HAL scores 

related to activities of the upper extremities (Functions of the 

Arms, Household Tasks, Leisure Activities and Sports, Upper 

Extremity Activities, and Overall Activity), and SF-36v2 

Figure 1 correlation of eQ-5D-5l Mobility with hAl leg Function (A) and of eQ-
5D-5l self-care with hAl self-care (B).
Notes: ahAl scores measured on a scale from 0 to 100; higher scores indicate 
better functional status.
Abbreviation: hAl, hemophilia Activities list.
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General Health showed a strong correlation only with HAL 

Overall Activity. SF-36v2 Vitality, Role Emotional, and 

Mental Health did not exhibit strong correlations with any 

HAL domain/summary scores. Of the 3 SF-36v2 summary 

scores, Mental Health Summary and Overall Health did not 

reach strong correlations with any HAL domain/summary 

scores; however, Physical Health Summary correlated very 

strongly with all HAL scores except for Self-Care.

hJhs
An optional HJHS examination was performed for 

240 participants (63%). Correlations between HJHS domain/

summary scores and PRO instrument scores are presented in 

Table 4. All correlations reached a significance of P,0.01, 

except for those of each domain/summary score with EQ-5D-5L 

Anxiety/Depression and with SF-36v2 Overall Health. 

All correlations reflect a directionality of higher scores 

Table 2 correlation of BPi domains with sF-36v2 and hAl scores

Construct Pearson’s r

Worst 
Pain

Least 
Pain

Average 
Pain

Current 
Pain

SF-36v2
Domain scores

Physical functioning
role physical
Bodily pain
general health
Vitality
social functioning
role emotional
Mental health

summary scores
Physical health summary
Mental health summary
Overall health

-0.52
-0.53
-0.77
-0.52
-0.50
-0.54
-0.38
-0.39

-0.61
-0.33
0.34

-0.54
-0.49
-0.63
-0.52
-0.39
-0.52
-0.45
-0.32

-0.56
-0.33
0.25

-0.56
-0.53
-0.75
-0.54
-0.47
-0.59
-0.44
-0.40

-0.61
-0.37
0.31

-0.58
-0.55
-0.72
-0.57
-0.48
-0.58
-0.44
-0.41

-0.62
-0.37
0.34

HAL
Domain scores

lying/sitting/kneeling/standing
Functions of the legs
Functions of the arms
Use of transportation
self-care
household tasks
leisure activities and sports

summary scores
Upper extremity activities
Basic lower extremity  
activities
complex lower extremity  
activities

-0.57
-0.58
-0.48
-0.49
-0.42
-0.55
-0.53

-0.49
-0.58

-0.57

-0.53
-0.49
-0.51
-0.48
-0.41
-0.53
-0.48

-0.50
-0.52

-0.48

-0.57
-0.55
-0.51
-0.51
-0.44
-0.55
-0.51

-0.52
-0.57

-0.54

-0.60
-0.58
-0.54
-0.56
-0.48
-0.61
-0.55

-0.55
-0.59

-0.56

Overall activity -0.61 -0.56 -0.60 -0.64

Notes: High correlations are defined as r$0.37. Bold values indicate the strongest 
correlations with r.0.6. P,0.001 for all comparisons.
Abbreviations: BPi, Brief Pain inventory v2 short Form; hAl, hemophilia 
Activities list.
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Table 4 correlation of hJhs domains with eQ-5D-5l, BPi, sF-36v2, and hAl scores

Construct Elbow Ankle Knee Global Gait Total Score

Pearson’s r P-value Pearson’s r P-value Pearson’s r P-value Pearson’s r P-value Pearson’s r P-value

