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Abstract: Hemophilia is a bleeding disorder caused by a congenital abnormality of blood 

coagulation. Until the mid-1970s, patients with hemophilia (PWH) were advised to refrain 

from physical activity (PA) because of a perceived increased risk of bleeding. Since then, PA, 

which is recognized as being essential for health maintenance, is now recommended by the 

World Federation of Hemophilia. Moreover, a number of studies reported that PA can improve 

treatment efficacy and prevent bleeding in PWH. Physical assessment and intervention in PA 

are currently used in clinical practice. However, the necessity of PA is not emphasized, and 

many PWH generally have low- to- no PA. Therefore, a behavior change approach to encourage 

patient motivation is becoming ever more important. In this article, we review articles address-

ing PA in PWH and discuss strategies to encourage PA through a behavior change approach 

by focusing on factors relevant to hemophilia, such as benefits and bleeding risk of PA, risk 

management of bleeding, PA characteristics, and difficulty with exercise adherence. The trust 

relationship between clinicians and patients, a transtheoretical model of behavior change, and 

motivation theory as approaches to promote PA are introduced. Finally, we review a case report 

of the clinical success of a behavior change approach to promote PA. Many PWH find it difficult 

to continue PA because of aging, fear of bleeding, insufficient recognition of PA benefits, and 

psychological problems. Therefore, it is essential and important to perform prophylaxis with 

PWH and to heighten their understanding of the benefits and risks of PA, before initiating the 

exercise regimen. For those patients who find it difficult to participate in PA, it is necessary to 

plan individual-based behavior change approach and encourage self-efficacy.

Keywords: hemophilia, physical activity, exercise adherence, behavior change, risk 

management

Introduction
Hemophilia
Hemophilia is an inherited X-linked recessive bleeding disorder, which is caused by 

a deficiency of coagulation factor VIII (hemophilia A) or factor IX (hemophilia B) 

related to mutations of the clotting factor gene; it mainly affects males and is subcat-

egorized as severe, moderate, or mild. A definitive diagnosis depends on a factor assay 

to demonstrate the deficiency of FVIII or FIX. Severity classification of hemophilia 

is based on the factor activity, which is as follows: severe (,1 IU/dL [,0.01 IU/mL] 

or ,1% of normal), moderate (1–5 IU/dL [0.01–0.05 IU/mL] or 1%–5% of normal), 

and mild (5–40 IU/dL [0.05–0.40 IU/mL] or 5% to ,40% of normal).1 People with 

severe hemophilia usually bleed frequently into their muscles or joints. Bleeding 

is often spontaneous, which means it happens for no obvious reason. People with 
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moderate hemophilia bleed less frequently. They may bleed 

for a long time after a surgery, bad injury, or dental work. 

A person with moderate hemophilia will rarely experience 

spontaneous bleeding. People with mild hemophilia usually 

bleed only as a result of surgery or major injury.1

Particular joints that have recurrent bleeding are usually 

referred to as “target joints.” A target joint can progress 

to synovitis and arthropathy if bleeding is not controlled. 

Clotting factor replacement therapy is the first-choice treat-

ment for hemophilia. A major complication in hemophilia 

is hemophilic arthropathy caused by repeated intra-articular 

bleeding, which accounts for 65%–80% of all bleeding 

episodes with ∼80% predominantly localized to the elbows, 

ankles, and knees.2

Factor replacement therapy is mainly classified into 

prophylaxis therapy and episodic “on-demand” therapy. 

Prophylaxis is the treatment by intravenous injection 

of a factor concentrate a few times per week to prevent 

anticipated bleeding. The purpose is to maintain normal 

musculoskeletal functions by preventing bleeding and joint 

destruction. The effects have been reported particularly in 

patients with severe and moderate hemophilia.1 The pro-

phylaxis protocol is 15–40  IU/kg per dose administered 

three times a week for those with hemophilia A, and twice 

a week for those with hemophilia B.1 Prophylaxis is recom-

mended to prevent complications of joint dysfunction. It was 

reported that the frequency of intra-articular bleeding and 

dysfunction of bone and cartilage in boys who underwent 

prophylaxis were significantly lower than those in boys who 

underwent on-demand therapy.3 However, some patients have 

a factor VIII or IX alloantibody inhibitor, which should be 

considered if there is less than expected factor VIII or IX 

activity after clotting factor replacement therapy.4 A low-

responding inhibitor is defined as an inhibitor level that is 

persistently ,5 BU/mL, whereas a high-responding inhibitor 

is defined by a level $5 BU/mL.1 Patients with a history of 

a high-responding inhibitor may have joint dysfunction.5 

Therefore, an assessment of past inhibitor titer is important. 

