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ABSTRACT
Introduction: Prophylactic therapy improves clinical and quality of life (QoL) outcomes in patients with haemophilia; however,
this effect could be influenced by the degree of treatment adherence. Adherence to therapy may be difficult due to the
administrationmode and the frequency of self-infusions. There is a need to investigate the effect of treatment adherence on clinical,
humanistic and economic outcomes in a real-world setting.
Aim: A systematic literature review (SLR) was performed to describe the impact of adherence to haemophilia drug therapies on
clinical, humanistic and economic outcomes.
Methods:Embase,MEDLINE and the Cochrane Library were searched for English language articles published after 22 June 2013;
the search was conducted on 22 June 2023. No geographic limits were applied. Twenty articles met the inclusion criteria.
Results: The studies investigated associations between treatment adherence and bleeding, joint health, inhibitor development,
pain, QoL, daily activity/work productivity (WP), cognitive function and healthcare resource use. Fifteen studies reported that
better adherence to drug therapy in patientswith haemophilia is associatedwith better outcomes, including a reduction in bleeding
risk, improved joint structure and function, less chronic pain, better health-related QoL (HRQoL), lower activity impairment (AI),
less school/work absenteeism, higherWP and better cognitive function. Two studies reportedmixed results, with adherence being
associated with some outcomes but not others. Five studies reported no association.
Conclusion: This SLR found associations between greater adherence to haemophilia drug therapies and better results on clinical,
humanistic and economic outcomes, indicating that patients with haemophilia would benefit from improvements in treatments
that promote adherence.

1 Introduction

The treatment landscape for persons with haemophilia A (HA)
and B (HB) (PwH) has expanded, and current options include
factor replacement therapies, nonfactor therapies and gene ther-
apies [1, 2] offering improved life expectancy for PwH similar to

that of the general population [3]. Factor replacement therapies
consist of intravenously administered Factor VIII (FVIII) or IX
(FIX) proteins and can be used as prophylaxis or as on-demand
treatment [3, 4]. Nonfactor therapies are currently administered
subcutaneously for prophylaxis [1], and gene therapy is usually
administered as a one-time infusion [2].
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The benefits of prophylaxis therapy are well known; however, its
effectiveness is dependent on adherence. Adherence is described
as patients’ active and voluntary involvement in their own
caregiving in collaboration with their healthcare providers, with
the purpose of achieving a predetermined therapeutic target [5].
In relation to haemophilia, nonadherence means not keeping to
the agreed frequency or dosing of prophylactic injections [6]. Bar-
riers to prophylaxis adherence include symptom burden, disease
denial, low perceived benefits of prophylaxis, lack of knowledge,
inability to recognise a bleed, lack of transition training, venous
access issues [6] and challenges with self-treatment [4], which is
especially challenging because it requires frequent, typically 1–
3 times per week of self-infusions, depending on the type and
severity of haemophilia [7].

Several validated adherence measurement tools are available
for use in PwH. The validated haemophilia regimen treatment
adherence scale-prophylaxis (VERITAS-Pro) measures prophy-
laxis adherence in PwH [8]; it comprises 24 questions on 6
subscales (time, dose, plan, remember, skip, communicate).
Subscale scores range from 4 to 20, and total scores range from
24 to 120, with higher score representing poorer adherence [8].
A similar scale, the VERITAS–On-Demand (VERITAS-PRN),
is used to evaluate adherence in PwH receiving on-demand
treatment [9]. The recently developed Haemo-Adhaesione scale
(validated in the Spanish population) comprises 25 questions
grouped into 5 dimensions (illness awareness, sequelae knowl-
edge, treatment difficulties, doctor-patient relationship and
haemorrhagic process treatment); higher scores represent better
adherence [10].

Treatment burden associated with the mode and frequency of
administration could affect patient adherence [11] and outcomes
[12]. Innovations in mode and frequency of administration are
being explored in haemophilia therapies, with the promise of
improving the convenience and quality of life (QoL) of PwH.
It is important to improve our understanding of the impact of
adherence to haemophilia therapies on outcomes.

This systematic literature review (SLR) aimed to describe the
impact of adherence to haemophilia treatments on clinical,
humanistic and economic outcomes. To our knowledge, no
SLR of outcomes associated with adherence to haemophilia
treatments has been conducted.

2 Materials andMethods

2.1 Search Strategy

An SLR was conducted on 22 June 2023 using Embase,
MEDLINE and MEDLINE In-Process, and Cochrane Library.
The methodology followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.
Table S1 presents the MEDLINE search strategy. Searches
were limited to articles published in English after 22 June
2013, with no geographic limitations. The search included
terms relating to HA/HB, treatment adherence, treatment
convenience, patient satisfaction or patient preference
(Table S1).

