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ABSTRACT. Objectioe. Children with severe hemo-
philia are at risk for reduced bone mineral density
(BMD) because of reduced weight-bearing exercise and
hepatitis C infection. Reduced bone density in childhood
is a risk factor for osteoporosis in later life.

Study Design We performed a cross-sectional survey
of bone density among L9 children with severe hemo-
philia, at the Royal Children's Hospital. Results were
correlated with findings of blinded objective evaluations
of the joints of the lower limb and with hepatitis C.
status.

Results, The mean lumbar bone mineral apparent
density for patients was reduced (0.L02 gicm3), compared
with that for control subjects (0.113 g/cm3). The mean
areal BMD z score was -0.92, which was significantly
reduced, cffifared-with that for control subjects. The
difference in bone density was independent of body size.
There was a statistically significant relationship between
the lumbar BMD z scores and the maximal single ioint
evaluation scores, but there was no difference based on
hepatitis C status.

Conclusions. Our results suggest that children with
severe hemophilia have reduced BMD. Patients at risk
are those with signs of hemophilic arthropathy. Because
osteoporosis may complicate the future treatment of pa-
tients with hemophilia, screening of young patients for
reduced bone density is recommended. Pediatrics 2004;
774:eL7 7 -e781. URL: http://www.ped ia trics.o rgl cgil
contenUfull/lL4l2l e777 ; hemophilia, bone density.

ABBREVIATIONS. BMD, bone mineral density; BMC, bone min-
eral content; BMAD, bone mineral apparent density; BMI, body
mass index.

1-lsteoporosis is common, occurs throughout

I lthe world, and has become a major public
\-/ health concem.1,2 Adequate bone mass accu-
mulation in early life is important in preventing os-
teoporosis.l.3 Lifetime plots of bone density and age
show that late childhood and adolescence are impor-
tant periods of bone mineral acquisition.2,3 Persons
with the greatest bone mass at the end of adolescence
have the greatest protection against the gradual de-
cline in bone mass that occurs with aging.l
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Weight-bearing exercise is critical to ensure ade-
quate bone mass accrual in childhood and may be
even more important than dietary calcium intake.aj
The exact mechanism by which weight loading in-
creases bone mass is not known but is likely related
to dynamic strains in bone tissue regulating bone
formation and resorption.6 Unusually high strains
and high strain rates are particularly osteogenic.6
The skeleton is particularly responsive to the effects
of weight-bearing exercise during childhood, specif-
ically during the prepubertal years.T Immobilization
is significant in the development of reduced bone
density among children with cerebral palsy.8.e

Patients with severe hemophilia may be at risk for
developing reduced bone density in childhood and
adolescence , for a number of reasons. Until recently,
only a few sports, such as golf and swimming, were
recorunended for patients with severe hemophilia.l0
Despite liberalization of these recommendations,
children with severe hemophilia may be less likely to
participate in weight-bearing, high-impact exercise.
Patients with established changes of hemophilic ar-
thropathy, characterized by pain, swelling, and joint
instability, are even less likely to participate in sport-
ing activities and may be at particular risk for re-
duced bone density. Finally, patients with hemo-
philia who have been exposed to hepatitis C through
infusion of contaminated clotting factor concentrates
may develop liver impairment and abnormalities in
vitamin D metabolism and may be at risk of low
bone density.11,12 Patients with hemophilia and re-
duced bone mineral density (BMD) may be at in-
creased risk of fractures and osteoporosis in later life,

There are no available data on the bone density of
children with severe hemophilia. The aims of this
study were to perform a cioss-sectional survey of
BMD among children with severe hemophilia and to
correlate bone density with findings regarding the
presence of joint disease and hepatitis C status.

METHODS

Patient Identification
Patients with severe hemophilia were identified from records

maintained bv the Henry Ekert Hemophilia Treatment Centre at
the Royal Children's Hospital, the major tertiary pediatric institu-
tion in Melboume, Australia. An informatton lette: was sent to
patients and parents, inviting them to participate in the studv.
Information regarding current treatment reglmens and hepatitis C
status was collected from the patients' records.
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Jornt  Evaluatron

Lower limb joints (knee and ankle) were evaluated by a study
author (BE), according to published guidelines for joint evaluation
among patients with hemophilia.13 Evaluations included assess-
ment and grading of swelling, muscle atrophy, joint deformity,
presence of crepitus, range of motion, presence of flexure contrac-
ture, strength, and pain at rest and during activity. Each joint was
ascribed a score. Normal loints were scored as 0, and the highest
score possible for the knee or ankle was 25. The total joint evalu-
ation scores (sum of scores for both ankles and both knees) and the
maximal single joint evaluation scores were used in the analysis.
The joint evaluator was blinded with respect to the bone density
resul  ts .

