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Purpose: We compare the impact of hemophilia on comorbidities, joint problems, health-related quality of life (HRQoL) and health-
care utilization between two age groups: 40–49 years and ≥50 years.
Patients and Methods: The HUGS VII study recruited persons with hemophilia A or B age ≥40 years. Participants completed
surveys to collect data on sociodemographic and clinical characteristics, hemophilia treatment regimen, pain, joint problems,
comorbidities, HRQoL, depression and anxiety, at baseline and 6-months later. Clinical chart reviews documented hemophilic severity
and treatment.
Results: The sample includes 69 males, 65.2% aged ≥50 years, 75.4% with hemophilia A. Individuals ≥50 years were more likely to
have mild or moderate hemophilia (68.9% vs 41.7%, P = 0.03) than those 40–49 years old. Among persons with mild/moderate
hemophilia, those ≥50 years old reported a higher rate of joint pain (83.9% vs 70.0%, P = 0.34 at baseline, 91.3% vs 57.1%, P = 0.06 at
follow up) or range of motion limitation (73.3% vs 60.0%, P = 0.43 at baseline, 73.9% vs 28.6%, P = 0.04 at follow up) than the
younger group. Compared to the younger group, the older group reported fewer emergency room visits (4.5% vs 21.7%, P = 0.03), and
physical therapy visits (15.9% vs 43.5%, P = 0.01) at baseline. The sample depression rate was 85.7%, but the differences among the
age groups were not significant. The mean covariate-adjusted EQ-5D index score was lower in older persons (0.77 vs 0.89, P = 0.02).
Conclusion: Older persons with hemophilia in this sample are over-represented by individuals with mild/moderate disease,
potentially due to premature death among those with severe disease. Although this group included a larger proportion of individuals
with mild disease than the younger group, they experienced lower quality of life, more comorbidities both of aging and of hemophilic
arthropathy, and lower rates of health-care utilization.
Keywords: hemophilia A, hemophilia B, burden of hemophilia, aging in hemophilia

Introduction
Hemophilia is a rare genetic bleeding disorder, which affects one in 5000 male births, or approximately 20,000 males in
the U.S.1 While there have been great advances in care and therapeutics over the past few decades, persons with
hemophilia (PWH) still suffer from increased morbidity and mortality due to bleeding in joints, muscles, and other sites.
Hemophilia treatment is extremely costly with the total annual cost of care per person estimated to be $139,102 (SD
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$304,033) in 1995 US dollars.2 The treatment of hemophilia is a lifetime commitment on the part of the providers,
payers, affected persons and their families.

Major clinical manifestations of hemophilia involve bleeding episodes, most often in knee, ankle and elbow joints. In
addition, individuals with hemophilia are at risk of bleeding into muscles and internal organs, including the central
nervous system. Repeated bleeding and bleeding-related arthropathy are major causes of acute and chronic joint pain,
hemophilic morbidity and reduced every day function.3 Inadequate management of bleeding events increases the risks of
serious morbidities such as disability, as well as lower health-related quality of life (HRQoL). Clinical manifestations
negatively impact not only the physical functioning of persons with hemophilia, but may also affect their every day
functioning, mental health, and social health.4

With improved hemophilia care and prophylactic treatment, the life expectancy of PWH has increased, making age-related
comorbidities more common. A study conducted by Khleif found that adults who were 40 years or older and were cared for by
the Gulf States Hemophilia & Thrombophilia Treatment Center, had at least one comorbid condition other than hemophilia,
and the majority had between 3 and 6 comorbidities.5 This study reported the most common conditions were chronic hepatitis
C virus (HCV), hypertension, human immunodeficiency virus (HIV), chronic arthropathy, and overweight/obesity.5 HCVand
HIV, both blood-borne viral infections, caused high mortality rate during the 1980s and 1990s.6,7 Another review on aging
among PWH has identified the need to develop evidence to guide their treatment and their age-related comorbidities, as well as
the need for additional prospective studies to guide proper delivery of care to this special population.8

Since 1995, the Hematology Utilization Group Studies (HUGS) have collected data from Hemophilia Treatment
Centers (HTCs) to evaluate the costs of care and disease burden in PWH.2,9–11 However, these studies collected data
from the general hemophilia population between 2 and 64 years old, with an inadequate sample of the elderly patient
population. The HUGS VII study collected data focused on individuals aged 40 years and older (with the oldest being 79
years old). This article compares the impact of hemophilia on comorbidities, joint problems, HRQoL and health-care
utilization between two age groups: 40–49 years and ≥50 years.

