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Introduction and Aim: Strength exercise training is advised for people with hemophilia

Funding information The purpose of this study was to evaluate the effectiveness of progressive elastic resis-
Baxalta US Inc, Banockburn, lllinois, (USA) tance training on quality of life and perceived functional abilities in PWH.

Methods: Participants were randomly allocated to the intervention (n = 10) or con-
trol (n = 10) group. The intervention group performed progressive moderate-vigorous
elastic resistance training (2 days/week, a total of 8 weeks), focusing on the muscles
of the knee, elbow, and ankle joints. The control group continued its usual daily activ-
ities for 8 weeks. Quality of life (A36 Hemofilia-QoL®) and perceived functional abili-
ties (Haemophilia Activities List) were assessed at baseline and an 8-week follow-up.
Results: The intervention group improved the quality-of-life dimension of joint dam-

age perception in comparison to the control group (p = .015, large effect size).

Regarding perceived functional abilities, the intervention group improved lying,
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were observed.

occurred.
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1 | INTRODUCTION

Hemophilia is a genetic bleeding disorder related to a deficit of factor
VIl (hemophilia A) or factor IX (hemophilia B). This disease causes
spontaneous bleeding episodes, especially on the intra-articular level.
The repetitive intra-articular bleeding generates deterioration in
bones, synovial membrane, and cartilage tissue, resulting in a hemo-
philic arthropathy.® Hemophilic arthropathy is characterized by
changes in the musculoskeletal system, producing a vicious cycle of
pain, physical inactivity, muscle weakness, muscle atrophy, and
increased risk of bleeding.2® These changes often have deleterious
consequences for the quality of life and functional abilities.*~”

At the current stage of research, exercise (e.g., strength training)
is recommended as a preventive and rehabilitative treatment in peo-
ple with hemophilia (PWH).*~%® Importantly, strength training can be
performed to promote these changes without bleedings or adverse
events.>?1° Furthermore, this type of training may increase muscle
mass, joint range of motion, and lower limb proprioception, as well as
reduce pain and bleeds, improving physical function.®® However, pre-
vious literature evaluating the effect of exercise training in PWH on
quality-of-life or daily life functional abilities in PWH is scarce.**'?
For instance, Cuesta-Barriuso and coworkers reported that educa-
tional intervention with home-based exercises, including low-intensity
exercises and strength training, improved the domain's physical health
and treatment satisfaction based on quality-of-life questionnaires.!?
In addition, the authors found improved joint damage and treatment
difficulties within a quality-of-life questionnaire. However, the afore-
mentioned study conducted a combined intervention with several
components, which warrants new studies focused on solely exercise.
Particularly, evidence on the effects of moderate-vigorous training
intensities on quality of life in PWH remains unknown.

Recent research has suggested elastic resistance to be an excel-
lent alternative to conventional strength training for PWH.>*® Com-

pared to conventional exercise machines, elastic resistance is safer,

CRUZ-MONTECINOS ET AL.

sitting, kneeling, and standing (p = .006, small effect size), and complex lower extrem-
ities activities (i.e., walking short and long-distance, and up-down stairs) (p = .006,

small effect size) compared to the control group. No other significant differences

Conclusions: Eight weeks of progressive moderate-vigorous elastic resistance train-
ing in PWH improve the quality-of-life dimension of joint damage perception and
perceived functional abilities (lying/sitting/kneeling/standing, and complex lower
extremities activities). Our results suggest a limited effect of the program on the
other items of quality of life measured by the questionnaire as emotional functioning,

mental health, and social relationships. Importantly, no serious adverse effects

Arthropathy, exercise, hemophilia, health-related quality of life, patient outcome measure,
rehabilitation, resistance training

cheaper, and more feasible in different environments. Laboratory
studies using electromyography further show similar levels of muscle
activity when using elastic bands compared with conventional weight
training.2*?> However, few studies included elastic resistance training
in PWH. A recent study reported that a multimodal intervention with
psychological sessions in combination with home exercises including
elastic resistance training improved the quality of life in PWH.'® How-
ever, the effects of elastic resistance training solely to improve the
quality of life, and functional abilities in PWH have not previously
been investigated.

The aim of this study was to evaluate the effectiveness of pro-
gressive moderate-vigorous elastic resistance training on quality of life
and perceived functional abilities in PWH. We hypothesized that the
program would be effective in increasing the quality of life and per-

ceived functional abilities in PWH.

