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Abstract

Background: The previous studies reported conflicting outcomes concerning the prevalence and risk factors of low bone mass.
The evaluation of bone mass and its related factors in patients with hemophilia in Southern Iran can help prevent osteoporosis and
fracture amongst these patients.
Objectives: The present study aimed to evaluate bone mass and its related factors in patients with hemophilia in Southern Iran.
Methods: This study was conducted on 111 patients with hemophilia A and B. It assessed anthropometric data, sun exposure, pu-
berty, physical activity, and mineral biochemical parameters. Bone mineral density (BMD) was measured via dual-energy X-ray ab-
sorptiometry (DXA). Statistical analysis was conducted by SPSS software V. 21.
Results: The prevalence of low bone mass for chronological age (LBM) was 20.6% in the lumbar area and 23.7% in the femur. Low
lumbar bone mass was merely associated with the severity of factor deficiency (P = 0.037, beta=0.896). Low femoral bone mass was
associated with severity of factor deficiency (P = 0.022, beta = 0.939), BMI/BMI percentile (P = 0.013, beta = -0.181), HCV infection (P =
0.012, beta = 1.4), and weight (P = 0.002, Beta = -0.064).
Conclusions: The prevalence of low bone mass was high in patients with hemophilia in southern Iran. The severity of the disease,
HCV infection, and body mass index were the most relevant related factors.
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1. Background

Hemophilia is a rare X-linked inherited bleeding dis-
order characterized by the deficiency of coagulation fac-
tor VIII (hemophilia A) or IX (hemophilia B) (1). Conse-
quently, it is accompanied by repeated bleeding episodes,
including hemarthrosis leading to reduced mobility (2).
Novel treatments and better care have led to higher life ex-
pectancy in patients with hemophilia, thereby increasing
the risk of age-related complications such as osteoporosis
(3). Previous studies reported the prevalence of osteoporo-
sis in hemophilia patients to be 26.9% in Greece (4), 34% in
Turkey (5), 27% - 38% in the United States (3, 6), 28.6% - 35.7%
in Iran (7-9), and 16.7% in Egypt (10). The most frequent re-
ported associated factors were vitamin D deficiency (6, 11),
hepatitis C infection (6, 11-13), and low physical activity (6,
10, 14, 15); however, there is some inconsistency between
the prevalence of osteoporosis and the associated risk fac-
tors in patients with hemophilia in different countries (6,
10, 12-14).

2. Objectives

Due to the conflicting results on the prevalence and
risk factors of low bone mass in previous studies, the cur-
rent study aimed to evaluate bone mass and its related fac-
tors in patients with hemophilia in Southern Iran. Under-
standing this information can help prevent osteoporosis
and fracture in these patients.

3. Methods

This cross-sectional study was conducted on 120 pa-
tients with hemophilia aged 9 - 82 years. They were rou-
tinely visited and followed up in the Dastgheib Hemophilia
Clinic affiliated with Shiraz University of Medical Sciences,
Iran, from April 2017 to September 2018.

The patients were classified into three groups accord-
ing to the activity of factor VIII or IX levels as follows:
mild: a factor activity > 5% - 40% of normal; moderate:1-
5% of normal; and severe: less than 1% of factor activity
in the healthy population which corresponds to < 0.01
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IU/mL. The exclusion criteria were the patients with dia-
betes, chronic renal failure, other metabolic bone diseases,
such as rickets and congenital skeletal dysplasia, use of
anti-convulsant medications, and history of physical im-
pairment, which restricted normal ambulation. The re-
sults of the hepatitis C virus (HCV) seropositivity and PCR
analysis were recorded for each patient. Five patients were
excluded, and four patients refused to participate in this
study. Finally, 111 patients participated in the present study.

3.1. Ethical Considerations

The present study was approved by the local Ethics
Committee of Shiraz University of Medical Sciences, and
the Vice-Chancellor of Research approved under the code
of 97-01-01-17020. We obtained the written informed con-
sent from each patient.

3.2. Anthropometric Measurements, Body Mass Index, Physical
Activity, and Sun Exposure

An expert physician measured the height, weight, and
pubertal stage of patients according to standard scales
and protocol while the patient wore light clothes without
shoes. Body mass index (BMI) was calculated as:

BMI (kg/m2) = weight (kg)/[Height (m)]2.

