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Abstract

Introduction: Estimates of the size and characteristics of the US haemophilia population are
needed for healthcare planning and resource needs assessment. A network of comprehensive
haemopbhilia treatment centres (HTCs) located throughout the United States receives federal
support for diagnosis and management of haemophilia and other rare bleeding disorders.

Aim: Estimate the incidence and prevalence of haemophilia among US males using the HTC
network.

Methods: During the period 2012-2018, de-identified surveillance data were collected on all
males who visited an HTC that included year of birth, gender, race, Hispanic ethnicity, residence
zip code, haemophilia type and severity. Data from all patients were used to calculate period
prevalence by haemophilia type, severity and state of residence. Data from a subset of patients
born 1995-2014 were used to estimate incidence rates over the 20-year period.

Results: During the period, 21 748 males with haemophilia visited the HTCs resulting in an age-
adjusted prevalence of 15.7 cases per 100 000 males (12 for haemophilia A and 3.7 for
haemophilia B). Prevalence was higher among whites (15.1) than blacks (12.4) or Hispanics of
either race (12.4). State-specific prevalence varied from 1.6 to 23.3 cases per 100 000. Based on
9587 males born during the index period, the average haemophilia incidence was 1 case per 4334
live male births.

Conclusion: Based on these data, we estimate that there are between 29 761 and 32 985 males
with haemophilia living in the United States today, the majority of whom receive comprehensive
care in specialized clinical centres.
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1| INTRODUCTION

Haemophilia is an X-linked, inherited disorder that results from mutations in the genes that
code for one of two proteins necessary for normal blood clotting, factor V11l (haemophilia
A) or factor IX (haemophilia B). Haemophilia A (HA) is more common than haemopbhilia B
(HB); however, both disorders primarily affect males and result in bleeding in organs, tissues
and joints in response to trauma and surgery. Without treatment, repeated bleeding into
joints leads to chronic debilitating joint disease. There are an estimated 20 000 men living
with haemophilia in the United States, but the exact number is not known.

The US Centers for Disease Control and Prevention (CDC) conducted the first population-
based assessment of the incidence and prevalence of haemophilia in the United States
utilizing the Haemophilia Surveillance System (HSS) in the early 1990s.1 However, the
surveillance was conducted following a period of high mortality in the haemophilia
population due to the HIV epidemic resulting from viral contamination of haemophilia
treatment products. Although the incidence and prevalence numbers reported in the HSS
were in the range of those previously reported, high mortality rates prior to the study period
may have resulted in underestimates.

Due to the complex nature of the disorder, it is likely that the majority of people with
haemophilia in the United States are seen in one of the approximately 140 federally
supported specialized haemophilia treatment centres (HTCs) located throughout the United
States as part of diagnosis and/or for routine follow-up care. At the time of the HSS, 67% of
the identified population with haemophilia in the six-state surveillance catchment area
received some care in an HTC during a three-year period.> A more recent population-based
study conducted in Indiana found that 81.7% of males with haemophilia identified in that
state had visited an HTC during the period 2011-2013.2

In 2012, in collaboration with the US HTC Network (USHTCN) and the American
Thrombosis and Hemostasis Network (ATHN), CDC began collecting data on all people
with bleeding disorders who received care at a network HTC at any time during each year
through a surveillance programme called Community Counts.3 Because routine treatment
for the disorder is expensive and complications can be severe, estimates of the size and
characteristics of the US haemophilia population are needed for healthcare planning and
resource needs assessment. The surveillance project collects data that provide a unique
opportunity to generate updated estimates of the incidence and prevalence of haemophilia
among males in the United States.

2| MATERIALS AND METHODS

Beginning in January 2012, a HIPAA-compliant de-identified data set that includes
demographic and clinical information was collected on all people with bleeding disorders
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who received care in the USHTCN in the portion of the Community Counts programme
called the HTC Population Profile, which as such did not require informed consent. Specific
data elements pertinent to this study include year of birth, gender, race, Hispanic ethnicity,
primary bleeding disorder diagnosis, baseline factor activity level and residence 3-digit zip
code. To assure confidentiality, data were sent to CDC using a unique identification key that
can be linked to an individual patient only at the HTC.

We used data collected from all male individuals with a primary diagnosis of HA or HB who
received care in 139 federally supported HTCs in the United States (Guam and Puerto Rico
territories were excluded) during the period 2012-2018. Severity was classified as severe if
the baseline factor activity level was <1%, moderate if between 1% and 5% and mild if >5%
to 40% of normal.# The distributions of the patients according to clinical (haemophilia type
and severity) and demographic (age, race and ethnicity) characteristics were used to describe
the prevalent populations receiving care.