2.2 Eligibility Criteria

The population of interest was individuals with inherited HA/HB
with or without inhibitors receiving any haemophilia treatment.
Outcomes of interest included adherence, treatment conve-
nience, patient satisfaction and patient preference. Observational
studies (cohort, cross-sectional, case-control and other obser-
vational) were eligible for inclusion; randomised and nonran-
domised clinical trials, case reports, letters and editorials were
excluded. SLRs andmeta-analyseswere hand-searched to identify
additional relevant studies.

2.3 Screening and Data Extraction

Study selection was performed in two phases: at level 1 screening,
titles and abstracts of studies identified from the electronic
databases were reviewed independently by two researchers (B.H.
and W.N.) to determine eligibility; at level 2 screening, full texts
of studies selected at level 1 were obtained and independently
reviewed for eligibility by the same two researchers. At each
screening stage, where there was disagreement about study
relevance, consensus was reached with a senior researcher
(A.N.). The inclusion and exclusion processes were documented,
including the completion of a PRISMA flowchart.

Data extraction tables were developed in Microsoft Word. Data
were extracted from full-text articles by one researcher and
quality checked by a second researcher not involved with the
extraction. Extracted data included country, study design, year
of study, adherence assessment method, population (number
of patients, haemophilia type, disease severity, age, sex, treat-
ment) and adherence outcomes (including adherence scores or
proportion of adherent patients).

3 Results

A total of 722 titles and abstracts from the database search were
manually screened. After level 1 screening, 198 articles progressed
to level 2 screening, where 135 articles were selected for inclusion.

Studies reporting an association between adherence and out-
comes presented in this article were part of a larger SLR that also
identified studies presenting data on outcomes associated with
convenience of, satisfaction with, and adherence to haemophilia
drug therapies (results for these other outcomes are not reported
here). After further screening of the 135 articles, 115 articles that
reported outcomes associated with convenience and satisfaction
were excluded and 20were identified that reported an association
between adherence and outcomes (Figure 1).

Of the 20 included studies, 12 were conducted in patients with
HA/HB [14–25] and 7 in patients with HA [26–32]. One study did
not report type of haemophilia [33]. Studies were conducted in
Europe (n = 11) [14, 22–25, 27, 29–33], East Asia (n = 4) [15, 16, 20,
26], North America (n = 2) [19, 28], Africa (n = 2) [18, 21] and an
international setting (n = 1) [17]. Although eight studies [15, 17,
19, 20, 23, 25, 31, 33] did not state type of therapy, it appears that
factor replacement therapy was used in all of them.
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Potentially relevant unique records identified
(n = 722)

•  PubMed (n = 367)
•  Embase  (n = 198)
•  Cochrane (n = 32)
•  Conference abstracts (n = 125)

Level 2 screening: articles excluded
(n = 63)

Reasons for exclusion:
•  Population (n = 1)
•  Intervention (n = 2)
•  Outcomes (n = 35)
•  Study design (n = 25)
•  Other (n = 0)

Articles retrieved for level 2 screening
(n = 198)

Articles considered for inclusion in report
(n = 135)

Articles with outcomes of interest
(n = 20)

Articles excluded at further screening
(n = 115)‡

Level 1 screening: titles/abstracts excluded
(n = 524)

Reasons for exclusion:
•  Population (n = 36)
•  Intervention (n = 99)
•  Outcomes (n = 327)
•  Study design (n = 60)
•  Other (n = 2)

FIGURE 1 Study selection process flow diagram (adapted from Page et al. [13]). ‡ The studies reporting an association between adherence and
outcomes presented in this article were part of a larger SLR that also identified studies presenting data on the outcomes associated with convenience of,
satisfaction with, and adherence to haemophilia drug therapies. The results for these other outcomes are not reported here and are planned for future
publication; hence, a further 115 articles were excluded. SLR indicates systematic literature review.

Methods used to measure adherence included VERITAS-Pro (10
studies) [14–17, 19–21, 25, 26, 33], self-reported questionnaires (3
studies) [23, 31, 32], logbooks and/or interviews (2 studies) [18, 28],
pharmacy records (2 studies) [22, 30], adherence index (1 study)
[29], vial counting (1 study) [27] and physician reports (1 study)
[24]. Table 1 presents additional study details; Table 2 presents
results on the associations between treatment adherence and
bleeding, joint health, pain, QoL, activity impairment (AI), work
productivity (WP), cognitive function and healthcare resource
utilisation (HRU).

