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1. INTRODUCTION
Obesity and being overweight are common and increasing health 
problems in modern society, and may constitute a major risk 
for serious chronic diseases and comorbidities such as chronic 
musculoskeletal disease, cardiovascular disease, cancer, etc.1–3 In 

recent decades, advances in hemophilia care such as prophylaxis 
therapy and inhibitor management have improved the quality 
of life and prolonged the survival for patients with hemophilia 
(PWH). As a result, comorbidities of PWH such as obesity and 
overweight, which were a secondary concern in the past, are get-
ting more attention.4,5 Increasing prevalence of obesity in PWH 
has been reported and is an emerging challenge for the care of 
PWH.4–6 From western countries, there have been some studies 
on prevalence of obesity in PWH and its impact on bleeding.5–9 
Repeated joint bleeding and impaired joint function can lead to a 
reduction in physical activity in PWH and consequently increase 
their risk of obesity. Wong et al.6 demonstrated that hemophilic 
arthropathy (HA) occurred more commonly in obese PWH and 
the corresponding decrease in joint range of motion (ROM) cor-
related with increased body mass index (BMI). On the contrary, 
obesity can result in overload of joints and muscles in PWH 
and make them more vulnerable to joint bleeding and conse-
quent joint damage. Biere-Rafi et al.7 reported that obese PWH 
had a significant lower score of Hemophilia Activity List than 
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Abstract
Background: The prevalence of obesity in patients with hemophilia (PWH) varies among different ethnicities, and its influence 
on joint bleeding and hemophilic arthropathy has not been studied in Taiwan population. We explored the prevalence and clinical 
correlates of obesity and the impact of body mass index (BMI) on annual joint bleeding rate (AJBR) and hemophilic arthropathy in 
PWH in Taiwan.
Methods: We retrospectively collected clinical information on 140 severe/40 moderate PWH from 2006 to 2014. The patients’ 
median age was 31.5 years, ranged from 6 to 73 years. Their BMI, 6 index joints score by Pettersson scoring, AJBR, and other 
clinical data were analyzed.
Results: The prevalence of overweight and obesity by age group was 7.1% in PWH aged ≤10 years, and rapidly increased to 
34.5% in PWH aged 11 to 18 years, 46.7% in PWH aged 18 to 29 years, 61.8% in PWH aged 30 to 39 years, 60.6% in PWH 
aged 40 to 49 years, and 48% in PWH aged ≥50 years, respectively. Two peak rates were 72.7% in PWH aged 35 to 44 years 
and 66.7% in PWH aged >65 years. Age, HCV infection, knee score, elbow score, and total 6 index joints scores were found to 
correlate positively with BMI. However, subtype and severity of hemophilia, ankle scores, HBV and HIV infection did not correlate 
with BMI. Finally, BMI was found to correlate positively with AJBR in both adult and pediatric PWH.
Conclusion: The prevalence of overweight and obesity in adolescent and adult PWH was higher than those in the general male 
population in Taiwan, which rapidly increased with age to peak in PWH aged 35 to 44 years and >65 years. High index joint score, 
with the exception of ankle scores, positively correlated with high BMI. Further, BMI and obesity also had positive correlation with 
AJBR in PWH. To our knowledge, this is the first study examining these associations in PWH in Taiwan.

Keywords:  Annual joint bleeding rate; Body mass index; Hemophilia; Hemophilic arthropathy; Obesity; Pettersson score; 
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nonobese PWH, mainly caused by impaired lower limbs func-
tion. It was also reported that as BMI increases in PWH, ROM 
decreases, especially active ROM of lower limbs.10,11 Some inves-
tigators reported that increased BMI led to more joint bleeding 
and more consumption of clotting factor treatment for PWH.7–9 
Prevalence of overweight and obesity in PWH vary among dif-
ferent countries and reports from Asian countries are very lim-
ited. Our aims were to investigate the prevalence of obesity and 
overweight in PWH in Taiwan and its clinical correlates, and 
explore the impact of BMI on annual joint bleeding rate (ABJR) 
and HA, which can impair quality of life and increase medical 
cost for PWH.

