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Introduction
Hemophilia A is a rare congenital recessive X-linked dis-
order caused by lack or deficiency of clotting factor VIII 
(FVIII). The hallmark clinical characteristic is bleeding 
(spontaneous or after trauma) into joints [1]. Its severity 
is associated with.

FVIII activity, and severe hemophilia A is defined as 
FVIII activity of less than 1%.

Osteoporosis is a systemic bone disease characterized 
by osteopenia, increased bone fragility, and an increased 
risk for fractures. Osteoporosis in men is a growing con-
cern, with clear risk factors including age, alcoholism, 

BMC Musculoskeletal 
Disorders

*Correspondence:
ShaoNing Shen
ssn0914@163.com
1The First Clinical College of Zhejiang Chinese Medical University, The First 
Affiliated Hospital of Zhejiang Chinese Medical University, 548# BinWen 
Road, HangZhou, ZheJiang Province, People’s Republic of China
2The Second Affiliated Hospital of Zhejiang Chinese Medicine University, 
318 # Chaowang Road, HangZhou, ZheJiang Province, People’s Republic 
of China

Summary
Introduction People with hemophilia risk osteoporosis more than healthy people, which may be related to specific 
factors.

Methods This case-control study included 53 patients with severe hemophilia type A and 49 healthy participants. 
Dual-energy X-ray absorptiometry (DXA) was used to determine bone mineral density (BMD). Collected information 
on age, body mass index (BMI), number of joint arthropathies, functional independence score in hemophilia (FISH), 
bone turnover markers, antibodies, treatment modalities. Identified independent risk factors for osteoporosis.

Results The BMD of the femoral neck (0.80 g/cm2vs.0.97 g/cm2), ward’s triangle (0.62 g/cm2vs.0.83 g/cm2), tuberosity 
(0.63 g/cm2vs.0.80 g/cm2) and hip (0.80 g/cm2vs.0.98 g/ cm2) in the case group were significantly lower than those 
in the control group, all of which were P < 0.001. However, there was no significant difference in the overall BMD of 
lumbar spine(L1-L4) (1.07 g / cm2vs. 1.11 g / cm2). The frequency of osteoporosis in the case group was 41.51%. BMI 
and FISH score were considered as independent risk factors for BMD decrease.

Conclusion The BMD of patients with severe hemophilia A is much lower than that of healthy population, and this 
difference is mainly reflected in the hip. The clear influencing factors were low BMI and functional independence 
decrease. Osteoclast was active while osteoblast activity was not enhanced synchronously, which may be the 
pathological mechanism of BMD decrease.
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hypogonadism, etc. [2]. Hemophilia has not been defined 
as an obvious cause of secondary osteoporosis. However, 
several studies have shown that osteopenia is common 
among hemophiliacs [3], [4]. Thanks to the development 
of coagulation factor replacement therapy, hemophili-
acs can now live almost as long and have a quality of life 
as the normal population. Identifying osteoporosis and 
associated risk factors in hemophiliacs is critical. At pres-
ent, no studies have reported the frequency of osteopo-
rosis in patients with severe hemophilia type A in China. 
To this end, we conducted this study to investigate osteo-
porosis in Chinese hemophiliacs and identify associated 
risk factors.

Materials and methods
This case-control study included 53 patients with severe 
hemophilia A who visited the first affiliated hospital of 
Zhejiang university of traditional Chinese medicine as 
the case group and 49 healthy volunteers of the same sex 
and age as the control group. Exclusion criteria included: 
(1) continuously taking glucocorticoid drugs for more 
than 3 months; (2) hypogonadism; (3) thyroid and para-
thyroid disease; (4) retrovirals are in use; (5) alcoholism; 
(6) calcium, vitamin D, bisphosphonate and disumab are 
in use; 7.hip replacement; 8. presence of metal implants 
at the bone densitometry site. This study followed the 
declaration of Helsinki and was approved by the ethics 
committee of the first affiliated hospital of the Zhejiang 
university of Chinese medicine, with a unique ethics 
number: 2021-KL-104-01, and all participants signed the 
informed consent form.

Bone densitometry
Dual-energy X-ray absorptiometry (DXA) is the gold 
standard for bone densitometry. Dual-energy X-ray bone 
densitometry (GE Lunar DPX Prodigy, YM0070331) 
was used to measure the total lumbar spine(L1-L4) and 
the left hip, including femoral neck, ward’s triangle, 
tuberosity, hip. The absolute value of bone mineral den-
sity (BMD) at each measurement site was expressed in 
g/ cm2. According to the World Health Organization’s 
(WHO) classification system [5], patients older than 
50 years are recommended to use the T-score, with the 
T-score of < − 2.5 standard deviations defined as osteo-
porosis, the T-score between − 1 and − 2.5 standard 
deviations defined as osteopenia, and the T-score of 
>-1 standard deviation considered average compared 
with healthy young people of the same sex. The Z-score 
is recommended for patients under 50 years of age, and 
the score is compared to the expected BMD level of an 
age-matched healthy population. The Z-score of − 2 stan-
dard deviation or lower is considered “below age expec-
tations,“ and the Z-score above − 1 standard deviation is 
considered normal [6].