The categorization of physical activity was based on the
American College of Sports Medicine recommendation (16,
17). Sufficient physical activity was defined as having more
than three days of exercise per week (16). Those who had
more than 30 min/day exposure to sunlight (18).

3.3. Biochemical Studies

We used the Biosystem autoanalyzer, Spain, to measure
serum calcium (Ca), phosphorous (P), and Alkaline phos-
phatase. Serum 25-hydroxy vitamin D (25OHD) was mea-
sured with the electroluminescence method. Vitamin D
deficiency was labeled if serum vitamin D level was below
20 ng/mL (19).

3.4. Bone Densitometry

Hologic system dual-energy X-ray absorptiometry
(DXA) (discovery QDR, USA) was used to evaluate bone
mineral density (BMD). The coefficient of variation in our
center was 0.5% for the lumbar spine and 2.5% for the
femur, based on the measurements in ten people. We de-
fined low bone mass (LBM) for chronological age as having
BMD Z-score less than -2 for patient’s age and gender.

3.5. Statistical Analysis

SPSS software, version 21, was used for data analysis.
Descriptive data were written as mean ± SD and percent-
age. Quantitative data were compared using the student’s
t-test and Mann-Whitney U-test. Also, the qualitative data
were analyzed using the chi-square and Fisher exact tests.
A binary logistic regression test was used to evaluate con-
founding factors.

4. Results

One hundred and ones patients with hemophilia aged
32± 12.9 years participated in our research, of whom 96.4%
were male, 83% had hemophilia type A, 17% had hemophilia
type B. Concerning the serum level factors, 42% of patients
had severe factor deficiency (< 1% of the factor was present
in their blood sample), and 44% had moderate factor defi-
ciency (1% - 5% of the factor was present in their blood sam-
ple). About 3.6% of the patients had a positive PCR test for
HCV. Table 1 shows the general characteristics and labora-
tory data.

The prevalence of low bone mass for chronological age
was 20.6% in the lumbar area and 23.7% in the femur. Be-
tween hemophilia A and B, no significant difference was
observed in low bone mass in the femur or lumbar area
(P = 0.653 and P = 0.852, respectively). Figure 1 shows the
prevalence of LBM in the femur and lumbar regions in
hemophilia A and B.

Univariate analysis showed that LBM was associated
with body weight (P = 0.044), height (P = 0.041), and sever-
ity of factor deficiency (P = 0.016). However, binary logis-
tic regression analysis showed that LBM was merely associ-
ated with the severity of factor deficiency (P = 0.037, beta =
0.896). In univariate analysis, low femoral bone mass was
associated with body weight (P = 0.004), BMI (P = 0.023),
and BMI percentile (P = 0.028). However, binary logistic re-
gression test showed that low femoral bone was associated
with severity of factor deficiency (P = 0.022, beta = 0.939),
BMI/BMI percentile (P = 0.013, beta = -0.181), HCV infection
(P = 0.012, beta = 1.4), and weight (P = 0.002, beta = -0.064)
in femur neck. Table 2 summarizes the results of univari-
ate analysis, evaluating the association of LBM in the fe-
mur/lumbar bones and the possible associated factors.

5. Discussion

The present study showed that the prevalence of low
bone mass in the femur and lumbar bones was 23.7% and
20.6%, respectively, in patients with hemophilia in south-
ern Iran. Low bone mass in the femoral bone was asso-
ciated with body weight, BMI, the severity of factor defi-
ciency, and HCV infection. However, low bone mass in the

2 J Compr Ped. 2020; 11(4):e97291.



Bordbar M et al.

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

Femoral LBM (P = 0.653) Lumbar LBM (P = 0.852)

Hemophilia B

Hemophilia A

Figure 1. Prevalence (%) of the femoral and lumbar low bone mass (LBM) in patients with hemophilia A and B

lumbar area was only associated with the severity of factor
deficiency.

The prevalence of LBM in patients with hemophilia was
reported in a broad spectrum of 7.5% (20) to 38% (21) in pre-
vious reports. This wide range can be explained by the in-
homogeneity of different reports in terms of the severity
of hemophilia, the definition of low bone mass (consider-
ing T score or Z-score), age, and ethnicity of the studied pa-
tients (4). Roushan et al. (8) reported that the prevalence
of low bone mass in patients with hemophilia in northern
Iran was 23.8% and 14.6% in the spine and femur, respec-
tively, which is in line with our data. LBM in patients with
hemophilia was more prevalent than the normal Iranian
population, with a prevalence of 3.1% - 10.7%, reported in the
previous studies (22, 23).

