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Objective: This study examined the impact of adding two condition-specific bolt-

on items to the EQ-5D-5L and assessed their psychometric properties in patients

with hemophilia.

Methods: The data were obtained from a nationwide cross-sectional online survey of

patients with hemophilia in China. Self-reported and proxy-reported data were analyzed

separately. Ceiling effect, informativity, and discriminatory power of the EQ-5D-5L with

two bolt-on items, dignity (DG), and bleeding (BL), were examined. Spearman’s rank

correlation (rho) was used to assess the associations of the EQ-5D-5L and two bolt-on

items with the Hemophilia Quality of Life Questionnaire for Adults (Haem-A-QoL) and SF-

12. Multiple regression analysis was performed to evaluate the explained variance of the

EQ-5D-5L and bolt-on items in predicting EQ-VAS scores.

Results: A total of 895 patients and 222 caregivers completed the questionnaire. The

ceiling effect decreased from 1.9 to 0.6% and 5.9 to 0.9% when using the EQ-5D-5L

and the EQ-5D-5L with two bolt-on items among participants with both self- and proxy-

completed questionnaires. Both DG and BL were strongly correlated with Haem-A-QoL

sum score [rho: DG= 0.64 (patient) vs. 0.66(proxy); BL = 0.49 (patient) vs. 0.31 (proxy)],

SF-12 mental component [rho: DG = −0.36 (patient) vs. −0.41 (proxy); BL = −0.53

(patient) vs. −0.57(proxy)], and SF-12 physical component [rho: DG = −0.61 (patient)

vs. −0.61 (proxy); BL = −0.35 (patient) vs. −0.39 (proxy)]. Known-group comparisons

confirmed that the two bolt-on items had satisfactory discriminatory power. Multiple

regression analysis indicated that adding two bolt-on items significantly increased the

ability to predict EQ-VAS scores. The adjusted R2 increased by 8.2 and 8.8% for reports

completed by the patients or patients’ proxy respondents, respectively.

Conclusion: Adding the DG and BL bolt-on items can increase performance on the

EQ-5D-5L in patients with hemophilia. A future valuation study will be carried out.
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INTRODUCTION

Hemophilia, which has two main types (A and B), is a
rare hematological disease that primarily affects males (1).
Globally, hemophilia affects approximately 400,000 people, with
an estimated prevalence of 1 in 5,000 male live births for
type A and 1 in 30,000 live births for type B (2). Hemophilia
undoubtedly has a negative impact on patients’ health-related
quality of life (HRQoL) and psychological well-being due to its
chronicity, symptoms, and complications (3). Life expectancy
in hemophilia varies, depending on whether patients receive
appropriate treatment. Overall, themortality rate ofmale patients
is about twice the rate of healthy men; whereas for those with
severe hemophilia, the rate could be four to six times higher (4).
In addition, comorbidity with other diseases is also regarded as a
potential but uncertain factor that may affect the mortality rate of
patients with hemophilia as well.

Bleeding episodes produced by abnormal clotting factors are
hallmarks of hemophilia. The severity of hemophilia varies, from
bleeding after surgery to spontaneous bleeding, and depends
on the level of clotting factors (5). It is usually internal and
causes joint and muscle damage and pain (1). In some cases,
repeated bleeding in the same body part can cause chronic
inflammation and reduce joint flexibility and muscle mobility,
causing permanent disability (6, 7). Previous studies have shown
that bleeding disorders lead to a significantly poor physical
HRQoL, and alleviating these symptoms is highly likely to
improve patients’ physical HRQoL and well-being (8–10).

Survival rates for patients with hemophilia have increased
significantly (11); however, longer life expectancy has increased
the risk of developing some chronic psychiatric, psychological,
and social support problems, all of which can lead to loss
of dignity (12, 13). One previous study indicated that a large
number of patients with hemophilia are disabled to some extent
due to the complications from treatment. As a result, these
patients cannot live in accordance with their standards and
values, and the loss of self-esteem jeopardizes their HRQoL and
well-being (14). Ganzini et al. also found that loss of dignity
is one of the main reasons that the family of hemophiliacs
have advocated for legalized physician-assisted death (15,
16). Further studies have demonstrated that low dignity is
strongly associated with poor HRQoL (17, 18). However, few
clinical or social intervention studies have been carried out on
the topic.

The EQ-5D, one of the most widely used generic preference-
based measures (PBMs) worldwide (19–22), is increasingly used
to measure HRQoL in different patient groups (23, 24). It
can generate a summarized utility score that aids decision-
makers in allocating scarce healthcare resources (25). Unlike
condition-specific PBMs, such as the Hemophilia Quality of
Life Questionnaire for Adults (Haem-A-QoL), generic PBMs are
intended for use across conditions and treatments and to provide
consistency and comparability for economic evaluations (26).
Although the use of the EQ-5D in hemophilia is growing, there
are notable gaps.

