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This analysis of the US Hemophilia Treatment Center Network and the Centers for Disease
Control and Prevention surveillance registry assessed trends in prophylaxis use and its
impact on key indicators of arthropathy across the life-span among participants with
• Bleeding in US hemophilia
severe hemophilia A. Data on demographics, clinical characteristics, and outcomes were
patients has decreased
collected prospectively between 1999 and 2010 at annual clinical visits to 134 hemophilia
dramatically in parallel with
increased use of prophylaxis. treatment centers. Trends in treatment and outcomes were evaluated using crosssectional and longitudinal analyses. Data analyzed included 26 614 visits for 6196 males;
• Only prophylaxis started
mean age at first registry visit was 17.7 years; and median was 14 (range, 2 to 69). During
before age 4 years preserves
this time, prophylaxis use increased from 31% to 59% overall, and by 2010, 75% of children
normal joint function.
and youths <20 years were on prophylaxis. On cross-sectional analysis, bleeding rates
decreased dramatically for the entire population (P < .001) in parallel with increased prophylaxis usage, possibly because frequent
bleeders adopted prophylaxis. Joint bleeding decreased proportionately with prophylaxis (22%) and nonprophylaxis (23%), and
target joints decreased more with prophylaxis (80% vs 61%). Joint, total, and target joint bleeding on prophylaxis were 33%, 41%, and
27%, respectively, compared with nonprophylaxis. On longitudinal analysis of individuals over time, prophylaxis predicted decreased
bleeding at any age (P < .001), but only prophylaxis initiation prior to age 4 years and nonobesity predicted preservation of joint motion
(P < .001 for each). Using a national registry, care providers in a specialized health care network for a rare disorder were able to detect
and track trends in outcomes over time. (Blood. 2017;129(17):2368-2374)

Key Points

Introduction
Prior to the widespread availability and adoption of prophylaxis,
arthropathy has been the most prevalent and costly complication of
hemophilia. Hemophilic arthropathy is caused by recurrent hemorrhage
into joints and results in an arthritis, characterized by soft tissue changes
of proliferation of hemosiderin-laden synovium and osteochondral
changes of subchondral erosions, cyst formation, and cartilage loss.1
Synovial inﬂammation promotes frequent recurrent joint hemorrhage
in an affected joint, commonly called a target joint, which accelerates
the destructive process. Ultimately, bones and joints affected by hemophilic arthropathy develop osteoporosis, osteophytic growths, and
ﬁbrous contractures, severely limiting and distorting mobility. Historically, hemophilic arthropathy has affected 90% of adults with severe
hemophilia and involved 1 to 6 joints.2 Hemophilic arthropathy
causes chronic pain and functional limitation often necessitating chronic opioid dependence and multiple orthopedic procedures, including
joint replacements and fusions. In addition to the enormous expense
of replacement factor concentrate, hospitalizations, and joint replacements, the human cost of hemophilic arthropathy is loss of employment opportunities, less favorable insurance access, decreased social
participation, and a high prevalence of depression.3,4
Prophylaxis, a therapy that seeks to prevent bleeding events in
hemophilia by routine replacement of deﬁcient clotting factor, has been

shown in a randomized clinical trial to prevent both joint hemorrhage
and arthropathy when started prior to 30 months of age and prior to the
occurrence of 3 hemorrhages into any single joint.5 To date, clinical trial
evidence supports the efﬁcacy of initiation of prophylaxis after
exceeding these thresholds in reducing the rate of joint hemorrhage
in adolescents and adults with preexisting arthropathy, but has not
provided deﬁnitive data on joint outcomes other than bleeding in
patients beyond early childhood.6,7
Factors previously determined to predict joint disease and poor
physical function in boys with hemophilia include joint hemorrhage, increasing age, obesity, African American race, and inhibitor
formation.8-10 In 1997, the Centers for Disease Control and Prevention
(CDC) in collaboration with the US Hemophilia Treatment Center
Network (USHTCN), a specialty health care network primarily housed
in academic centers, initiated a prospective surveillance system called
the Universal Data Collection (UDC) system for outcomes of hemophilia, directed and funded by a US Congressional mandate, with a goal
of developing preventive strategies; the structure, organization, and
participants of the UDC have been previously described.11 The
outcomes of interest included bloodborne pathogens, mortality, joint
disease, inhibitor formation, health insurance and employment status,
obesity, and bleeding rate. This analysis of the surveillance registry
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was performed to assess trends in key indicators of arthropathy in
participants with severe hemophilia A across the life span.