Demographic information
According to the questionnaire, the patient’s age (years), 
gender, height (m), weight (kg), and body mass index 
(BMI) (kg/m2) were calculated.

Treatment modalities
Questionnaires were conducted to investigate the treat-
ment modalities of hemophiliacs, including on-demand 
treatment and long-term regular prophylaxis. The age at 
start, duration, dose and frequency of administration of 
prophylactic treatment were recorded.

Functional independence
Functional independence in hemophiliacs was assessed 
using the functional independence score in hemophilia 
(FISH) [7], which set independence for seven activities 
under three categories: self-care (grooming and eat-
ing, bathing, and dressing), transfer (chair and floor), 
and mobility (walking and going up and down stairs). 
Depending on the amount of help the patient needs to 
perform each function, it is divided into grades 1 to 4, 
which are scored as 1–4 points, respectively, and the total 
score of FISH is 7–28 points.

Joint arthropathies
A Physical examination was performed on 10 joints of 
both hips, knees, ankles, shoulders, and elbows. Joint 
mobility less than the normal range are defined as joint 
arthropathies, and their number is recorded [8].

Laboratory indicators
Blood tests are done to detect bone turnover mark-
ers and antibodies. Bone turnover markers include 
β-Cross Laps of type I collagen-containing cross-linked 
C-telopeptide(β-CTx), 25-hydroxyvitamin D (25(OH)
D), calcium, phosphorus, parathyroid hormone (PTH), 
N-terminal peptide of type I procollagen (P1NP), osteo-
calcin (OC), and calcitonin. Antibodies include hepatitis 
B surface antigen (HBsAg), hepatitis C antibody (anti-
HCV), and HIV antibody (anti-HIV).

Statistical analysis
All data were analyzed descriptively using SPSS 23.0 
(SPSS, Chicago, IL, USA) statistical analysis; the Shapiro-
wilk test was performed on continuous variables, and 
continuous variables that conformed to the normal dis-
tribution were analyzed using the independent sample 
t-test or t’ test. Statistics were expressed as mean (stan-
dard deviation) for continuous variables that did not con-
form to the normal distribution. The Whimartney U-rank 
sum test was used for continuous variables that did not 
conform to the normal distribution, and the statistic was 
expressed as the median (minimum, maximum). Dicat-
egorical and hierarchical variables were compared using 
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either the Chi-square test or Fisher’s exact test, and the 
statistic was expressed as n. (%). Spearman’s rho correla-
tion coefficient method was used to analyze correlations 
between continuous variables, while Kendall’s tau-b was 
used for correlation analysis between hierarchical vari-
ables. Multivariate linear regression was used for screen-
ing independent risk factors. The significance level is 
defined as P < 0.05.

Results
Participant characteristics
A total of 53 men with severe hemophilia type A (from 20 
to 64 years old) and 49 healthy male volunteers of similar 
age (from 21 to 61 years old) were included in this study. 
Patients in the case group had the previous lowest FVIII 
activity of < 1%. There were no statistically significant 
differences in age and height between the two groups 
(P = 0.248, P = 0.323), while the difference in weight and 
BMI were statistically significant (P = 0.006, P = 0.001). 
The clinical characteristics, laboratory indicators and 
DXA results of participants in the two groups are shown 
in detail in Table 1.

Bone mineral density
The BMD of the femoral neck 
(0.80  g/cm2vs.0.97  g/cm2), ward’s triangle 
(0.62  g/cm2vs.0.83  g/cm2), tuberosity (0.63  g/cm2vs. 
0.80 g/cm2) and hip (0.80 g/cm2vs.0.98 g/cm2) in the case 
group was significantly lower than that in the control 
group, all of which were P < 0.001. However, there was 
no significant difference in overall BMD of lumbar spine 
(L1-L4) (1.07  g/cm2vs. 1.11  g/cm2), P = 0.102. Accord-
ing to the WHO classification system, patients under 50 
years of age, assessed using the Z-scores, 19 of the 48 
patients in the case group were " lower than expected 
for age,“ and 29 patients were considered normal. All 47 
patients in the control group were normal, and none were 
below age expectations. The difference between the two 
groups was statistically significant, P < 0.001. Patients 
over 50 years of age were assessed using the T-score, 
among the 5 patients in the case group, 2 patients were 
classified as “osteopenia” and 3 patients as “osteoporo-
sis”. Compared with 2 patients in the control group, 1 was 
defined as “normal” and 1 was “osteopenia.“ There was no 
significant difference between the two groups. P = 0.082, 
and the frequency of osteoporosis in the case group was 
41.51%. Table 2 shows the classification of BMD by age.