The EQ-5D was designed for both simplicity and
comprehensiveness in the measurement of HRQoL (27).

To ensure simplicity, the descriptive system comprises only
five items to reflect different dimensions of HRQoL, four of
which measure the physical aspect of HRQoL and one of which
measures the mental aspect of HRQoL. For comprehensiveness,
the EQ-5D tries to cover all the dimensions of health in general,
rather than specific aspects. Hence, it can provide consistency
and comparability within and between different populations
and settings. However, a growing number of studies have
indicated that the EQ-5D lacks sensitivity and appropriateness
for measuring changes in HRQoL in some specific patient
groups (26, 28–30). To increase the ability of the EQ-5D to
capture the important variations of HRQoL in patients with
specific conditions, adding condition-specific bolt-on items were
introduced. The EQ-5D with the two bolt-on items has been
shown to provide valid and reliable results that may increase
the sensitivity of the EQ-5D to capture the condition-specific
changes in HRQoL in a specific patient group (31–33). Using the
bolt-on method, the integral structure of the EQ-5D descriptive
system can be maintained, and simultaneously, the predictive
ability to estimate the change in HRQoL in a subpopulation
is improved.

For patients with hemophilia, the EQ-5D may not be able
to detect certain changes in HRQoL due to symptoms unique
to hemophilia or side effects resulted from its treatment. Using
the bolt-on approach can ensure comparability, transparency,
and consistency when measuring HRQoL across different
hemophilia-related interventions. Previous studies indicated
that adding condition-specific bolt-on items to the EQ-5D
may undermine the cross-program comparability because
different interventions measure different dimensions of
health (34, 35), and a new algorithm including the bolt-
on items is therefore needed to calculate utility scores to
support cost-utility analysis. However, when performing
economic evaluations, the so-called orphan drugs and
products for rare diseases (RDs) including hemophilia are
often found not being cost-effective if measured under standard
thresholds (36). Hence, without disease-specific bolt-on
items, the risks of not responding to the patients’ needs
will be increased and equal access to medical care will be
hindered (37).

To develop an independent value set that considers specific
symptoms of hemophilia and side-effects caused by its treatment,
which is vital to assess the cost-effectiveness of different
hemophilia-related interventions, it is important firstly to
confirm the validity of the additional dimensions added to
the EQ-5D so that a local value set can be developed based
on this expanded instrument. In this study, two hemophilia-
specific bolt-on items were added to the EQ-5D: bleeding
(BL) and dignity (DG). They were identified and developed
through a literature review, focus group interviews, and expert
discussions aimed at specifically measuring the changes in
physical and mental HRQoL for hemophiliacs that might be
insufficiently captured by the original EQ-5D. Thus, the aims
of this exploratory study were to examine the impact of adding
two bolt-on items to the EQ-5D and to assess the psychometric
properties of the EQ-5D with bolt-on items in a sample of
Chinese patients with hemophilia.
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METHODS

Research Population and Data Collection
The data used in this study were obtained from an online
nationwide cross-sectional survey to investigate the health and
socioeconomic status of patients living with hemophilia in
China. The survey was conducted between August 2019 and
December 2019. Research team had collaborated with the “Home
of Hemophilia,” the biggest hemophilia patient organization in
China, to perform data collection. All the participants were
recruited via the patient organization’s internal network. A
recruitment advertisement was sent to its registered members
via its internal member management platform. Inclusion criteria
were: (1) ≥18 years; (2) no cognitive problems (screened by the
patient organization and self-reported by the patients); (3) able
to provide informed consent. Interested and eligible members
(assessed by the patient organization) were invited to join in
an online “surveying group” and a link of questionnaire was
provided in that group. Information on patients’ demographics,
socioeconomic status, diagnosis, and treatment status, HRQoL,
and access to and use of healthcare services were collected.
Survey procedure, implementation, and quality control were
defined and monitored by the survey committee, which was
composed of medical specialists dealing with hemophilia, leaders
of patient organizations, and our research team. The first page
of the online questionnaire was the consent form, and all
the participants were forced to read through it. The survey
would not begin until participants clicked the “Agree” button
at the end of that page. They were also provided an option
on “Do not agree and leave.” Since some patients might not
be able to complete the questionnaire all by themselves due to
poor health status, their main caregivers would be recruited to
complete the survey for them. At the beginning of the survey,
participants were therefore required to indicate their identity
as a patient or a caregiver. Then patients and caregivers were
asked to complete different versions of the questionnaire, and
their responses were coded as either self- or proxy-completed
data. The Institutional Review Board Ethics Committee of the
Chinese University of Hong Kong and Peking Union Medical
College Hospital approved the study protocol (Ref no.: SBRE-
18-268 and SK814). This study was carried out in accordance
with the 1964 Declaration of Helsinki and its later amendments.
Written informed consent was provided by all participants.