Methods
Data collection
At the time of an annual visit to one of 134 USHTCN clinics, following informed
consent, predeﬁned data were collected and transferred on standardized clinical
research forms without personal identiﬁers to a central CDC database. The study
was approved by the CDC’s Central Institutional Review Board and the local
board of each participating site. This analysis reports data covering serial
USHTCN visits for participants $2 years of age from 1999 through 2010. Data
for all elements related to bleeding were collected for the preceding 6 months.
Predictors or indicators of arthropathy extracted for this analysis included the
following: rates of total and joint bleeding, number of target joints, proportion of
total normal joint range of motion (ROM), race/ethnicity, and obesity.
Case definitions were as follows:
c
c
c

c
c

c

c
c
c

c

c
c

c

Severe hemophilia A: ,1% factor VIII (FVIII) activity by local
laboratory assay.
Race and ethnicity: deﬁned as white non-Hispanic, black non-Hispanic,
Hispanic (any race), Asian/Paciﬁc Islander, or Other by self-report.
Joint hemorrhage: clinically assessed with one or more of the following:
joint pain, stiffness, limitation of motion, and/or visible or palpable
swelling.
Any hemorrhage: any bleeding into a joint, muscle, soft tissue, or organ
that would generally prompt treatment with FVIII replacement.
Target joint: a single joint that experienced 4 or more hemorrhages within
6 consecutive months; this deﬁnition was chosen to align with the
deﬁnition used in the Joint Outcomes Study of prophylaxis.5
Proportion of normal joint ROM: joint ROM of 10 joints (ankles, knees,
hips, elbows, and shoulders), measured by a staff trained in use of the
examination tool, as a proportion of the mean normal arc measured in a
reference population of healthy adults without known disorders affecting
joints.12
Nonprophylaxis or episodic therapy: FVIII replaced only following the
onset of bleeding or prior to an activity with a high risk of bleeding.
Continuous prophylaxis therapy: FVIII replaced on a regular schedule to
prevent bleeding and expected to continue for an indeﬁnite period of time.
Primary prophylaxis ,4 years: ﬁrst documentation of routine FVIII
replacement therapy at a UDC visit prior to the fourth birthday. This age
was chosen to align as closely as possible with the Joint Outcomes Study
deﬁnition, as well as with previous European deﬁnitions of primary
prophylaxis.5,13-15
Primary prophylaxis 4 to 6 years: ﬁrst documentation of routine FVIII
replacement therapy at a UDC visit on or after the fourth birthday but
before the sixth birthday.
Secondary prophylaxis: ﬁrst documentation of prophylaxis use at a UDC
visit at age $6 years.
Overweight/obese: overweight: body mass index (BMI) $85th percentile
for age and sex in pediatric participants 2 to 19 years; BMI $25 in adults
$20 years. Obese: BMI $95th percentile for age and sex in pediatric
patients; BMI $30 in adults.
FVIII inhibitor: a participant was deﬁned to have an inhibitor if he was
recorded to have a measured titer .0.5 BU in a local laboratory, or to use
bypassing agents, or to be on immune tolerance therapy at any UDC visit.