Materials and Methods
Design
HUGS VII is an observational cohort study that collected data from three US HTCs that provide care to PWH in three states
(Colorado, Michigan, and Washington). Institutional review board approvals were obtained from the Data Coordinating
Center at the University of Southern California and the three HTCs. The study complies with Declaration of Helsinki.
Participants met the following inclusion criteria: 1) age 40 years or older; 2) factor VIII or factor IX activity level ≤30%; 3)
male gender (since hemophilia is an X-linked disorder); 4) received the majority of their hemophilia care at the HTC to
ensure the HTC can collect participant data through the study period; 5) provided care at the recruiting HTC in the year prior
to enrollment in this study; 6) speaks English; and, 7) willing to provide written informed consent. Individuals judged by the
clinician to be cognitively impaired or those with any additional blood disorder were excluded.

Recruitment and Procedures
Eligible participants were identified by the site study coordinator during clinic visits or through retrospective clinical
chart review. After obtaining informed consent, the study coordinator provided participants with written instructions for
taking surveys at baseline (enrollment) and six months later. The coordinator administered the baseline survey. Six
months after enrollment, the study coordinator sent a reminder to participants to complete the follow-up survey.
Participants were given the option of completing the follow-up data via a Qualtrics online survey, or through a mailed
survey or by a telephone interview conducted by the study coordinator. Most participants chose to complete the online
survey, although some used the mailed or telephone surveys when more convenient, or they had no internet access.
Participants received a $10 gift card for completing the initial survey and a $20 gift card for completing the follow-up
survey. Recruitment began in April 2018 and was closed in December 2019; data collection was completed in
October 2020.
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At each HTC, the study coordinator abstracted clinical information from each participant’s medical chart for the
period of six months prior to and after enrollment. Information collected included clinical characteristics of the
participant, type of factor VIII or IX products prescribed (eg, recombinant derived, or plasma derived, bypassing agents,
or other products), factor VIII or IX prescription information, inhibitor status and laboratory values, other anti-
hemophilic medications, range of motion, outpatient doctor visits, hospitalizations, and emergency room visits.
Clotting factor infusion records were acquired from pharmaceutical records supplied by the patient’s home health
company or pharmaceutical benefit manager, or from HTC 340B pharmacy records. Where participants did not complete
the follow-up survey, clinical chart review data was still collected.

Measures
The initial survey collected data on personal characteristics including hemophilia treatment, health-care utilization,
bleeding information, pain, joint problems, health status, work productivity and activity impairment, medical conditions
and comorbidities, access to care, and physical activity. Sociodemographic data was also collected, including marital
status, employment, education, ethnicity, race, health insurance status and household income. The six-month follow-up
survey collected similar data, with the exception of medical conditions, sociodemographics, and health insurance status.

Self-Reported Comorbidities and Complications
Self-reported comorbidities questionnaire was adapted from the National Health Nutrition Examination Survey
(NHANES). Comorbidities were measured by asking “Has a doctor ever told you that you have certain conditions?”
The questionnaire asked about 19 medical conditions, including high blood pressure/hypertension, osteo/rheumatoid
arthritis, osteoporosis, heart attack/myocardial infarction, procedures to treat coronary artery disease, congestive heart
failure, skin cancer, cancer (other than skin cancer), diabetes/high blood sugar, emphysema, asthma, chronic bronchitis,
chronic obstructive pulmonary disease (COPD), stroke, hip fracture, Alzheimer’s disease, Parkinson’s disease, depres-
sion, anxiety, hepatitis C virus (HCV) infection, and HIV/AIDS status.

Self-Reported Joint Health and Pain
Self-reported joint pain and range of motion (ROM) limitation were obtained from two multiple choice questions.9

General and acute pain were measured by asking participants to specify the intensity of pain using a Visual Analogue
Scale (VAS) ranging from 0 (no pain) to 10 (worst pain).12

Health-Related Quality of Life
HRQoL was measured by the EuroQoL EQ-5D-3L.13 The EQ-5D-3L consists of the EQ-5D descriptive system and the
EQ visual analogue scale (EQ VAS). The EQ-5D-3L descriptive system comprises five dimensions: mobility, self-care,
usual activities, pain/discomfort and anxiety/depression. Each dimension has three levels: no problems, some problems,
and extreme problems. The VAS records the respondent’s self-rated health on a vertical numeric scale ranging from 0
(the worst possible health status) to 100 (the best possible health status). The US-based valuation algorithm was used to
generate a time trade-off (TTO) index score, which is anchored at 0 for death and 1 for perfect health.14

Work Productivity and Activity Impairment
The hemophilia-specific version of the Work Productivity and Activity Impairment (WPAI) questionnaire was used to
measure the impact of the hemophilia on the participants’ productivity.15 The WPAI yields four types of scores based on
the assessment in the previous 7 days: 1) absenteeism (work time missed), 2) presenteeism (impairment while working or
reduced on-the-job effectiveness), 3) work productivity loss (overall work impairment or sum of absenteeism and
presenteeism), 4) activity impairment. The scores are expressed in percentages.