HRQoL Measurement
EQ-5D-5L

In this study, we used the five-level version of the EQ-5D (EQ-
5D-5L). It has two sections: a descriptive system section and
a visual analog scale (EQ-VAS). The descriptive system section
consisted of five items, one on each of the following: mobility
(MO), self-care (SC), usual activities (UA), pain/discomfort (PD),
and anxiety/depression (AD). For each item, responses are based
on a 5-point scale, ranging from “no problem” (1) to “extreme
problems/” (5). A profile of “11111” indicates that the patient has
no problems in all five items and is the best possible health state.
The EQ-VAS reflects a person’s overall health on a vertical visual

analog scale, ranging from 0 to 100, with a higher score indicating
a better imagined health state (38).

Bolt-On Items to the EQ-5D-5L

Two condition-specific bolt-on items to the EQ-5D-5L, the
DG and BL, were developed based on a sophisticated process
including literature review, patient focus group interview,
and expert discussion. Two bolt-on items were designed to
reflect general changes in psychosocial and physical HRQoL in
hemophiliacs, respectively. Dignity is a complicated concept that
comprises a number of related issues, such as self-respect, self-
concept, self-confidence, and self-esteem (39–42). Given that
patients with RDs, including hemophilia, have to deal with
dignity-related issues both during doctor visits and daily life, we
decided to follow the Dixon et al.’s work (42) and developed
this bolt-on item to directly ask patients about their experiences
and feelings about DG in general. Bleeding was defined as
patients experiencing all types of bleeding, including bleeding
into the joints, skin, andmouth; bleeding of themouth and gums;
bleeding after circumcision; bleeding after receiving shots; blood
in the urine or stool; and hard-to-stop nosebleeds (43). Patients
were asked to indicate how severe the problem of bleeding they
experience in daily life on the day of survey, regardless the type
or source of bleeding or control effectiveness. Both the DG and
BL items were framed the same as the other items of the EQ-5D-
5L, with the same number of response options. Responses to the
DG item was worded as follows (Chinese version was presented
to all participants): I live with full dignity,” “I live with many
dignities,” “I live with some dignities,” “I live with few dignities,”
and “I live with no dignity.” Responses to the BL item were as
follows: “I have no bleeding problems,” “I have slight bleeding
problems,” “I have moderate bleeding problems,” “I have severe
bleeding problems,” and “I have extreme bleeding problems.”

Haem-A-QoL

The Haem-A-QoL is a commonly used instrument to assess the
HRQoL for adult patients with hemophilia (44–47). It consists
of 46 items grouped into 10 dimensions. The scale specifically
assesses HRQoL of patients with hemophilia (48). These include
physical health (PHYS, 5 items), feelings (FEEL, 4), view of
self (VIEW, 5), sports and leisure (SPORT, 5), work and school
(WORK, 4), dealing with hemophilia (DEAL, 3), treatment
(TREAT, 8), future (FUTURE, 5), family planning (FAMPL, 4),
and partnership and sexuality (SEXUAL, 3). The sum score of the
Haem-A-QoL ranges from 0 to 100 and is obtained by summing
up the scores of all 10 subscales, with a higher score indicating
poorer HRQoL.

SF-12

The SF-12 is one of the most widely used generic non-preference
based measure, which has been used to assess HRQoL in patients
with hemophilia and proved having satisfactory performance
(49, 50). It consists of 12 questions on 8 dimensions of physical
and mental health: general health (GH), physical functioning
(PF), role physical (RP), and body pain (BP), vitality (VT), social
functioning (SF), role emotional (RE), and mental health (MH).
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Scores are reported as physical and mental component summary
scores (PCS and MCS) (51).

Statistical Analysis
Self-completed and proxy-completed data were analyzed
separately. Descriptive analysis was used to describe the
participants’ characteristics. The proportion of participants’
responses on each level of the EQ-5D-5L and bolt-on items
are presented as percentages. We calculated the proportion of
participants with the best health state, as measured with the
EQ-5D-5L and EQ-5D-5L with two bolt-on items. For the EQ-
5D-5L, the best health state was indicated by a profile of “11111.”
For the EQ-5D+DG and EQ-5D+BL, it was indicated by a
profile of “111111.” For the EQ-5D+DG+BL, it was indicated
by a profile of “1111111.”