2. METHODS

2.1. Subjects and clinical correlates
We retrospectively collected data on 180 PWH including 140 
severe and 40 moderate type hemophilia from two hemo-
philia centers of Tri-Service General Hospital and Taipei 
Medical University Hospital, both being referral centers for 
PWH, from 2006 to 2014. Among the 180 PWH, majority of 
patients regularly followed up at their respective hemophilia 
center and received comprehensive care including roentgen-
ograms of the 6 index joints for evaluating progression of 
joint function. The data such as body weight, body height, 
and other clinical information including hemophilia type and 
severity, inhibitor status, hepatitis B virus (HBV) infection, 
hepatitis C virus (HCV) infection, and human immunodefi-
ciency virus (HIV) infection were obtained by chart review 
and analyzed. This study was approved by the ethics review 
board of both institutions and all enrolled patients signed an 
informed consent.

2.2. BMI in children and adults
According to World Health Organization (WHO) criteria, BMI 
was categorized into four levels comprising underweight, nor-
mal, overweight, obesity, which were classified by <5th percen-
tile, 5th-85th percentile, 85th-95th percentile, ≥95th percentile, 
respectively. BMI ranging from 25 to 30 kg/m2 represents over-
weight and BMI ≥ 30 kg/m2 represents obesity by the stand-
ard of WHO.1 However, as Asians have higher comorbidities 
and fat mass at lower BMI levels than Caucasians, the cut-offs 
are different from Caucasian standards.12 For Taiwanese adult 
BMI, the risk-based standard by the mortality and morbidity 
for categorization is underweight as BMI < 18.5 kg/m2, nor-
mal as BMI of 18.5 to 24 kg/m2, overweight as BMI ≥ 24 kg/
m2, and obesity as BMI ≥ 27 kg/m2.12 For Taiwanese pediatric 
BMI for age, the categorization is according to the BMI stand-
ard of children and adolescents in Taiwan bulletined on the 
website of the Ministry of Health and Welfare.13 According to 
our Taiwanese criteria, we calculated the prevalence of obesity, 
overweight, underweight in adult and pediatric PWH by differ-
ent age groups. We also retrieved the prevalence of overweight 
and obesity in general male population from the Ministry of 
Health and Welfare in Taiwan for comparison with those of 
PWH in the study.14

2.3. Joint scores of the 6 index joints
HA was assessed by conventional roentgenograms of elbows, 
knees, and ankles. The Pettersson scoring classifies plain roent-
genograms of knees, elbows, and ankles, each calculated by 
Pettersson score on a scale from 0 to 13.15 The minimum score 
is 0, signifying no bony change of arthropathy, and the maxi-
mum score is 78 points. Here, we defined any index joint with 
either arthrodesis or joint replacement as 13 points. Elbows 
score, knees score, and ankles score stood for the sum of bilat-
eral elbow joints score, bilateral knees score, and bilateral ankles 
score, respectively. Lower limbs score represented the sum of 
knees score plus ankles score. Total score represented the sum 

of the 6 index joints score. Among the 180 PWH, there were a 
total of 142 PWH who had the complete medical records of the 
6 index joints score. The relationship of joints score and BMI 
was analyzed.

2.4. Annual joint bleeding rate
AJBR was obtained from chart records of PWH who consecu-
tively followed up at least for 1 year, received factor replacement 
therapy regularly, and had a complete annual joint bleed record. 
PWH who did not have such complete annual joint bleed records 
were excluded. Among the 180 PWH, there were a total of 82 
PWH who had the complete documents of AJBR and correlation 
analysis of BMI and AJBR was performed in these patients.

2.5. Statistical methods
Univariate analysis of clinical variables associated with BMI was 
performed by using an analysis of variance (ANOVA) and the 
Mann–Whitney U test. ANOVA was also used to analyze the 
association of underweight, normal, overweight, and obesity on 
all joints score. Spearman’s rho was used to analyze clinical cor-
relates with BMI and this test was also used to analyze clinical 
correlates including BMI with AJBR. p < 0.05 was considered 
statistically significant.