Bone turnover markers
The mean value of β-CTx in the case group was 777.15 
(253.78) ng/L, while the mean value in the control group 
was 599.60 (137.74) ng/L, and the difference between 
the two groups was statistically significant (P < 0.001). 
The normal level of β-CTx in our laboratory was 43–783 

ng/L, according to this standard, a total of 27 patients in 
the case group were outside the normal range, compared 
with only 4 mildly elevated in the control group. The 
median 25(OH)D in the case group was 82.39 nmol/L 
compared to 68.96 nmol/L in the control group. Vita-
min D deficiency was defined as 25(OH)D < 30 nmol/L, 
and based on this criterion, no patient has vitamin D 
deficiency. The normal range for calcium was 2.1 to 2.6 
mmol/L, with 2 patients in the case group (1.93mmol/L, 
2.04mmol/L) were below the normal range, while all par-
ticipants in the control group were within the normal 
range. The normal range for phosphorus was 0.81 to 1.65 
mmol/L, with both groups of participants in the nor-
mal range. The normal range for PTH was 1.59 to 6.89 
pmol/L, with 1 patient in the case group (7.49 pmol/L) 
exceeding the normal range, while all participants in the 
control group were within the normal range. The normal 
range of P1NP was 9.06–76.24 ug/L, with 10 patients in 
the case group outside the normal range (minimum 77.40 
ug/L and maximum 139.60 ug/L), while 8 participants in 
the control group exceeded the normal range (minimum 
78.00 ug/L, maximum 85.50 ug/L). The normal range for 
BGP was 6.02–4.66 ug/L, with both groups of partici-
pants in the normal range. The normal range of Calcito-
nin was 0-2.79 pmol/L, with 1 patient (4.5 pmol/L) in the 
case group being outside the normal range and all par-
ticipants in the control group in the normal range. There 
were no significant differences in 25(OH)D, calcium, 
phosphorus, PTH, P1NP, BGP, and osteocalcin between 
the two groups (P = 0.393, P = 0.163, P = 0.233, P = 0.088, 
P = 0.279, P = 0.201, P = 0.989).

History of seropositivity
There were 18 (33.96%) patients in the case group who 
were positive for HbsAg and 13 (26.53%) patients in the 
control group who were positive for HbsAg, and there 
was no significant difference between the two groups 
(P = 0.519). There were 12 (22.64%) HCV-positive patients 
in the case group, 3 (5.66%) patients were HIV-positive, 
and no participants in the control group were HCV or 
HIV antibody positive. The difference in anti-HCV posi-
tivity between the two groups was statistically significant 
(P < 0.001), while the difference in anti-HIV positivity was 
not statistically significant (P = 0.244).

Joint arthropathies and FISH
Physical examination was performed in all patients to 
identify joint arthropathies, and none of the participants 
in the control group had joint arthropathies. In the case 
group, patients had at least 1 joint arthropathy and up 
to 7 joint arthropathies, with a median of 3. FISH scores 
were collected only in questionnaires conducted in the 
case group, with a minimum of 7 points and a maxi-
mum of 24 points. The case groups were divided into 
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osteoporosis and regular. The differences between sub-
groups in joint arthropathies and FISH scores were fur-
ther analyzed. The results are shown in Table 3.

Treatment modalities
According to the statistics of coagulation factor replace-
ment treatment in the case group, a total of 3 patients 
were treated on-demand, and 50 patients were treated 
with tertiary prophylaxis, that is, preventive treatment 
was started after the diagnosis of joint disease was clari-
fied. No patients were treated with primary or secondary 

Table 1 Clinical characteristics, laboratory parameters, and results of DXA scans in case and control groups
Parameters Case group (n = 53)

mean (SD)
Control group (n = 49)
mean (SD)

t/z/x2 P

Age(years) 38.11(7.87) 36.41(6.86) 1.162 0.248

Height(m) 1.74(0.06) 1.73(0.08) 0.994 0.323

Weight(kg) 61.27(12.97) 67.79(10.48) -2.780 0.006

BMI(kg/m2) 20.20(4.09) 22.72(3.10) -3.521 0.001

β-CTx(ng/L) 777.15(253.78) 599.60(137.74) 4.435 <0.001

25(OH)D(nmol/L)a 68.96(31.92/117.92) 82.39(30.79/114.92) − 0.854 0.393

Calcium(mmol/L)a 2.28(1.93/2.50) 2.33(2.17/2.54) -1.394 0.163

Phosphorus(mmol/L)a 1.10(0.83/1.57) 1.23(0.84/1.54) -1.193 0.233

PTH(pmol/L)a 4.05(1.60/7.49) 5.09(1.75/6.86) -1.708 0.088

P1NP(ug/L)a 50.74(13.19/139.60) 52.64(11.49/88.12) -1.082 0.279

BGP(ug/L)a 15.28(6.16/24.10) 18.18(6.03/24.5) -1.279 0.201

Calcitonin(pmol/L)a 1.06(0.00/4.50) 1.19(0.03/2.79) − 0.013 0.989

Average daily sunlight
exposure(hours)a

1.5(0.5/3.0) 1.9(0.5/6.0) − 0.342 0.732

FISH 14.26(4.52)