Bone Densitometry

The BMD of the lumbar spine was assessed by using a Hologic
QDR .1500 Elite densitometer (Hologic, Bedford, MA). BMD re-
sulis are traditionally reported as areal BMD, which is calculated
by dividing the bone mineral content (BMC) by the area mea-
sured. Areal BMD calculations have been shown to underestimate
the bone density of short children, however, and to not reflect
changes in bone geometry that occur during puberty.ta The bone
mineral apparent density (BMAD) is an approximation of the
volumetric density of bone, calculated from the BMC and the
projected volume of bone, and is a more accurate measure of bone
density among children.ls Interpretation of bone density results
for children of different ages is standardized by reporting results
as a SD or z score. A z

Anthropometric Data
Height, without shoes, was measured to the nearest 1.0 cm by

using a standard, Harpenden, wall-mounted stadiometer. Weight,
with light indoor clothing but without shoes, was measured to the
nearest 1.0 kg by using standard electronic scales. Body mass
index (BMI) was calculated with the standard formula. To facili-
tate interpretation of patient and control anthropometric data, the
values for weight, height, and BMI were converted to z scores by
using United States revised growth charts.16

Control Subjects
Control patients were identified as described by Ma and

Jones.rT Briefly, control subjects were selected from schools in
southern Tasmania, as part of a population-based, case-control
study investigating the association between reduced bone density
and upper limb fractures among children 9 to 16 years of age. All
control subjects were male.

The BMD for control subjects was measured by using a Hologic
QDR 2000 densitometer. Results are directly comparable between
Hologic derrsitometers.rs

Statistical Analyses

Results are expressed as means with 95% confidence limits or
SDs. P values of <.05 were considered sisnificant. Nonparametric
tests @ns bet#een groups-peafrin
rank correlation was used to comDare ioint evaluation and bone

termine the
effects of age, height, and weight on bone density among patients
with hemophilia. Univariate and multivariate analyses were per-
formed with SPSS software, version 8.0 for Windows (SPSS Inc,
Chicago, IL). All other analvses were performed with Stata soft-
ware, r'ersion 8.0 (Stata Corp, College Station, TX).

Ethics Committee Approval

The Roval Children's Hospital ethics committee and the Radi-
aiion Safety Committee of the Department of Human Services, ., -
State Goveinment of Victoria, approved the srudy. 
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RESULTS ? O

Demographic Findings

Thrrtv-nine patients with severe hemophilia A
were invited to participate rn this studv. Twenty-one

patlents (5J7o) resPondect/ wrtn ages lqngmg_lleln
5.2? to tg,l year?. iwo patienf yeT.ex;fiail, reJ
batient with morbid obesitv, which affected the mea-
iurement of BMD, and 1 patient with cerebral palsy,
who was wheelchair-bound. There was no difference
between responders and nonresponders with respect
to severity of hemophilia (for all patients, factor VIII
levels were <1%) or mean age (mean age for re-
spofrderi: 72.2 years; -"@
1 2 . 0 y e a r s ; P : . 8 9 ) .

- 
Of the 19 patients involved in the study, 15 pa-

tients (79%) were receiving thrice-weekly prophylac-
tic factor VIII repiacement. The remaining 4 patients
had been treated previously with prophylactic factor
VIII, but 2 patients were currently receivrng on-de-
mand factor VIII and 2 patients had developed in-
hibitors to factor VIII and were being treated with
on-demand recombinant factor VIIa. Eight patients
(38.1%) exhibited hepatitis C-specific antibody posi-
tivity. None of those patients was being treated ac-
tively for the hepatitis C infection.

Two hundred fifteen male control subjects were
recruited as previously described. There was no dif-
ference between the mean age of the patients and
that of the control subjects (Table 1).

foint Evaluation
The mean maximal single joint evaluation score

was 5.3 of a possible 25 (range: 1-10 of 25). The mean
total joint evaluation score was 9.9 of a possible 100
(range: 2-24 of 100).