Anxiety and Depression
Anxiety and depression were included as one of many self-reported comorbidities in the initial survey. The seven-item
Generalized Anxiety Disorder (GAD-7) and the nine-question Patient Health Questionnaire (PHQ-9) were also included
in the follow-up survey. GAD-7 was used to measure anxiety,16 and PHQ-9 was used to measure depression.17 If scores
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on either of these measures reach 10 or greater, it is considered as diagnostic for the respective mental health
condition.16,17

Health-care Utilization
The patient surveys provided self-reported data on health-care utilization, including number of outpatient visits, physical
therapy visits, medical procedures related to treating bleeding events, and emergency room visits, as well as overnight
stays in a hospital. Participants were asked to consider the previous 30 days for the initial survey and the previous six
months for the follow-up survey regarding health-care utilization. Health-care utilization data was also abstracted from
participants’ clinical charts to document the utilization for a period of six-month prior and post enrollment.

Statistical Analysis
Descriptive statistics, such as frequencies and proportions (for categorical variables) and means, standard deviations,
medians, and ranges (for continuous variables), describe the sample in terms of participant demographic and clinical
characteristics, HRQoL, WPAI scores, and health-care utilization. Comparisons of individuals’ characteristics were made
between two age groups, 40–49 vs ≥50 years old. To compare the variables between the two age groups, we defined the
clinically meaningful difference as minimum 5% difference for the categorical variables, 0.5 points difference for scores
that ranged from 0 to 10, or 5 points difference for scores that ranged from 10 to 100 for the continuous variables. Since
all these cut points had at least 0.2 effect size, they fit Cohen’s definition for small effect size. A small effect size of this
magnitude may be considered as clinically relevant.18

Generalized linear regression models were used to assess mean covariate-adjusted scores for pain and EQ-5D scores
by age group. These scores were obtained from general linear regression models using least squares means, which
computed for each age group appropriately adjusted for the covariate effect in the general linear models. Covariates
included education, employment, marital status, prophylactic treatment use, hemophilic severity, and self-reported joint
problems.

Results
Participants’ Characteristics
We recruited and collected baseline data from 70 males with hemophilia aged ≥40 years. One participant was lost to
follow-up as he was no longer receiving care at the HTC during the six- month follow-up period. Fifty-seven participants
(81%) completed the follow-up survey.

The analysis sample included 69 participants with a mean age of 56.8 years (standard deviation: 11.0; ranging from 40.0
to 79.0 years old), 65.2% were 50 years of age or older, and 75.4% were diagnosed with hemophilia A. The group of
individuals ≥50 years of age had higher rates of: marriage or partnership (71.1% vs 54.2%, P = 0.16), high school or more
education (100% vs 91.7%, P = 0.049), and were more likely to be retired or not employed (66.7% vs 25.0%, P = 0.001)
than the group 40–49 years old. The older group had a significantly lower proportion of individuals with annual family
income >$75,000, compared to those 40–49 years old (33.3% vs 65.2%, P = 0.02). The older group also had a significantly
higher proportion with public health insurance (47.7% vs 18.2%, P = 0.0004) (Table 1).

Self-Reported Clinical Characteristics
Persons ≥50 years were more likely to have mild or moderate hemophilia (68.9% vs 41.7%, P = 0.03) than persons in the
40–49 age group (Table 2). Use of prophylaxis among those with severe hemophilia did not differ by age group.

Self-Reported Comorbidities and Complications
The most frequently reported comorbidities were HCV infection (76.5%), hypertension (47.1%), depression (23.9%),
anxiety (20.9%), and diabetes (17.6%). Of those with HCV infection, 78.9% had been treated, and 82.4% of those treated
had cleared the virus (Table 2). When depression and anxiety were measured by the PHQ-9 and GAD-7, 85.7% of the
sample met the clinical diagnosis threshold for depression and 35.7% for anxiety, but the differences among the age
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groups were not statistically significant (Table 3). The older age group had higher rates of self-reported myocardial
infarction (11.9% vs 0%, P = 0.08) and diabetes (25.0% vs 4.2%, P = 0.03) than those 40–49 years of age (Table 2).