Among the included studies, 15 reported an association between
adherence and improvements in some of the outcomes of interest
[14–20, 24–29, 31, 32]. Five studies showed no association between

adherence and improved outcomes [21–23, 30, 33]. Two studies
reported mixed results, with adherence being associated with
some outcomes but not others [15, 17].

3.1 Bleeding

Seven studies reported increased bleeding with poor adherence
[17, 18, 20, 27–29, 32] (Table 2). The Canadian Haemophilia
Prophylaxis Study assessed adherence to standard half-life (SHL)
FVIII concentrate prophylaxis using infusion and bleeding logs
in 56 boys with severe HA over a 15-year follow-up period. In
that study, a 10% increase in the absolute adherence rate over any
12-week period was associated with a 15% reduction in bleeding
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TABLE 1 Study characteristics.

Study
Country/
region Study design

Brief description of
population Adherence measure

Zhao et al. [26] China Single-centre,
cross-sectional

study

31 patients with severe
HA

Adherence was measured using the VERITAS-Pro.
The subscale score range was 4–20 points, with the
highest score representing the poorest adherence.

Zanon et al.
[27]

Italy Prospective
study

42 patients with severe
HA; 13 were children
(31%), 9 (21.4%) were
adolescents and 20
(47.6%) were adults

Adherence to therapy was evaluated by comparing
the number of empty vials of octocog alfa returned
with the number of those prescribed. Adherent =
75%–100% empty vials returned; nonadherent ≤75%

empty vials returned.
Bago et al. [14] Croatia and

Slovenia
Cross-

sectional,
multicentre

study

82 patients with severe
or moderate HA or HB

The implementation phase of adherence was
evaluated with the self-reported VERITAS-Pro

instrument. Total scores range from 24 to 120 points,
and higher scores indicate poorer reported adherence.
Cut-off for nonadherence is 57 points, meaning a
score 57 and above was considered nonadherent.

Cheung et al.
[15]

Hong Kong Qualitative
study

56 patients with HA or
HB; 42 were adults and
14 were paediatric

Adherence to treatment was evaluated using the
VERITAS-Pro. Higher scores indicate poorer reported
adherence. Cut-off for nonadherence is 57 points,
meaning a score 57 and above was considered

significantly nonadherent.
Cheung et al.
[16]

Hong Kong Cross-
sectional,
multicentre

study

42 patients with HA or
HB; 11 were aged

<18 years, 22 were aged
18–<40 years, 9 were
aged >40 years

Adherence was evaluated using the VERITAS-Pro
questionnaire. Total scores range from 24 (most

adherent) to 120 points (least adherent).

Dover et al. [28] Canada Single-arm,
multicentre,
prospective

study

56 young boys (aged
12–30 months at the
time of enrolment)
with severe HA

From 1997 to 2013, information on adherence was
collected from each subject’s factor infusion and
bleeding logs. Adherence to the prescribed

prophylaxis regimen was calculated weekly. If the
subject completed all their infusions per their

prescribed step on the protocol, they were considered
adherent. No participant could have an adherence
rate >100% since infusions given beyond the number

required were not included.
García-Dasí
et al. [29]

Spain Cross-
sectional,

observational
study

78 children and
adolescents (aged

6–20 years) with severe
HA

The adherence index was used to quantify adherence.
The adherence index was assessed by the units

administered divided by the units prescribed, then
multiplied by 100. A calculation was done to find the

difference between this value and the perfect
percentage of adhesion (100%). The result was

determined by the difference in percentage points the
patient moves away from the perfect percentage of

adhesion.
Krishnan et al.
[17]

US, Canada,
and Australia

Qualitative
study

55 adult men with HA
or HB and 55 parents of
boys aged <18 years
with HA or HB

Adherence was measured using the VERITAS-Pro.
Total scores range from 24 (most adherent) to 120
points (least adherent). Using the 57-point cut-off as
the minimum for nonadherence in the original

validation study, adherence was also dichotomised.
Rather than coarse adherence/nonadherence

dichotomy, the VERITAS-Pro scores were used as a
constant because this constant allows for testing the

relationship between degree of adherence and
outcomes, and the cut-off score has not been
validated or used in a patient population.