Convergent validity was determined by examining the
correlations between the EQ-5D-5L with two bolt-on items and
the Haem-A-QoL and SF-12. Spearman rank correlation (rs) was
used to confirm the strength of the associations, where 0.25 <

rs < 0.5, and rs ≥ 0.5 were identified as moderate and strong
correlations, respectively (52). We assumed that the EQ-5D-5L
with bolt-on items would positively correlate with the Haem-A-
QoL sum score, but negatively correlate with PCS and MCS of
the SF-12. We further posited that the DG item would show a
stronger association with MCS than PCS, and that the BL item
would show a stronger association with PCS than MCS. Known-
group validity was assessed by testing the priori hypotheses
that patients with poorer health status had more problems with
dignity and bleeding. A chi-squared test was used to assess the
discriminatory ability of the DG and BL items to differentiate
patients known to differ in terms of severity of hemophilia,
disabling levels, and comorbidity.

We performed both univariable and multivariable linear
regression analysis to compare the exploratory power of the
EQ-5D-5L and EQ-5D-5L with two bolt-on items. The EQ-
VAS was used as the dependent variable in all the models. For
univariable analysis, five items of the EQ-5D-5L and another
two bolt-on items were analyzed separately (seven models). For
multivariable analysis, another five models were developed. (a)
DG+BL model, (b) EQ-5D model (MO+SC+UA+PD+AD),
(c) EQ-5D+DG model, (d) EQ-5D+BL model, and (e) full
model (MO+SC+UA+PD+AD+DG+BL). R-squared (R2) and
adjusted R-squared (adjusted R2) were used to determine the

exploratory ability of the models. The Shannon index (H
′

)

and the Shannon evenness index (J
′

) were used to assess the
classification efficiency of the EQ-5D-5L and EQ-5D-5L with
two bolt-on items, respectively. They provided information to
assess the ability of the measurements to gauge the diversity of
patients (53). All analyses were performed using R software (R
Foundation, Vienna, Austria). Statistical significance was set at p
≤ 0.05.

RESULTS

Participant Characteristics
Data from 895 patients and 222 caregivers who completed the
survey were included in our analysis. Approximately 85.8% of

self-completed questionnaires and 85.4% of proxy-completed
questionnaires were from type A patients. Approximately 72.1%
of patients who self-completed their questionnaire were aged
between 21 and 40 years, and 46.9% completed secondary or
above education. More than 60% were rural residents, and nearly
70% reported a family income of<50,000 CNY ($7,800 USD) per
year. For participants whose questionnaires had been completed
by proxy, more than 70% were aged under 30 years, and 53.6%
were rural residents (Table 1).

Frequency of Health States and Ceiling
Effects
Table 2 demonstrates that among patients who self-completed
their questionnaire, only 15% and 2% responded that they had
no problems for the DG and BL items, respectively, which
indicated an acceptable ceiling effect. For the EQ-5D-5L, 1.9% of
patients reported a perfect health state (i.e., “11111”); however,
the proportion was lower, at 0.6%, for the EQ-5D+DG+BL
(i.e., “1111111”). For patients whose questionnaire had been
completed by proxy, a total of 5.9% of participants reported a
perfect health state on the EQ-5D-5L, whereas the proportion
was lower, at 0.9%, for the EQ-5D+DG+BL.

Convergent Validity
The correlations between the EQ-5D-5L and bolt-on items
are shown in Figure 1. For patients who self-completed their
questionnaire, the associations of the EQ-5D-5L with the DG
and BL items ranged from 0.29 to 0.57 and 0.36 to 0.53,
respectively. For patients who had completed their questionnaire
by proxy, the associations of the EQ-5D-5L with the DG and
BL items were slightly stronger than those of patients who had
self-completed their questionnaires. Table 3 demonstrates the
convergent validity of the EQ-5D-5L with two bolt-on items.
The results confirmed our hypotheses that the EQ-5D-5L with
two bolt-on items show a positive relationship with the Haem-A-
QoL total score [range: 0.2 to 0.64 (self); 0.27 to 0.64 (proxy)],
but a negative relationship with PCS [−0.64 to −0.29 (self);
−0.65 to −0.4 (proxy)], and MCS [−0.62 to −0.3 (self); −0.61
to −0.35 (proxy)]. Additionally, the DG item was strongly and
significantly correlated with MCS, whereas the BL item showed a
stronger correlation with PCS.

Exploratory Power
Univariable andMultivariable linear regression analysis was used
to examine the performance of the models in predicting the
VAS scores. The data in Table 4 reveal that the EQ-5D+DG+BL
model showed better performance than the other models on
the basis of adjusted R2. Compared with the EQ-5D, adding
two bolt-on items increased the explanatory power from 0.294
to 0.318 for patients who self-completed their questionnaires
and 0.432 to 0.47 for patients whose questionnaires had been
completed by proxy. In other words, the two bolt-on items
have significantly increased the instrument’s ability to predict
EQ-VAS scores. The adjusted R2 increased by 8.2 and 8.8% for
reports completed by the patients or patients’ proxy respondents,
respectively. In the comparison of the performance of the EQ-
5D+DG and the EQ-5D+BL, the former combination explained

Frontiers in Medicine | www.frontiersin.org 4 August 2021 | Volume 8 | Article 707998

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Xu et al. EQ-5D With Bolt-On Items for Hemophilia

TABLE 1 | Respondents’ characteristics.