Previous studies reported some discrepancies in the
risk factors associated with low bone mass in patients with
hemophilia in different populations. While low physical
activity, HCV infection, vitamin D deficiency, BMI, arthropa-
thy, and cigarette smoking were the possible risk factors
in previous reports (4, 7, 11, 12, 14, 24-27), our data proved
that severity of factor VIII / IX deficiency was the most crit-
ical risk factor associated with both femoral and spinal
LBM. One animal study showed that, unlike normal mice,

non-bleeding mice with hemophilia had lower BMD and
abnormal bone structure (26, 28). Hence, it seems that
hemophilia, independent of its other complications, such
as HCV infection or arthroplasty, is associated with low
bone mass (26, 28). This hypothesis is supported by several
other studies that showed some thrombin receptors on os-
teoblasts (26, 28, 29), in addition to the inhibitory effect of
factor VIII on osteoclastogenesis (30).

Another finding in the present study was the associa-
tion of HCV infection with LBM in the femur bone, which
was previously observed (7, 8, 12, 25, 26). It is important to
remember that a history of HCV infection is more likely to
be positive in older patients with severe diseases. However,
in the present study, this association only existed in our
hemophilic patients in spite of performing adjustment
analysis to limit the effect of confounding factors, such as
age and disease severity. HCV-associated hepatitis and liver
disease might cause low bone mass (26). Moreover, some
studies found an increased level of bone resorption mark-
ers in patients with chronic viral hepatitis, which had an
inverse correlation with BMD (31, 32).

The present study showed that there was an inverse
correlation between low bone mass and BMI or body
weight. This finding was in line with those of Iorio et al. (12)
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Table 1. General Characteristics and Laboratory Data of Patients with Hemophiliaa

Variable Values

Age, y 32 ± 12.9

Weight, kg 64 ± 15.1

Height, cm 169.7 ± 12

BMI, kg/m2 22.1 ± 4

Gender (M/F) 107/4

Type of disease, %

Hemophilia A 82.9

Hemophilia B 17.1

Ca, mg/dL 9.5 ± 0.5

P, mg/dL 3.4 ± 0.76

Alk, µU/L 269 ± 126

1,25(OH)2D3, pg/mL 25.1 ± 16.9

PTH, pg/mL 43.2 ± 23.6

TSH, mIU/L 2.1 ± 1.6

Sun exposure, %

< 30 min 49.5

> 30 min 50.5

Physical activity, %

< 3 77.4

≥ 3 23.6

The severity of factor deficiency, %b

Severe 42

Moderate 44

Mild 14

HCV infection, %

Negative 75.7

Curec 20.7

Positive 3.6

aValue are expressed as mean ± SD.
bSevere: factor level < 1%; moderate:1% - 5% ; mild > 5%.
cPatients with a previous history of hepatitis C infection who had been treated
and became HCV PCR negative.

and Kempton et al. studies (3) showing that for each lower
BMI point, BMD declined 0.0009 g/cm2 (3). It is notewor-
thy that the association of low BMI and low BMD was seen
in the general population as well (33). Moreover, some pre-
vious reports suggested that vitamin D deficiency and low
physical activity might be associated with low bone mass;
however, we did not observe such a relationship. This find-
ing might be due to routine vitamin D supplements in
our hemophilic patients and patients’ misinterpretation
of their physical activity (8).

Despite many strengths of this study, including the

Table 2. Association of General Characteristics and Laboratory Data of Patients with
hemophilia Considering Low Bone Mass in the Lumbar and Femoral Areasa

Low Lumbar Bone
Mass

Low Femoral Bone
Mass

Age 0.737 0.145

Weight 0.044 0.004

Height 0.041 0.112

Calcium 0.834 0.885

Phosphorus 0.768 0.183

PTH 0.497 0.076

T4 0.446 0.161

TSH 0.712 0.739

Vitamin D 0.150 0.229

ALK 0.165 0.268

BMI, kg/m2 0.190 0.023

Gender 0.504 0.56

Type of hemophilia 0.538 0.43

Vitamin D deficiency 0.323 0.448

BMI Percentile, % 0.117 0.016

Physical activity 0.493 0.438

Sun exposure 0.496 0.576

HCV infection 0.788 0.011

Severity of factor
deficiency

0.016 0.028

Abbreviations: ALK, alkaline phosphatase; BMI, bone mass index; HCV, hepatitis
C virus; PTH, parathyroid hormone; TSH, thyroid stimulating hormone.
aData presented as P value.

large number of hemophilic patients in Southern Iran, we
encountered some limitations in this study. For instance,
the results could have been more robust if we had a control
group from the normal population to compare their BMDs
more accurately. Besides, we did not evaluate the effect of
arthropathy on the LBM of our patients. It is suggested
that future studies be conducted with a control group and
an assessment of the arthropathy score of patients with
hemophilia.