Self-Reported Joint Health and Pain
Among participants with mild/moderate hemophilia, the older age group reported a higher rate of joint pain (83.9% vs
70.0%, P = 0.34 at baseline, 91.3% vs 57.1%, P = 0.06 at follow up) than the younger group. Similarly, a greater
proportion of the older group reported having range of motion limitations (73.3% vs 60.0%, P = 0.43 at baseline, 73.9%
vs 28.6%, P = 0.04 at follow up). Among the study sample, rates of self-reported joint pain (91.9% vs 80.0%, P = 0.08)
or of joint range of motion limitation (83.8% vs 73.7%, P = 0.69) in the follow-up survey were higher among the older

Table 1 Participants’ Social Demographic Characteristics and Health Insurance from Initial Survey

Variable Total (N=69) Age 40–49 Years (N=24) Age ≥50 Years (N=45) P Valuea

Mean (Standard Deviation) age 56.8 (11.0) 44.8 (2.9) 63.3 (7.8) <0.0001

Race 0.65

White 58 (85.3) 19 (82.6) 39 (86.7)
Other 10 (14.7) 4 (17.4) 6 (13.3)

Education 0.049

Less than high school 2 (2.9) 2 (8.3) 0 (0.0)

High school or more 67 (97.1) 22 (91.7) 45 (100.0)

Employment 0.001

Employed 33 (47.8) 18 (75.0) 15 (33.3)
Retired/Not employed 36 (52.2) 6 (25.0) 30 (66.7)

Marital status 0.16
Married/with a partner 45 (65.2) 13 (54.2) 32 (71.1)

Single/not with a partner 24 (34.8) 11 (45.8) 13 (28.9)

Hemophilia constrained choice of career 0.49

Yes 27 (42.2) 8 (36.4) 19 (45.2)

No 37 (57.8) 14 (63.6) 23 (54.8)

Income 0.02

$75,000 or less 32 (54.2) 8 (34.8) 24 (66.7)
More than $75,000 27 (45.8) 15 (65.2) 12 (33.3)

Health insurance covered 0.48
Entire 12 months 65 (98.5) 22 (100.0) 43 (97.7)

Less than 12 months 1 (1.5) 0 (0.0) 1 (2.3)

Health insurance type 0.0004

Public 25 (37.9) 4 (18.2) 21 (47.7)

Private 32 (48.5) 18 (81.8) 14 (31.8)
Private &Public 9 (13.6) 0 (0.0) 9 (20.5)

Difficulty finding insurance 0.87
Yes 14 (21.5) 5 (22.7) 9 (20.9)

No 51 (78.5) 17 (77.3) 34 (79.1)

Difficult to get hemophilia care 0.53

Yes 4 (6.2) 2 (8.7) 2 (4.8)

No 61 (93.8) 21 (91.3) 40 (95.2)

Notes: Data were presented as number (column percentage) for categorical variables, or mean (standard deviation) for continuous variables. a P values were calculated from
chi-square tests for categorical variables and t-tests for continuous variables.
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Table 2 Self-Reported Clinical Characteristics from Initial Survey

Variable Total (N=69) Age 40–49 Years
(N=24, 34.8%)

Age ≥50 Years
(N=45, 65.2%)

P Valuea

Hemophilia type 0.59

Hemophilia A 52 (75.4) 19 (79.2) 33 (73.3)

Hemophilia B 17 (24.6) 5 (20.8) 12 (26.7)

Hemophilia severity 0.03

Mild/Moderate 41 (59.4) 10 (41.7) 31 (68.9)
Severe 28 (40.6) 14 (58.3) 14 (31.1)

Used prophylactic treatment 31 (46.3) 14 (60.9) 17 (38.6) 0.08

Used prophylactic treatment in severe hemophilia 24 (85.7) 12 (85.7) 12 (85.7) 1.00

Self-reported joint pain 0.62

No pain 9 (13.2) 3 (12.5) 6 (13.6)
Any pain 59 (86.8) 21 (87.5) 38 (86.4)

When bleeding 5 (7.4) 3 (12.5) 2 (4.5)

Some of time even if not bleeding 16 (23.5) 6 (25.0) 10 (22.7)
Most of time even not bleeding 24 (35.3) 9 (37.5) 15 (34.1)

Severe pain 14 (20.6) 3 (12.5) 11 (25.0)

Joint range of motion limitation 0.18

No limitation 12 (17.9) 4 (16.7) 8 (18.6)

Any limitation 55 (82.1) 20 (83.3) 35 (81.4)
When bleeding 9 (13.4) 6 (25.0) 3 (7.0)

When not bleeding 36 (53.7) 12 (50.0) 24 (55.8)

Severe limitation 10 (14.9) 2 (8.3) 8 (18.6)

Mean number of joint bleeds (Standard deviation) 0.4 (0.8) 0.3 (0.6) 0.4 (0.9) 0.76

Mean number of non-joint bleeds (Standard deviation) 0.4 (0.9) 0.4 (0.6) 0.5 (1.0) 0.54