(Continues)
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TABLE 1 (Continued)

Study
Country/
region Study design

Brief description of
population Adherence measure

Lambert et al.
[18]

West Africa Prospective
study

25 boys with HA or HB Data recorded in the logbooks and data collected
through interviews with the parents at the time of

visits were used to assess adherence.
McLaughlin
et al. [19]

US Qualitative
study

80 adolescents and
young adults with

moderate or severe HA
or HB

Adherence was assessed using the VERITAS-Pro and
VERITAS-PRN. Total scores range from 24 (most

adherent) to 120 points (least adherent). To assess the
relationship between adherence and chronic pain for

prophylactic and on-demand treatment
simultaneously, VERITAS-Pro and VERITAS-PRN

responses were combined into 1 category.
Meijón-
Ortigueira et al.
[30]

Spain Retrospective
study

60 patients with severe
HA

Computerised records of the pharmacy department
were used to calculate adherence. To be considered
adherent, patients needed to take ≥85% of the
prescribed doses (ratio of the number of doses

administered to the prescribed doses).
Mokhtar et al.
[20]

Malaysia Cross-sectional
study

103 patients with severe
HA or HB

Adherence was assessed using the VERITAS-Pro.
Nonadherence was defined as a total cut-off score of

>57.
Nwagha et al.
[21]

Nigeria Cross-
sectional,
multicentre

study

42 patients with HA or
HB

Adherence was measured using the VERITAS-Pro.
Total scores range from 24 to 120 points. Subscale
scores range from 4 to 20 (lower scores indicating

higher level of adherence). Adherence was defined as
the total of all subscales <61, and nonadherence was

defined as the total of all subscales >61.
O’Hara et al.
[31]

France,
Germany, Italy,
Spain, and UK

Cross-
sectional,

retrospective
study

376 adult males with
severe HA

Adherence was measured by the patient
self-completion questionnaire.

Pérez-Robles
et al. [22]

Spain Retrospective,
observational

study

52 male patients with
HA or HB

Objective adherence was measured through
pharmacy dispensing records. Objective adherence
was calculated as a percentage and adherence was
categorised as adherence ≥75% (adherent patients)
and adherence <75% (nonadherent patients).

Subjective adherence was measured with an ad hoc
questionnaire which also included four questions
from the Morisky-Green-Levine test. Patients could
categorise their perceived adherence as poor, fair, or
good. A NO to the four questions is considered as
adherent and a YES to one or more questions is

considered as nonadherent.
Schrijvers et al.
[23]

The
Netherlands

Prospective,
multicentre

study

241 patients with HA or
HB; 73 children aged
2–11 years and 168 aged

12–77 years

Adherence was measured with a semistructured
questionnaire. Patients were classified, as adherent:
missing <15% infusions, <10% dose changes (IU) and
<30% deviation in time; sub-optimally adherent:
missing 15%–25% infusions, <25% dose changes or

>30% deviation in time; nonadherent: missing >25%
infusions or >25% dose changes.

Shaikh et al.
[24]

France,
Germany, Italy,
Spain, and UK

Predictive
model

514 patients with severe
HA or HB

Adherence was measured by the physician (low,
moderate, or high).

(Continues)
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TABLE 1 (Continued)

Study
Country/
region Study design

Brief description of
population Adherence measure

Torres-Ortuño
et al. [25]

Spain Multicentre,
cross-sectional
descriptive
study

23 patients with severe
haemophilia, who
follow prophylactic
treatment, 21 type-A
patients and 2 type-B

patients

Adherence was assessed using VERITAS-Pro.
Adherence ≤62 points, and nonadherents >62 points

on VERITAS-Pro.

van Os et al.
[33]

England and
Wales

Observational
study

91 patients with severe
haemophilia

Adherence was assessed with VERITAS-Pro and
scores on each VERITAS-Pro subscale ranged from 4
to 20, with higher scores indicating worse adherence.

Patients were dichotomised into adherent and
nonadherent groups, with a score of ≥51 indicating

nonadherence.
Zupan et al.
[32]

Slovenia Observational
study

63 patients with HA Adherence was measured using a self-administered,
paper-based survey with questions on compliance. If
a respondent reported they missed, forgot, or delayed
their scheduled doses at any point in the past, they

were referred to as noncompliant.
Abbreviations: HA = haemophilia A, HB = haemophilia B, IU = international unit, UK = United Kingdom, US = United States, VERITAS-PRN = validated
haemophilia regimen treatment adherence scale–on-demand, VERITAS-Pro = validated haemophilia regimen treatment adherence scale-prophylaxis.