EQ-5D-5L
Domain scores

Mobility
self-care
Usual activities
Pain/discomfort
Anxiety/depression

summary scores
index
Visual analog scale

0.39
0.36
0.33
0.37
0.16

-0.40
-0.35

,0.01
,0.01
,0.01
,0.01
0.01

,0.01
,0.01

0.50
0.33
0.39
0.39
0.13

-0.45
-0.28

,0.01
,0.01
,0.01
,0.01
0.04

,0.01
,0.01

0.40
0.19
0.30
0.29
0.08

-0.30
-0.24

,0.01
,0.01
,0.01
,0.01
0.24

,0.01
,0.01

0.22
0.12
0.06
0.03
0.11

-0.17
-0.13

,0.01
,0.01
,0.01
,0.01
0.24

,0.01
,0.01

0.50
0.34
0.40
0.41
0.14

-0.45
-0.33

,0.01
,0.01
,0.01
,0.01
0.03

,0.01
,0.001

BPI
Domain scores

Worst pain
least pain
Average pain
current pain

summary scores
Pain severity
Pain interference

0.37
0.25
0.35
0.35

0.37
0.35

,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

0.37
0.37
0.39
0.42

0.43
0.33

,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

0.40
0.29
0.38
0.28

0.38
0.30

,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

0.20
-0.02
0.10
0.14

0.13
0.17

,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

0.44
0.35
0.44
0.40

0.45
0.38

,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

SF-36v2
Domain scores

Physical functioning
role physical
Bodily pain

summary scores
Physical health summary
Overall health

-0.41
-0.37
-0.39

-0.42
0.16

,0.01
,0.01
,0.01

,0.01
0.02

-0.53
-0.36
-0.37

-0.47
0.06

,0.01
,0.01
,0.01

,0.01
0.27

-0.38
-0.28
-0.38

-0.34
0.13

,0.01
,0.01
,0.01

,0.01
0.26

-0.18
-0.11
-0.15

-0.18
0.10

,0.01
,0.01
,0.01

,0.01
0.26

-0.51
-0.39
-0.44

-0.47
0.15

,0.01
,0.01
,0.01

,0.01
0.23

HAL
Domain scores

lying/sitting/kneeling/standing
Functions of the legs
Functions of the arms
Use of transportation
self-care
household tasks
leisure activities and sports

summary scores
Upper extremity activities
Basic lower extremity  
activities
complex lower extremity  
activities

-0.44
-0.42
-0.44
-0.44
-0.37
-0.43
-0.36

-0.45
-0.42

-0.46

,0.01
,0.01
,0.01
,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

,0.01

-0.56
-0.51
-0.41
-0.53
-0.30
-0.42
-0.41

-0.39
-0.47

-0.59

,0.01
,0.01
,0.01
,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

,0.01

-0.40
-0.45
-0.27
-0.30
-0.19
-0.28
-0.32

-0.26
-0.40

-0.45

,0.01
,0.01
,0.01
,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

,0.01

-0.05
-0.13
-0.15
-0.09
-0.12
-0.12
-0.13

-0.15
-0.14

-0.07

,0.01
,0.01
,0.01
,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

,0.01

-0.53
-0.53
-0.42
-0.48
-0.32
-0.42
-0.41

-0.41
-0.49

-0.58

,0.01
,0.01
,0.01
,0.01
,0.01
,0.01
,0.01

,0.01
,0.01

,0.01

Overall activity -0.47 ,0.01 -0.53 ,0.01 -0.39 ,0.01 -0.12 ,0.01 -0.53 ,0.01

Notes: High correlations are defined as r$0.37. Bold values indicate the strongest correlations with r.0.5.
Abbreviations: BPi, Brief Pain inventory v2 short Form; hAl, hemophilia Activities list; hJhs, hemophilia Joint health score v2.1.

(indicating worsening joint function) correlating with other 

measures of worse outcomes.

While correlations met the standard definition of high 

(r$0.37), no correlations reached the threshold of r.0.6 used 

in this analysis for consideration of reporting only strongest 

correlations; however, the HJHS Ankle domain reached a cor-

relation of r.0.5 for several domain/summary scores related 

to physical function, including scores specific to activity 

of the lower extremities (SF-36v2 Physical Functioning 

and HAL Lying/Sitting/Kneeling/Standing, Functions of 

the Legs, Use of Transportation, Complex Lower Extremity 

Activities, and Overall Activity). HJHS Total Score also 

correlated at r.0.5 with most of these same PRO scores that 

correlated with HJHS Ankle (SF-36v2 Physical Functioning 

and HAL Lying/Sitting/Kneeling/Standing, Functions of the 

Legs, Complex Lower Extremity Activities, and Overall 

Activity). HJHS Global Gait did not reach a correlation of 

r.0.5 with any PRO instrument domain or summary scores. 
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The correlation between HJHS Total Score and EQ-5D-5L 

Mobility is graphically depicted in Figure 2, which 

demonstrates a significant correlation between increasing 

functional impairment and decreased joint health.

Discussion
Overall, this analysis demonstrated high construct validity of 

5 PRO and physician-administered instruments that could be 

used for the assessment of pain, functional impairment, and 

HRQoL in adult PWH. Because reported experience with 

PRO instruments in this population has been limited and 

inconsistent to date, information regarding construct validity 

is important when making clinical decisions about whether to 

incorporate PRO instruments into comprehensive care.

As expected, high convergent validity of PROs was 

observed with directionality of the correlation as would be 

expected based on the direction of the PRO instruments 

(worse outcomes indicated by higher or lower scores); highly 

similar related domains (eg, separate measures of pain or 

specific physical limitations) exhibited the strongest correla-

tions. These correlations were observed despite differences 

in the measured time frames between the different PRO 

instruments, which ranged from assessments of “today” on 

EQ-5D-5L to “in the previous month” on SF-36v2 and HAL. 