Self-reported Comorbidities and complicationsb

Osteo/rheumatoid arthritis 32 (48.5) 9 (39.1) 23 (53.5) 0.27

Hypertension 32 (47.1) 7 (29.2) 25 (56.8) 0.03

Depression 16 (23.9) 4 (16.7) 12 (27.9) 0.30
Anxiety 14 (20.9) 5 (20.8) 9 (20.9) 0.99

Diabetes 12 (17.6) 1 (4.2) 11 (25.0) 0.03

Skin cancer 6 (9.1) 0 (0.0) 6 (14.3) 0.05
Myocardial infarction 5 (7.6) 0 (0.0) 5 (11.9) 0.08

Emphysema/asthma/chronic bronchitis/COPD 5 (7.6) 1 (4.2) 4 (9.5) 0.43

A procedure to treat CAD 4 (6.0) 0 (0.0) 4 (9.3) 0.12
Congestive heart failure 2 (3.0) 0 (0.0) 2 (4.8) 0.28

A hip fracture 2 (3.0) 0 (0.0) 2 (4.7) 0.28

Stroke 1 (1.5) 0 (0.0) 1 (2.3) 0.45
Alzheimer disease 1 (1.5) 0 (0.0) 1 (2.3) 0.45

Parkinson disease 1 (1.5) 0 (0.0) 1 (2.3) 0.45

Osteoporosis 1 (1.8) 0 (0.0) 1 (3.0) 0.40
Hepatitis C Infection 52 (76.5) 19 (79.2) 33 (75.0) 0.70

HIV/AIDS positive 9 (13.2) 4 (16.7) 5 (11.4) 0.54

Notes: Data were presented as number (column percentage) for categorical variables or mean (Standard deviation) for continuous variables. aP values were calculated from
chi-square tests. bThere is no person reported cancer.
Abbreviations: COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency
syndrome.
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group than in the younger age group in the follow-up survey (Table 3). Mean number of joint bleeds and non-joint bleeds
were not significantly different between age groups, either at initial survey or at follow-up (Tables 2 and 3). Mean daily
pain level in general was greater in the older age group than that in the younger age group (3.8 vs 3.0, P = 0.19 at initial
survey, 4.1 vs 3.2, P = 0.23 in follow-up survey, respectively) (Table 4). Mean pain rating related to acute bleeding was
similar between age groups at initial survey (2.5 vs 2.3, P = 0.73), but not significantly different among the age groups
(3.1 vs 2.2, P = 0.30) at follow up.

Health-Related Quality of Life
Table 4 shows the mean EQ-5D scores for the overall sample and stratified by age group. The mean covariate-adjusted
EQ-5D VAS and index scores were lower among older persons (68.79 vs 73.74, P = 0.34 for VAS, 0.77 vs 0.89, P = 0.02
for EQ-5D index score) at the initial survey (Table 4). At follow up, the mean covariate-adjusted EQ-5D VAS was
significantly lower in older persons than in younger individuals (68.62 vs 82.46, P = 0.03) and mean covariate-adjusted
EQ-5D index score was lower in older persons (0.78 vs 0.89, P = 0.07) (Table 4).

Work Productivity and Activity Impairment
The results of WPAI were reported for 33 participants who were employed at the time of enrollment. Although none of
the results were significant, those in the older age group had lower absenteeism scores (0% vs 11.1%, P = 0.16), or

Table 3 Self-Reported Clinical Characteristics from Follow-Up Survey

Variable Total (N=57) Age 40–49 Years
(N=20, 35.1%)

Age ≥50 Years
(N=37, 64.9%)

P Valuea

Self-reported joint pain 0.08

No pain 7 (12.3) 4 (20.0) 3 (8.1)

Any pain 50 (87.7) 16 (80.0) 34 (91.9)
Some of time even if not bleeding 19 (33.3) 9 (45.0) 10 (27.0)

Most of time even not bleeding 21 (36.8) 3 (15.0) 18 (48.6)

Severe pain 10 (17.5) 4 (20.0) 6 (16.2)

Joint range of motion limitation 0.69
No limitation 11 (19.6) 5 (26.3) 6 (16.2)

Any limitation 45 (80.4) 14 (73.7) 31 (83.8)

When bleeding 2 (3.6) 1 (5.3) 1 (2.7)
When not bleeding 34 (60.7) 11 (57.9) 23 (62.2)

Severe limitation 9 (16.1) 2 (10.5) 7 (18.9)

Number of joint bleeds 1.5 (2.3) 1.8 (2.7) 1.3 (2.0) 0.44

Number of non-joint bleeds 0.6 (1.3) 0.4 (0.7) 0.7 (1.5) 0.30

Depression measured by PHQ-9 0.85

Mild, 5–9 8 (14.3) 3 (15.0) 5 (13.9)
Diagnostic depression, ≥10 58 (85.7) 17 (85.0) 31 (86.1)