5.1. Conclusions

LBM is a frequent complication in patients with
hemophilia in southern Iran. The severity of the disease,
HCV infection and BMI were the most important associated
factors.

Acknowledgments

The authors wish to thank Mr. H. Argasi at the Research
Consultation Center (RCC) of Shiraz University of Medi-

4 J Compr Ped. 2020; 11(4):e97291.



Bordbar M et al.

cal Sciences for his invaluable assistance in editing this
manuscript.

Footnotes

Authors’ Contribution: Mohammadreza Bordbar did
concept, design, data gathering, data analysis, and prepar-
ing the manuscript. Sara Olyaeinezhad did design, data
gathering, and preparing the manuscript. Forough Saki
did concept, data gathering, preparing the manuscript,
and the correspondence. Sezaneh Haghpanah did data
gathering and preparing the manuscript.

Conflict of Interests: All authors declare that they have
no conflict of interests.

Ethical Approval: The Ethics Committee of Shiraz Uni-
versity of Medical Sciences and the Vice-Chancellor of Re-
search approved this study with the code of 97-01-01-17020.

Funding/Support: There is no financial support.

Informed Consent: Written informed consent was ob-
tained from each patient.

References

1. Hoyer LW. Hemophilia A. N Engl J Med. 1994;330(1):38–47. doi:
10.1056/NEJM199401063300108. [PubMed: 8259143].

2. Stephensen D, Drechsler W, Scott O. Comparison of muscle strength
and in-vivo muscle morphology in young children with haemophilia
and those of age-matched peers. Haemophilia. 2012;18(3):e302–10. doi:
10.1111/j.1365-2516.2011.02705.x. [PubMed: 22103687].

3. Kempton CL, Antun A, Antoniucci DM, Carpenter W, Ribeiro M, Stein
S, et al. Bone density in haemophilia: a single institutional cross-
sectional study. Haemophilia. 2014;20(1):121–8. doi: 10.1111/hae.12240.
[PubMed: 23902277]. [PubMed Central: PMC3849333].

4. Anagnostis P, Vakalopoulou S, Slavakis A, Charizopoulou M, Kazantzi-
dou E, Chrysopoulou T, et al. Reduced bone mineral density in pa-
tients with haemophilia A and B in Northern Greece. ThrombHaemost.
2012;107(3):545–51. doi: 10.1160/TH11-08-05563. [PubMed: 22318743].

5. Dagli M, Kutlucan A, Abusoglu S, Basturk A, Sozen M, Kutlucan
L, et al. Evaluation of bone mineral density (BMD) and indica-
tors of bone turnover in patients with hemophilia. Bosn J Basic
Med Sci. 2018;18(2):206–10. doi: 10.17305/bjbms.2018.2335. [PubMed:
29236646]. [PubMed Central: PMC5988541].

6. Gerstner G, Damiano ML, Tom A, Worman C, Schultz W, Recht M, et al.
Prevalence and risk factors associated with decreased bone mineral
density in patients with haemophilia. Haemophilia. 2009;15(2):559–
65. doi: 10.1111/j.1365-2516.2008.01963.x. [PubMed: 19187193].

7. Mansouritorghabeh H, Rezaieyazdi Z, Saadati N, Saghafi M, Mir-
feizi Z, Rezai J. Reduced bone density in individuals with severe
hemophilia B. Int J Rheum Dis. 2009;12(2):125–9. doi: 10.1111/j.1756-
185X.2009.01394.x. [PubMed: 20374329].

8. Roushan N, Meysamie A, Managhchi M, Esmaili J, Dormohammadi T.
Bone mineral density in hemophilia patients. Indian J Hematol Blood
Transfus. 2014;30(4):351–5. doi: 10.1007/s12288-013-0318-4. [PubMed:
25435741]. [PubMed Central: PMC4243395].

