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Summary. To quantify variation in clinical pheno-
type of severe haemophilia we performed a single
centre cohort study among 171 severe haemophilia
patients. Age at first joint bleed, treatment require-
ment (i.e. annual clotting factor use), annual bleed-
ing frequency and arthropathy were documented.
Because treatment strategies intensified during fol-
low-up, patients were stratified in two age groups:
patients born 1968–1985 (n ¼ 91), or 1985–2002
(n ¼ 80). A total of 2166 patient-years of follow-up
were available (median 12.0 years per patient). Age
at first joint bleed ranged from 0.2 to 5.8 years.
Patients who had their first joint bleed later needed
less treatment and developed less arthropathy. In
patients born 1968–1985 during both on-demand

and prophylactic treatment, the 75th percentile of
annual joint bleed frequency was consistently four
times as high as the 25th percentile. In both age
groups variation in annual clotting factor use
between 25th and 75th percentiles was 1.4–1.5 times
for prophylaxis and 3.8 times for on-demand treat-
ment. To conclude, the onset of joint bleeding is
inversely related with treatment requirement and
arthropathy and may serve as an indicator of clinical
phenotype. Thus, providing a starting point for
aetiological research and individualization of treat-
ment.
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Introduction

Marked variability in clinical phenotype among
severe haemophilia patients (<1% factor VIII or
FIX) is well known from clinical practice, but formal
research describing this phenomenon is limited [1,2].
This variability may be reflected by variability in
onset and frequency of bleeding, treatment require-
ments and haemophilic arthropathy. The distinction
of phenotypes may be an important tool for indi-
vidualization of treatment and aetiological research.
Before the introduction of prophylaxis, bleeding

frequency was the main indicator of phenotype [2].
In the case of prophylaxis, however, joint bleed
frequency is artificially low. If prophylactic dose is
adjusted according to bleeding frequency, as in our

clinic [3], variation in treatment requirement (i.e.
annual clotting factor use) may reflect the variation
in the underlying bleeding tendency. If prophylaxis is
started after the first joint bleed, the variability in
onset of joint bleeds may still be observed. Over the
last three decades continuously fewer joint bleeds
were tolerated while on prophylaxis, resulting in
gradually more intensified treatment, which is shown
by an increased weekly dose, increased frequency
and earlier start of prophylaxis [4].
In our cohort we described variation in phenotypes

of severe haemophilia, with special emphasize on age
at first joint bleed as its earliest available potential
indicator.

Design and methods

Study population

A single centre cohort study was performed among
all patients with severe haemophilia A and B born
between 1968 and 2002 and treated at the Van
Creveldkliniek, Utrecht, the Netherlands. Of all
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197 patients with severe haemophilia A or B, 26
were excluded for different reasons: insufficient
follow-up (<6 years or <50% of total lifetime, n ¼
18), inhibitor activity for more than 1 year (n ¼ 6)
or significant other pathology (n ¼ 2), leaving 171
patients for the current analyses.
All patients visited our treatment centre at least

once a year. From 1972 onwards, joint bleed
frequency, type of treatment (i.e. prophylactic or
on-demand) and clotting factor consumption were
recorded at each visit. Patients were followed until
their last visit or January 2003.

Treatment

Since the introduction of clotting factor replacement
therapy in 1965 [5] and the introduction of prophy-
laxis in 1968 in our centre, treatment for severe
haemophilia has gradually been intensified [4].
Therefore, we studied each treatment-dependent
parameter (i.e. annual clotting factor use and annual
joint bleed frequency on prophylaxis) according to
age groups. The oldest age group comprised patients
born between 1968 and 1985 who received on-
demand replacement treatment and secondary pro-
phylaxis during their first years. The youngest age
group comprised patients born after 1985 who
received very early prophylactic treatment [4,6].
Prophylaxis was defined as at least two times

weekly administration of FVIII and at least once a
week for FIX. After initiation, the prophylactic dose
was individually adjusted according to bleeding
pattern. Full prophylaxis was defined as prophylaxis
for more than 45 weeks per year.

Measurements

Data on the first joint bleed were obtained from the
medical files. Joint bleeds were self-reported and
were defined as all symptoms in the major joints
requiring replacement therapy. Data on bleeding
were extracted from the patients� log at each visit to
the centre. Haemophilic arthropathy was measured
by the Pettersson score [7]. X-rays of knees, elbows
and ankles were taken at 5-year intervals. Each joint
was attributed a score between 0 (i.e. no arthro-
pathy) and 13-points, resulting in a maximum total
score of 78-points. Joints with arthrodesis, ankylosis
or arthroplasty were given 13-points. All X-rays
were scored by a single radiologist.