rate [28]. Krishnan et al. [17] evaluated the relationship between
prophylaxis adherence and health outcomes in 55 adults and
55 caregivers of children with moderate or severe HA/HB in
Australia, Canada and the United States. Although the study
reported no association between adherence and bleeding in chil-
dren, a higher VERITAS-Pro score (indicating poorer adherence)
was associated with more target joint bleeds in the prior year
(regression coefficients = 0.055) and more breakthrough bleeds
(regression coefficients = 0.047) among adults [17]. Lambert
et al. [18] investigated adherence based on logbook records and
interviews in 25 young boys with HA/HB who were treated with
extended half-life (EHL) FVIII and FIX prophylaxis in Ivory
Coast. A significant difference in annualised bleeding rate (ABR)
for spontaneous joint bleedswas observed at the end of the follow-
up period and at enrolment for those experiencing adherence
issues versus those without adherence issues. Mokhtar et al.
[20] explored the effect of adherence to prophylaxis using the
VERITAS-Pro questionnaire in 103 adults with severe HA and
HB attending a haemophilia clinic in Malaysia; the mean ABR
of adherent patients (3.91) was significantly lower than that of
nonadherent patients (7.67) [20].

Three studies reported no significant associations between adher-
ence and bleeding [21–23]. In Spain, Pérez-Robles et al. [22]
assessed the association between adherence (measured with
pharmacy records) to prophylaxis with clotting factor concentrate
and bleeding episodes in 52 patients with HA/HB. Approximately
63% of patients in the adherent group and 79% in the nonad-
herent group reported no bleeding episodes/year (nonsignificant
differences) [22]. Although there was no significant association
between the rate of objective adherence and the number of bleed-
ing episodes, two patients in the nonadherent group and none in
the adherent group reported three bleeding episodes/year [22].
In the Netherlands, semistructured interviews about adherence
to prophylaxis were conducted with 241 patients or parents of a

child with HA/HB [23]. In adolescent/adult patients, adherence
levels showed no association with bleeding frequencies, with
median joint bleeds/year of 1.7 for adherent adults, 1.2 for subop-
timally adherent individuals and 1.0 for nonadherent individuals
(nonsignificant differences) [23]. However, there was more joint
bleeding in nonadherent children and similar joint bleeding in
suboptimally adherent and adherent children [23]. Nwagha et al.
[21] measured prophylaxis adherence using the VERITAS-Pro
questionnaire and found that the difference between the mean
ABR (8.12 vs. 7.59) and the mean number of target joints (2.57 vs.
2) between the adherent and nonadherent groups, respectively,
was not statistically significant.

One study involving 91 adolescents and young people with severe
haemophilia in England and Wales reported that nonadherent
patients had significantly fewer bleeds than adherent patients
(mean difference, −2.71) [33].

3.2 Joint Health

Two studies showed that patients with high prophylaxis adher-
ence had better joint structure and function [26, 27] (Table 2).
Zhao et al. [26] investigated the association between joint health
and adherence to on-demand or prophylactic FVIII replacement
therapy in 31 children and adults with severe HA in China. Joint
structure was examined with the haemophilia joint health score
(HJHS), and joint function was examined with the Haemophilia
Early Arthropathy Detection with UltraSound in China (HEAD-
US-C) scale, with higher scores on both scales indicating worse
joint health. The correlation coefficient (r) betweenVERITAS-Pro
score and HEAD-US-C or HJHS was 0.49 and 0.64, respectively,
indicating that better adherence was beneficial for joint health
[26]. In Italy, prophylaxis adherence was measured by counting
the empty medication vials for 42 children and adults with severe
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HA [27]. The mean HJHS score decreased from 2.3 to 0.1 in
adherent patients; low number of clinical assessments prevented
score comparisons in nonadherent patients [27].

One study reported that adherence rate was not significantly
different between patients without and with joint involvement
[30]. Meijón-Ortigueira et al. [30] retrospectively analysed adher-
ence to prophylactic SHL and EHL concentrates in 60 patients
with severeHAwithout inhibitors. Joint involvementwas defined
as an HJHS or HEAD-US score of ≥1. Approximately 23.3% of
patients had joint involvement (n = 14), and 76.7% had no joint
involvement (n = 46). Adherence was ≥85% in both groups with
no statistically significant differences [30].

3.3 Pain

One study showed that better treatment adherencewas associated
with a significantly lower likelihood of having high chronic pain
levels [19], whereas 1 study showed no relationship between
adherence and pain [33] (Table 2). In the US, a cross-sectional
study involving adolescents and young adults with moderate or
severe HA/HB reported that, compared with patients with low
chronic pain, those with high chronic pain had higher mean
VERITAS-Pro scores (47.4 vs. 53.6), indicating worse adherence.
For each 10-point decrease (i.e., increase in adherence) in the
VERITAS-Pro and combined VERITAS (Pro and PRN) scores,
there was a 39% and 35% decrease in odds of experiencing high
chronic pain, respectively. However, van Os et al. [33] noted
that pain severity and impact were not significantly different in
adherent and nonadherent adolescents and young adults with
severe haemophilia (VERITAS-Pro scores).