Moderate, 10–14 26 (46.4) 9 (45.0) 17 (47.2)

Moderately severe, 15–19 17 (30.4) 7 (35.0) 10 (27.8)
Severe depression, 20–27 5 (8.9) 1 (5.0) 4 (11.1)

Anxiety measured by GAD7 0.81
Mild, 5–9 36 (64.3) 12 (60.0) 24 (66.7)

Diagnostic anxiety, ≥10 20 (35.7) 8 (40.0) 12 (33.3)

Moderate, 10–14 14 (25.0) 6 (30.0) 8 (22.2)
Severe, 15–21 6 (10.7) 2 (10.0) 4 (11.1)

Notes: Data were presented as number (column percentage). aP values were calculated from chi-square tests.
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activity impairment (16.7% vs 22.2%, P = 0.52), but had a higher presenteeism score or work productivity loss (both
were 12.1% vs 6.3%, P = 0.32). None of the 25 persons employed at the time of the follow-up survey had missed work.
Those ≥50 years old reported higher presenteeism score or work productivity loss (both were 10.0% vs 3.8% P = 0.32),
and activity impairment (14% vs 7.7%, P = 0.35) from the follow-up survey.

Health-care Utilization
As compared to those 40–49 years old, fewer proportion of participants ≥50 years old reported emergency room visits
(4.5% vs 21.7%, P = 0.03), or physical therapy visits (15.9% vs 43.5%, P = 0.01) at baseline, but a higher proportion of
individuals in this group reported doctor visits (69.4% vs 50.0%, P = 0.15) and emergency room visits (27.8% vs 15.0%,

Table 4 Pain and Health-Related Quality of Life Measurement

Variable Total (N=69) Age 40–49 Years
(N=24, 34.8%)

Age ≥50 Years
(N=45, 65.2%)

P Valuea

Measure from initial survey

Satisfied bleeding treatment 8.8 (2.0) 8.7 (2.2) 8.9 (1.9) 0.71

Covariate adjusted satisfied bleeding treatment NA 9.2 (0.8) 9.2 (0.9) 0.99

Daily pain level in general 3.5 (2.4) 3.0 (2.2) 3.8 (2.6) 0.19

Covariate adjusted daily pain level in general NA 1.4 (0.9) 2.7 (1.1) 0.10

Pain related to acute bleeding rating 2.4 (3.2) 2.3 (3.3) 2.5 (3.1) 0.73

Covariate adjusted pain related to acute bleeding rating NA 1.4 (1.3) 2.1 (1.5) 0.50

EQ VAS 70.54 (19.75) 73.74 (17.80) 68.79 (20.73) 0.34

Covariate adjusted EQ VASb NA 81.63 (7.66) 73.67 (8.74) 0.21

EQ-5D index score 0.74 (0.18) 0.78 (0.16) 0.72 (0.19) 0.13

Covariate adjusted EQ-5D index scoreb NA 0.89 (0.06) 0.77 (0.07) 0.02

Measure from follow up survey Total (N=57) Age 40–49 years
(N=20, 35.1%)

Age ≥ 50 years
(N=37, 64.9%)

P Valuea

Satisfied bleeding treatment 8.4 (2.2) 8.7 (2.0) 8.2 (2.3) 0.37

Covariate adjusted satisfied bleeding treatment NA 9.3 (0.96) 8.6 (1.0) 0.39

Daily pain level in general 3.8 (2.6) 3.2 (2.5) 4.1 (2.6) 0.23

Covariate adjusted daily pain level in general NA 1.8 (1.0) 2.9 (1.1) 0.19

Pain related to acute bleeding rating 2.8 (3.1) 2.2 (3.2) 3.1 (3.1) 0.30

Covariate adjusted pain related to acute bleeding rating NA 1.4 (1.3) 2.1 (1.5) 0.50

EQ VAS 68.55 (19.78) 76.11 (15.35) 64.68 (20.84) 0.04

Covariate adjusted EQ VASb NA 82.46 (7.13) 68.62 (7.81) 0.03

EQ-5D index score 0.75 (0.20) 0.79 (0.18) 0.73 (0.21) 0.22

Covariate adjusted EQ-5D index scoreb NA 0.89 (0.07) 0.78 (0.08) 0.07

Notes: Data were presented as mean (standard deviation), or covariate adjusted mean (standard error). Covariate adjusted mean and standard error were obtained from
general linear regression models least squares means, which computed for each age group appropriately adjusted for the covariate effect in the general linear models.
aP values were calculated from t-tests or general linear regression models type III model test. bCovariates include education, employment, marital status, used prophylactic
treatment, hemophilia severity, self-reported joint problems.
Abbreviations: N, number; EQ VAS, EuroQol visual analogue scale; NA, not apply.
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P = 0.28) at follow up (Table 5). Among those who visited the emergency room, older persons had a greater mean
number of visits (1.4 vs 1.0, P < 0.0001) based on 12 months of medical chart reviews (Table 6).