Overall respondents Self-completed respondents Proxy-completed respondents p-value

n % n %

Sex

Male 1,117 895 100 222 100 –

Ethnic group

Han 1,064 (95.3) 853 95.3 211 95.0 0.87

Others 53 (4.7) 42 4.7 11 5.0

Age

≤20 164 (14.7) 72 8.0 92 41.4 <0.001

21–30 427 (38.2) 362 40.4 65 29.3

31–40 324 (29) 287 32.1 37 16.7

41–50 141 (12.6) 125 14.0 16 7.2

≥51 61 (5.5) 49 5.5 12 5.4

Education

No/Primary 581 (52) 475 53.1 106 47.7 0.06

Secondary 399 (35.7) 305 34.1 94 42.3

Tertiary or above 137 (12.3) 115 12.8 22 9.9

Family register

Urban resident 451 (40.4) 348 38.9 103 46.4 0.05

Rural resident 666 (59.6) 547 61.1 119 53.6

Family income

≤10,000 183 (17) 151 17.5 32 14.7 0.9

10,001–30,000 328 (30.4) 260 30.2 68 31.3

30,001–50,000 257 (23.8) 203 23.6 54 24.9

50,001–80,000 120 (11.1) 94 10.9 26 12.0

80,001–100,000 98 (9.1) 78 9.1 20 9.2

≥10,0001 92 (8.5) 75 8.7 17 7.8

Type

Type A 946 (85.8) 759 85.8 187 85.4 0.43

Type B 150 (13.6) 122 13.8 28 12.8

Others/uncertain 4 (0.4) 2 0.2 2 0.9

Family income per year (Chinese Yuan).

more variations in VAS scores than the latter, which substantially
reduced the adjusted R2 of 3.2 and 3.7% both patients who self-
completed their questionnaire and patients whose questionnaires
were completed by proxy, respectively.

Known-Group Validity
For both patients who self-completed their questionnaire and
patients whose questionnaires were completed by proxy, those
who reported hemophilia-related disability, poorer perceived
health status, and comorbidity were highly likely to report having
extreme problems with both dignity and bleeding. Patients who
self-completed their questionnaire showed a higher proportion of
reporting extreme problems with dignity and bleeding compared
with patients whose questionnaires were completed by proxy.
The results confirmed that the two bolt-on items had good
discriminatory ability to differentiate patients with different
health statuses. The results of the analysis of known-group
validity of the HRQoL measurements are shown in Table 5.

Classification Efficiency
The values of H

′

for the EQ-5D+DG+BL were higher than
those for the EQ-5D-5L, which indicate that the EQ-5D-5L with
two bolt-on items generated a larger amount of information.

However, the values of J
′

for the EQ-5D+DG+BL were lower
than those for the EQ-5D-5L. These findings suggest that more
information is captured by adding two more items to the EQ-
5D-5L, but the observed gain in discrimination in both self- and
proxy-completed samples is relatively low due to the increase in
classification options (Table 6).

DISCUSSION

Principal Findings
This study assessed the impact of adding two condition-specific
bolt-on items to the EQ-5D-5L in a sample of Chinese patients
with hemophilia and examined the psychometric properties of
the measure. Compared with the EQ-5D-5L, a more satisfactory
performance of the EQ-5D-5L with two bolt-on items was
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TABLE 2 | Proportion of EQ-5D-5L items and the two bolt-on items.

%

EQ-5D-5L descriptive system EQ-5D-5L bolt-on items

MO SC UA PD AD DG BL

SELF-COMPLETED

No problem 15.5 54.5 22.8 7.1 17.9 15.0 2.0

Slight problems 34.1 25.8 38.1 38 37.3 24.6 18.5

Moderate problems 26.6 13.5 23.6 33.2 26.5 22.2 40.9

Severe problems 16.6 4.1 11.6 13.8 10.1 24.7 31.8

Unable/extreme problems 7.2 2.1 3.9 7.9 8.1 13.5 6.8

The best health (11111) 1.9

The best health including DG (111111) 1.6

The best health including BL (111111) 0.7

The best health including both (1111111) 0.6

PROXY-COMPLETED

No problem 27.0 54.5 31.1 9.0 22.5 19.4 1.8

Slight problems 33.3 25.2 40.5 39.2 45.0 33.8 24.3

Moderate problems 19.8 13.5 16.2 28.4 19.4 19.8 41.4

Severe problems 11.7 2.3 7.2 13.5 9.9 18.0 28.8

Unable/extreme problems 8.1 4.5 5.0 9.9 3.2 9.0 3.6

The best health (11111) 5.9

The best health including DG (111111) 3.2

The best health including BL (111111) 1.4

The best health including both (1111111) 0.9

MO, mobility; SC, self-care; UA, usual activates; PD, pain/discomfort; AD, anxiety/depression; DG, dignity; BL, bleeding.