Hemostatic treatment for such patients is more difficult and 

requires a greater dose of coagulation factor or bypassing 

agents because of inhibition due to neutralization of clot-

ting factors.1 Patients with a low-responding inhibitor may 

be treated with specific factor replacement at a much higher 

dose, if possible, to neutralize the inhibitor with excess fac-

tor activity and stop bleeding.1 On the other hand, bypass 

therapy using activated prothrombin complex concentrate or 

recombinant activated factor VII is performed for patients 

with a high-responding inhibitor.1

Prophylaxis is advisable prior to engaging in activities 

with a higher risk of injury. Therefore, prophylaxis or prelimi-

nary replacement therapy is essential before physical activity 

(PA). Preliminary replacement therapy and prophylaxis are 

sometimes used together depending on the bleeding risk. 

Prior to PA, prophylaxis is performed based on the coagula-

tion factor activity levels. Adequate levels of clotting factors 

are required; a level of .5% is standard for a normal level 

of daily activity, whereas a factor level of .15% is recom-

mended prior to sports activities.6 In addition, a factor level 

of 20%–40% is recommended prior to physiotherapy (PT).7 

It is recommended to perform PT on the day prophylaxis is 

performed. The recommended dose prior to PA and PT has 

not been reported for patients with inhibitors. However, it is 

recommended to perform PA on the day bypass therapy or 

neutralization is performed. Therefore, close cooperation 

with pediatricians and physicians and a check on the coagu-

lation system test values are essential.

Need for PA in patients with hemophilia
Until the mid-1970s, patients with hemophilia (PWH) were 

advised to refrain from PA because of a perceived increased 

risk of bleeding.2,8,9 However, such recommendations may 

lead to physical dysfunction and obesity among PWH.10–12 

Since then, PA, which is recognized as being essential for 

health maintenance,2,8,13 is now recommended by the World 

Federation of Hemophilia.1 Many studies reported that PA 

can improve treatment efficacy and prevent bleeding in 

PWH.2,8,14 Young PWH are now able to enjoy PA in daily life 

without restriction.2 Furthermore, PWH often survive to an 

advanced age.15–17 For elderly PWH, physical inactivity may 

increase the risk of diabetes, hypertension, hyperlipidemia, 

obesity, and osteoporosis and related fractures, in addition 

to hemophilia-related complications.

Need for behavior change approach
It is reported that 50% of the general population discontin-

ued participation in PA regimens based on the traditional 

scientific approaches to achieve fitness after 3–6 months.18 

Therefore, the effectiveness of behavior change approaches to 

continue and encourage PA has been investigated. The behav-

ior change approach is an interventional method to identify 

factors related to PA based on behavior science theory with 

the aim to realize a physically active lifestyle. Therefore, 

we conducted a literature review of articles addressing PA 

in PWH and discuss strategies to encourage PA through a 

behavior change approach by focusing on factors relevant 

to hemophilia, such as benefits and bleeding risk of PA, risk 
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management of bleeding, PA characteristics, and difficulty 

with exercise adherence.

PA and hemophilia
General benefits of PA
According to the “Global Recommendations on PA for 

Health” by the World Health Organization (WHO), physi-

cal inactivity is the fourth leading risk factor for mortality, 

accounting for 6% of deaths globally, following hypertension 

(13%), smoking (9%), and high blood glucose (6%).19 Health 

problems associated with physical inactivity are more severe 

for PWH than the general population. Furthermore, obesity 

is linked to an increased risk of cardiovascular disease and 

chronic arthropathy, which promotes intra-articular bleeding 

and the risk of fracture.12,14,15,20 In addition, musculoskeletal 

disorders caused by hemophilic arthropathy and aging are 

risk factors for falling injuries.15 Thus, promotion of PA is 

especially important for PWH to reduce the risk of falling 

injuries and lifestyle-related diseases.