Data analysis

For reasons of uniformity, medians were presented
for both parameters with a skewed distribution and
parameters with a normal distribution.
Median annual number of joint bleeds, median

annual clotting factor consumptionper kgbodyweight
(IU kg)1 year)1) and their interquartile ranges (IQR)
were calculated over all available follow-up years
except for the youngest age group. In order to evaluate
a similar period for all patients in this youngest age
group, the first 5 years since the start of prophylaxis
were analysed. This period was chosen because
bleeding frequency and clotting factor use tend to
stabilize during the first years on prophylaxis [8].
For the description of treatment and outcome in

Table 1, the number of patients on on-demand
treatment was assessed cross-sectionally for both

Table 1. Characteristics of clinical

phenotype of severe haemophilia

according to year of birth.
Year of birth

1968–1985

(n ¼ 91)

1985–2002

(n ¼ 80)

Follow-up per patient (years) 18.0 (14.0–22.0) 6.0 (3.0–10.0)

Age at first joint bleed (years) 1.8 (1.1–2.7)*

Pettersson score� 14.0 (6.0–22.0) 0 (0.0–2.5)

Prophylaxis

Age at start prophylaxis (years) 5.3 (3.8–8.2) 2.8 (1.6–4.2)

Annual clotting factor use on full

prophylaxis (IU kg)1 year)1)�
1945 (1654–2350) 2859 (2282–3321)

Joint bleeds per year on full prophylaxis� 2.9 (1.3–5.1) 2.1 (1.0–3.7)

On-demand

On-demand (%) 26 0

Annual clotting factor use

on-demand (IU kg)1 year)1)

268 (163–623) –

Joint bleeds per year on-demand 3.6 (1.6–8.0) –

Values are expressed as medians (interquartile range).

*range: 0.6–5.8 years.

�1968–1985 Pettersson scores at 25 ± 2.5 years of age; 1985–2002 at 10 ± 2.5 years.

�Median of all years on full prophylaxis (i.e. >45 weeks year)1).
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age groups: at the age of 25 years in the oldest age
group, and 10 years in the youngest age group.
Pettersson scores are presented according to lim-

ited intervals for each age group, because Pettersson
scores are affected by the cumulative number of joint
bleeds [9], and therefore highly dependent on age.
The following intervals were used: 7.5–12.5 years in
the youngest group and 22.5–27.5 years for the
oldest group.
To study the consistency of the parameters within

patients, associations between the different parame-
ters were assessed.We studied the association of age at
first joint bleed with both treatment requirement and
arthropathy. Furthermore, the association between
treatment requirement and joint bleed frequency on
prophylaxis was studied. These associations were
studied in the oldest age group, because differences in
outcome were more apparent in these patients.
Age at first joint bleed was used to categorize

subjects into two groups according to the median
value (1.8 years): patients who experienced their first
joint bleed before or at the age of 1.8 years were
categorized as �early� and patients who experienced
their first joint bleed after the age of 1.8 years as
�late�. Linear regression analysis was used to study
the association between age at first joint bleed and
annual clotting factor use and the association
between treatment requirement and bleeding fre-
quency. The association between age at first joint
bleed and Pettersson score was modelled using a log-
transformation and linear regression with adjustment
for age at Pettersson score.

Results

Of all 171 patients with severe haemophilia A and B,
a total of 2166 follow-up years and 415 Pettersson
scores were available. The median follow-up was
12.0 years (IQR: 6.0–18.0) and the median number
of Pettersson scores per patient was 3.0 (IQR: 2.0–
3.8). Characteristics of phenotypes according to age
group are given in Table 1. We investigated differ-
ences between patients with haemophilia A and B in
both age groups and in all parameters. About 19
patients had haemophilia B, of which 10 in the oldest
group and nine in the youngest group. No differences
in clinical phenotypes were observed between pa-
tients with haemophilia A and B, therefore overall
findings are presented.

Age at first joint bleed

Age at first joint bleed was available for 68 patients
(75%) in the oldest age group and 64 patients (80%)

in the youngest age group. Figure 1 shows the
distribution of age at first joint bleed among patients
in both age groups. Their median age at first joint
bleed was 1.8 years (range: 0.2–5.8).