FIGURE 1 | Correlation between EQ-5D items and bolt-on items; MO, mobility; SC, self-care; UA, usual activates; PD, pain/discomfort; AD, anxiety/depression; DG,

dignity; BL, bleeding; all the coefficients are statistically significant.

confirmed in both the self- and proxy-completed samples. We
found that, compared with the EQ-5D-5L, adding two items
significantly decreased the ceiling effects (68.4 and 84.7% for

self- and proxy-completed samples) and significantly increased
the discriminative power to differentiate patients with different
health statuses. As expected, the DG item strongly correlated
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TABLE 3 | Correlation between EQ-5D-5L, bolt-on items and the Haem-A-QoL and the SF-12.

SPEARMAN CORRELATION COEFFICIENT

Self-completed Proxy-completed

Haem-A-QoL PCS MCS Haem-A-QoL PCS MCS

MO 0.38*** −0.64*** −0.32*** 0.64*** −0.65*** −0.49***

SC 0.2** −0.47*** −0.3*** 0.47** −0.47*** −0.35***

UA 0.31*** −0.61*** −0.35*** 0.54** −0.62*** −0.47***

PD 0.42*** −0.51*** −0.36*** 0.37* −0.53*** −0.41***

AD 0.59*** −0.29*** −0.62*** 0.27 −0.4*** −0.58***

DG 0.64*** −0.36*** −0.61*** 0.66*** −0.41*** −0.61***

BL 0.49*** −0.53*** −0.35*** 0.31* −0.57*** −0.39***

MO, mobility; SC, self-care; UA, usual activates; PD, pain/discomfort; AD, anxiety/depression; DG, dignity; BL, bleeding; PCS, physical component summary score; MCS, mental

component summary score. *p < 0.05; **p <0.01; ***p <0.001.

TABLE 4 | Regression analysis evaluating the impact of adding bolt-on items in predicting EQ-VAS score.

R2 Adjusted R2 F-statistics p-Value

SELF-COMPLETED

MO 0.196 0.192 54.11 <0.001

SC 0.144 0.14 37.49 <0.001

UA 0.178 0.175 48.35 <0.001

PD 0.191 0.188 52.65 <0.001

AD 0.154 0.15 40.45 <0.001

DG 0.163 0.159 43.31 <0.001

BL 0.152 0.148 39.9 <0.001

DG+BL 0.23 0.22 33.06 <0.001

MO+SC+UA+PD+AD 0.31 0.294 19.70 <0.001

MO+SC+UA+PD+AD+DG 0.331 0.312 17.97 <0.001

MO+SC+UA+PD+AD+BL 0.321 0.302 17.18 <0.001

MO+SC+UA+PD+AD+DG+BL 0.339 0.318 15.93 <0.001

PROXY-COMPLETED

MO 0.341 0.325 22.32 <0.001

SC 0.228 0.21 12.76 <0.001

UA 0.367 0.352 25.03 <0.001

PD 0.264 0.247 15.52 <0.001

AD 0.267 0.25 15.73 <0.001

DG 0.272 0.255 16.16 <0.001

BL 0.243 0.226 13.88 <0.001

DG+BL 0.37 0.35 15.86 <0.001

MO+SC+UA+PD+AD 0.484 0.432 9.41 <0.001

MO+SC+UA+PD+AD+DG 0.519 0.461 8.87 <0.001

MO+SC+UA+PD+AD+BL 0.504 0.444 8.35 <0.001

MO+SC+UA+PD+AD+DG+BL 0.537 0.470 7.99 <0.001

MO, mobility; SC, self-care; UA, usual activates; PD, pain/discomfort; AD, anxiety/depression; DG, dignity; BL, bleeding.

with the AD item of the EQ-5D-5L, whereas the BL item
strongly correlated with the PD item. Both showed a statistically
significant association with the Haem-A-QoL sum score, but the
impact on mental and physical HRQoL (SF-12) was different.

Regression models revealed that the EQ-5D-5L with two
bolt-on items showed an improvement in the ability to predict

VAS scores. The value of the adjusted R2 increased from 0.294
to 0.318 for patients who self-completed their questionnaires
and 0.432 to 0.47 for patients whose questionnaires had been
completed by proxy. When comparing the predictive ability of
the two bolt-on items, the DG model outperformed the BL
model. The adjusted R2 increased by 6.1% when the DG item
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TABLE 5 | Summary of known-groups validity testing of the two bolt-on items.