Haemophilia period prevalence was calculated by dividing the number of unique males with
haemophilia who received care in the USHTCN during the period 2012-2018 by the average
number of US male residents over the same time period.® The prevalence was expressed as
cases per 100,000 (100K) males in the general US population. For each patient, age was
calculated by subtracting the year of birth from the first year that the patient was reported in
the surveillance data. Age-adjusted prevalence was calculated separately by haemophilia
type by direct standardization to the age distribution of the US population in 2000.6 Due to
the lack of annual census estimates, haemophilia prevalence by race and ethnicity was
calculated using the census populations estimated in 2015 as an approximation for the
average general male population during the surveillance period. State-specific prevalence
was determined using the 3-digit zip code of patient residence collected in the data set. For
20 subjects with missing zip code data, state of residence was assigned based on HTC
location.

Using surveillance data on year of birth, annual incidence rates over the period 1995-2014
were calculated by dividing the number of male haemophilia births in a particular year by
the number of male births among US citizens living in the states (excluding territories) in
that year from the National Center for Health Statistics natality tables.” Incidence rates were
expressed as one infant with haemophilia born per the number of live male infants born (e.g.,
1 haemophilia birth per 5000 US male births). Rates were averaged over the entire 20-year
period and separately over 5-year periods in order to examine trends. Rates were calculated
for all males with haemophilia and separately by haemophilia type.

RESULTS

During the period 2012-2018, 139 federally supported HTCs in the United States provided
data on a total of 21 748 males with haemophilia. The demographic and clinical
characteristics of the study population are shown in Table 1. Three-fourths had HA and just
over 40 per cent overall had severe disease. The mean (median) age of the cohort was 23.5
(19) years, and 75 per cent were under the age of 35 years. Compared with US males, the
age distribution of those with haemophilia was shifted towards younger ages with the
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highest proportion under 25 years (Figure 1). Compared with the distribution of race in the
United States, whites were over-represented (81% vs. 72.4%) while blacks (11.2% vs.
12.6%) and Asians (3.6% vs. 4.8%) were under-represented among those with haemophilia.
The proportion of those with Hispanic ethnicity was the same among those with haemophilia
and the general population (16% vs. 16.3%).

The distribution of severities varied by haemophilia type with a greater proportion of
severely affected among those with HA and a greater proportion of moderately affected
among those with HB (Table 2). The estimated prevalence of HA over the 6-year study
period was 10.5 cases per 100K males which increased to 12 per 100K males after
adjustment for the differences in the age distributions of the United States and haemophilia
populations. The corresponding prevalence figures for the HB cohort were 3.2 cases per
100K which increased to 3.7 per 100K males after age adjustment.

State-specific haemophilia prevalence ranged from 1.6 per 100K in Delaware to 23.3 per
100K in Maine (Figure 2). There were also differences in prevalence by race and ethnicity.
The prevalence of haemophilia for non-Hispanic whites, non-Hispanic blacks and for
Hispanics of either race was 15.1, 12.4 and 12.4 cases per 100K, respectively.

Among all of the subjects who received care in the USHTCN during the period, 9587 (44%)
were born during the period 1995-2014 and were used to estimate the incidence
corresponding to their year of birth. The distribution of haemophilia type and severity of
these patients was similar to that of the entire prevalent cohort; however, the proportion of
Hispanics in this younger cohort was somewhat higher (Table 1).

Annual incidence rates over the 20-year period by haemophilia type are presented in Table 3.
For HA, rates ranged from a low of 1 case per 7013 (1:7,013) live male births in 2014 to a
high of 1:4906 in 2004. Corresponding ranges for HB were 1:24 265 in 2007 to 1:14 339 in
2003. Rates for haemophilia of either type ranged from 1:5193 in 2014 to 1:3834 in 2004.
The overall average rate for all 20 years was 1:5617 for HA, 1:19 283 for HB and 1:4334 for
both. Average rates for the four 5-year periods are shown in the last column of Table 3.
While the rates were similar for the earlier two 5-year periods, rates appeared to be
decreased for both HA and HB in the most recent two 5-year periods.