Joint bleeds

For patients treated on-demand, the annual joint
bleed frequency may provide a direct indicator of
phenotype. In adult patients who were never treated
with prophylaxis or had switched to on-demand
treatment, annual joint bleed frequency varied
widely: the 25th and 75th percentile differed fourfold
(Table 1). In the oldest age group median annual
joint bleed frequency was 3.6 joint bleeds per year
for on-demand treatment and 2.9 for prophylaxis.
Under full prophylaxis, the 75th percentile of the

annual joint bleed frequency was consistently four
times higher than the 25th percentile in both age
groups (Table 1).

Annual clotting factor use

For on-demand treatment, median annual clotting
factor use was 268 IU kg)1 year)1 (IQR: 163–623)
in the oldest age group and was 7.3 times lower than
for prophylactic treatment. Annual clotting factor
use differed 3.8-fold between the 25th and 75th
percentile in these patients for on-demand treatment.
On prophylaxis, variation in clotting factor use

was similar across age groups with the 75th percent-
ile consistently 1.4–1.5 times higher than the 25th
percentile. The highest annual clotting factor use on
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Fig. 1. Age at first joint bleed for patients born 1968–2002.

Median age at first joint bleed was 1.8 years [range: 0.2–5.8s,

interquartile range (IQR): 1.1–2.7].
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prophylaxis was observed in the youngest age group.
This frequently observed phenomenon may reflect a
combination of more intensive treatment and the
large increments in vial content of the clotting factor
concentrates [4,10,11].
The above calculations were performed using all

available years of follow-up. Similar variation was
observed when the analysis was restricted to the last
5 years of follow-up for adult patients and the first
5 years of prophylaxis for patients in the youngest
age group (data not shown).

Association of treatment requirement and bleeding
characteristics

The association between age at first joint bleed and
treatment requirement according to age for the oldest
age group is presented in Fig. 2. Patients who
experienced their first joint bleed at an early age
had a consistently higher annual clotting factor
consumption than patients who had their first joint
bleed later in life [P < 0.01; 95% confidence interval
(CI): )221 to )134 IU kg)1 year)1]. A similar trend
was observed for the youngest age group (P < 0.01;
95% CI: )439 to )173 IU kg)1 year)1).
A positive association was found between annual

clotting factor use and joint bleed frequency for
patients in the oldest age group, treated with prophy-

laxis (P < 0.01; 95% CI: 206–271 IU kg)1 year)1).
Annual clotting factor use for on-demand treatment
regimens is expected to be directly dependent on the
number of joint bleeds. During on-demand treatment
there was a similar positive association between
annual clotting factor use and joint bleed frequency
(P < 0.01; 95% CI: 40–85 IU kg)1 year)1).

Joint damage, assessed using Pettersson scores

In the oldest age group, Pettersson scores around the
age of 25 years were available for 49 patients. Among
these patients the scores ranged from0 to 35. The 75th
percentile was 3.6 times higher than the 25th percent-
ile. Four patients (8.2%) had a score of 0.
For the youngest age group, 25 scores around the

age of 10 years were available. All scores were very
low, ranging from 0 to 6-points: 60% had a score of
0. Thus, little variation was observed among these
young patients.

Association of arthropathy with bleeding
characteristics and treatment requirement

In order to demonstrate the association of bleeding
characteristics and arthropathy, the age at first joint
bleed was plotted against the Pettersson score for the
oldest age group (Fig. 3). Patients who experienced
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Fig. 2. Annual clotting factor use and age according to the age at

first joint bleed. Annual clotting factor use and age were plotted

according to the age at first joint bleed for the oldest age group.

Patients who experience their first joint bleed �early� (£1.8 years)

tend to have a higher annual clotting factor use in later years than

patients who experience their first joint bleed �late� (>1.8 years;

P < 0.01).
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Fig. 3. Pettersson score and age according to the age at first joint

bleed. Pettersson score and age were plotted according to the age

at first joint bleed for the oldest age group. Patients who experi-

enced their first joint bleed �early� tend to have more arthropathy

than patients who experienced their first joint bleed �late�
(P ¼ 0.08).
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their first joint bleed at an early age tended to
develop more arthropathy than patients who experi-
enced their first joint bleed later in life (P ¼ 0.08).