2 | METHODS

21 | Study design

A randomized controlled trial with two parallel groups was conducted.
Participants were randomly allocated following simple randomization
procedures (computerized random numbers) with an allocation ratio
of 1:1 to either intervention (progressive elastic resistance training) or
control (usual daily activities).

Participants were recruited from Hemostasis and Thrombosis
Unit of the University and Polytechnic Hospital The study was reg-
istered in ClinicalTrials.gov (NCT02781233) and adheres to the
Consolidated Standards of Reporting Trials (CONSORT) Statement.
Different data from the same project has been previously pub-
lished in another article, which addressed a different research
question.'® The current study was conducted from October 2017
to June 2018.
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2.2 | Participants

All participants were informed about the purpose and content of the
project and gave their written informed consent to participate in the
study. All procedures described in this section were approved by
the institution's review board (H1461147538087) and comply with
the requirements listed in the 1975 Declaration of Helsinki and its
latest amendment in 2008.

Key inclusion criteria were (1) diagnosis of mild, moderate, or
severe hemophilia A or B between 18 and 60 years old; (2) individuals
with severe hemophilia receiving prophylactic treatment; (3) willing-
ness to exercise twice a week during the training program and to com-
plete the pre- and post-program evaluations; (4) approval by their
hematologist to participate in the exercise program; and (5) informed
consent signed. Key exclusion criteria were (1) the inability to attend
exercise sessions at least twice a week for eight consecutive weeks;
(2) non-adherence to instruction on proper exercise technique; (3) joint
replacement in the previous year or surgical procedures performed
6 weeks prior to or during the exercise program; (4) participation in
any other form of programmed strength exercise during the interven-
tion period; (5) changes in medication during the study; (6) joint or
muscle bleeding in the last 3 months; (7) detectable FVIII inhibitors at
screening (titer 20.4 Bethesda unit); (8) another hemostatic defect;
(9) need for major surgery; or (10) withdrawal of informed consent.

2.3 | Primary outcome measures

The quality of life and perceived functional abilities were subjectively
assessed at baseline and at the 8-week follow-up by the same physical
therapist, who was blinded to group allocation and was not involved
in the training supervision to avoid any possible risk of bias.

Quality of life was subjectively assessed with the specific self-
reported questionnaire A36 Hemofilia-QoL®. This questionnaire has
36 questions with response options of a five-point Likert scale and
offers a global score and different scores in nine dimensions of
health-related quality of life: physical health, daily activities, joint dam-
age, pain, treatment satisfaction, treatment difficulties, emotional
functioning, mental health and relationships, and social activity.
Higher scores denote a better quality of life in patients. Psychometric
characteristics of the A36 Hemofilia-QoL® showed good values in
terms of reliability, internal consistency (a = .95), test-retest reliability
(r =.92; p = .001), and validity.}” It has excellent concurrent validity
(with the SF-36 Health Survey), external criteria validity (clinical
status), and sensitivity to change (change in health status).'”

Functional abilities were subjectively assessed with the Haemo-
philia Activities List (HAL). The list contains a hemophilia-specific
self-assessment questionnaire providing the patient's self-perceived
functional ability.*® It contains 42 multiple-choice questions in seven
domains: (1) lying/sitting/kneeling/standing; (2) functions of the legs;
(3) functions of the arms; (4) use of transportation; (5) self-care;
(6) household tasks; and (7) leisure activities and sports. In addition to

the domain scores, four summary scores are generated for upper
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extremities, lower extremities, complex lower extremity functionality,
and sum of points. Higher scores denote better functionality. The
HAL demonstrated good values for internal consistency on seven
HAL domains (o = .61-0.96), and convergent validity (r = .47-.84)
when compared to questionnaires to assess a patient's self-perceived
functional ability (Dutch-Arthritis Impact Measurement Scales and
the Impact on Participation and Autonomy questionnaire). On the
contrary, construct validity shows lower values when compared
to performance tests (button test, 50-m walking test, timed-up-and-

go test, and figure-eight walking test) (r = .23-.77).8

24 | Secondary outcome measures

The following variables were collected: age, height, body mass index,
type and severity of hemophilia, pharmacological treatment (prophy-
laxis or demand and factor dose 1U/Kg), comorbidities (human immu-
nodeficiency virus and hepatitis type C virus infection), knee and
ankle replacement, and joint health by Hemophilia Joint Health Score
(HJHS) and Pettersson score.'?2° HJHS is a clinical scale that scores
each joint from O to 20 points, with higher scores reflecting worse
conditions (maximum score of 120 points, sum of elbows, knees, and
ankles). Pettersson score evaluates radiologically different elements of
the articular alteration by using an additive score of O to 13 per joint,
with O indicating normality and 13 indicating maximum joint alteration