Statistical analysis
Descriptive statistics were used to describe demographic and clinical
characteristics, and outcomes. The cross-sectional prevalence of prophylaxis
for each study year was the proportion of all participants in each age group whose
treatment of that year was categorized as prophylaxis. Outcomes analyses also
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stratiﬁed prophylaxis as primary (initiation, ,4 years), primary 4 or 5 years, or
secondary.
The mean values for each outcome measure were calculated for each age
group and by prophylaxis status for each year of the study. To assess linear trend
over time in the mean values within groups of participants, linear regression
analysis was used.
Longitudinal analysis was performed using all data collected on those
participants whose ﬁrst visit occurred before their 20th birthday and who had data
collection on more than one occasion. The younger age cutoff was chosen so that
each person’s current exposures would be more likely to reﬂect their exposures
early in life and, therefore, more likely to have an effect on the ROM outcomes
that we measured. The analysis was performed using a mixed linear regression
model to estimate the random effects of the studied risk factors on ROM, while
accounting for the correlation between repeated measures over time using a ﬁrstorder autoregressive covariance structure. This structure assumed that repeated
measurements on the same person that occurred closest in time to each other were
more correlated than measurements taken later in the follow-up period. Two
effect estimates were generated by this model: (1) the effect of the covariate (risk
factor) on the initial status of the outcome at the ﬁrst measurement time; and (2)
the effect of the covariate on the rate of change of the outcome over the period of
follow up. The sign of the parameter estimate indicates whether the indicated
covariate level causes a decreased (1) or an increased (2) rate of ROM loss
relative to the reference.
All analyses were conducted using SAS statistical software (SAS Institute,
Cary, NC) and test values of P # .05 were considered to represent statistically
signiﬁcant differences.

Results
Between 1999 and 2010, registry data were collected from 26 614
USHTCN visits for 6196 males with severe hemophilia A, $2 years
of age, all of whom are included in the cross-sectional results. The number of visits per year ranged from 1560 in 1999 to 2498 in 2006, and
averaged 2218 visits per year. At their ﬁrst registry visit, participants
ranged in age from 2 to 69 years, and the average (median) age at
ﬁrst visit was 17.7 (14) years. Longitudinal data were available for 3078
participants who have complete data for 2 or more registry visits.
Table 1 displays demographics of the participants.
Cross-sectional data analyses (data across participants within
each year of study)

Over the 12 years of study, the overall rate of prophylaxis use
increased from 31% to 59%. As demonstrated in Figure 1, the
increases in prophylaxis have been steady in all age groups, with
younger participants adopting prophylaxis earlier than older
participants. In 2010, 75% of children and adolescents #19 years
were treated with prophylaxis in the United States; the rate of
prophylaxis use in adolescents 10 to 19 years approximated that of
children by 2002. Figure 2 shows trends in the mean number of
hemarthroses in participants ,30 years, and demonstrates lower
rates of joint hemorrhage in participants on prophylaxis in all age
groups, and across the 12 years of observation, with rates on prophylaxis approximately half that of persons not receiving prophylaxis. Additionally, Figure 2 shows that as rates of prophylaxis usage
increased (from 46% to 76% in children 2 to ,10 years, 30% to 75%
in adolescents 10 to 19 years, and 11% to 51% in adults 20 to 29
years), and as those participants in the nonprophylaxis cohort with
higher rates of joint hemorrhage increasingly crossed over to the
prophylaxis group, the rates of hemarthroses fell for the remaining
cohort not using prophylaxis, whereas it continued to decrease for the
prophylaxis cohort.
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Table 1. Baseline characteristics of 6196 males with severe
hemophilia A receiving care in US hemophilia treatment centers,
1999 to 2010
Characteristic

N

%

2-9

2333

37.6

10-19

1650

26.6

20-29

933

15.1

30-39

624

10.1

40-49

423

6.8

50-69

233

3.8

Age at first visit, y

Race/ethnicity
White, non-Hispanic

3888

62.8

Black, non-Hispanic

963

15.5

Hispanic*

840

13.5

Asian

242

3.9

Other

263

4.3

BMI
Normal/underweight

3897

62.9

Overweight

1262

20.4

Obese

1037

16.7

Treatment type at first visit
Prophylaxis

2309

37.3

On demand

3887

62.7

Yes

688

11.1

No

5508

88.9

Inhibitor

*Hispanic ethnicity of either black or white race.