Independent measures of pain (EQ-5D-5L Pain/Discomfort 

and all BPI pain severity scores) were all highly correlated; 

furthermore, validity of the temporal specificity of these 

assessments is supported by a very strong correlation (r.0.6) 

of EQ-5D VAS (measuring health “today”) with BPI Current 

Pain, but not with Worst Pain, Least Pain, or Average Pain 

experienced during the past week. Independent measures of 

overall physical functioning (EQ-5D-5L Mobility and Usual 

Activities, SF-36v2 Physical Functioning, Role Physical, 

and Physical Health Summary, and HAL Overall Activity, 

Household Tasks, and Leisure Activities and Sports) were 

also all very strongly correlated, suggesting that each of these 

scores reflects an accurate measure of general physical func-

tion. Interestingly, while measures of self-care (EQ-5D-5L 

Self-Care and HAL Self-Care) showed relatively little impair-

ment compared with other domains,17 they were correlated 

strongly only with each other. This suggests that self-care 

abilities may be relatively well preserved in individuals with 

more general measures of functional impairment and may 

also relate to the predominance of lower (vs upper) extremity 

joint disease. Functional status specific to individual joints 

and to upper and lower extremity activities was measured on 

HJHS and HAL, respectively, and demonstrated expectedly 

strong correlations between HJHS Ankle scores and HAL 

Lying/Sitting/Kneeling/Standing, Functions of the Legs, and 

Complex Lower Extremity Activities. Although HJHS Elbow 

and Knee scores reached strong (but not the strongest) levels 

of correlation with arm- or leg-specific HAL domain scores, 

these results seem to reflect the greater levels of pain associ-

ated with ankles versus knees and elbows in this population 

of PWH, and Elbow and Knee scores may be expected to 

reach higher correlations in populations with more significant 

elbow and knee pain and joint disease. In addition to physical 

constructs known to be affected in PWH, high construct valid-

ity was observed for aspects of mental health measured on  

EQ-5D-5L and SF-36v2 instruments. High correlations were 

found between EQ-5D-5L Anxiety/Depression and SF-36v2 

Social Functioning, Role Emotional, and Mental Health 

domains, suggesting that these global PRO instruments are 

valid tools for assessing mental health issues in adult PWH.

In addition to correlations between related domains (eg, 

pain vs pain, function vs function), high and very strong 

correlations were found between certain pain/function com-

parisons, consistent with a close relationship between pain 

and functional impairment. SF-36v2 Bodily Pain correlated 

highly with EQ-5D-5L Mobility and Usual Activities and 

with HAL Overall Activity, and EQ-5D-5L Pain/Discomfort 

correlated highly with HAL Overall Activity. More specific 

aspects of pain were investigated on BPI, and EQ-5D-5L 

Mobility was found to be correlated highly with the more 

general BPI domains (Average Pain and Current Pain), but 

not the extremes of Worst Pain or Least Pain; similarly, 

HAL Overall Activity correlated highly with Average Pain, 

Current Pain, and Worst Pain, but not with Least Pain. 

Analysis of joint-specific HJHS and HAL scores seem to indi-

cate a greater contribution of lower extremity (particularly 

ankle) versus upper extremity limitations to overall physical 

Figure 2 correlation of eQ-5D-5l Mobility with hJhs Total score.
Notes: ahJhs Total score measured on a scale from 0 to 124; lower scores indicate 
better joint function.
Abbreviation: hJhs, hemophilia Joint health score v2.1.
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function (EQ-5D-5L Usual Activities correlated highly with 

HAL Functions of the Legs and Basic Lower Extremity 

Activities, but not with Functions of the Arms or Upper 

Extremity Activities; HAL Overall Activity correlated highly 

with HJHS Ankle, but not with Elbow or Knee domain 

scores); however, these data may be influenced by the greater 

degree of pain (and presumably functional damage) observed 

in this population in ankles versus other joints. Interest-

ingly, social functioning appears to be the only construct 

associated more highly with upper extremity versus lower 

extremity function (SF-36v2 Social Functioning correlated 

highly with HAL Functions of the Arms and Upper Extrem-

ity Activities, but not with Functions of the Legs, Basic 

Lower Extremity Activities, or Complex Lower Extremity 

Activities). Mental health outcomes do not seem to align 

highly with pain, functional impairment, or other general 

measures of HRQoL, as SF-36v2 Mental Health, Mental 

Health Summary, and Role Emotional scores correlated 

highly only with EQ-5D-5L Anxiety/Depression. The EQ-5D 

VAS, a general measure of health status “today,” seems to 

be driven primarily by pain, as this score correlates highly 

with various assessments of pain (BPI Pain Severity, Pain 

Interference, and Current Pain, and SF-36v2 Bodily Pain), 

as well as SF-36v2 General Health and Physical Summary.