9. Rezaeifarid M, Soveid M, Ghaemi S, Karimi M. Bone mineral density in
Iranian patients with haemophilia: the first experience in southern
Iran.Haemophilia. 2011;17(3):552–3. doi: 10.1111/j.1365-2516.2010.02416.x.
[PubMed: 21371178].

10. Eldash HH, Atwa ZT, Saad MA. Vitamin D deficiency and osteoporosis
in hemophilic children: an intermingled comorbidity. Blood Coagul
Fibrinolysis. 2017;28(1):14–8. doi: 10.1097/MBC.0000000000000519.
[PubMed: 26825623].

11. Ghosh K, Shetty S. Bone health in persons with haemophilia: a review.
Eur JHaematol. 2012;89(2):95–102. doi: 10.1111/j.1600-0609.2012.01803.x.
[PubMed: 22587752].

12. Iorio A, Fabbriciani G, Marcucci M, Brozzetti M, Filipponi P. Bone
mineral density in haemophilia patients. A meta-analysis. Thromb
Haemost. 2010;103(3):596–603. doi: 10.1160/TH09-09-0629. [PubMed:
20076854].

13. Khawaji M, Astermark J, Von Mackensen S, Akesson K, Berntorp E.
Bone density and health-related quality of life in adult patients with
severe haemophilia. Haemophilia. 2011;17(2):304–11. doi: 10.1111/j.1365-
2516.2010.02423.x. [PubMed: 21143558].

14. Kovacs CS. Hemophilia, low bone mass, and osteopenia/osteoporosis.
Transfus Apher Sci. 2008;38(1):33–40. doi: 10.1016/j.transci.2007.12.003.
[PubMed: 18255340].

15. Abdelrazik N, Reda M, El-Ziny M, Rabea H. Evaluation of bone
mineral density in children with hemophilia: Mansoura Univer-
sity children hospital (MUCH) experience, Mansoura, Egypt. Hema-
tology. 2007;12(5):431–7. doi: 10.1080/10245330701383700. [PubMed:
17852436].

16. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR, Ameri-
can College of Sports M. American College of Sports Medicine Posi-
tion Stand: physical activity and bone health. Med Sci Sports Exerc.
2004;36(11):1985–96. [PubMed: 15514517].

17. Bordbar MR, Haghpanah S, Dabbaghmanesh MH, Omrani GR, Saki F.
Bone mineral density in children with acute leukemia and its associ-
ated factors in Iran: a case-control study.ArchOsteoporos. 2016;11(1):36.
doi: 10.1007/s11657-016-0290-3. [PubMed: 27785744].

18. Saki F, Dabbaghmanesh MH, Omrani GR, Bakhshayeshkaram M. Vita-
min D deficiency and its associated risk factors in children and ado-
lescents in southern Iran. Public Health Nutr. 2017;20(10):1851–6. doi:
10.1017/S1368980015001925. [PubMed: 26051113].

19. Tekgul H, Serdaroglu G, Huseyinov A, Gokben S. Bone mineral status in
pediatric outpatients on antiepileptic drug monotherapy. J Child Neu-
rol. 2006;21(5):411–4. doi: 10.1177/08830738060210050101. [PubMed:
16901447].

20. Christoforidis A, Economou M, Papadopoulou E, Kazantzidou E,
Gompakis N, Athanassiou-Metaxa M. Bone status of children with
hemophilia A assessed with quantitative ultrasound sonography
(QUS) and dual energy X-ray absorptiometry (DXA). J Pediatr Hema-
tol Oncol. 2010;32(7):e259–63. doi: 10.1097/MPH.0b013e3181e8cd40.
[PubMed: 20736845].

21. Tlacuilo-Parra A, Morales-Zambrano R, Tostado-Rabago N, Esparza-
Flores MA, Lopez-Guido B, Orozco-Alcala J. Inactivity is a risk factor for
low bone mineral density among haemophilic children. Br J Haema-
tol. 2008;140(5):562–7. doi: 10.1111/j.1365-2141.2007.06972.x. [PubMed:
18275434].

22. Larijani B, Hossein-Nezhad A, Mojtahedi A, Pajouhi M, Bastanhagh
MH, Soltani A, et al. Normative data of bone Mineral Density in
healthy population of Tehran, Iran: a cross sectional study. BMC
Musculoskelet Disord. 2005;6:38. doi: 10.1186/1471-2474-6-38. [PubMed:
15992408]. [PubMed Central: PMC1180448].