Trends in the 2010 data compared with 1999 are shown in Figure 3.
Rates of joint bleeding in participants on prophylaxis fell 22% from a
mean of 3.03/6 months in 1999 to 2.36 in 2010. Over the same time,
joint bleeding on nonprophylaxis decreased 23% from 9.42 events/6
months to 7.25. Total bleeding rates fell 17% for prophylaxis (4.91 to
4.07/6 months) and 30% for nonprophylaxis (14.2 to 9.87/6 months).
Target joints decreased 80% on prophylaxis (mean, 0.8 to 0.16) and
61% on nonprophylaxis (1.52 to 0.59).
Rates of joint and total bleeding events in participants not using
prophylaxis were approximately twice that of participants using
prophylaxis (Figure 3A,C; P , .01 for each). Joint hemorrhage rates
within the population using prophylaxis continued to decrease in
age groups 2 to 9 years (P , .05) and 10 to 19 (P , .001); rates in
participants .19 years using prophylaxis showed nonsigniﬁcant

decreases. Decreases in rates of joint hemorrhage were observed
in participants not using prophylaxis in cohorts 2 to 9, 10 to 19, and 20 to
29 years over the 12 years of observation (P , .01 for each), although
rates were still twice that for the corresponding prophylaxis cohort. Data
on the older cohorts ($40 years) were skewed, both by the very small
number of participants in these age cohorts on prophylaxis in 1999 (in
some cases fewer than 10) and the fact that early adopters of prophylaxis
among older patients tended to have high rates of joint hemorrhage.
The number of target joints is an indicator of a severe bleeding
outcome and usually reﬂects inﬂammatory synovitis. Over the 12 years
of observation, target joints were almost eliminated in USHTCN participants. Numbers of target joints decreased from 1999 to 2010 for every
age cohort, both using and not using prophylaxis (Figure 3B; P , .01
for each). Speciﬁcally, target joint bleeding was reduced by 80% in
participants using prophylaxis (from mean 0.80 target joints; standard
deviation [SD] 1.32 to 0.16 target joints; SD 0.55) and was reduced by
61% in participants not using prophylaxis (from mean 1.52 target
joints; SD, 2.16 to 0.59 target joints; SD, 1.2), with the number of target
joints four to ﬁvefold higher in the cohort not using prophylaxis.
Similar to rates of joint hemorrhage and target joints, the rates of total
bleeding for participants on prophylaxis were approximately half that
of those not using prophylaxis.
Limited joint ROM is a long-term indicator of hemophilic
arthropathy. It can be noted that children ,10 years physiologically
have joint ROM greater than that of healthy adults (ie, the proportion of
normal ROM is .100%). Decreased overall joint ROM was noted in
adolescents with severe hemophilia A and worsened progressively with
age (Figure 3D). Data for the upper extremity ROM was similar but
with less loss of motion than for the lower extremity (data not shown).
Overall, on cross-sectional analysis, joint ROM decreased with age
regardless of prophylaxis usage.
Longitudinal analyses (analyses of repeated measurements on
individual participants over time)

For the longitudinal analyses, there were 3078 eligible subjects, of
whom 509 (16.5%) had primary ,4 years, 331 (10.8%) had primary
4 or 5 years, and 1358 (44.1%) had secondary prophylaxis. Data were
collected at 14 130 visits during the study period; 23.5% had 2 or 3
visits, 26% had 4 or 5 visits, and 35.7% had 6 to 12 visits. In Table 2,
factors signiﬁcantly associated with decreased overall joint ROM at the
initial visit included advancing age, non-white race, and obesity.

Age Decade Groups
90

% on prophylaxis

80
70
60
50
40
30
20
10
0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year
Age 2 - 9

Age 10 - 19

Age 20 - 29

Age 30 - 39

Age 40 - 49

Age 50 - 69

Figure 1. Trends in prophylaxis use for children and
adults with severe hemophilia A from 1999 to 2010.
The proportion of each participant age cohort (in decades)
using continuous prophylaxis is displayed for each year of
the study from 1999 to 2010.
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% on prophylaxis (2-9 years)