3. RESULTS

3.1. Patient characteristics
Among the 180 PWH, there were 162 hemophilia A patients 
including 11 with inhibitors and 18 hemophilia B patients. Their 
median age was 31.5 years, which ranged from 6 to 73. There 
were 43 boys (aged <18 years) and 137 male adults (aged ≥18 
years). The mean age of the 43 boys and 137 male adults was 
11.9 years and 37.6 years, respectively.

3.2. Mean BMIs, prevalence of overweight and obesity by 
age group
The mean BMIs and the proportions of underweight, nor-
mal, overweight, and obesity by different age groups are 
summarized in Table 1. There was no patient who was under 
10-years-old with obesity. However, obesity rate increased 
rather rapidly to 27.6% in teenagers. The prevalence of over-
weight and obesity combined was 7.1% in PWH aged ≤ 10 
years and 34.5% in PWH aged between 10 and 18 years. 
The prevalence of overweight and obesity increased further 
with age from adolescence to adulthood. Of adult PWH, the 
mean BMIs of the three age groups of patients aged >30 years 
were more than 25, which meant overweight in our Taiwanese 
adult PWH group. The prevalence of overweight and obe-
sity attained the highest level of 61.7% in PWH aged 30 to 
49 years. This prevalence declined in PWH aged ≥50 years 
to 48% but it was still nearly half (Table 1). The prevalence 
of overweight and obesity in all adult PWH aged ≥18 years 
was 29.2% and 24.8%, respectively, with a combined total of 
54%, which was higher than the 49.8% noted in the general 
Taiwanese male population in 2014.13

3.3. Comparison of prevalence of obesity and overweight 
between adult males in the general population and PWH by 
age group
According to the report from the Ministry of Health and Welfare 
in Taiwan, prevalence of overweight and obesity in general adult 
males by different age groups in 2014 is shown in Fig. 1.14 To 
compare the prevalence of obesity and overweight between 
males in the general population and adult PWH, we recalculated 
the prevalence in adult PWH according to the same classifica-
tion that is used for various age groups of males in the general 
population. The prevalence of overweight and obesity in general 
adult male population aged 45 to 54 years attained peak level of 
57.6%, which then gradually declined after ≥55 years. However, 
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the prevalence of overweight and obesity in PWH aged 35 to 44 
years attained the highest level of 72.7% and declined to 42.9% 
at 45 to 54 years, but gradually rose up again and achieved 
another peak level of 66.7% when aged ≥65 years. The preva-
lence of overweight and obesity in PWH in all age groups was 
greater than that in general male population except in the age 
group of 45 to 64 years.

3.4. Relationship of BMI and Pettersson score with age in 
PWH
To see whether the joint deterioration preceded or followed rise 
in BMI of PWH, we plotted the relationship of BMI and total 6 
index joints score with age in PWH as illustrated in Fig. 2. Both 
curves (BMI and Pettersson score) increased in parallel with age 
but it appears that the Pettersson scores rose before BMI. The 
curves eventually crossed at 45 to 54 years of age. Although 
these data are not prospectively looking at a single cohort over 
time but rather snap shots of different age groups, it seems that 
worsening joint disease appeared first and was followed by 
increasing BMI into overweight and obesity range.

3.5. Analysis of clinical correlates with BMI in PWH
By univariate analysis, PWH aged ≥ 18 years, positive HCV 
infection, elbows score ≥ 5 points, knees score ≥ 4 points, ankles 
score ≥ 9 points, lower limbs score ≥ 16 points, and total score 
≥ 21 points were found to have significantly higher BMI than 
those patients without these parameters (p < 0.01), as shown in 
Table 2.

By correlation analysis, 142 PWH who had complete medi-
cal records including Pettersson score and other clinical corre-
lates were analyzed. Both age and positive HCV infection had 
positive correlations with BMI (p < 0.01). All joint scores except 
ankles score were found to have positive correlation with BMI 

(p < 0.01). However, hemophilia subtype, severity of hemophilia, 
HBV infection, HIV infection, and ankles score were not found 
to have correlation with BMI, as shown in Table 3.

3.6. The impact of BMI on AJBR in PWH
There were only 82 PWH whose AJBR data could be com-
pletely recorded and analyzed. Total BMI and BMI of four dif-
ferent groups (obesity, overweight, normal, and underweight) 
were found to have positive correlation with AJBR (Table  4). 
Moreover, age, severity of hemophilia, HCV infection were also 
found to have positive correlation with AJBR.