Anthropometric Data
Anthropometric data for patients and control sub-

jects are presented in Table 1. There was no signifi-
cant difference in height or weight between patients
and control subiects. There was also no difference in
weight, height, or BMI z scores between patients and
control subiects.

Bone Density
The mean BMC, areal BMD, and BMAD results are

reported in Table 1. The difference in BMAD be-
tween patients and control subjects was significant
(Mann-\4/hitney test/ P : .0047). The areal BMD z
scores for patients were reduced (-0.92;95% confi-
dence interval, -1.40 to -0.45), compared with those
for control subjects (F'!!

TABLE 1, Age and Anthropometric Data for Patients With
Hemophilia and Control Subiects

Mean (SD) P Value*

Hemophilia Control
( N :  1 e )  ( N :  2 1 s )

,g-v

Age, y
Weight, kg
Height, cm
Weight z score
Height z score
BMI z score
Spine BMC, g
Spine BMD, g/cm2
Spine BMAD, g/cm3

12.2 (3.5)
45 (1s)

1s1 (20)
0 .2s  (1 .1 )
0.66 (0.84)
0 .19  (1 .3 )

38  (19)
0.72 (0.19)

0.102 (0.02)

12.8 (2.1) .!10
s2 (18) .23

r57 (17) .13
0.46 (0.e1) .37
0.33 (1.0)  .31
0.38 (0.87) .37

3e (15)  .38
0.79 (0,19) .07

0.113 (0.01)  .00s

, <  -
or below the mean, deterTnlneo usrnq aqe-or belo-w the mean, determined usinq aee- and gender-matched

,  r : : , - , ^ ^ -
reterence oata, and ls calculateo a5 (x - mean)/5u/ wnere x rs tne
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Areal BMD Z-scorepatients with haemophilia and controh

Fig 1. Areal BMD z scores for patients with
severe hemophilia.
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Univariate and multivariate regression analyses
demonstrated the difference in bone density to be
independent of height and weight (Table 2). Spear-
man regression analysis showed a statistically signif-
icant relationship between the BMD z scores and the
maximal single joint evaluatio@
= -0.49; P : .03). The correlation between BMD z
scores and maximal total joint evaluation scores ap-
proached statistical significance (Spearman p :
-0.44; P : .06) (Fig 2). There was no statistical dif-
ference in the mean lumbar BMD z scores for patients
with hepatitis C exposure versus those without hep-
atit is C exposure (P : .65).

DISCUSSION

The long-tern survival of children with hemo-
philia has improved dramatically, with respect to
both life expectancy and quality of life.1e.20 This is
partly attributable to primary prophylaxis and im-
proved treatment regimens.le Skeletal integrity is
crucial for a good quality of life. In this study, we
demonstrated that children with severe hemophilia
could have moderately reduced bone density, com-
pared with gender- and age-matched control sub-
jects. This reduction in bone density was indepen-
dent of differences in age and body size. There was a
statistically significant association between areal
BMD z scores and obiective lower limb ioint evalua-
tion results. Patients with more established changes
resulting from hemophilic joint disease exhibited the
lowest BMD. There was no difference in bone density
according to hepatitis C exposure. These results sup-
port reduced physical activity as the most likeiy ex-

planation for reduced bone density among children
with severe hemophilia.

One study previ,ously investigated the incidence of
reduced bone density among patients with hemo-
philia.11 Gallacher et alll reported a reduction in
bone density among 19 adult patients with severe
hemophilia (age range: 78-69 years). There was no
difference in markers of bone resorDtion between
patients and control subjects, suggesting that the re-
duced bone density was not secondary to increased
bone tumover. Minor abnormalities in liver function
tests and testosterone metabolism among the pa-
tients with hemophilia were suggested to be second-
ary to hepatitis C-associated liver disease and the
likely cause of the reduced BMD. Liver disease may
be associated with hypogonadism, abnormalities in
vitamin D metabolism, and hyperbilirubinemia,
leading to reduced bone formation and increased
bone resorption.12,21 Eight patients in our study had
been exposed to hepatitis C, and there was no sig-
nificant difference in bone density between those
patients and the patients who had not been exposed
to hepatitis C. None of the hepatitis C-positive pa-
tients was receiving treatment for liver disease. If the
hepatitis C-associated liver disease progressed, how-
ever, then it might have significant effects on bone
density among those patients,