HBVb 18(33.96%) 13(26.53%) 0.519

HCVb 12(22.64%) 0(0%) <0.001

HIVb 3(5.66%) 0(0%) 0.244

L1-L4
BMD(g/cm2) 1.07(0.121) 1.11(0.11) -1.653 0.102

T-score -0.10(0.99) 0.21(0.91) -1.679 0.096

Z-score 0.08(0.98) 0.29(0.91) -1.115 0.268

Femoral neck
BMD(g/cm2) 0.80(0.13) 0.97(0.08) -8.045 <0.001

T-score -1.38(0.96) -0.06(0.64) -8.170 <0.001

Z-score -1.15(0.96) 0.06(0.57) -7.725 <0.001

ward’s triangle
BMD(g/cm2) 0.62(0.14) 0.83(0.13) -7.970 <0.001

T-score -1.75(0.92) -0.33(0.84) -8.106 <0.001

Z-score -1.41(0.97) -0.12(0.70) -7.726 <0.001

Trochanter
BMD(g/cm2) 0.63(0.13) 0.80(0.08) -8.197 <0.001

T-score -1.60(1.04) -0.23(0.67) -7.964 <0.001

Z-score -1.46(1.04) -0.19(0.60) -7.665 <0.001

Hip
BMD(g/cm2) 0.80(0.14) 0.98(0.08) -8.180 <0.001

T-score -1.46(1.06) -0.10(0.59) -8.062 <0.001

Z-score -1.40(1.05) -0.09(0.55) -7.986 <0.001
aMedian (IQR)
bn(%)

Table 2 DXA scan results in terms of T- and Z‐scores, by age
DXA results Case 

group(n = 53)
Control 
group(n = 49)

P

According to Z-score for patients < 50 y
Normal 29(54.72%) 47(95.92%) < 0.001

Lower than expected for age 19(35.85%) 0(0.00%)

According to T-score for patients ≥ 50 y
Normal 0(0.00%) 1(2.04%) 0.082

Osteopenia 2(3.77%) 1(2.04%)

Osteoporosis 3(5.66%) 0(0.00%)
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prophylaxis. The duration of preventive treatment ranged 
from 2 months to 60 months. Prophylactic therapeutic 
doses ranged from 5.5 IU/kg to 44.4 IU/kg. After divid-
ing the case group into osteoporosis and regular. Fur-
ther analyses were made for differences in duration and 

prophylactic therapeutic dose between subgroups. The 
results are shown in Table 3.

Correlation analysis of BMD
In the correlation analysis between BMD and other vari-
ables, BMI was positively correlated with BMD in each 
part. Positive β-CTx and anti-HCV were significantly 
negatively correlated with BMD in all sites. FISH scores 
were significantly positively correlated with BMD in the 
femoral neck, ward’s triangle, tuberosity, and hip. There 
was no significant correlation with lumbar spine(L1-
L4) BMD. The number of joint arthropathies was sig-
nificantly negatively correlated with BMD of the femoral 
neck, ward’s triangle, tuberosity, and hip. There was no 
significant correlation with lumbar spine(L1-L4) BMD. 
Other variables (age, 25(OH)D, calcium, phosphorus, 
PTH, P1NP, BGP, calcitonin, age at start and dose and 
duration of prophylaxis, HbsAg positivity, anti-HIV posi-
tivity) were not significantly correlated with bone mineral 
density at each site. The results are shown in Table 4.

Multivariate regression analysis
Multivariate linear regression analysis was performed 
using BMD as the dependent variable of each site, and 
no independent risk factors for the reduction of lumbar 
spine(L1-L4) BMD were found. BMI and FISH scores 
were independent risk factors for decreased BMD of the 
femoral neck, ward’s triangle, tuberosity, and hip.

Discussion
Although many national and regional studies have 
reported the relationship between hemophilia and osteo-
porosis, there are no studies that report the current sta-
tus of osteoporosis in hemophilia patients in China. 
The number of hemophilia patients in China is as high 
as 140,000 [9], and a trial in China is necessary to verify 
the relationship between hemophilia and osteoporosis. 
In this study, the BMD of the four sites of the femoral 
neck, ward’s triangle, tuberosity, and total hip of hemo-
philia patients was significantly lower than that of healthy 
controls, but the difference in the lumbar spine was not 

Table 3 Joint arthropathies, FISH and treatment modalities in 
case and control groups
Parameters Normal 

group(n = 31)
Osteoporosis 
group(n = 22)

P

FISHa 16.00(4.53) 11.82(3.23) .001

Joint countb 2(1/6) 4(2/7) <.001

Hip
Normal 16(30.19%) 0(0.00%) <.001

Unilateral 10(18.87%) 7(13.21%)

Bilateral 5(9.43%) 15(28.30%)

Knee
Normal 2(3.77%) 0(0.00%) <.001

Unilateral 22(41.51%) 4(7.55%)

Bilateral 7(13.21%) 18(33.96%)

Ankle
Normal 20(37.74%) 11(20.75%) .229

Unilateral 10(18.87%) 9(16.98%)

Bilateral 1(1.89%) 2(3.77%)

Shoulder
Normal 26(49.06%) 18(33.96%) .419

Unilateral 5(9.43%) 2(3.77%)

Bilateral 0(0.00%) 2(3.77%)

Elbow
Normal 25(47.17%) 14(26.42%) .118

Unilateral 6(11.32%) 7(13.21%)

Bilateral 0(0.00%) 1(1.89%)