A
15

100
80

10
60
40
5
20
0

Mean number of bleeds

Figure 2. Trends in mean number of joint hemorrhages in the preceding 6 months by prophylaxis
status, 1999 to 2010. (A-C) The vertical axis on the
right displays the mean number of joint hemorrhages
per 6 months during each study year for participants
using (:) or not using (n) continuous prophylaxis. The
vertical axis on the left displays the proportion of the
entire age cohort using prophylaxis for each study year
(N). (A-C) Displays results for children ages 2 to 9
years (A), adolescents 10 to 19 years (B), and adults
20 to 29 years (C), respectively. Prophy, prophylaxis;
Prophy 1, data from patients on prophylaxis; Prophy 2,
data from patients not on prophylaxis.
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Having an inhibitor was also negatively associated with ROM, but
fell just short of statistical signiﬁcance. The rate of joint ROM loss over
the serial visits was decreased with primary prophylaxis, begun
before the fourth birthday, and increased by obesity (P , .05 for
each). The decreased rate of loss with primary prophylaxis started at
age 4 or 5 years or with secondary prophylaxis ($6 years) was not
statistically signiﬁcant.

Bleeds Prophy -

Bleeds Prophy +

Discussion
Arthropathy drives most adverse hemophilia outcomes including disability, chronic pain, and invasive surgeries. Total and joint hemorrhages, as well as target joint bleeding are predictors of hemophilic
arthropathy. The organization of health care in the United States is
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Figure 3. Cross-sectional analyses: mean changes in bleeding rates and joint range of motion from 1999 to 2010. (A-D) Shows changes in outcome rates from
1999 to 2010 stratified by age cohort and prophylaxis usage. (A) Rates of joint hemorrhages; (B) rates of target joints; (C) total bleeding rates; and (D) percentage
of normal joint ROM in participants. Patients on prophylaxis in 1999 (red); patients on prophylaxis in 2010 (blue); patients not on prophylaxis in 1999 (green); and
patients not on prophylaxis in 2010 (purple).

decentralized and it has been difﬁcult to obtain outcome data that are
adequately speciﬁc to track health outcomes and trends, particularly in
rare disorders. Prophylaxis therapy has been administered to persons
with hemophilia, particularly in Europe, for 4 decades. However,
evidence from a randomized clinical trial regarding the efﬁcacy of this
therapy to prevent joint damage in children was ﬁrst reported in 2007.5
Randomized clinical data on the efﬁcacy of prophylaxis to prevent
bleeding and improve joint function has been more recently reported in
adolescents and adults.16-18 Data from the CDC/USHTCN surveillance registry of over 6000 individuals shows that prophylaxis
treatment increased from 31% overall in 1999 to 59% in 2010,
including 75% of all children and adolescents. During the same time,
joint and total hemorrhages were markedly reduced. Importantly,
inﬂammatory synovitis expressed as target joint hemorrhage was
greatly decreased. These data conﬁrm substantial improvement in
the bleeding outcome of hemophilia over a 12-year period, and
furthermore demonstrate the capacity of a national network of specialized hemophilia centers to support the implementation of preventive health care strategies. In addition, the study demonstrates the
capacity of CDC surveillance to document critical health outcomes in a
rare disease.
An important ﬁnding of this study is that prophylaxis was
effective in reducing joint bleeding rates, total bleeding rates, and
target joint bleeding in all age groups regardless of the age of
initiation, but on longitudinal analysis, prophylaxis was effective in
preventing loss of joint motion only among those in whom