4. DISCUSSION
Obesity and overweight can increase the risk of chronic mus-
culoskeletal disease, diabetes, hypertension, hyperlipidemia, car-
diovascular disease, stroke, and cancer.1–3 Prevalence of obesity 
can vary in different ethnicities, being typically high in North 
America and Europe and relatively low in Asia and Africa.1,16 
It has been reported that prevalence of obesity in PWH varies 
among different countries and has conflicting comparison with 
the general population. In US and Canada, it was reported that 
there was high rate of overweight and obesity among PWH, but 
in India and Mexico, it was reported that there is a lower preva-
lence of obesity in PWH than those in the general population.6 
According to the data of Center for Disease Control (CDC) in 
2005, for adult PWH in US, prevalence of overweight and obe-
sity was high up to 58%, which was higher than 54.9% in the 
normal population.17 The prevalence of overweight and obesity 
among adult PWH was also higher in the UK and Germany with 
reported rates of 64% and 62%, respectively.6,18

In our study with a large series of patients, the prevalence 
of overweight and obesity in adult PWH was 54%, which was 
higher than the 49.8% seen in the general male adult population. 
The reason for that may be the impact of HA in our Taiwanese 

Fig. 1  Comparison of prevalence distributions of overweight and obesity 
between adult patients with hemophilia and general adult male population (in 
2014) by age.

Fig. 2  Relationship of body mass index (BMI) and Pettersson score (total 6 
index joints score) with different age groups in patients with hemophilia. The 
data of BMI and total joints score are expressed as mean ± SD.

Table 1

Values of body mass index, prevalence of overweight and obesity among PWH by different age groups

Age group, y Cases number
BMI value 

(mean ± SD)

BMI status (four groups)

Overweight 
or obesity, %

Underweight 
number, %

Normal  
number, %

Overweight 
number, %

Obesity  
number, %

Children (<18) 43 20.4 ± 4.6 6 (14.0) 26 (60.5) 3 (7.0) 8 (18.6) 11 (25.6)
  ≤10 14 16.3 ± 2.5 3 (21.4) 10 (71.4) 1 (7.1) 0 (0) 1 (7.1)
  18>y>10 29 22.3 ± 4.1 3 (10.3) 16 (55.2) 2 (6.9) 8 (27.6) 10 (34.5)
Adults (≥18) 137 24.6 ± 4.7 4 (2.9) 59 (40.1) 40 (29.2) 34 (24.8) 74 (54.0)
  18-29 45 23.2 ± 4.4 4 (8.9) 20 (44.4) 16 (35.6) 5 (11.1) 21 (46.7)
  30-39 34 25.3 ± 4.3 0 (0) 13 (38.2) 8 (23.5) 13 (38.2) 21 (61.8)
  40-49 33 25.5 ± 4.5 0 (0) 13 (39.4) 8 (24.2) 12 (36.4) 20 (60.6)
  ≥50 25 25.5 ± 5.5 0 (0) 13 (52) 8 (32) 4 (16) 12 (48)

BMI = body mass index; PWH = patients with haemophilia.
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PWH. HA was common in Taiwanese PWH with prevalence up 
to 64.3% for adolescents and 90% to 100% for adults,19 which 
may lead to more physical constraint and limitation and conse-
quent overweight and obesity.

In this study, it was shown clearly that PWH and Taiwanese 
general males had different distribution of the prevalence of 
overweight and obesity with age, with the former demonstrating 
a two-peak curve and the latter a one-peak curve. The distribu-
tion curves were in fact very similar to a report from a UK study 
in 2016, in which von Mackensen et al.18 reported a similar 
distribution of prevalence of overweight and obesity in British 
PWH and general male population.