PA in PWH
Bleeding risk of PA in PWH
PA level has been positively correlated with bleeding risk 

among patients with severe and moderate hemophilia.17,21 In 

addition, significant differences were found in the prevalence 

of bleeding events, as those who exercised strenuously were 

more likely to incur bleeds due to trauma,22 and 55% of PWH 

actively engaged in sports reported bleeding episodes associ-

ated with PA.23 On the other hand, there was no significant 

correlation between PA level and bleeding frequency of 

target joints or joint function,9,22,24 suggesting that the risk 

of bleeding is dependent on bleeding history, hemostatic 

control, and sport participation.14 Therefore, administration 

of coagulation factor as a prophylactic or replacement therapy 

is essential for PWH before PA to prevent an increased risk 

from the level of PA.

Features of PA in PWH
The WHO recommends moderate PA of at least 60 minutes 

per day for children and adolescents aged 5–17 years, and 

moderate aerobic PA for at least 150 minutes per week or 

intensive aerobic PA for at least 75 minutes per week for 

adults aged 18–64 years.19 These recommendations can also 

be applied to people with disabilities. However, health care 

providers should consider the level of disability, exercise abil-

ity, specific complication risk, and limitations associated with 

disease; accordingly adjust the type, load, and total duration 

of PA; and supervise patients individually.19

As shown in Table 1,10,11,17,21–31 many previous studies 

have reported that PWH have the same or a lower degree 

of PA in comparison to healthy controls.10,11,20,22,23,25,28,32 One 

study states that more than half of patients with severe and 

moderate hemophilia do not perform recommended levels of 

PA.21 It is also reported that PWH spent more time in seden-

tary behavior21,23,30,31; even subjects with no arthropathy had 

muscle weakness,2 and 60% managed hemophilia by avoiding 

PA.33 In addition, in developing countries where prophylaxis 

is not performed, the sports participation remains poor.25,34 

On the other hand, some studies found a higher level of PA in 

PWH than in healthy individuals.17,24,28 PA can be measured 

in two ways – self-reporting and activity monitoring.35 The 

former is widely used because it is simple and low cost, 

whereas the latter has possibilities for goal setting and quanti-

fied monitoring30,35 (Table 1).

Among the 14 studies listed in Table 1, ten were sur-

veys of responses to questionnaires with three using the 

Modifiable Activity Questionnaire. Four of the surveys 

used activity monitoring with two using the Active Style 

Pro HJA-350IT. Those studies showed that PA in PWH was 

inversely correlated with age and positively correlated with 

muscle strength.8,10,22,23 In addition, PWH with the following 

characteristics were considered to have a low activity: those 

who started prophylaxis at the age of $3 years,29 had impair-

ment,9 had a poor bone mineral density of lumbar spine,25 

and were obese or overweight.36

Risk management for safe PA
There is a possibility that PA may increase the risk of 

bleeding. Therefore, risk management for trauma and 

bleeding is necessary for PWH to participate in PA. PWH 

should receive appropriate prophylactic administration of 

coagulation factors to reduce the risk of bleeding while 

participating in sports,23 achieve good physical condition to 

undertake PA, have knowledge about first aid and PA, and 

choose the appropriate type of sports.37 Therefore, besides 

the administration of coagulation factors, other factors are 

necessary for ensuring safety of PWH during PA.

Prophylactic treatment should be tailored to the bleeding 

pattern and lifestyle of individual patients6 and to ensure 

adequate levels of clotting factors before participating in 

PA.23,37,38 Vigilant physical and orthopedic examinations in 

addition to making adjustments for various physical factors 

(eg, muscle strength, flexibility, durability, balance, coordina-

tion, and body fat content) are particularly important to avoid 

injury to target joints.6,14,32,37,39 Selection of appropriate sports 

must be reached based on the individual’s physical ability and 
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Strategies to encourage physical activity in patients with hemophilia

past history by consultation with a hemophilia care physician, 

orthopedic surgeon, rehabilitation doctor, physiotherapist, 

patients, and parents.2,8 In particular, physiotherapists play 

an important role in the selection of appropriate PA.