Treatment .563

On-demand Treatment 1(1.89%) 2(3.77%)

Long-term regular
tertiary prophylaxis

30(56.60%) 20(37.74%)

Age at start(years)a 35.15(5.76) 36.42(9.61) .585

Therapy time(month)a 29.33(18.29) 33.50(18.71) .438

Prophylactic dose(IU/Kg)a 20.69(9.55) 25.77(10.09) .078
aMean(SD)
bMedian (IQR)

Table 4 Correlation analysis between DXA measurements and other variables
BMI β-CTx HCV FISH The number of joint arthropathies

L1-L4 BMD(g/cm2) r 0.185 − 0.164 − 0.171 0.163 − 0.189

P 0.006 0.015 0.037 0.094 0.063

Femoral neck BMD(g/cm2) r 0.394 − 0.259 − 0.192 0.393 − 0.426

P <0.001 <0.001 0.019 <0.001 <0.001

ward’s triangle BMD(g/cm2) r 0.441 − 0.258 − 0.230 0.442 − 0.501

P <0.001 <0.001 0.005 <0.001 <0.001

Trochanter BMD(g/cm2) r 0.378 − 0.241 − 0.191 0.471 − 0.624

P <0.001 <0.001 0.019 <0.001 <0.001

Hip BMD(g/cm2) r 0.466 − 0.278 − 0.190 0.547 − 0.635

P <0.001 <0.001 0.019 <0.001 <0.001
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significant. This is similar to the conclusions of some pre-
vious studies [10–12]. The frequency of osteoporosis in 
our case group is as high as 41.51%, which may reflect the 
actual situation of hemophilia patients in China.

Age is a recognized risk factor for osteoporosis. How-
ever, there was no significant correlation between age 
and bone mineral density in our study, which may be 
associated with the high concentration of age of the par-
ticipants we included. Therefore, the effect of age was 
not reflected in the statistical analysis. BMI has been an 
essential factor in BMD in both healthy people and peo-
ple with other diseases [13, 14]. High BMI puts a more 
mechanical load on bones, increasing bone remodeling 
and thus increasing bone mass to bear greater loads. In 
our study, the BMI of the case group was significantly 
lower than that of the healthy control group. The low 
BMI puts a less mechanical load on hemophilia patients. 
This partly explains why load-bearing joints (e.g., hip 
joints) are more common in hemophiliac osteoporosis, 
while non-load-bearing joints (e.g., lumbar spine) are 
relatively normal.

We examined bone turnover markers and explored 
the relationship with BMD. β-CTx is one of the degra-
dation products of collagen type I, which is present in 
the blood as an intact immunogenic protein, and col-
lagen type I is the most abundant organic substance in 
the bone matrix. When physiologic or pathological bone 
resorption is enhanced, the degradation of type I collagen 
is also increased, and the corresponding decomposition 
fragment is increased in peripheral blood [15, 16], so the 
detection of β-CTx can reflect the degree of bone resorp-
tion. In our study, the β-CTx in the case group was signif-
icantly higher than in the control group (777.15 ng/L vs. 
599.60 ng/L), indicating the degree of bone resorption in 
the case group was much higher than that in the control 
group. In the correlation analysis, β-CTx was significantly 
negatively correlated with BMD at all sites. This is similar 
to the conclusion of Katsarou [17] et al. Type I collagen is 
the most abundant collagen type in the human body, with 
an extended peptide chain at the amino (N-terminus) 
and carboxyl (C-terminus) procollagen. These extended 
peptide chains (properties) are cleaved by specific pro-
teases during the conversion of procollagen to collagen. 
When mature collagen is formed, it is deposited in the 
bone matrix. The determination of PINP reflects the 
deposition of type I collagen so that PINP can be used 
as a marker of bone formation [18]. In our study, there 
was no significant difference in P1NP between the case 
and control groups, and there was no significant corre-
lation between BMD and P1NP in the correlation analy-
sis. This suggests that bone formation activity is similar 
in hemophilia patients to healthy patients. From this, we 
speculate that the pathological mechanism of osteoporo-
sis in hemophilia patients may be that osteoclast activity 

is enhanced, and osteoblastic activity is not enhanced to 
the same extent. Several studies have reported that vita-
min D deficiency is common in hemophiliacs and may 
be associated with osteoporosis and fragility fractures 
[11], [8], [19]. The main reason for vitamin D deficiency 
in hemophilia patients is restricted exposure to sunlight, 
which is associated with limited outdoor activities [20]. 
Based on this, we recommend that hemophilia patients 
living indoors increase the duration of sunlight exposure. 
All participants in this study were from southeast China, 
which received sufficient sunlight, and the average daily 
sunlight exposure in the case group was similar to that of 
the control group (1.5vs.1.9 h, P = 0.732). None of the par-
ticipants used vitamin D supplements. Fortunately, none 
of the patients in our study were deficient in vitamin D. 
But in areas with limited sunlight, routine screening of 
hemophilia patients and the use of vitamin D supple-
ments is critical. No correlation between 25(OH)D and 
BMD was found in the correlation analysis. In addition, 
there were no significant differences in PTH, BGP, and 
calcitonin between the case and control groups, and no 
significant correlation with BMD was found in the cor-
relation analysis.