In 2010-2011, the prevalence of overweight and obesity in 
Taiwanese general male adolescents was reported as 27.6% in 
those aged 13 years, 29.8% in those aged 14 years, and 33.9% 
in those aged 15 years.20 In this study, the prevalence of over-
weight and obesity in all teenagers was 34.5%, which was 
higher than those of early male adolescents in the general popu-
lation. It has been reported that prevalence of overweight and 
obesity in pediatric PWH was usually higher than those in non-
hemophilic boys because of overprotection by their parents and 
constrained physical activity for prevention of bleeding from 
trauma.4,21 Revel-Vilk et al.22 reported that among 170 boys with 
hemophilia, rate of obesity was 14.7%. In 2005, CDC reported 
rate of overweight in children with hemophilia was 20% to 
21% when compared to 11.5% to 13.7% in general pediatric 

population.17 Ross et al.21 reported that among 37 severe pedi-
atric PWH in USA, prevalence of overweight and obesity was 
19%. In our study, the summed prevalence of overweight and 
obesity in 43 severe/moderate pediatric PWH was 25.6%, 
which was higher than those reported from USA. This discrep-
ancy may be attributed to lower physical activity in pediatric 
PWH because of lesser use of prophylaxis therapy in Taiwan 
before 2014. The national health insurance for implementation 
of prophylaxis therapy in Taiwan was not allowed until mid-
dle of 2014 (which postdates the enrollment time frame of this 
study). Whether prophylaxis therapy helps with more physical 
exercise and reduces obesity rate in pediatric PWH in Taiwan is 
worthy of study in the future.

Our study showed the prevalence of obesity in pediatric PWH 
aged ≤10 years was 0% and 27.6% for patients aged 11 to 18 
years, thereby implying that the obesity rate increased rapidly in 
the teenage group. A similar finding was reported by Majumdar 
et al. They found that children with hemophilia, aged <11 years, 
had a significant lower prevalence of overweight and obesity 
than those children, aged 11 to 20 years.18 This observation of 
easy body weight gain during teenage years in PWH deserves 
clinical attention. Moreover, it has been reported that obesity 
in childhood is a risk for obesity in adulthood.23 Serdula et al.24 
have reported that one third of obese preschool children, one 
half of obese school-age children, and two third of obese adoles-
cences became obese in adulthood. Therefore, obesity prevention 

Table 2

Pateint characteristics, clinical variables, and univariate analysis for BMI of PWH

Characteristics variables Case number, % BMI value (mean ± SD) p

Age* 180   
  <18 y   43 (22.8) 20.4 ± 4.6 p < 0.01***
  ≥18 y   137 (77.2) 24.6 ± 4.7  
Subtype** 180   
  A   151 (83.9) 23.4 ± 4.9 NS
  B   18 (10) 25.7 ± 5.6  
  A+ inhibitors   11 (6.1) 22.9 ± 3.7  
Severity* 180   
  Severe   140 (77.8) 23.9 ± 5.0 NS
  Moderate   40 (22.2) 22.6 ± 5.0  
HBV* 159   
  Negative   146 (91.8) 23.8 ± 4.8 NS
  Positive   13 (8.2) 25.0 ± 3.7  
HCV* 165   
  Negative   55 (33.3) 21.7 ± 4.8 p < 0.01***
  Positive   110 (66.7) 25.0 ± 4.5  
HIV* 166   
  Negative   157 (94.6) 23.9 ± 5.0 NS
  Positive   9 (5.4) 23.8 ± 2.9  
Joint scores*    
  Elbows score 142   
    <5   69 (48.6) 22.7 ± 4.1 p < 0.01***
    ≥5   73 (51.4) 25.4 ± 5.1  
  Knees score 142   
    <4   71 (50) 22.7 ± 4.3 p < 0.01***
    ≥4   71 (50) 25.5 ± 5.0  
  Ankles score 142   
    <9   67 (47.2) 23.0 ± 5.0 p < 0.01***
    ≥9   75 (52.8) 25.0 ± 4.6  
  Lower limbs score 142   
    <16   69 (48.6) 22.8 ± 4.7 p < 0.01***
    ≥16   73 (51.4) 25.3 ± 4.7  
  Total score 142   
    <21   70 (49.3) 22.7 ± 4.3 p < 0.01***
    ≥21   72 (50.7) 25.4 ± 5.0  

*Mann–Whitney U test.
**Analysis of variance (ANOVA).
***Significance at the 0.01 level (two-tailed).
BMI = body mass index; NS = not significant; PWH = patients with haemophilia.
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should be started during childhood because there was already a 
high obesity rate in teenagers with hemophilia.