The high level of construct validity demonstrated through 

this analysis complements previously reported information 

regarding test-retest reliability of the 5 PRO instruments in 

the P-FiQ study population.18 Of the 381 participants enrolled 

in P-FiQ, the first 187 were asked to participate in an optional 

retest of each PRO instrument at the completion of the com-

prehensive care visit (~3–4 hours after the initial PRO test), 

to compare responses given while in a similar non-bleeding 

state. Median concordance between responses was generally 

high (ranging from 54.5% [BPI] to 100% [IPAQ]), and all 

EQ-5D-5L, BPI, SF-36v2, and HAL domains reached the 

intraclass correlation coefficient threshold of 0.70, indicating 

high reliability. Together, reliability and construct validity 

data suggest that these PRO instruments provide a valid mea-

sure of pain, functional impairment, and HRQoL outcomes 

and that the choice of instrument in the research or clinical 

care setting should be driven by factors other than reliability 

and validity, such as individual symptoms, treatment plan-

ning goals, outcome tracking objectives, and administrative 

burden. For example, instruments that are broad in scope 

such as EQ-5D-5L and SF-36v2 may be valuable as screen-

ing tools for pain, physical impairment, and mental health 

issues, and more specific tools such as BPI and HAL may be 

useful in the context of patients with known pain or functional 

problems, to inform treatment or physical therapy interven-

tions aimed at improving HRQoL.

An important limitation of this study is a potentially limited 

relevance of the study population to that of the entire US PWH 

population. Because the study enrolled only adult male PWH 

with a history of joint pain or bleeding, PRO instruments cannot 

be assumed to accurately assess pain, functional impairment, 

and HRQoL constructs in women with hemophilia or others 

with less significant joint damage. The study population is also 

remarkable for a high number of participants being overweight 

or obese, which may be expected to affect outcomes related to 

physical activity and joint range of motion; however, whether 

this rate is comparable to that of the larger PWH population 

with joint pain or bleeding is unclear. Another important char-

acteristic of the study population is the high level of pain in 

the ankles versus other joints, which, although consistent with 

expected sites of pain among PWH,25–27 may have resulted in a 

reduced sensitivity toward identifying correlations of domains 

relevant to non-ankle joint pain. An additional limitation of 

the study is the participation of subjects in the optional HJHS 

evaluation, which may not have been performed in some 

sites or circumstances due to considerations related to avail-

ability of a physical therapist trained in HJHS administration 

for the ~1-hour evaluation. However, the majority of cor-

relations between HJHS domains and PRO scores reached 

statistical significance, and expected correlations between 

HJHS Ankle scores and relevant HAL domains reached a 

high correlation threshold of 0.5, suggesting sufficient con-

struct validity.

Conclusion
These data demonstrate high convergent validity and overall 

very strong correlations of related domains measuring pain, 

functional impairment, and anxiety/depression across PRO 

instruments in adult PWH. Each PRO instrument provides a 

different level of detail in describing HRQoL among PWH; 

the optimal choice of instrument to administer in the clinical 

or research setting may depend on the individual’s symptoms, 

treatment planning goals, or outcome tracking research objec-

tives, with the consideration of administrative burden.
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Figure S1 correlation of eQ-5D-5l Pain/Discomfort with BPi Pain severity (A) and Pain interference (B).
Notes: aBPi pain scores measured on a scale from 0 to 10; higher scores indicate greater pain severity or pain interference.
Abbreviation: BPi, Brief Pain inventory v2 short Form.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Patient Preference and Adherence

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/patient-preference-and-adherence-journal

Patient Preference and Adherence is an international, peer-reviewed, 
open access journal that focuses on the growing importance of patient 
 preference and adherence throughout the therapeutic continuum. Patient 
satisfaction, acceptability, quality of life, compliance, persistence and their 
role in  developing new therapeutic modalities and compounds to optimize 

clinical  outcomes for existing disease states are major areas of interest for 
the  journal. This journal has been accepted for indexing on PubMed Central. 
The  manuscript management system is completely online and includes a very 
quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Patient Preference and Adherence 2017:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

1380

Batt et al

Figure S3 correlation of eQ-5D-5l Pain/Discomfort with hAl Upper extremity Activities (A), Basic lower extremity Activities (B), and complex lower extremity 
Activities (C).
Notes: ahAl scores measured on a scale from 0 to 100; higher scores indicate better functional status.
Abbreviation: hAl, hemophilia Activities list.

Figure S2 correlation of eQ-5D-5l Pain/Discomfort with sF-36v2 Bodily Pain.
Notes: asF-36v2 Bodily Pain score measured on a scale from 0 to 100; lower scores indicate greater bodily pain.
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