3.4 QoL

Four studies reported that treatment adherence was a signif-
icant predictor of better health-related QoL (HRQoL) [14, 24,
25, 29] (Table 2). Bago et al. [14] investigated the relationship
between prophylaxis adherence (measured with the VERITAS
questionnaire) and HRQoL (measured with the 36-item Short
Form Health Survey, version 2 questionnaire) in adult males
with moderate or severe HA/HB in Croatia and Slovenia. Adher-
ence was significantly associated with better HRQoL, especially
for body pain (standardised beta coefficient [β] = −0.27) and
social functioning domains (β = −0.26) and mental component
summary (β = −0.22) [14]. In Spain, García-Dasí et al. [29]
investigated adherence to FVIII prophylaxis using an adherence
index in 78 children and adolescents with severe HA; QoL
was measured using the Haemophilia-Specific QoL Assessment
Instrument for Children and Adolescents (Haemo-QoL) and the
version for adults (Haemo-QoL-A). Significant differences in
mean QoL scores were observed between suboptimally adherent
and adherent patients (74.1 vs. 81.2), but not between over-
adherent (received more than prescribed) and adherent patients
(80.6 vs. 81.2). Similarly, parents of adherent patients had the
highest QoL score (80.1), followed by parents of over-adherent
patients (76.8); parents of suboptimally adherent patients had the
lowest score (72.3) [29].

Two studies found no association between adherence andHRQoL
[15, 17]. Cheung et al. [15] investigated the association between

HRQoL and treatment adherence, measured with VERITAS-
Pro, in 38 patients (26 adults, 12 children) with moderate or
severe HA/HB in Hong Kong. The HRQoL of children and adults
was measured using Haemo-QoL short form and Haemo-QoL-
A, respectively. The unstandardised coefficient was 0.15 in all
patients and 0.21 in adult patients only, indicating no signifi-
cant association between HRQoL and adherence [15]. Similarly,
Krishnan et al. [17] found no relationship between adherence
and HRQoL in adults. Nonetheless, both studies reported an
association between poor adherence to prophylaxis with worse
physical health or worse functioning in sports and leisure [15, 17].

3.5 AI andWPL

Five studies reported that higher treatment adherence was asso-
ciated with lower AI or WPL [15, 17, 27, 29, 31] (Table 2). In 376
adults with severe HA, O’Hara et al. [31] examined the factors
linked with AI and WPL using the WP and AI-General Health
Questionnaire and measured adherence using a self-reported
questionnaire. Compared with low ormedium adherence to ther-
apy, high adherence was correlated with reduced AI and reduced
WPL (p = 0.012 both). Similarly, lower adherence was associated
with poorer physical health status and more school absenteeism
among children [17]. Cheung et al. [15] noted that among patients
receiving prophylactic treatment, those who reported skipping
their treatment tended to have worse functioning in sports and
leisure (r = 0.31).

3.6 Cognitive Function

Among patients receiving prophylactic treatment, better adher-
ence was associated with better cognitive function [16] (Table 2).
Cheung et al. [16] investigated factors associated with neurocog-
nitive outcomes in 42 patients with HA/HB in Hong Kong
and evaluated adherence using the VERITAS-Pro questionnaire.
Adherence was positively correlated with cognitive flexibility
(unstandardised point estimate = 0.28), indicating that better
adherence was associated with better cognitive function [16].

3.7 HRU

One study investigating the link between adherence and HRU
was identified, which found that nonadherent adolescents and
young adults with severe haemophilia (n = 14) had significantly
fewer hospital visits compared with adherent patients (n = 64;
mean difference: −0.507) [33] (Table 2).

4 Discussion

We identified 15/20 studies that reported that better adherence
to treatment among PwH was associated with better outcomes,
including a reduction in bleeding risk, improved joint structure
and function, less chronic pain, better HRQoL, lower AI, less
school/work absenteeism, higher WP and better cognitive
function.