There was a significant correlation between re-
duced bone density and joint evaluation scores in
our study. The use of joint evaiuation tools is de-
signed to detect hemophilic arthropathy changes.i3
Although prophylactic clotting factor therapy and
modern hemophilia treatment regimens have dra-

TABLE 2. Univariate and Multivariate Analyses of Hemophilia and Bone Mass

Univariate p (95% CI) Multivariate* P (95o/o CI)

BMC (g)
BMD (g/cm:)
BMAD (g/cm3)

-1.7 (-e.3, +6.0) (P = 67)
-0 .05  ( -0 .11 ,  +0 .01)  (P  :  .09)
-0 .011 ( -0 .018,  -0 .003)  (P  :  .001)

+3.8 (-0.2, +7.7) (P = .05)
-0.02 (-0.06, +0.03) (P = .s0)
-0.009 (-0.014, -0.003) (P = .002)

.  Adjusted for  age,  herght ,  and weight .
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Lumbar BMD z-score and maximum single joint score
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M a x i m u m  s i n  g l e  j o i n t  s c o r e

F i t ted  va lues
c Lumbar z-score

Spearman correlation rho -0.49 p = 0.03

Maximu m s in  g le  jo  in  t  score

F i t ted  va lues
l -  Lumbar z-score

Spearman correlation rho -0.44 p : 0.06
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Fig 2. Regression analysis of
joint evaluation scores.
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matically reduced the incidence of hemophilic ar-
thropathy,le some patients continue to experience
episodes of repeated bleeding into "target joints,"
with synovial membrane thickening, reduced range
of movement, and muscle wasting.22 Treatment of
these patients may be difficult and may require pro-
longed periods of immobilization and joint splinting.
The significant correlation betv.'een BMD and joint
change-s in our study provides support for the role of
weight-bearrng activity in maintaining adequate
bone density among chiidren with hemophilia.

A number of therapies exist for children with re-
duced bone densitv.1,23 Calcium and vitamin D sup-
plementatio.r cur, 6u used. to rncrease spinal BMD.1
Exercise intervention trials have demonstrated dura-
ble beneficial effects of high-impact exercise on bone
density amonB children.2a,2s Developing exercrse
programs to treat low bone density among patients

with severe hemophilia may be difficult, particularly
for patients with established hemophilic arthropathy
changes. However, supervised exercise training per-
formed at times of maximal clotting factor prophv-
laxis could reduce the risks of additional ioint bleed-
ing. Bisphosphonate therapy has been effective for
treatment of children with metabolic bone disease
and osteoporosis, but a number of issues (including
the optimai dose and duration of therapy among
children) need to be resolved.23

A strength of this study was the fact that we used
randomly seiected, population-based, control sub-
jects; this provrded a representative sample for com-
parison and facilitated evaiuation of the important
ouestion of whether the deficit in bone mass was
attributable to smailer body size or was an accurate
indication of bone densitv. Currently, there rs no
acceptable reference database for chiidren in our geo-

Lumbar BMD z-score and total joint score

e18O BONE DENSITY IN SEVERE HEMOPHILIA



grapruc locatlon; tnerelore/ locall,v recrurteo control
subjects were preferred. The control subjects rvere
not from the same source populatton as the patients,
however. This might Iead to bias if there are regional
differences in bone densitv and its determinants.
Although southem Tasmania and Victoria have sim-
ilar latitudes and remarkablv similar total fracture
rates among ad.ults,26 there aie no comparati ' ,.e data
on bone densities among children in the 2 regions.
However, recent r.vork demonstrated onlv very small
differences in bone densitv between conirol popula-
tions in Hobart, Sydney, and New Zealand (M.
Henry, unpublished data), and any potential differ-
ences attributable to location bias are very unlikelv to
explain the difference we observed between patients
and control subjects in this study.

Civen the importance of adequate bone minerai-
ization in chiidhood for the prevention of osteoporo-
sis in later life, we recommend assessment of bone
density for children with severe hemophilia, partic-
ularly chiidren with objective changes of hemophilic
arthropathy. Management of reduced bone density
among those patients is then possible.
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