(upper limb; elbows and lower limbs; knees and ankles).?%?*

3 | TREATMENTS

The complete details of the progressive elastic resistance program are
reported elsewhere.'© Briefly, the intervention group consisted of a
supervised group-based training program for 2 days per week for a
total of 8 weeks, with three sets of each of the eight exercises, espe-
cially focused on increasing muscle strength in the knee, elbow, and
ankle joints.’® Intensity progressively increased every 2 weeks from
20 to 15, 12, and finally 10 repetitions (staying always one repetition
below muscle failure). Exercises were performed with full available
ROM, with 1-min rest between them, and at 1-s concentric/1-s
eccentric contraction velocity. Sessions were performed at the same
time of the day at the university and were separated by 72 h. Sessions
took place under de supervision of two physical therapists and a
certified strength and conditioning specialist.

The control group performed their usual daily activities for
8 weeks. During the study period, all the participants were asked
to maintain their normal diet and usual exercise practices, avoiding

additional changes that could influence the results.*°

4 | SAMPLESIZE

An a priori power analysis was conducted in G*Power (3.1.9.2 version)

software to calculate the required sample size, using previous
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Enrollment

Assessed for eligibility
(n =450 men with
hemophilia A or B

registered at the hospital)

!

Patients attended during
2017 in routine visits at
the hospital (n = 145)
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FIGURE 1 Flow diagram of the
progress through the phases of the study

A4
\

A\ 4

Excluded (n = 125)

- Not being in the required age
range of 18-60 years (n = 52)
Not meeting inclusion criteria
(inhibitors, surgeries, bleeds
and others) (n = 26)

- Declined to participate (n = 47)

Randomized (n = 20)

Allocation

I

Allocated to intervention group (n = 10)

Allocated to control group (n = 10)
- Received allocated intervention (n = 10) - Received allocated intervention (n = 10)

b Follow-up

A

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n =0)
Discontinued intervention (n = 0)

Analyzed (n = 10) Analyzed (n =10)
- Excluded from analysis (n = 0)

1

- Excluded from analysis (n = 0)

research as a reference. In the study of Mulvany et al.?2 a medium
effect size (d = 0.7) was obtained in the isometric knee strength out-
come. Therefore, with the present study design, accepting a 5% alpha
risk (@ =.05) and 20% beta risk (8 = .2; power = 0.80), a total of
20 subjects were required to detect at least a medium effect size
(f=0.35,d=0.7).

41 | Statistical analyses

Descriptive data of subjects at baseline were compared using
unpaired t-tests. The change score from baseline to follow-up
between intervention and control was evaluated using linear mixed
models (Proc Mixed, SAS version 9.4) according to the intention-to-
treat principle. Subjects were entered as random effects. Fixed effects
were (1) the group and (2) the baseline value of the outcome variable.
The estimation method restricted maximum likelihood with degrees of
freedom based on the Satterthwaite approximation. Outcomes are
reported both as within-group changes from baseline to follow-up
and between-group differences from baseline to follow-up, with the

latter being the comparison between control and intervention.

Changes were controlled for the baseline value of the outcome as a
covariant. The covariance structure was set to the variance compo-
nent. p-values less than .05 were accepted as statistically significant.
Effect size (Cohen's d) was calculated and described as
<0.2 = trivial effect; 0.2 = small; 0.5 = moderate; 0.8 = large. Mini-
mal clinically important differences were calculated according to pre-
vious recommendations by multiplying pooled baseline standard

deviation scores by 0.2.2°

5 | RESULTS

Figure 1 shows the complete flow chart diagram of the study pro-
gress. Table 1 shows complete demographic and descriptive data. No
significant between-group differences were found between these var-
iables. Participants had no previous experience with elastic resistance
training. No serious adverse effects occurred. All the participants in
the intervention group complied with all the training sessions.