After a bleeding event, PWH should resume activities 

gradually to minimize the chance of a re-bleed.14,40 Therefore, 

physiotherapists should encourage the recovery of physical 

function after bleeding by individualized assessment and 

appropriate rehabilitation.14 In addition, it is necessary to rec-

ognize the risk of bleeding and participation in certain sports. 

Low-risk sports include noncontact sports, such as swimming, 

walking, and bicycling, while high-risk sports include those 

involving contact or collision, such as martial arts.1

When participating in sports, PWH should learn the rules 

and be familiar with current technologies, perform warm-up 

exercises, wear appropriate equipment, and notify coaches 

and fellow participants of their conditions.14,32,39 Evidently, 

no sport is 100% safe.2,23 Immediately after a bleeding event, 

adequate replacement therapy and RICE (rest, ice, com-

pression, elevation) are necessary.14,32 For PWH receiving 

inhibitor therapy, it is necessary to determine appropriate 

exercises for individuals and to monitor response to exercise 

based on careful assessment by the physiotherapist.39,41 In 

particular, it is necessary to carefully choose an exercise 

program for patients with high-titer inhibitors (.5 BU/mL) as 

the hemostatic response to bypass agents is less reliable.9

Benefits to PWH from PA
PA confers several musculoskeletal benefits to PWH, such as 

improved muscle strength and joint stability,8,38,39,42 reduced 

joint pain,8,38 increased bone density and protection of 

joints,8,19,32,40 prevention from falling,40 lower bleeding risk,8,39 

and improved joint flexibility.10–12,42 Other physical benefits 

include prevention of obesity,16 heart disease,13 hyperten-

sion,13,32 and diabetes13,32 and promotion of neuromuscular 

development.1 PA also confers several benefits to mental health, 

such as improvement in depression,32 self-steem,1,6,8 social 

interactions,2,6,8 self-efficacy,26 happiness,13 emotional status,2,8 

social acceptance perception,8 positive self-assessment,8 and 

reduction of anxiety.6,8,13,26,38 Continuous PA, rather than the 

type of exercise, is an important determinant of health-related 

quality of life, even for PWH.8,9,40,43 In particular, children 

achieve the greatest improvements in health-related quality 

of life by sports participation.9

It has also been reported that PA increased endogenous 

factor VIII activity (10 minutes after the maximal exercise test) 

in patients with mild-to-moderate hemophilia.44 Therefore, 

PA can confer many benefits to PWH in developing countries 

with limited access to pharmacologic treatments.26,34

Difficulty of exercise adherence
A German study reported that 79% of adolescents and 

81.5% of adults with hemophilia considered daily exercise 

to be important.45 However, many patients report limited 

PA, primarily because of fear of increased bleeding fre-

quency, overprotection by parents, and the belief that joint 

disease cannot be prevented (reported by 36% of adolescent 

respondents).14,33,34,38,46 On the other hand, only 31% of the 

respondents reported seeking treatment within 1 hour of a 

bleeding episode.33 We believe that education of patients 

and their families is important for hemostatic therapy and 

essential for first aid.

Mental aspects of PWH are reported as follows: overpro-

tection by family38; anxiety38; and decrease in self-esteem, 

self-efficacy, self-acceptance,26,30,38 exercise adherence,47 

and treatment compliance.6 In addition, some boys with 

hemophilia in one study regretted the fact that their doctors 

or parents did not allow them to participate in sports of their 

choosing.46 Therefore, many patients must be motivated to 

engage in PA,48 suggesting the need for a behavior change 

approach.

Behavior change theory and 
techniques
For this section, it was assumed that PA was carried out under 

the suitable management of hemostasis. Therefore, education 

regarding hemostasis is very important.

Building trusting relationships
Thom and Campbell49 identified factors influencing the 

relationship of trust between the patient and clinician, and 

thoroughly evaluating problems, understanding patient’s indi-

vidual experience, expressing care, providing appropriate and 

effective treatment, communicating clearly and completely, 

building partnership/sharing power, and demonstrating hon-

esty/respect for patient. Therefore, a knowledgeable clinician 

who focuses only on medical conditions of patients, would 

not be able to build their sufficient trust.