Of the 20 included studies, 7 reported no association between
adherence and bleeding [21–23], HRQoL [15, 17], joint
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involvement [30] and pain [33]. One study reported better
outcomes (bleeding and HRU) in nonadherent patients [33].
Nwagha et al. [21] assessed adherence using VERITAS-Pro
and reported no difference in dosing subscale score between
nonadherent and adherent groups, suggesting that nonadherent
participants received the recommended dose of infusions despite
altering their dose timing, skipping infusions, or failing to
stock infusions. Furthermore, most participants on prophylaxis
received EHL products, but details of the exact product were
not reported. These factors could have affected the association
between ABR and prophylaxis adherence [21]. Although two
studies found no association between adherence and HRQoL,
they both reported that poor adherence to prophylaxis was
correlated with worse physical health or worse functioning
in sports and leisure [15, 17]. Krishnan et al. [17] further
demonstrated that poorer adherence to prophylactic treatment
as assessed by the VERITAS-Pro is particularly related to more
bleeding episodes among adults, who reported lower levels of
adherence than children. The frequency of regression-estimated
bleeds/year among adults more than doubled from <6 at the
25th percentile VERITAS-Pro score (lower score indicates greater
adherence) to ∼12 at the 75th percentile score, implying that a
significant number of bleeding episodes among adults could be
eliminated through increased adherence.

There are several potential explanations for the difference in
results across the extracted studies, including issues with adher-
ence measures and outcomes reporting. Ten of the identified
studies used the VERITAS-Pro scale; one of these studies used
VERITAS-Pro and VERITAS-PRN [19]; and none of the studies
used the Haemo-Adhaesione scale. Other methods used to mea-
sure adherence included pharmacy records (n = 2), nonvalidated
questionnaires or interviewwith patients and parents (n= 5), and
comparison of prescribed dosage with actual quantity of factor
used (n= 1). Interestingly, the two studies that assessed adherence
using pharmacy records reported no association between adher-
ence and outcomes [22, 30]. Pharmacy records usually provide
no information on the time or dose of infusion and offer no
clear evaluation of prophylaxis or additional clotting factors for
the treatment of bleeding [23]. Schrijvers et al. [23] assessed
adherence using a nonvalidated short questionnaire developed
by participating nurses, which could be prone to recall bias or
inaccurate recording. vanOs et al. [33]measured adherence using
theVERITAS-Pro scale but did not use the scale’s dosing subscale,
and therefore the cut-off score was different from that used in
other included studies. The questionnaire had not been validated
in the United Kingdom at the time of use; this may explain the
large numbers of missing data, as the more personalised and
flexible way in which UK patients manage their treatment was
not reflected [33]. It may also explain why this was the only study
that reported better health outcomes in nonadherent compared
with adherent patients.

Use of bleeding logs is the standard method for measuring bleed-
ing in haemophilia studies. As this is a self-reported measure,
it could be prone to underreporting. Less adherent patients may
be more relaxed and less likely to interpret symptoms as bleeds
and not report them, whereas more adherent patients may be
more attentive to bleeding episodes and symptoms and report
them frequently [33]. The nonadherent patients in the study by
Schrijvers et al. [23] reported lower bleeding frequency (reporting

bias), and Pérez-Robles et al. [22] noted that the number of
bleeding episodes reported by patients was generally low. The
lower frequency of reported outcomes might make it difficult
to demonstrate a significant association between adherence and
clinical outcomes.

Additional possible explanations for the different results could be
the short follow-up period and the assessment of adherence at a
single timepoint in some studies. Pérez-Robles et al. [22] assessed
adherence objectively, using dispensing records from 1 year and
subjectively using questionnaires completed at a single timepoint
during study enrolment, whilst Schrijvers et al. [23] measured
adherence at one timepoint. Similarly, van Os et al. [33] obtained
clinical outcomes during the 6 months preceding the study start,
whereas adherence was assessed during the last month before
the study start date. It is possible that patients who experienced
frequent and/or severe bleeds in the months preceding the
study start were motivated to improve their adherence with the
intention of reducing the bleeding risk, thereby leading to better
adherence scores in the last month before the study start date.
Also, levels of patient adherence could fluctuate over time [23],
thereby making it important to conduct repeated assessments of
adherence.

Treatment adherence is a multifaceted problem that is not fully
understood. Several types of adherence barriers are linked to the
treatment, condition, patient, socioeconomic factors and health-
care system [11]. Factors related to patients include patient’s age,
disease severity and bleeding frequency. For example, switching
to self-infusion or moving away from home is associated with less
adherence in young adults transitioning from paediatric to adult
care [4]. Treatment-related factors include dosage frequency, drug
form, dosage amount, drug preparation time and administration
route [11]. Patients with difficult venous access have tended
to give up on infusions if their first or second attempt was
unsuccessful, and patients have identified the time-intensive
nature of prophylaxis regimen as an adherence barrier [6, 11].
Development of new therapies that decrease dosing frequency
or provide an easier administration route whilst maintaining
efficacy may potentially help improve patient acceptance and
adherence to prophylaxis by reducing the treatment burden.
Indeed, evidence suggests that adherence improves when dos-
ing frequency decreases, both with weekly versus daily dos-
ing in osteoporosis [34], diabetes [35, 36], multiple sclerosis
[37], growth hormone deficiency [38] and chronic disease in
general [39].