%

Overall DG BL

No problem Slight problem Moderate problem Severe problem Unable/Extreme No problem Slight problem Moderate problem Severe problem Unable/Extreme

SELF-COMPLETED

Disability

No 37.1 22.8 28.0 21.8 17.3 10.0 3.8 27.0 44.6 20.4 4.2

Yes 62.9 10.6 22.3 22.1 29.2 15.7 1.2 13.7 38.9 37.0 9.2

p-value <0.001 <0.001

Severity

Minor 27.4 22.0 35.0 20.3 16.3 6.5 5.3 32.5 52.8 8.9 0.4

Moderate 26.5 14.7 22.7 29.8 25.2 7.6 1.3 13.9 48.7 32.8 3.4

Severe 46.1 11.1 19.6 18.8 29.5 21.0 0.5 12.8 29.2 44.9 12.6

p-value <0.001 <0.001

Comorbidity

No 58.0 18.8 27.8 23.4 20.7 9.2 2.5 21.3 40.3 31.3 4.6

Yes 42.0 9.8 20.2 20.4 30.2 19.4 1.3 14.6 41.6 32.6 9.8

p-value <0.001 0.003

PROXY-COMPLETED

Disability

No 53.9 27.3 36.4 15.5 12.7 8.2 2.7 33.6 40.0 21.8 1.8

Yes 46.1 13.8 30.9 23.4 24.5 7.4 1.1 12.8 46.8 34.0 5.3

p-value 0.03 0.004

Severity

Minor 25.7 29.8 33.3 15.8 19.3 1.8 3.5 36.8 54.4 5.3 0

Moderate 23.0 15.7 27.5 25.5 23.5 7.8 3.9 27.5 45.1 23.5 0

Severe 51.4 15.8 36.8 19.3 14.9 13.2 0 16.7 33.3 43.0 7.0

p-value 0.06 <0.001

Comorbidity

No 64.9 25.7 38.2 17.4 13.2 5.6 2.8 29.2 43.8 22.2 2.1

Yes 35.1 14.0 25.6 24.4 26.9 15.4 0 15.4 37.2 41.0 6.4

p-value <0.001 0.004

DG, dignity; BL, bleeding.
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TABLE 6 | Shannon index (H
′

) and Shannon Evenness index (J
′

) of EQ-5D and

bolt-on items.

H′ J′

SELF-COMPLETE

EQ-5D 8.29 0.71

EQ-5D+DG 8.48 0.66

EQ-5D+BL 8.49 0.66

EQ-5D+DG+BL 8.64 0.62

PROXY

EQ-5D 6.89 0.59

EQ-5D+DG 7.07 0.55

EQ-5D+BL 7.08 0.55

EQ-5D+DG+BL 7.24 0.52

DG, dignity; BL, bleeding.

(proxy: 6.7%) was added and 2.7% (proxy: 2.8%) when the BL
item was added. One possible reason for this finding may be that
the DG item was designed to capture the variation of mental
HRQoL among patients, which provided extra information that
might not have been possible to capture, or fully capture, with
the EQ-5D-5L only. The BL item was used to measure the
patients’ physical HRQoL. Given that four of the five items of
the EQ-5D-5L measure physical HRQoL, it is likely that the
information gathered with the BL item overlapped with other
physical HRQoL items, which strengthened its predictive ability.
Moreover, Neufeld et al. found that there are other factors
that significantly affect patients’ overall HRQoL and day-to-day
variability in the non-bleeding state (54).

Comparison With Previous Studies
Although no studies have targeted hemophilia, adding bolt-
on items to the EQ-5D to improve its sensitivity in capturing
the variations of HRQoL in different patient groups have been
studied before. For example, Gandhi et al. indicated that the
bolt-on item of “vision” could increase the responsiveness
of the EQ-5D to detect changes in health outcomes among
patients undergoing cataract surgery (33). Geraerds et al. also
found that adding a cognition item to the EQ-5D could
improve its explanatory power and informativity among patients
with traumatic brain injury (53). Kangwanrattanakul et al.
demonstrated that the bolt-on item of “activities related to
bending knees” could improve the sensitivity of the EQ-5D
questionnaire and better measure health status among Thai
people (31).