23. Saki F, Ranjbar Omrani G, Jeddi M, Bakhshaieshkaram M, Dabbagh-
manesh MH. Investigating the Prevalence of Low Bone Mass in Chil-
dren of Southern Iran and Its Associated Factors. Int J EndocrinolMetab.
2017;15(4). e14099. doi: 10.5812/ijem.14099. [PubMed: 29344033].
[PubMed Central: PMC5750445].

24. Kempton CL, Antoniucci DM, Rodriguez-Merchan EC. Bone health
in persons with haemophilia. Haemophilia. 2015;21(5):568–77. doi:
10.1111/hae.12736. [PubMed: 26172840].

25. Kiper Unal HD, Comert Ozkan M, Atilla FD, Demirci Z, Soyer N, Yildirim
Simsir I, et al. Evaluation of bone mineral density and related param-
eters in patients with haemophilia: a single center cross-sectional

J Compr Ped. 2020; 11(4):e97291. 5

http://dx.doi.org/10.1056/NEJM199401063300108
http://www.ncbi.nlm.nih.gov/pubmed/8259143
http://dx.doi.org/10.1111/j.1365-2516.2011.02705.x
http://www.ncbi.nlm.nih.gov/pubmed/22103687
http://dx.doi.org/10.1111/hae.12240
http://www.ncbi.nlm.nih.gov/pubmed/23902277
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3849333
http://dx.doi.org/10.1160/TH11-08-05563
http://www.ncbi.nlm.nih.gov/pubmed/22318743
http://dx.doi.org/10.17305/bjbms.2018.2335
http://www.ncbi.nlm.nih.gov/pubmed/29236646
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5988541
http://dx.doi.org/10.1111/j.1365-2516.2008.01963.x
http://www.ncbi.nlm.nih.gov/pubmed/19187193
http://dx.doi.org/10.1111/j.1756-185X.2009.01394.x
http://dx.doi.org/10.1111/j.1756-185X.2009.01394.x
http://www.ncbi.nlm.nih.gov/pubmed/20374329
http://dx.doi.org/10.1007/s12288-013-0318-4
http://www.ncbi.nlm.nih.gov/pubmed/25435741
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4243395
http://dx.doi.org/10.1111/j.1365-2516.2010.02416.x
http://www.ncbi.nlm.nih.gov/pubmed/21371178
http://dx.doi.org/10.1097/MBC.0000000000000519
http://www.ncbi.nlm.nih.gov/pubmed/26825623
http://dx.doi.org/10.1111/j.1600-0609.2012.01803.x
http://www.ncbi.nlm.nih.gov/pubmed/22587752
http://dx.doi.org/10.1160/TH09-09-0629
http://www.ncbi.nlm.nih.gov/pubmed/20076854
http://dx.doi.org/10.1111/j.1365-2516.2010.02423.x
http://dx.doi.org/10.1111/j.1365-2516.2010.02423.x
http://www.ncbi.nlm.nih.gov/pubmed/21143558
http://dx.doi.org/10.1016/j.transci.2007.12.003
http://www.ncbi.nlm.nih.gov/pubmed/18255340
http://dx.doi.org/10.1080/10245330701383700
http://www.ncbi.nlm.nih.gov/pubmed/17852436
http://www.ncbi.nlm.nih.gov/pubmed/15514517
http://dx.doi.org/10.1007/s11657-016-0290-3
http://www.ncbi.nlm.nih.gov/pubmed/27785744
http://dx.doi.org/10.1017/S1368980015001925
http://www.ncbi.nlm.nih.gov/pubmed/26051113
http://dx.doi.org/10.1177/08830738060210050101
http://www.ncbi.nlm.nih.gov/pubmed/16901447
http://dx.doi.org/10.1097/MPH.0b013e3181e8cd40
http://www.ncbi.nlm.nih.gov/pubmed/20736845
http://dx.doi.org/10.1111/j.1365-2141.2007.06972.x
http://www.ncbi.nlm.nih.gov/pubmed/18275434
http://dx.doi.org/10.1186/1471-2474-6-38
http://www.ncbi.nlm.nih.gov/pubmed/15992408
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180448
http://dx.doi.org/10.5812/ijem.14099
http://www.ncbi.nlm.nih.gov/pubmed/29344033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5750445
http://dx.doi.org/10.1111/hae.12736
http://www.ncbi.nlm.nih.gov/pubmed/26172840


Bordbar M et al.

study. Am J Blood Res. 2017;7(5):59–66. [PubMed: 29181264]. [PubMed
Central: PMC5698560].