Considering dosing frequency, onemight expect improved adher-
ence with EHL relative to SHL factor products. However, current
real-world evidence is lacking to confirm improved adherence
with EHL products. Iorio et al. [40] reported better (but still
suboptimal) real-world adherence with EHL recombinant FIX
Fc fusion protein compared with conventional recombinant FIX
products and that improved adherence was correlated with
statistically significant mean ABR reductions. The improved
real-world adherence could be because patients regularly met
the prescribed number of infusions/week and were infused on
scheduled days [40]. In an analysis of a record-based survey in
the US and Europe, the proportion of fully adherent patients
(none of the last 10 doses missed per physician assessment) was
similar for patients on SHL and EHL products (FVIII: 72% vs.
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75%; FIX: 68% vs. 73%) [41]. The mean number of missed doses
was comparable in the SHL and EHL FIX groups in the US (SHL:
0.8 vs. EHL: 0.5) and in Europe (SHL: 0.5 vs. EHL: 0.1) [41]. A
recent observational study reported that SHL users were more
likely to be adherent to treatment than EHL users (adherence
rate: 72.0% vs. 47.4%, p = 0.06) [42].

Regarding the administration route, a review of 65 studies
compared different injection routes of several drugs and found
that subcutaneous administration was mostly favoured over
intravenous administration in terms of patient preference or
experience and efficacy [43]. This is in line with a previous
SLR on patient preference that showed that patients prefer the
subcutaneous over the intravenous route [44]. There is paucity
of evidence on whether patients with haemophilia using subcu-
taneous nonfactor therapy show improved adherence compared
with those on factor replacement therapy. A real-world study
published in 2022 analysed adherence and 1-year persistence
to emicizumab prophylaxis administered subcutaneously using
two secondary claims databases (IQVIA PharMetrics Plus [P+],
n = 184; and IBM MarketScan, n = 105) [45]. Adherence to
emicizumab was high, with a mean proportion of days covered
of 90% for IBM and 87% for P+, and most patients (IBM: 92%; P+:
87%) were persistent with emicizumab prophylaxis after 1 year.
Additionally, adherence and persistence were high regardless of
inhibitor status [45].

The findings of this study hold relevant implications for health-
care professionals and patients. Given the value of prophylaxis in
improving outcomes (e.g., reduced bleeding and joint damage and
improved QoL) and the importance of adherence to treatment
in achieving these outcomes, it is essential to work with and
educate patients and caregivers of children with haemophilia to
ensure that they understand their treatment and the significant
role they play in its efficacy. Effective haemophilia treatment is
a function of good management by a healthcare professional and
thewillingness of the patient to adhere to treatment.Haemophilia
is a lifelong disease, and for patients on prophylaxis receiving
repeated treatment, continued adherence is critical for improved
long-term outcomes, allowing patients to experience a QoL
similar to that of their peers without haemophilia.

The strength of this SLR is the use of systematic processes
to identify and summarise recent studies on the relationship
between adherence and health outcomes using real-world evi-
dence. Limitations are related to the real-world nature of the
studies,which include the heterogeneity of the patient population
(i.e., haemophilia type, age of patients, geographic variation and
haemophilia severity), treatment regimen,management practices
and the method by which adherence and outcomes were defined
and reported across the included studies. The heterogeneity
across studies precluded combining the results for meta-analysis.
Also, the quality assessment of individual papers was not planned
due to the assumed heterogeneity of the individual study designs.
This review did not assess factors associated with nonadherence
or potential strategies to address these factors. It is possible that
this SLR’s results may not be applicable to nonfactor therapies
because the review did not identify studies on nonfactor thera-
pies; included studies generally evaluated the effect of adherence
to factor replacement therapies. Studies evaluating the effect of
adherence to nonfactor therapies are needed.

5 Conclusions

This SLR shows that high adherence to haemophilia treatment
is generally associated with reduced bleeding rates, pain and
school/work absenteeism as well as with improved joint health
and QoL for patients with HA/HB. Although the relationships
between adherence and specific outcomes varied across studies,
the relationships between greater adherence and better outcomes
indicate that patientswould benefit from treatments that improve
adherence. The development of newer innovative drugs such
as products administered subcutaneously or therapies that will
require lower frequency of infusions could improve adherence
to treatment and thereby have a positive impact on patients’
outcomes.
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