Discussion
This observational study compared a sample of US men with hemophilia of all severities in their 40ʹs (beginning middle
age) to counterparts 50 years of age or older (middle and older age adulthood) who obtained care at three HTCs. This
study’s aim was to describe their health status, in terms of hemophilia and aging-related comorbidities, and to examine
the impact of hemophilia on joint health, quality of life, and health-care services utilization.

Table 5 Self-Reported Health-care Utilization

Variable Initial Surveya Follow Up Surveya

Total
(N=69)

Age P Value† Total
(N=57)

Age P Valueb

40–49 Years
(N=24,
34.8%)

≥50 Years
(N=45,
65.2%)

40–49 Years
(N=20,
35.1%)

≥50 Years
(N=37,
64.9%)

HTC visits 29 (43.9) 10 (43.5) 19 (44.2) 0.96 34 (59.6) 16 (80.0) 18 (48.6) 0.02

Doctor visits 20 (30.3) 8 (34.8) 12 (27.9) 0.56 35 (62.5) 10 (50.0) 25 (69.4) 0.15

Procedure done 13 (19.4) 3 (13.0) 10 (22.7) 0.34 13 (23.2) 3 (15.0) 10 (27.8) 0.28

Hospital stays 7 (10.6) 4 (17.4) 3 (7.0) 0.19 8 (14.3) 2 (10.0) 6 (16.7) 0.49

Emergency room visits 7 (10.4) 5 (21.7) 2 (4.5) 0.03 13 (23.2) 3 (15.0) 10 (27.8) 0.28

Physical therapy 17 (25.4) 10 (43.5) 7 (15.9) 0.01 15 (26.8) 8 (40.0) 7 (19.4) 0.1

Any other visits to
a medical provider

50 (73.5) 18 (75.0) 32 (72.7) 0.84 27 (48.2) 9 (47.4) 18 (48.6) 0.93

Notes: Data were presented as number (column percentage). aInitial survey asked healthcare utilization during past month. Follow up survey asked healthcare utilization
during past 6-months. bP values were calculated from chi-square tests.
Abbreviation: HTC, hemophilia treatment center.

Table 6 Mean of Health-care Utilization from Clinical Chart Review for 12 Months Period

Variable Total (N=69) Age 40–49 Years
(N=24, 34.8%)

Age ≥50 Years
(N=45, 65.2%)

P Valuea

Number months with severe medical problems 0.1 (0.4) 0.0 (0.2) 0.1 (0.5) 0.56

Number months with a new complication diagnosis 0.5 (0.9) 0.5 (0.7) 0.6 (1.0) 0.68

Number months used pain medicine 4.8 (5.6) 4.8 (5.7) 4.8 (5.6) 0.97

Number of doctor visits 4.8 (8.0) 7.3 (11.3) 3.5 (5.1) 0.13

Number of ER >0b 1.3 (0.5) 1.0 (NA) 1.4 (0.5) <0.0001

Number of ER 0.1 (0.4) 0.0 (0.2) 0.2 (0.5) 0.17

Number of hospitalizations >0b 1.3 (0.9) 1.2 (0.4) 1.4 (1.1) 0.68

Number of hospitalizations 0.2 (0.6) 0.3 (0.5) 0.2 (0.7) 0.86

Number of procedures >0b 1.0 (0.0) 1.0 (NA) 1.0 (0.0) <0.0001

Number of procedures 0.1 (0.3) 0.0 (0.2) 0.1 (0.3) 0.48

Notes: Data were presented as mean (standard deviation). aP values were calculated from t-tests. bOnly for the participants who had the specified events.
Abbreviations: N, number; ER, emergency room; NA, not apply.
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The study sample included more participants in the older age group, and they were more likely to have a diagnosis of
mild/moderate rather than severe hemophilia. The predominance of non-severe hemophilia among the older group may
be due to premature death among those with severe disease. Especially since the older cohort was born about two
decades before both viral inactivation manufacturing processes eliminated both HIV and HCV from hemophilia
medications in the US, and before the regional networks of HTCs nationwide were established, which enhanced
widespread access to expert team-based care.19 This is also noted in an analysis of life expectancy and cause of death
in individuals with hemophilia A and B in Norway from 1986-2018, which showed that the persons with severe
hemophilia died at a mean age of 53.4±21.7 compared to 71.5±19.6 for mild and moderate hemophilia.20

Not surprisingly, the older age group included a higher proportion of people retired or not employed, and these
individuals were more likely to use public health insurance. There was no statistically significant difference among age
groups regarding difficulty obtaining health insurance or hemophilia care. Both age groups with severe hemophilia had
similar proportions using clotting factor treatment prophylactically.