Using the specific questionnaire A36 Hemofilia-QoL®, we found
that the intervention group improved the joint damage dimension in

comparison to the control group (Table 2). The overall quality of life
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TABLE 1 Descriptive data of subjects at baseline

Control (n = 10) Intervention (n = 10)
p-value (95% Cl)
Mean SD Mean SD
Demographics and pharmacokinetics
Age (years) 39.1 8.4 36.3 10.5 .52 (-11.76 to .16)
Height (cm) 174.3 7.6 172.8 7.9 .67 (—8.80 to 5.80)
Body mass index (kg/m?) 27.0 7.0 27.2 6.3 .95 (—6.46 to .06)
Type of hemophilia (A/B) 8/2 10/0 -
Severity of hemophilia (severe/moderate/mild) 8/1/1 9/0/1 -
Replacement treatment (prophylaxis/on demand) 8/2 9/1 -
FVIII dose (IU/Kg) (n = 9 intervention; n = 6 control) 271 9.4 29.6 13.9 .69 (—10.65 to 15.68)
FIX dose (IU/Kg) (n = O intervention; n = 2 control) 48.5 10.5 - - -
HIV (n) 4 4 -
HCV (n) 5 6 -
Musculoskeletal data
Total knee replacement (n) 0 1 -
Total ankle replacement (n) 1 0 -
ABJR 1.2 1.2 0.7 0.8 .30 (—1.48 to .48)
HJHS elbows 5.5 5.6 83 34 .08 (—0.82 to 5.12)
HJHS knees 3.5 5.6 2.6 4.2 28 (—2.26 to 4.06)
HJHS ankles 5.2 33 5.6 3.6 34 (—2.64 to 1.74)
Total HJHS 23.0 10.5 28.2 19.3 47 (—20.08 to 9.68)
Pettersson upper limbs 3.3 3.6 4.5 4.6 52 (—=5.07 to 2.67)
Pettersson lower limbs 3.9 2.5 3.5 3.5 76 (—2.40 to 3.25)
Quality of life
Physical health 20.7 6.8 252 3.6
Daily activities 8.6 4.6 11.0 4.3
Joints 6.1 2.6 8.3 1.7
Pain 3.6 29 45 22
Satisfaction with treatment 6.5 12 6.9 13
Difficulties with treatment 11.5 21 120 24
Emotional functioning 133 5.2 9.9 6.7
Mental health 8.9 3.5 7.6 4.0
Social relationships 16.3 3.1 14.6 6.0
Overall quality of life 95.5 25.8 100.0 21.0
Functional abilities (Haemophilia Activities List)
Lying/sitting/kneeling/standing 80.5 18.7 70.0 27.2
Functions of the legs 71.6 23.5 70.4 24.4
Functions of the arms 88.5 19.6 79.0 242
Use of transportation 92.7 13.9 73.3 247
Self-care 97.2 4.6 84.8 234
Household tasks 94.7 18.5 78.0 19.5
Leisure activities and sports 80.3 18.5 78.0 19.5
Upper extremity activities 93.3 10.2 82.2 23.2
Basic lower extremity activities 79.0 249 81.8 22.3
Complex lower extremity activities 67.1 25.9 55.8 33.0
Sum score 84.2 11.6 76.2 20.0

Abbreviations: ABJR, annual bleeding joint rate; FIX, factor IX; FVIII, factor VIII; HCV, hepatitis type C virus; HIV, human immunodeficiency virus; HJHS,
Hemophilia Joint Health Score; IU, international unit; t1 /5, half-life.
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showed a borderline significant (p = .071) result favoring the intervention
with a small effect size and a clinically important difference (Table 2).

Using the HAL - questionnaire, the perceived functional abilities
(i.e., lying, sitting, kneeling, and standing) and complex lower extremi-
ties activities (i.e., walking short and long-distance, walking on soft
and uneven surfaces, up-down stairs, running, and jumping) showed
an increase in the intervention group compared to the control group
(Table 2). Leisure activities and sports showed a tendency to increase
after the intervention, with a borderline significant (p = .060) result
favoring intervention with a small effect size and clinically important
difference (Table 2). No other significant differences were observed in
A36 Hemofilia-QoL and HAL questionnaires.

6 | DISCUSSION

The main findings of the present study are that progressive moderate-
to-vigorous intensity elastic resistance training improves the quality-
of-life dimension of joint damage perception, and functional abilities
(lying/sitting/kneeling/standing, and complex lower extremities activi-
ties). The present results partly support our hypothesis that the pro-
gram would be effective in increasing the quality of life and perceived
functional abilities in PWH.