DISCUSSION

Using data from a surveillance system that monitors people with haemophilia under care in
federally supported HTCs, we found somewhat higher prevalence and incidence figures than
those measured in the HSS. This finding was unexpected since the HSS provided more
complete ascertainment in the states studied, and it is known that not all people with
haemophilia in the United States receive care in these HTCs. While the exact proportion is
unknown, estimates from a more recent study that used the same methodology as the HSS
suggest that closer to 80% of the haemophilia population receive care in this HTC network
versus the 67% measured in the HSS.12 Based on the 21 748 patients we report in this study
and our assumptions about the proportion of US haemophilia males who receive care in
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HTCs (between 67% and 80%), we estimate that a total of between 29 761 and 32 985 males
with haemophilia live in the United States today.

Other methodologic and ecologic differences between the current study and HSS may have
contributed to the differences in rates. In HSS, an HTC patient was defined as having had an
HTC visit during a 3-year period. The current study included all patients visiting an HTC
over a 7-year period which may have increased the likelihood of enumerating patients with
infrequent clinic visits. In addition, cases in HSS were defined as those with <30% factor
activity level. However, our results were minimally affected when this lower cut-off value
was used in a separate analysis (results not shown).

The state-specific prevalence in the six states that participated in HSS ranged from 12.8 to
13.7 per 100K and averaged 13.4 per 100K. In the current study, with patients from all 50
states, the state-specific prevalence ranged from 1.6 to 23.4 with an average of 14.4 per
100K. The somewhat lower average prevalence in the HSS states relative to the rest of the
country based on our current data, if also present during the HSS study period, would have
resulted in an underestimate of the national rate.

HSS was conducted when mortality rates from AIDS were still high.8 Deaths occurring prior
to the surveillance would have lowered the estimates of both prevalence and incidence since
the incident cases were determined by using select birth years from among the prevalent
cases. The younger overall age distribution of the patients in the current study relative to
HSS (Figure 1) provides additional support for this possible explanation for the observed
differences in rates found by the two studies.

As shown in the map, haemophilia prevalence varies markedly across the United States.
State-specific prevalence variations were seen in both HA which ranged from 1.1 to 18.8 per
100K and in HB ranging from 0.7 to 10.4 per 100K males. HA prevalence was the highest in
the country in New Hampshire, Vermont, Maine, West Virginia, lowa and Pennsylvania. HB
prevalence was highest in Ohio, Indiana, lowa, Maine, West Virginia and Pennsylvania.
These high prevalence states are reflected on the map in the Northeast and Midwest regions
of the country and are consistent with founder effects present in both HA and HB combined
with migratory patterns early in the country’s history.%-12

A recent paper reported prevalence and incidence rates based on established registries in six
countries that could be used to estimate the potential burden of haemophilia in other
countries.13 For ease of comparison, in Table 4 we have converted our incidence measures to
the equivalent prevalence at birth measures used in the international study. In that paper, HA
prevalence was 30% higher (17.1 vs. 12.0 cases per 100K males) while that for HB was
nearly identical to the value reported here (3.8 vs, 3.7 cases per 100K). Similarly, estimates
of incidence were about 35% higher for HA (24.6 vs. 17.9 cases per 100K live male births)
but slightly lower than that for HB reported here (5.0 vs. 5.3 cases per 100K). The
international data more closely match our upper estimates of the US male haemophilia
population adjusted for the proportion of patients not seen at the HTCs (Table 4).

There are limitations that should be kept in mind when interpreting the findings that we
report. First, as already mentioned, not all males with haemophilia receive care in the
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federally supported HTC network covered by the surveillance. However, it is important to
point out that 86% and 95% of males with severe haemophilia received care in an HTC
during the 3-year periods monitored by the HSS and Indiana studies, respectively, while the
proportions were lower for the milder severities. The longer surveillance period in the
current study makes it likely that a higher proportion of males of all severities received care
in an HTC and, therefore, contributed to the occurrence rates reported here. Nonetheless, the
true occurrence rates of haemophilia are likely higher than those reported in this study.

Second, in order to contribute to the incidence rates, patients must have been old enough
during the surveillance period to have been diagnosed with haemophilia. In our study, the
youngest subjects had to have been diagnosed before the age of 5 years in order to be
counted in the incidence estimate for 2014. We have previously reported median ages at
diagnosis based on data from more than 13,000 participants of a similar surveillance system
established in this same HTC network over the period 1998-2011 as 36 months for mild, 8
months for moderate and 1 month for severe cases.!# It is likely that the lower incidence
rates seen in the later years in Table 3 are due to higher numbers of primarily mildly affected
patients who had not yet been diagnosed.