Motivation theory
Motivation theory involves promotion of PA by increasing 

self-determination; in the self-determination theory, motiva-

tion is classified as 1) amotivation (the absence of motiva-

tion itself), 2) extrinsic motivation (means of PA are other 

objectives), or 3) intrinsic motivation (PA itself has become 

a goal)50 (Table 2).

Intrinsic motivation is considered the highest motivation 

of self-determination, while extrinsic motivation is classified 

as 1) external regulation (motivation by external factors, such 
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Transtheoretical model
In the early 1980s, transtheoretical model (TTM) was 

first proposed as an intervention method based on the 

degree of patient motivation and has since been widely 

clinically applied to study various health behaviors.57–60 

There are f ive stages in behavior (lifestyle) changes: 

1) pre-contemplation, 2) contemplation, 3) preparation, 

4) action, and 5) maintenance.58–60

Behavior change approach
The purpose of the promotion theory of PA is to promote 

independent participation in exercise, as supervised exer-

cise should be limited to the early stages of an exercise 

regimen.57 It is possible to increase PA levels of sedentary 

individuals and short-term (3–12  weeks) increases in PA 

are relatively easy to achieve.57 However, long-term change 

(6–24 months) is much more difficult to achieve.57 Methods 

to change behaviors and promote adherence to PA include: 

1) TTM, 2) relapse prevention, 3) motivational counseling, 

and 4) self-monitoring.

In TTM, intervention matched to ability is necessary in 

order to proceed to the next stage of behavior change.59,61 

Intervention in the pre-contemplation stage should focus 

on communication with the patient to elucidate the patient’s 

individual interests. There is no effect on persuasion because 

during this phase, patients do not recognize the associations 

between PA and their own health problems. Intervention 

for contemplation should explore the benefits of PA and 

disadvantages of physical inactivity. For some, this method is 

not effective, thus the conviction–confidence model should be 

employed.62 In this model, the clinician assesses the patient’s 

readiness for behavior change within two dimensions: confi-

dence and conviction. An intervention to increase the patient’s 

confidence, conviction, or both, can then be applied with the 

goal of helping the patient (Table 4).

Problems with PA faced by patients can be classified 

into four groups according to the confidence and conviction 

model. The easiest way to assess a patient’s conviction and 

as rewards and recommendations from others), 2) introjected 

regulation (motivation from obligation to PA), 3) identified 

regulation (motivation from the emotional need for PA), and 

4) integrated regulation (motivation consistent with its own 

values).51 In addition, it is assumed that the degree of self-

determination is high in the aforementioned order, and it has 

been confirmed that PA is strongly related to increasing the 

degree of self-determination by observational studies and 

interventional studies.51

Intrinsic motivation for promoting PA and exercise 

1)  emphasizes the individual, 2) promotes perceptions of 

choice, 3) promotes the intrinsic fun and excitement of 

exercise, and 4) promotes a sense of purpose by teaching 

the benefits of PA to health, optimal function, and quality 

of life, but it does not 1) overemphasize peer comparisons 

of performance, 2) undermine intrinsic focus by misusing 

extrinsic rewards, 3) turn exercise into a chore or render it 

boring, or 4) create amotivation through dissemination of 

inaccurate fitness information.52

There are many reasons for patients to discontinue PA. 

Therefore, exercise prescription should encourage self-

motivation to perform PA.

Self-efficacy
Improvement of self-efficacy is important to foster behavior 

changes.53 In PA, self-efficacy is important to build confi-

dence and encourage the individual to perform specific PA in 

particular environments.53 Self-efficacy is the most interesting 

concept as specified factors and intervention targets for PA 

and is one of the most influential psychological factors in 

promotion of PA.54 In addition, rehabilitation is promoted by 

improvement of self-efficacy.30,55

Methods to improve self-efficacy are presented in 

Table 3.56 The following factors were found to be important 

to improve self-efficacy: 1) enactive attainment, 2) vicarious 

experience, 3) verbal persuasion, and 4) physiological state or 

emotional arousal.56 Behavior modification can also improve 

self-efficacy57 (Table 3).