In the present study, both the BL and DG items were
found to substantially increase the predictive ability of the
EQ-5D-5L, and the DG item showed a larger increase than
the BL item. This suggests that, besides regaining physical
health from the treatment, living with independence, dignity,
and self-esteem may be more important among patients with
hemophilia (40). Previous studies in the other patient groups
showed similar findings. One German study found that low sense
of dignity in patients with cancer was significantly associated
with psychological distress (55). Baillie and Llott also found that

patients feel vulnerable when they experience loss of control,
lack of privacy, and insecurity (56). Another qualitative study
conducted in the United Kingdom demonstrated that patients
with spinal injurymust be treated with respect and dignity as long
as they need (57). Adding a dignity dimension to the EQ-5D is
important in measuring HRQoL, considering that it is a chronic,
rather than instantaneous, need of patients. The performance of
a dignity item in the EQ-5D in patients with other RDs warrants
further investigation.

We noted that the strength of the correlation between the DG
and BL items was not very strong, which indicates that patients
who feel the least dignity are not those who have the most severe
bleeding problems. This is in line with the findings of some
cancer studies that have indicated that loss of dignity may be a
broader concern among medically ill people and is not limited to
patients with very severe conditions or at the end of life (58–60).
It is important to note that dignity is a multi-faceted concept; for
example, for end-of-life patients, dignity involves quality care to
achieve a sense of spiritual peace and well-being (61). However,
for patients with moderate or mild conditions, showing them
dignity could be more general, for example, sharing decision-
making with them, respecting their preferences, protecting their
privacy, etc. (62).

Few studies have compared the performance of bolt-on items
from the perspective of patients and caregivers. Our findings
were consistent with those of previous studies that suggest that
patients are likely to overestimate the severity of their health
states compared with caregivers or the general public (63). We
further found that, compared with caregivers, patients reported
suffering more extreme problems on the BL item (47%) than
on the DG item (33%). This finding suggests that caregivers,
to some extent, are more likely to underestimate the physical
HRQoL of hemophilia patients than mental HRQoL. Further, we
also find that the EQ-5D items and bolt-on items tended to be
statistically insignificant in predicting the Haem-A-QoL scores in
the sample of caregiver (Supplementary Table A1). The utility
score of the EQ-5D elicited from the perspective of the public
or patients is a long-term controversy. The current literature
mainly supports that patients tend to assign higher utilities
compared with members of the public (64–66). However, few
alternative utility algorithms were produced when bolt-on items
were included in the EQ-5D (32), which limited our knowledge
on the impact of bolt-on items on the values for EQ-5D health
states. Further research is needed to develop the utility values of
the EQ-5D+BL+DG.

STRENGTHS AND LIMITATIONS

This was the first study to develop bolt-on items to improve the
sensitivity of the EQ-5D-5L to measure HRQoL in patients with
hemophilia worldwide. In addition, this study was one of the very
few worldwide, and the first in China, to present and compare the
impact and psychometric properties of the bolt-on items to the
EQ-5D-5L from the perspectives of patients and proxies. Third,
in this study, the development of the bolt-on items to the EQ-5D-
5L followed a solid process, which included a literature review,
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patient interviews, expert discussions, and cognitive debriefing.
Finally, we found that dignity is an important issue affecting
mental HRQoL and social well-being in patients with RDs. We
confirmed that the EQ-5D-5L with dignity showed satisfactory
psychometric properties among hemophiliacs, which suggests a
further application in the other RD patient groups.

This study also had several limitations that should be
addressed. First, data used in this study was collected via an
online survey, the patients who were unable to approach Internet
were excluded from the survey, which may lead to some selection
bias. Additionally, no response rate can be calculated based
on the online survey, because only information of successfully
submitted respondents were recorded. Neither can we rule out
the possibility that some of the participants might have cognitive
problems, even though this was one of the eligibility criteria.
Second, all the participants in this study were recruited from
a national hemophilia patient group, even though it is the
largest patient group for hemophilia patients in China, selection
bias might have been introduced. Last, in this study, caregivers
completed the self-completed rather than proxy version of the
EQ-5D, which may weaken the validity of our findings. Finally,
all the data were self-reported, which might have caused recall
bias, which could limit the generalizability of our findings.

CONCLUSIONS

The EQ-5D-5L with two bolt-on items showed good
psychometric properties among Chinese patients with
hemophilia in our study. Both items improved the sensitivity and
exploratory power of the EQ-5D-5L. The DG item was strongly
correlated with hemophilia psychological HRQoL, whereas
the BL captured more information related to patients’ physical
HRQoL. A higher convergent and known-group validity of the
EQ-5D-5L was observed in the patients who had self-completed
their questionnaire compared with patients who had completed
their questionnaire by proxy, suggesting that the additional value
of condition-specific items to the EQ-5D-5L was more relevant
in the self-completed sample. This study was designed as the
first stage in an assessment of the influence of bolt-on items
on health states covering a range of RDs in China. The second
stage of the research would be to undertake a valuation study to
facilitate an estimate of the value algorithm for the EQ-5D-5L

with bolt-on items. Further, the performance of the dignity will
be investigated in patients with the other RDs.
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