prophylaxis was initiated prior to 4 years of age. Sensitivity
analyses of longitudinal outcomes on children commencing
prophylaxis at ages 4 or 5 years or $6 years failed to show a
signiﬁcant effect in decreasing the loss of joint ROM compared
with no prophylaxis. These data in a large prospective cohort
conﬁrm earlier results of smaller retrospective analyses.13-15
Therefore, primary prophylaxis, or the prevention of joint damage
by prevention of any joint hemorrhage is the only therapy effective
to preserve joint structure and function. In addition, in over 12 years
of observation, there was no observed beneﬁt of prophylaxis to
regain previously lost joint motion. Delayed initiation of prophylaxis has been shown to increase joint function and quality of
life, but did not improve joint structure on magnetic resonance
imaging.16 The current analysis suggests that continuous prophylaxis lowers the bleeding rate of participants with active joint
bleeding, but may have little to offer to participants with advanced
arthropathy and few acute hemarthroses in terms of reduction in
bleeding. However, individuals with advanced arthropathy treated
with prophylaxis may have decreased pain and increased mobility
permitting physical therapy, increased exercise, improved ﬁtness,
and increased participation.
Over the 12 years of observation, joint outcomes of bleeding
and target joints improved for all network participants with severe
hemophilia, although improvements were more marked for
participants on prophylaxis. The reasons why joint outcomes
improved for participants not on prophylaxis is unknown. It is
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Table 2. Multivariate analysis on the effect of prophylaxis on the repeated measures of overall joint ROM over time in 2908 US hemophilia
participants aged 2 to 19 years
Initial ROM status
Covariates
Age

Rate of ROM change

Parameter estimate

P

Parameter estimate

P

20.85

,.001

—

—

1.56

—

,.001

—

Inhibitor: yes vs no

20.46

.06

—

—

BMI: $85th vs ,85th percentile

21.07

.003

20.09

.001

Primary prophy ,4 y: yes vs no

0.96

.24

0.20

.03

Primary prophy 4 or 5 y: yes vs no

0.92

.34

0.10

.29

Secondary prophy: yes vs no

0.54

.46

0.04

.36

Race: white vs others

Prophy, prophylaxis.

likely that participants with clinically severe bleeding phenotypes
increasingly adopted prophylaxis, so that over time, the shrinking
population of participants with severe FVIII deﬁciency not
utilizing prophylaxis was over-represented by participants with
milder bleeding phenotypes or advanced arthropathy with infrequent acute bleeding. Other factors may have contributed to
improved joint outcomes in both treatment groups. Over the
duration of this study, increasing education to hemophilia
providers and consumers alike around the adverse consequences of
joint hemorrhage, may have resulted in a progressively decreased
tolerance for joint hemorrhage and earlier institution of preventive
measures, including long- and short-term prophylaxis as well as
more effective on-demand therapy, and possibly also the increased
use of physical therapies. Finally, a therapeutic effect of the
surveillance study itself must be considered. In the process of this
project, participants and health care providers were directed to
count the number of total and joint bleeding episodes, to measure
joint ROM, and consider whether therapy given was preventive
or reactive in nature. The attention directed to joint hemorrhage
and its impact on joint mobility, by itself, may have motivated
some participants to adopt a more preventive approach to their
health care.
Some limitations of this study are noteworthy. First, the most
signiﬁcant limitation is in the cross-sectional nature of the data:
declining trends in joint hemorrhages may not be causally related to
trends of increasing prophylaxis use. Undoubtedly, there were many
inﬂuences on the changes in hemophilic joint outcome that were
documented. However, the longitudinal analysis results provide clear
evidence that primary prophylaxis decreases the rate of ROM loss.
These data provide strong evidence that prophylaxis should be started
early in life in order to have the greatest beneﬁt, as has been suggested by retrospective studies from Sweden, Germany, and the
Netherlands.13-15
A second limitation is that the data on bleeding rates were generated
by patient self-report, which is prone to recall bias. Third, the presence
of synovitis, an important outcome, could only be approximated by
target joint bleeding rate, because no imaging studies or other
diagnostic investigations were performed for the purpose of surveillance. Fourth, the deﬁnitions of prophylaxis were very broad, and did
not allow for any analysis of the effect of prophylaxis dose intensity,
frequency, or duration.
In conclusion, these data demonstrate the power of a national public
health surveillance program to detect and track trends in signiﬁcant
outcomes of a rare chronic disease, and the capacity of a national
network of academic medical centers to collaborate in the collection of
critical outcome data. A key use of the registry is to elucidate continuing
unresolved outcome issues for development and conduct of prospective
clinical trials. Future studies on rates of joint replacement surgeries and

functional disability will be necessary to determine if these trends will
result in improved quality of life for persons with hemophilia.
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