Table 2 Classification of exercise motivation based on self-
determination theory

1. I ntrinsic motivation example: Because there is fun in exercise itself
2. I ntegrated regulation example: Because my exercise is my top priority
3. � Identified regulation example: Because I think exercise is important 

for me
4. I ntrojected regulation example: Because guilt occurs if I do not exercise
5. �E xternal regulation example: Because the doctor told me that I 

should exercise
6.  Amotivation example: Reason for lack of exercise is unknown

Note: Motivation is listed in the order in which it is possible to exercise 
continuously.

Table 3 Source of self-efficacy information

1. �E nactive attainment (eg, discuss challenges depending on the ability 
and successful experiences of the patients)

2. �V icarious experience (eg, share successful experiences with patients 
who have same abilities or problems)

3. �V erbal persuasion (eg, physician praises the successful experience of 
the patient)

4. � Physiological states or emotional arousal (eg, awareness of 
improvement in physical function to the patient by comparing 
previous and present PA levels)

Abbreviation: PA, physical activity.
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confidence levels is to ask the patient to rate it on a visual ana-

log scale of 1–10. Patients who think that PA is not important 

and have no confidence in PA should be provided information 

in the pre-contemplation stage. It can be difficult to achieve 

behavior change in patients who have confidence in PA, but 

do not think that it is important. Hence, these patients should 

receive counseling from the clinician. Building a trusting 

relationship is important to present the benefits of PA to 

the patient. Hence, the clinician should explore discrepan-

cies between physical inactivity and important events in the 

patient’s life (eg, family and health) and should indicate the 

magnitude of the benefits of PA.

Strong resistance from a patient should be addressed in 

the long term while maintaining a trusting relationship dur-

ing the pre-contemplation stage. Providing individualized 

information to match important events in the patient’s life 

(eg, a friend’s illness or birth of a grandchild) to stress the 

importance of PA is necessary for such patients.

Patients who think PA is important, but do not have con-

fidence in performing PA should be encouraged to enhance 

self-efficacy, while paying attention to past successful experi-

ences after the importance of PA is emphasized. Such patients 

should receive added support to realize short-term goals. In 

addition, intervention and preparation should be encouraged 

to support the decision to begin PA.

The determination of the patients themselves through 

discussions of both short- and long-term goals is important. 

Intervention should also consider the possibility of relapse, 

a phenomenon in which the patient reverts to the stage 

before the behavior change, despite entering the action and 

maintenance stage. In these cases, confirmation and praise of 

the beneficial results brought about by behavior change are 

important to encourage continued participation in PA.

Interventions for maintenance should be implemented to 

prevent relapse. It is necessary to consider the influence of 

personal problems on the patient’s willingness to participate 

in PA (eg, when the patient does not want to exercise) through 

discussion. Implementation of viable measures to prevent 

relapse proposed by the patient is both important and effective. 

Regarding relapse measures, reversion to the pre-contempla-

tion or contemplation stage indicates that the patient does not 

fully recognize the importance of exercise. Therefore, before 

progressing to the next stage, intervention may be necessary to 

provide further information about the benefits of PA. Reversion 

to the preparation stage is caused by a lack of self-confidence, 

which is intended to overcome situations, in which the patient 

does not want to perform exercise (eg, during vacation or bad 

weather). In such cases, clarification of these barriers and 

discussion of future plans are necessary.

Self-monitoring enables self-strengthening and objective 

self-evaluation by observing and/or recording self-behavior63 

and is an effective method to achieve behavior change for 

patients with PWH,30 hypertension,64 obesity,63 smoking,65 

diabetes,66 and ischemic heart disease.67 Process and outcome 

assessments are important to promote exercise adherence.35 

Feedback on exercise results will contribute to exercise adher-

ence.35 Process assessment focuses on frequency of exercise, 

improving knowledge, response rate, and submission rate of 

challenges (reporting rates). In outcome assessment, psycho-

logical indicators in addition to physical indicators (number 

of steps, PA, physical fitness, and body weight, etc) are useful 

to promote exercise adherence.