As shown in Figure 1, compared with the general population, the haemophilia population is
younger in the HTC PR just as it was in HSS. Advances in haemophilia treatment options
since the 1960s have reduced the risk of bleeding-associated mortality, but these
improvements were offset by the increased mortality in persons with haemophilia due to
HIV/AIDS and later HCV, both consequences of viral contamination of treatment products
in the early 1980s. It is expected that as life expectancy has increased due to advances in
therapy, the age distributions will likely more closely resemble that of the general US
population over time. As has already been reported by others, issues of ageing in the
haemophilia population including cardiovascular disease and other chronic disorders will
become more prominent. 1516

Additionally, incidence rates may be affected by a number of factors, such as advances in or
increased use of prenatal diagnosis leading to increased termination of affected pregnancies,
ability to select female embryos after in vitro fertilization to avoid male offspring or select
male embryos unaffected by haemophilia,1” or even changes in the accuracy and/or
timeliness of diagnosis if capabilities of HTCs are affected over time by changes in the
treatment landscape.

Because haemophilia care in HTCs is potentially a regionalized phenomenon supported by
the organizational structure of the USHTCN (ie regions meet and share clinical practices,
difficult cases, quality improvement efforts, etc), it is important to continue to track the
regional differences in the prevalence of haemophilia types and severities due to founder
effects. It is possible that this variation in the epidemiology between states/ regions affects
the care practices in those regions. For example, surgical procedures for arthropathy (eg joint
replacement) could be less common in the Midwest due to a relatively higher proportion of
moderate haemophilia patients (those with the less severe founder mutations) compared with
other areas.
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Finally, although we did not include women and girls in the data presented here, the HTC
Population Profile provides an opportunity to characterize the female population with factor
VII/1X deficiency. The surveillance programme could help improve understanding of the
scope of issues facing women with bleeding disorders and to determine the public health
needs of this population. Recent publications'8-20 have documented the clinically significant
bleeding among females with factor V11 and 1X deficiency and highlight need for a more
concerted effort to ensure the appropriate evaluation and management of women in the HTC
system.

5| CONCLUSIONS

We have found that occurrence rates of haemophilia in the United States are higher than
previously measured by a population-based study conducted more than 20 years ago. The
higher proportion of youth in the haemophilia population relative to the general population
is indicative of the regeneration of a population decimated by the HIV epidemic in the
1980s. Improvements in treatment are expected to continue to extend the lifespan of people
with haemophilia. Regional differences in the distribution and severity levels of the patient
population may require closer monitoring to ensure that needed resources and services are
available to maximize the health and quality of life of people with bleeding disorders.
Continued surveillance in the USHTCN is important as advances in treatment are likely to
affect both outcomes and care patterns. Longer acting and more effective treatment products
as well as successful gene therapy will lead to decreased bleeding and other complications
and may require less frequent follow-up care. Increases in life expectancy may result in
changes in the care provided by the centres in order to deal with challenges of chronic
diseases of ageing.
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FIGURE 1.

Age distributions of HSS males (1998 study), HTC PP males (current study) and US males.
HSS, Haemophilia Surveillance System; HTC PP, Haemophilia Treatment Center population
profile. US male age distribution based on 2015 census estimate (https://www.census.gov/
data/tables/2015/demo/age-and-sex/2015-age-sex-composition.htmlwileyonlinelibrary.com])
[Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2.
State-specific prevalence of haemophilia per 100 000 population based on the number of

males with haemophilia receiving care in 139 haemophilia treatment centres in the United
States, 2012—-2018 [Colour figure can be viewed at wileyonlinelibrary.com]
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Characteristics of 21 748 males with haemophilia receiving care in 139 US haemophilia treatment centres,

2012-2018

Characteristic
Haemophilia type
A
B
Severity
Mild
Moderate
Severe
Unknown
Age (years)
Under 1
1-5
6-11
12-19
20-29
30-39
40-49
50-59
60-69
70+
Race
White
Black
Asian
Other
Unknown
Ethnicity
Non-hispanic

Hispanic

All Born after 1994
N % N %
16642 765 7411 77.3
5161 235 2176 22.7
6447 29.6 2776 29.0
5427 25.0 2455 25.6
9478 43.6 4203 43.8
396 1.8 153 1.6
1246 5.7 522 5.4
3032 139 2574 26.9
3099 143 3099 32.3
3839 17.7 3256 34.0
3670 16.9 136 14
2366 109 -

1572 7.2 -

1483 68 -

935 4.3 -

506 2.3 -

17651 812 7653 79.8
2432 11.2 1118 11.7
784 3.6 390 4.1
407 1.9 192 2.0
474 2.2 234 2.4
18274 840 7618 79.5
3474 16.0 1969 20.5
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