With regard to clinical correlates with BMI, moderate and 
severe PWH had no difference in BMI value by either univari-
ate or correlation analysis in our study. The association between 
hemophilia severity and obesity remains conflicted. Hofstede et 
al.5 reported that nonsevere PWH were significantly more over-
weight than severe PWH. On the contrary, Revel-Vilk et al.22 
reported that prevalence of obesity was higher in severe hemo-
philia boys. However, CDC reported that prevalence of both 
overweight and obesity in severe PWH were lower than those in 
nonsevere PWH in 2005,17 and von Mackensen et al.18 reported 
mild PWH had a trend to have higher BMI compared to those 
with severe or moderate PWH. Majumdar et al.25 reported that 
there was no significant difference in obesity rates between 
severe and nonsevere PWH. One of the possible causes of these 
varied observations may be that not every severe PWH has HA 
of joints and physical inactivity, especially under adequate fac-
tor replacement therapy. McNamara et al.26 showed that muscle 
atrophy mediated at least part of the relationship between hemo-
philia severity and BMI.

With regard to the impact of HA on BMI, we found that 
elbows score ≥ 5 points, knees score ≥ 4 points, ankles score ≥ 9 
points, lower limbs score ≥ 16 points, and total score ≥ 21 points 
were significantly associated with higher BMI. By further cor-
relation analysis, all aforementioned joints scores except ankles 
score were found to have positive correlation with BMI. Obesity 
usually results from excess intake of calories and less physical 
activity, and HA of PWH may lead to marked physical limita-
tion without prophylaxis therapy. Patients with more severe HA 
(high joints score) are usually with more restriction in terms 
of physical activity and therefore more vulnerable to increased 
body weight. In our study, when looking at the relationship of 
BMI and total 6 index joint score with increasing age in PWH 
(Fig. 2), it appears that joint score deterioration occurred before 
development of obesity in our patients.

Interestingly, hemophilia patients with HCV infection in our 
study were found to have higher BMI than those patients with-
out HCV infection. It has been reported that chronic liver dis-
ease such as HCV was associated with chronic proinflammatory 
metabolic effects and may predispose to weight gain, although 
this does not explain why a similar association was not seen with 
HBV or HIV infection in our study.27

We analyzed the clinical correlates with AJBR and found that 
age, hemophilia severity, BMI value, and BMI status (under-
weight, normal, overweight, obesity) had positive correlations 
with AJBR. In our study, AJBR correlation with age of PWH 

may be due to high HA prevalence among PWH in Taiwan and 
more severe HA in older hemophilia patients.19 McNamara et 
al.26 reported that obesity was associated with more frequent 
bleeding in PWH, where 8 of 30 (26.7%) PWH had arthropa-
thy. HA affects AJBR greatly without adequate treatment such 
as prophylaxis therapy. Majumdar et al.28 reported association 
between weight loss and decreased joint bleeds in a 27-years-old 
severe hemophilia A patient, who achieved a marked reduction 
of the 6 index joints bleeds after successful reduction of body 
weight and BMI.

In conclusion, there was higher prevalence of overweight and 
obesity in adolescent and adult PWH than in the general male 
population in Taiwan. The prevalence rapidly increased from 
childhood to 34.5% in teenagers and the highest rate of 72.7% 
in adults aged 35 to 44 years. Six index joints score except ankles 
score, age, and HCV infection positively correlated with BMI 
value and obesity had a positive correlation with AJBR in PWH.
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Correlation between clinical variables and annual joint bleeding 
rate

Clinical variables* AJBR

Age, y r = 0.352**
Subtype of hemophiliaa NS
Severity of haemophilia r = −0.381**
HBV infection NS
HCV infection r = 0.443**
HIV infection NS
BMI r = 0.330**
BMI status (four subgroups) r = 0.281**
  Underweight  
  Normal  
  Overweight  
  Obesity  

aIncluding hemophilia A, hemophilia B, hemophilia A with inhibiters.
*Spearman’s rho.
**Correlation is significant at the 0.01 level (two-tailed).
AJBR = annual joint bleeding rate; BMI = body mass index; NS = not significant.
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