Osteoporosis is a known complication in patients with 
chronic liver disease [21]. The increased bone resorption 
through the receptor activator of nuclear factor kappa 
(RANK)-RANK ligand (RANKL)-osteoprotegerin (OPG) 
system and upregulation of inflammatory cytokines and 
decreased bone formation through increased bilirubin 
and sclerostin and lower insulin-like growth factor-1 are 
important mechanisms for osteoporosis in patients with 
liver disease [22]. We investigated the frequency of HBV 
and HCV in patients and analyzed the relationship with 
osteoporosis. The frequency of HBV was high in both the 
case group (18 cases, 33.96%) and the control group (13 
cases, 26.53%). However, there was no significant corre-
lation between HBV and BMD. Anti-HCV positivity was 
common in the case group (12 cases, 22.64%), while no 
patients in the control group were anti-HCV positivity. 
This is attributed to the increased risk of hematogenous 
infection due to the need for frequent blood transfu-
sions in hemophiliacs. In the correlation analysis, HCV 
and BMD had a significant negative correlation. We only 
measured HbsAg and anti-HCV positive, not viral DNA 
content, so our conclusions only demonstrate a relation-
ship between previous infection history and BMD.

Previous cross-sectional surveys have found that osteo-
porosis is common in AIDS patients [23]. There were 3 
(5.66%) HIV-positive patients in the case group and no 
HIV-positive patients in the control group. There was 
no significant association between HIV positivity and 
BMD, which may be associated with fewer cases. Nota-
bly, the use of antivirals has an impact on BMD [24]. 
Overall, short-term BMD is lost by 1 to 2% over 2 to 4 
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years when antiviral therapy is initiated, followed by an 
increase or long-term stabilization of BMD [23]. None 
of our patients are on antiviral therapy, and it was found 
through questioning that none of the previously infected 
patients were receiving complete standard antiviral ther-
apy. Therefore, we were unable to analyze the effects of 
antiviral therapy on osteoporosis.

Decreased physical activity is a known risk factor for 
osteoporosis, and we used the FISH score to assess func-
tional independence and reflect the amount of daily 
activity in people with hemophilia. Patients in the case 
group had a FISH score distribution of 7 to 24 points, and 
their functional independence was significantly lower 
than that of healthy people. The FISH score was posi-
tively correlated with BMD of the femoral neck, ward’s 
triangle, tuberosity, and hip. Because of recurrent bleed-
ing that begins in childhood, hemophiliacs often choose 
to avoid activities to reduce the occurrence of bleeding, 
which leads to a decrease in peak bone mass [25]. Joint 
arthropathies lead to decreased mobility, which in turn 
affects BMD. However, whether joint destruction itself 
affects BMD is unclear. Repeated intra-articular hemor-
rhage deposits hemosiderosis on the synovial surface, 
causing hypertrophic synovitis, and further damage to 
cartilage and subchondral bone [26]. BMD is most likely 
affected in this pathological process. Khawaja et al. [27]
found that the degree of joint destruction was signifi-
cantly negatively correlated with BMD at bilateral hips, 
femoral necks, and greater trochanters. Sossa [28] et al. 
came to similar conclusions. We counted the number of 
joint arthropathies per patient. We found that the num-
ber of joint arthropathies was significantly negatively cor-
related with BMD at the femoral neck, ward’s triangle, 
tuberosity, and hip. However, this effect was no longer 
significant in multivariate regression analysis. There-
fore, it can be determined that joint arthropathies mainly 
affect BMD by reducing the amount of activity. More 
research is needed to explore the effects of joint patho-
logical disruption on BMD.

Long-term regular prophylaxis has been shown to sig-
nificantly protect BMD in children with hemophilia [27]. 
However, the role of long-term regular prophylaxis has 
not been demonstrated in adult hemophilia patients [29]. 
Some scholars have found that long-term deficiency of 
FVIII is an independent risk factor for osteoporosis and 
proposed that the mechanism may be FVIII:vWF com-
plex inhibits osteoclast production and differentiation 
through the RANKL-OPG pathway [30]. Based on this 
theory, long-term regular prophylaxis should be benefi-
cial for BMD. We investigated the treatment modalities of 
hemophiliacs, and all but 3 patients received on-demand 
treatment, and the remaining 50 patients received long-
term regular tertiary prophylaxis. We counted the dura-
tion and dose of long-term regular prophylaxis. However, 

in the correlation analysis, no benefit of them was found 
for BMD. This contradicts previous conclusions, which 
may be that since our patients are on tertiary prophy-
laxis, Bone damage is well established before prophy-
lactic therapy begins. Short-term preventive treatment 
cannot improve this bone destruction. More long-term 
follow-up studies are needed to assess the role of preven-
tive treatment. We are well aware of the tremendous ben-
efits of preventive treatment in improving bone density 
in hemophiliacs.