26. Barnes C, Wong P, Egan B, Speller T, Cameron F, Jones G, et al. Re-
duced bone density among children with severe hemophilia. Pedi-
atrics. 2004;114(2):e177–81. [PubMed: 15286254].

27. Sossa Melo CL, Wandurraga EA, Pena AM, Jimenez SI, Salazar LA, Ochoa
ME, et al. Low bone mineral density and associated factors in patients
with haemophilia in Colombia. Haemophilia. 2018;24(4):e222–9. doi:
10.1111/hae.13516. [PubMed: 29902356].

28. Liel MS, Greenberg DL, Recht M, Vanek C, Klein RF, Taylor JA. Decreased
bone density and bone strength in a mouse model of severe fac-
tor VIII deficiency. Br J Haematol. 2012;158(1):140–3. doi: 10.1111/j.1365-
2141.2012.09101.x. [PubMed: 22469061].

29. Recht M, Liel MS, Turner RT, Klein RF, Taylor JA. The bone disease as-
sociated with factor VIII deficiency in mice is secondary to increased
bone resorption.Haemophilia. 2013;19(6):908–12. doi: 10.1111/hae.12195.
[PubMed: 23731369].

30. Baud’huin M, Duplomb L, Teletchea S, Charrier C, Maillasson M,

Fouassier M, et al. Factor VIII-von Willebrand factor complex in-
hibits osteoclastogenesis and controls cell survival. J Biol Chem.
2009;284(46):31704–13. doi: 10.1074/jbc.M109.030312. [PubMed:
19758994]. [PubMed Central: PMC2797241].

31. Schiefke I, Fach A, Wiedmann M, Aretin AV, Schenker E, Borte G, et
al. Reduced bone mineral density and altered bone turnover mark-
ers in patients with non-cirrhotic chronic hepatitis B or C infection.
World J Gastroenterol. 2005;11(12):1843–7. doi: 10.3748/wjg.v11.i12.1843.
[PubMed: 15793878]. [PubMed Central: PMC4305888].

32. Collier J. Bone disorders in chronic liver disease. Hepatology.
2007;46(4):1271–8. doi: 10.1002/hep.21852. [PubMed: 17886334].

33. Compston JE, Flahive J, Hosmer DW, Watts NB, Siris ES, Silverman S,
et al. Relationship of weight, height, and body mass index with frac-
ture risk at different sites in postmenopausal women: the Global
Longitudinal study of Osteoporosis in Women (GLOW). J Bone Miner
Res. 2014;29(2):487–93. doi: 10.1002/jbmr.2051. [PubMed: 23873741].
[PubMed Central: PMC4878680].

6 J Compr Ped. 2020; 11(4):e97291.

http://www.ncbi.nlm.nih.gov/pubmed/29181264
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5698560
http://www.ncbi.nlm.nih.gov/pubmed/15286254
http://dx.doi.org/10.1111/hae.13516
http://www.ncbi.nlm.nih.gov/pubmed/29902356
http://dx.doi.org/10.1111/j.1365-2141.2012.09101.x
http://dx.doi.org/10.1111/j.1365-2141.2012.09101.x
http://www.ncbi.nlm.nih.gov/pubmed/22469061
http://dx.doi.org/10.1111/hae.12195
http://www.ncbi.nlm.nih.gov/pubmed/23731369
http://dx.doi.org/10.1074/jbc.M109.030312
http://www.ncbi.nlm.nih.gov/pubmed/19758994
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797241
http://dx.doi.org/10.3748/wjg.v11.i12.1843
http://www.ncbi.nlm.nih.gov/pubmed/15793878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4305888
http://dx.doi.org/10.1002/hep.21852
http://www.ncbi.nlm.nih.gov/pubmed/17886334
http://dx.doi.org/10.1002/jbmr.2051
http://www.ncbi.nlm.nih.gov/pubmed/23873741
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4878680

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Ethical Considerations
	3.2. Anthropometric Measurements, Body Mass Index, Physical Activity, and Sun Exposure
	3.3. Biochemical Studies
	3.4. Bone Densitometry
	3.5. Statistical Analysis

	4. Results
	Table 1
	Figure 1
	Table 2

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