Discussion

The present study describes the variation in pheno-
types of severe haemophilia in a well-defined single
centre cohort of patients with severe haemophilia.
We found considerable variation in onset and
frequency of bleeding, treatment requirements and
arthropathy. The results for each parameter will be
discussed below.
In accordance with earlier findings, age at first

joint bleed varied by 5.6 years [6,12,13]. Age at first
joint bleed was inversely related to treatment
requirement and arthropathy as measured by the
Pettersson score, suggesting an association with
bleeding pattern and therefore a potential use as
indicator of bleeding pattern. Some misclassification
may arise, e.g. if the first joint bleed is caused by a
trauma. This may cause an underestimation of the
effect and therefore the association may be stronger
than described in this study if only the first sponta-
neous joint bleed would have been considered.
Variability in bleeding frequency has been reported

by others: Rainsford and Hall distinguished two
groups of severe haemophilia patients with a 50%
difference in joint bleed frequency [1]. Subgroups of
9–10% of patients with severe haemophilia showing
only little radiological joint damage while treated on-
demand have been described both by Aledort et al.
and Molho et al. [2,14]. However, the association
with other parameters was not presented. When
studying bleeding frequency and treatment require-
ment, misclassification caused by overtreatment or
undertreatment on home therapy may occur. A
combination of both a low clotting factor use and a
low joint bleed frequency may suggest a milder
bleeding pattern. This notion is supported by the
positive association between these parameters for
patients treated on prophylaxis. During on-demand
treatment, joint bleed frequency may provide a direct
indicator of phenotype.
Variability of treatment requirement has been

described in several studies [2,15,16]. The ratios of
the 25th and 75th percentiles of treatment require-
ments on prophylaxis and during demand treatment
in the present study were similar to the ratios
reported in the literature, 1.7 and 3.3, respectively
[16]. In a multicentre study seven of 14 patients
treated with 0–500 IU kg)1 year)1 had no arthro-
pathy after 6 years [2]. Fischer et al. reported that
about 20% of patients with severe haemophilia

permanently switched to an on-demand regimen
while maintaining a low joint bleed frequency [15].
Therefore, the ability to remain on on-demand
treatment may also suggest a milder bleeding pattern
in a cohort intended to be treated with individually
tailored prophylaxis.
Until now, arthropathy has been related to bleed-

ing pattern and quality of life [9,17]. Arthropathy
showed most variation among the patients born
between 1968 and 1985. As higher Pettersson scores
may be the result of undertreatment, higher Petters-
son scores may not help to identify patients with a
more severe phenotype (ceiling effect). However,
lower Pettersson scores may help to identify patients
with a milder phenotype in this age group. Younger
patients predominantly had low scores: 60% had a
score of 0 (�floor effect�), because of a low cumulative
number of joint bleeds and immaturity of bone.
What is the potential use of indicators of clinical

phenotype? Distinction of phenotypes may enhance
individualization of treatment. Although primary
prophylaxis to prevent bleeds remains the treatment
strategy of choice for children with severe haemo-
philia, patientswith amilder phenotypemay be able to
start prophylaxis later in life or at a lower dose, which
will greatly improve cost-effectiveness of treatment
and reduce the burden of central venous catheters
[6,15,18,19]. Patients with a more severe phenotype
however, would require a more intensive treatment
with an early onset of prophylaxis to prevent bleeds
and subsequent haemophilic arthropathy [8,20].
Moreover, distinction of phenotypes may facilitate

research into the causes and mechanisms of clinical
variability. Currently, causes of variation in pheno-
type of severe haemophilia are largely unknown.
Several causes have been studied. Pharmacokinetic
properties, like FVIII half-life may influence clinical
phenotype, but this association could not be estab-
lished in a study by our group [21]. Factor V Leiden
may decrease the severity of disease, but findings on
other thrombophilic factors remain inconclusive
[22–24]. Furthermore, the type of genetic defect in
the gene encoding for FVIII may be of importance for
the clinical phenotype. Until now, no association
of the genetic defect with clinical phenotype of severe
haemophilia has been established [25]. A problem,
however, is the rarity of specific genetic defects. An
inversion is present in 40–50% of patients with
severe haemophilia, making a study of its effect
feasible [26,27]. Any study of the effects of other
mutations, however, is hampered by small numbers,
as these defects are very diverse [28]. Further
research is needed in order to study the consistency
of our findings in other cohorts.
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In conclusion, the onset of joint bleeding (ranging
over 5.6 years) is inversely related with treatment
requirement and arthropathy and may serve as an
indicator of clinical phenotype. Thus, providing a
starting point for aetiological research and individu-
alization of treatment.
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