Conclusion
This case-control study is from hemophiliacs in China. 
Patients with severe hemophilia type A have much lower 
BMD than healthy people, and this difference is mainly 
reflected in hips. Definite influencing factors are low BMI 
and reduced functional independence. Active osteoclasts 
and osteocyte activity without simultaneous enhance-
ment may be pathological mechanisms of decreased 
BMD. Based on the current study, hemophiliacs are 
advised to ensure their nutritional intake and avoid low 
BMI. In addition, it is recommended that long-term 
regular prophylaxis should be carried out early. On the 
one hand, it can reduce the degree of joint destruction 
by bleeding and improve functional independence, on 
the other hand, appropriately increasing weight-bearing 
activities under the protection of coagulation factors can 
improve BMD.

Acknowledgements
Not Applicable.

Authors’ contributions
DW and SS take responsibility for the integrity of the work as a whole. All 
authors have full access to all of the data in the study and take responsibiliity 
for the integrity of the data and accuracy of the data analysis. Conception and 
design: DW, SS. Collection and assembly of the data: DW, SS. Analysis of the 
data: DW, SS. Drafting and critical revision of the article: DW, SS.Final approval 
of the version to be submitted: DW, SS. All authors read and approved the final 
manuscript.

Funding
This research received no specific grant from any funding agency in the 
public, commercial or not-for-profit sectors.

Data Availability
Data cannot be provided due to identifying information of participants but 
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study followed the Declaration of Helsinki and was approved by the 
Ethics Committee of the First Affiliated Hospital of the Zhejiang University 
of Chinese Medicine, with a unique ethics number: 2021-KL-104-01, and all 
participants signed the informed consent form.

Consent for publication
Not applicable.



Page 8 of 8Wu and Shen BMC Musculoskeletal Disorders          (2023) 24:657 

Competing interests
Dongxiao Wu and Shaoning Shen declare that they have no conflict of 
interest.

Received: 3 May 2023 / Accepted: 10 August 2023

References
1. Berntorp E, Fischer K, Hart DP, Mancuso ME, Stephensen D, Shapiro AD, 

Blanchette V. Haemophilia. Nat reviews Disease primers. 2021;7(1):45.
2. Adler RA. Osteoporosis in men: a review. Bone Res. 2014;2:14001.
3. Wallny TA, Scholz DT, Oldenburg J, Nicolay C, Ezziddin S, Pennekamp PH, 

Stoffel-Wagner B, Kraft CN. Osteoporosis in haemophilia - an underestimated 
comorbidity? Haemophilia 2007, 13(1):79–84.

4. Petkovic MJ, Tran HA, Ebeling PR, Zengin A. Osteoporosis management and 
falls prevention in patients with haemophilia: review of haemophilia guide-
lines. Haemophilia. 2022;28(3):388–96.

5. Watts NB, Adler RA, Bilezikian JP, Drake MT, Eastell R, Orwoll ES, Finkelstein JS. 
Osteoporosis in men: an endocrine Society clinical practice guideline. J Clin 
Endocrinol Metab. 2012;97(6):1802–22.

6. Lewiecki EM, Gordon CM, Baim S, Leonard MB, Bishop NJ, Bianchi ML, 
Kalkwarf HJ, Langman CB, Plotkin H, Rauch F, et al. International Society 
for Clinical Densitometry 2007 Adult and Pediatric Official Positions. Bone. 
2008;43(6):1115–21.

7. Poonnoose PM, Manigandan C, Thomas R, Shyamkumar NK, Kavitha ML, 
Bhattacharji S, Srivastava A. Functional independence score in Haemophilia: 
a new performance-based instrument to measure disability. Haemophilia. 
2005;11(6):598–602.

8. Gerstner G, Damiano ML, Tom A, Worman C, Schultz W, Recht M, Stopeck AT. 
Prevalence and risk factors associated with decreased bone mineral density 
in patients with haemophilia. Haemophilia: the official journal of the World 
Federation of Hemophilia. 2009;15(2):559–65.

9. Group CHC. Chinese expert consensus on the diagnosis and treatment of 
hemophilia (2017). Chin J Hematol 2017(5):364–70.

10. Wells AJ, McLaughlin P, Simmonds JV, Prouse PJ, Prelevic G, Gill S, Chowdary P. 
A case-control study assessing bone mineral density in severe haemophilia A 
in the UK. Haemophilia. 2015;21(1):109–15.

11. Ekinci O, Demircioglu S, Dogan A, Merter M, Yildiz S, Demir C. Decreased 
bone mineral density and associated factors in severe haemophilia a patients: 
a case-control study. Haemophilia: the official journal of the World Federation 
of Hemophilia. 2019;25(5):e315–21.

12. Paschou SA, Anagnostis P, Karras S, Annweiler C, Vakalopoulou S, Garipidou 
V, Goulis DG. Bone mineral density in men and children with haemophilia 
A and B: a systematic review and meta-analysis. Osteoporos international: J 
established as result cooperation between Eur Foundation Osteoporos Natl 
Osteoporos Foundation USA. 2014;25(10):2399–407.

13. Wen Y, Li H, Zhang X, Liu P, Ma J, Zhang L, Zhang K, Song L. Correlation of 
osteoporosis in patients with newly diagnosed type 2 diabetes: a Retrospec-
tive Study in Chinese Population. Front Endocrinol. 2021;12:531904.