Regarding the effect on the quality of life, only joint damage percep-
tion improved in the intervention compared with the control group. In
contrast, using the same questionnaire, a previous study in PWH
reported improved perception of physical health, daily activities, joint
damage perception, pain, emotional functioning, and overall quality of life
after a 15-week home exercise program (once a day, 6 days a week) with
low-intensity exercises with 20-25 repetitions and educational sessions
every two weeks.'? In addition, a recent study found improved quality of
life from a combined program including psychological components (four
sessions of 2 h) and three at-home sessions of 1 h of low-intensity exer-
cise per week (10 supervised and 38 self-monitored) during 4 months.*®
It is plausible that the aforementioned studies had a more remarkable
effect due to the longer intervention performed and the educational or
psychological programs, in spite of the lower exercise intensity used.
However, we want to highlight the relevance of finding changes after
only 8 weeks with one type of intervention. In addition, the borderline
significant result favoring the intervention on the overall quality of life
score, with a small effect size and a clinically important difference can be
relevant too. While our training program previously reported enhanced
objectively measured physical function and overall pain,® which should
translate into better physical function and quality of life, it is plausible
that the sensitivity of the questionnaire to document these effects is not
sufficient. In addition, the multiple dimensions might hide such specific
improvements. Our findings are in line with a previous study using
another quality-of-life questionnaire the Short Form Health Survey (SF-
36) in PWH, where authors reported that the 12 weeks of Nordic Walk-
ing for 30 min three times a week did not increase this outcome.?* The
effectiveness of elastic resistance to improve the quality of life has been
reported in different diseases such as chronic obstructive pulmonary

disease,®® or systemic lupus erythematosus.?’® However, in other
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diseases such as end-stage renal disease, some elastic resistance training
programs did not increase the quality of life but improved physical func-
tioning.2” It should be considered that strengthening exercise may not be
the only factor to improve quality of life. For instance, quality of life in
PWH may not depend only on the increasing strength capacity, since
pain, kinesiophobia, catastrophism, and hemophilia severity among other
factors may have an important influence.”

In this study, using the HAL questionnaire, we observed that the
intervention group improved their perceived functional abilities
(i.e., lying, sitting, kneeling, standing), and complex lower extremities
activities. Furthermore, we observed a borderline significant result
favoring the intervention of leisure activities and sports with a small
effect size and a clinically important difference. In contrast, we did not
observe an increase in perceived functional abilities in the upper
extremity. The effectiveness of elastic resistance training to promote
strengthening comparing conventional resistance is well documen-
ted.?>28 We have previously published (among the same participants)
improvements after progressive moderate-to-vigorous intensity elas-
tic resistance on muscle strength in elbows and knees and perceived
changes in pain, overall status, and desire to exercise.’® However, we
previously found'® that the greatest strength improvement was
achieved in the knees, which might partly explain the present results.
Furthermore, the limited improvement in perceived functional abilities
in the upper extremity may be explained by other factors that may
affect the functionality as the limited range of motion in the elbow in
some patients.2?° Importantly, resistance training in PWH has been
shown that not only improve joint function but may also have a pro-

t>31 and enhance muscle coordination, which is affected

tective effec
in PWH,? helping to improve their functional and walking abilities.>3
The main limitation of the present study is the low sample size. A
greater sample size may have helped to generalize our results. It
should be mentioned that nine within-group significant changes
occurred in the intervention group, while this was only the case for
one significant change in the control group. By contrast, only three
between-group differences were significant. Thus, larger studies with
more statistical power may be needed to document significant
between-group changes in these variables. However, the sample size
obtained was sufficient according to a priori power analysis and con-
sidering that hemophilia is a rare disease. Future studies with greater
sample sizes are needed to corroborate the results of this study. In
addition, it should be considered that the questionnaires used might
be too general and subjective and thus limited to assess some changes
induced by an exercise intervention. Importantly, to the authors' cur-
rent knowledge, this study is the first to show the effectiveness of
progressive moderate-to-vigorous intensity elastic resistance training

on quality of life and perceived functional abilities in PWH.

7 | CONCLUSIONS

Eight weeks of progressive moderate-vigorous elastic resistance train-
ing in PWH improve the quality-of-life dimension of joint damage per-

ception and perceived functional abilities (lying/sitting/kneeling/
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standing, and complex lower extremities activities). Our results sug-

gest a limited effect of the program on the other items of quality of

life measured by the questionnaire as emotional functioning, mental

health, and social relationships. Importantly, no serious adverse

effects occurred. These results may help clinicians and researchers

regarding the implementation of strength programs using elastic

resistances in PWH. Future studies are needed to understand the

effects of resistance training in PWH, alone or in combination with

other modalities.
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