Motivational counseling, as proposed by Miller and Roll-

nick, is a technique commonly employed to achieve behavior 

change by inducing patient motivation, rather than clinician 

direction.68 Honoring patient autonomy can also increase 

self-confidence for behavior change and also encourage 

motivation. The method has four guiding principles: 1) to 

resist the righting reflex, 2) to understand and explore patient 

motivation, 3) to listen with empathy, and 4) to empower the 

patient by offering hope and optimism.68

Considerations when introducing 
a behavior change approach
Behavior change stage and self-
monitoring intervention in PWH
As mentioned earlier, many PWH will find it difficult to 

maintain participation in PA for various reasons, such 

as fear of bleeding. To address this issue, stages in TTM 

(ie, pre-contemplation, contemplation, preparation, and 

maintenance) were evaluated in 15 (46.9%), five (15.6%), 

six (18.8%), and three (9.4%) PWH, respectively.30 After 

diagnostic images and physical function were assessed, 

individual home exercise was instructed. In addition, we 

conducted randomized controlled trials of self-monitoring.30  

Subjects included 32 male outpatients aged 26–64 years who 

were randomly allocated to self-monitoring (n=16) and control 

(n=16) groups. Patients in both groups received home exercise 

guidance and an activity monitor, and those in the self-moni-

toring group were given a self-monitoring approach. Patients 

in the self-monitoring group were equipped with a feedback 

system via the Internet and mobile phone. The self-monitored 

items included bleeding history, injection of coagulation factor, 

PA, and frequency of home exercise. In addition, the patients 

in the control group were not required to report their home 

exercise status during the intervention period. Most patients 

(90.3%) self-reported bleeding episodes and frequency of 
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home exercises/PA. Among all patients examined, no change 

in pain or bleeding frequency was noted by intervention for 

8  weeks. However, exercise adherence, self-efficacy, and 

strength of knee extension significantly improved in the self-

monitoring group compared with the control group.

Self-monitoring in our study was designed so that the 

subjects had access to a server and received feedback results 

of exercise (eg, the number of times the patient performed 

the exercise and PA, blooding frequency, and injection of 

the coagulation factor) with the passage of time shown in 

graphs and tables after the input of the monitored items. Self-

strengthening and objective self-evaluation were facilitated by 

self-monitoring.54 Specifically, the patients were instructed to 

report bleeding events and the quantified PA using an activity 

monitor to encourage consideration of possible associations. 

Positive feedback was achieved once the patient realized that 

bleeding was not necessarily associated with PA. It is consid-

ered that self-monitoring enabled the patients to appreciate the 

benefits of controlling self-behavior through the recognition of 

motion results, creating self-efficacy, and improving exercise 

adherence. It is reported that self-efficacy is strengthened by 

self-monitoring. For these reasons, self-efficacy is considered 

to contribute to exercise adherence. In this study, 84.4% of 

patients had severe hemophilia, more than half had severe 

arthropathy of the knee joints, and the average patient age 

was 42.8 years. Therefore, these results illustrate the beneficial 

effects of self-monitoring by patients exhibiting some factors 

that inhibit PA, in accordance with the results of previous 

studies. Hence, a randomized controlled trial focusing on 

the influence of self-monitoring identified in this study is 

warranted. If intervention was conducted for a greater number 

of subjects, it will be possible to further examine the influence 

of SM according to the motivation and stage of TTM.

Case report
We report the case of a 16-year-old boy with severe hemophilia 

A, severe arthropathy in both knee joints (Arnold–Hilgartner 

stage V),69 and a history of inhibitor who achieved remarkable 

improvements in the activities of daily living and PA using PT 

and self-monitoring intervention. Written informed consent for 

publication of this case report was obtained from the patient 

and his family. Therefore, ethical approval was not sought from 

the committee of research ethics from the Graduate School of 

Medicine, The University of Tokyo. High inhibitor titers were 

noted shortly after birth. Immune tolerance induction was initi-

ated when he was 2 years old. However, repeated intra-articular 

bleeding in both knee joints was accompanied with synovitis. 