14. Fujita Y, Iki M, Tamaki J, Kouda K, Yura A, Kadowaki E, Sato Y, Moon JS, Tomioka 
K, Okamoto N, et al. Renal function and bone mineral density in community-
dwelling elderly japanese men: the Fujiwara-kyo osteoporosis risk in men 
(FORMEN) study. Bone. 2013;56(1):61–6.

15. Singer FR, Eyre DR. Using biochemical markers of bone turnover in clinical 
practice. Cleve Clin J Med. 2008;75(10):739–50.

16. Seibel MJ. Biochemical markers of bone metabolism in the assessment of 
osteoporosis: useful or not? J Endocrinol Investig. 2003;26(5):464–71.

17. Katsarou O, Terpos E, Chatzismalis P, Provelengios S, Adraktas T, Hadjidakis D, 
Kouramba A, Karafoulidou A. Increased bone resorption is implicated in the 
pathogenesis of bone loss in hemophiliacs: correlations with hemophilic 
arthropathy and HIV infection. Ann Hematol. 2010;89(1):67–74.

18. Cavalier E, Eastell R, Rye Jørgensen N, Makris K, Tournis S, Vasikaran S, Kanis JA, 
Cooper C, Pottel H, Morris HA. A multicenter study to evaluate harmonization 
of assays for N-terminal propeptide of type I procollagen (PINP): a report from 
the IFCC-IOF Joint Committee for Bone Metabolism. Clin Chem Lab Med. 
2019;57(10):1546–55.

19. Bouillon R, Carmeliet G. Vitamin D insufficiency: definition, diagnosis and 
management. Best Pract Res Clin Endocrinol Metab. 2018;32(5):669–84.

20. Sahin S, Sadri S, Baslar Z, Ar MC. Osteoporosis in patients with Hemophilia: 
single-center results from a Middle-Income Country. Clin Appl throm-
bosis/hemostasis: official J Int Acad Clin Appl Thrombosis/Hemostasis. 
2019;25:1076029619861689.

21. Wijarnpreecha K, Thongprayoon C, Panjawatanan P, Phatharacharukul P, 
Ungprasert P. Hepatitis C virus infection and risk of osteoporosis: a meta-
analysis. Saudi J gastroenterology: official J Saudi Gastroenterol Association. 
2017;23(4):216–21.

22. Yang YJ, Kim DJ. An overview of the Molecular Mechanisms contributing to 
Musculoskeletal Disorders in Chronic Liver Disease: osteoporosis, Sarcopenia, 
and osteoporotic Sarcopenia. Int J Mol Sci 2021, 22(5).

23. Bolland MJ, Grey A, Reid IR. Skeletal health in adults with HIV infection. The 
lancet Diabetes & endocrinology. 2015;3(1):63–74.

24. Assoumou L, Katlama C, Viard JP, Bentata M, Simon A, Roux C, Kolta S, 
Costagliola D, Rozenberg S. Changes in bone mineral density over a 2-year 
period in HIV-1-infected men under combined antiretroviral therapy with 
osteopenia. AIDS. 2013;27(15):2425–30.

25. Kovacs CS. Hemophilia, low bone mass, and osteopenia/osteoporosis. Trans-
fus apheresis science: official J World Apheresis Association : official J Eur Soc 
Haemapheresis. 2008;38(1):33–40.

26. Zhu H, Meng Y, Tong P, Zhang S. Pathological mechanism of joint destruction 
in haemophilic arthropathy. Mol Biol Rep. 2021;48(1):969–74.

27. Khawaji M, Akesson K, Berntorp E. Long-term prophylaxis in severe 
haemophilia seems to preserve bone mineral density. Haemophilia. 
2009;15(1):261–6.

28. Sossa Melo CL, Wandurraga EA, Peña AM, Jiménez SI, Salazar LA, Ochoa ME, 
Luna-Gonzalez ML, Ortiz ML, Morales K, Ayala-Castillo M, et al. Low bone min-
eral density and associated factors in patients with haemophilia in Colombia. 
Haemophilia: the official journal of the World Federation of Hemophilia. 
2018;24(4):e222–9.

29. Khawaji M, Astermark J, Akesson K, Berntorp E. Physical activity for prevention 
of osteoporosis in patients with severe haemophilia on long-term prophy-
laxis. Haemophilia: the official journal of the World Federation of Hemophilia. 
2010;16(3):495–501.

30. Rodriguez-Merchan EC, Valentino LA. Increased bone resorption in hemo-
philia. Blood Rev. 2019;33:6–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Osteoporosis and associated risk factors in patients with severe hemophilia A: a case-control study from China
	Summary
	Introduction
	Materials and methods
	Bone densitometry
	Demographic information
	Treatment modalities
	Functional independence
	Joint arthropathies
	Laboratory indicators
	Statistical analysis

	Results
	Participant characteristics
	Bone mineral density
	Bone turnover markers
	History of seropositivity
	Joint arthropathies and FISH
	Correlation analysis of BMD
	Multivariate regression analysis

	Discussion
	Conclusion
	References