Therefore, he lost the ability to walk at the age of 6 years. PT 

was commenced at the age of 8 years.
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He presented with flexion contractures in both knee joints 

(−90/−65°) and both hip joints (−30/−30°) and whole-body 

muscle weakness caused by arthropathy, disability, and physi-

cal inactivity. Manual muscle testing of the trunk, hip extensor, 

hip abductor, knee extensor, knee flexor, ankle extensor, and 

ankle flexor was evaluated as fair, fair/fair+, fair/fair+, poor−/

poor, good/good, good/good, and poor+/poor+, respectively. 

Stage of TTM was preparation and motivation was amotiva-

tion. In addition, because standing and walking were difficult, 

he was unable to perform most of the home exercises.

Mild load and play exercises were commenced because 

of a bleeding risk due to inhibitors. Aggressive PA could 

not be performed. However, when PT became constant, his 

motivation was improved to external regulation. With increas-

ing age, motivation was changed to identified regulation. 

Furthermore, intrinsic motivation was also added with the 

improvement of physical function and inhibitor eradication 

by the effect of continued immune tolerance induction when 

he was 12 years old. At that time, he was able to walk with 

the assistance of two crutches. However, prolonged physical 

inactivity remained an obstacle to achieving long distances. 

Therefore, we introduced a self-monitoring method using an 

activity monitor in addition to home exercise. At that time, 

the patient was prompted to periodically set specific goals, 

such as a distance of continuous gait after 1 year.

After introduction of self-monitoring, the attending phy-

sician and physiotherapist periodically confirmed the self-

monitoring results. In addition, the patient received feedback 

from physical function assessment results. He and his family 

received praise, advice, and suggestions based on these results. 

We regularly reviewed the status of goal achievement and made 

changes to the home exercise routine and goals as necessary.

After 15 months of self-monitoring, the number of steps 

increased from ∼200 per day to ∼5,000 per day, and self-

efficacy also improved. In addition, flexion contractures in 

both knee joints (−30/−10°) and both hip joints (−10/10°) 

had improved. The results of the manual muscle testing of 

the trunk, hip extensor, hip abductor, knee extensor, knee 

flexor, ankle extensor, and ankle flexor improved to good, 

good/good, good/good, poor−/poor+, normal/normal, normal/

normal, and good/good, respectively. Activities range was 

expanded to the use of public transportation, and the TTM 

stage improved to action (Figure 1).

In this case, self-monitoring was effective by introduction 

at a time when motivation changed to intrinsic motivation. 

In future studies, barriers to PA due to the time required for 

academic and university preparation as a possible cause of 

relapse should be considered. Thus, even patients with severe 

hemophilia having a history of inhibitors, severe arthropathy, 

and physical dysfunction can improve PA.

In conclusion, selection of PT programs based on coagu-

lation laboratory data and physical function assessment, 

intervention based on TTM and motivational theory, and 

introduction of self-monitoring upon improved self-efficacy 

were found to be useful interventions.

Considerations in behavior change 
approach
The purpose of this review was to discuss changes in exercise 

behavior, rather than to present exercise programs suitable 

for PWH; thus, no specific exercise guidelines were included. 

As a limitation of this theory, comparatively few studies have 

evaluated the use of this model across behaviors among PWH. 

Further research in this area is much needed. In addition, 

one of the criticisms of TTM has been its limited usefulness 

among diverse ethnic groups and low socioeconomic back-

grounds.68 In particular, behavior change approaches for 

PWH with arthropathy and inhibitors can complement the 

effects of PT and exercise guidance. Therefore, it is impor-

tant to prescribe individualized exercise regimens based on 

the assessment of hemorrhagic tendency, bleeding history, 

prophylactic treatment, arthropathy, and physical function.

Conclusion
Many PWH find it difficult to continue PA because of aging, 

fear of bleeding, insufficient recognition of the benefits of 

PA, and psychological problems. Therefore, it is necessary to 

administer prophylactic and replacement therapies before the 

patient participates in an exercise program. In addition, the 

benefits and risks of participating in sports should be care-

fully explained. For patients who find it difficult to participate 

in PA, it is necessary to plan individual behavior change 

approaches and encourage improvement in self-efficacy.
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Figure 1 Step count after 15 months of self-monitoring intervention for PWH.
Abbreviation: PWH, patients with hemophilia.
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