Although the older age group included a lower proportion of individuals with severe hemophilia, the proportion with
self-reported joint pain and joint range of motion limitations were similar among the two age groups at the initial survey.
However, a higher proportion of the older age group reported severe joint pain at baseline (25.0% vs 12.5%) and at the
follow-up survey (20.0% vs 16.2%). This may reflect participants’ more severe joint pain when aging, even if they had
less severe hemophilia. The mean number of self-reported joint bleeds and non-joint bleeds at the initial survey were not
significantly different among the two age groups. At follow-up, we observed that the mean number of joint bleeds was
lower in the older age group (1.3 vs 1.8), although it was not statistically significant. This result may indicate that patients
with severe disease experienced more bleeding episodes. These results parallel the findings of Mazepa et al,21 although
the HUGS VII sample extended to moderately severe populations.

The aging hemophilia population, like the general US aging population, faces age-related cardiovascular disease and
malignancy. The most frequently reported comorbidity was osteo/rheumatoid arthritis (48.5%). The older age group in
our study had a frequency of 53.5% for osteo/rheumatoid arthritis, which is lower than the rate reported from the
literature.22 Hemophilia has been associated with low bone mineral density, with 66.6% of persons with moderate or
severe hemophilia ≥50 years having osteoporosis.22 A higher proportion of the older age group in HUGS VII reported
age-related comorbidities, including hypertension, depression, diabetes, skin cancer, and myocardial infarction than the
younger group.

Although self-reported rates of depression and anxiety at baseline were 23.9% and 20.1%, the results of the self-reported
depression scale (PHQ-9) administered at the six-month follow-up survey deserve attention. While there was no statistically
significant difference among the age groups, 85.7% of the overall sample (N = 57) had a score ≥10, indicating a classification
of moderate/severe depression and 35.7% of the overall sample had a score of ≥10 on the anxiety scale.17 The baseline survey
obtained depression and anxiety measures through self-report based on whether a physician had ever mentioned that the
respondent had the condition. The higher rates of possible diagnosed depression and anxiety in the follow-up may be due to
persons who had mental health symptoms but had not sought care. The depression rate in our sample was much higher than
that among adult men in the general US population in 2019, who reported moderate/severe symptoms of depression (score
PHQ-8≥10) at a rate of 5.5%.23 The same was true for anxiety: males in the general US population reported moderate/severe
symptoms of anxiety (score GAD-7≥10) at a rate of 4.3%.24

The mean daily pain level in general, and pain related to acute bleeding were both higher in the older age group than
the younger group, although they were not statistically significant at either time point. However, the magnitude of
differences among age groups may be clinically meaningful, as a 0.9 difference was demonstrated in the follow-up
survey. The older age group reported higher pain scores and lower HRQoL. Both the mean EQ VAS and index scores at
the time of the follow-up survey were similar to the scores obtained at baseline. The mean EQ VAS scores (70.54, and
68.55 at initial and follow-up, respectively) were lower than the US population norm of 80.0. The mean EQ index scores
(0.74, and 0.75 for initial and follow-up, respectively) were also lower than the US population norm. Even when stratified
by age group, both EQ VAS and index scores were lower than US age-specific norm scores. Reduced HRQoL scores in
older persons may be related to age, but may also be associated with increased pain.25,26 Moreover, older PWH often
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experience anxiety due to chronic pain, impaired quality of life, and reduced ability to maintain an independent
lifestyle.27,28

Our results demonstrated that the older age group had more physician visits and fewer emergency department visits at
baseline, providing some evidence that regular care may result in lower acute care use, but this was not supported by the
six-month follow-up use. However, when the analysis excluded those participants lost to follow-up, the lower emergency
department utilization persisted six months later. The changes between baseline and six months later may relate to one or
more bleeding events or poorer outcomes due to other comorbidities, and further analyses could be helpful.

Limitations
The study sample included 69 total participants. This small sample size limits statistical power to detect between-group
differences for many study variables. As hemophilia is a rare congenital condition, it is challenging to recruit a large
study sample. Focusing on clinically meaningful differences rather than statistically significant differences may be
helpful for interpreting this observational sample. As the study sample includes more individuals with mild/moderate
hemophilia in the older age group, it is important to adjust for severity in these analyses. Further caution should be taken
related to individuals in the sample who did not complete the six-month follow-up survey.

Conclusion
The 50 years or older age group was over-represented by individuals with mild/moderate disease, likely due to premature
death among those with severe disease. Although those ≥50 years included a larger proportion of individuals with mild
hemophilia than the 40–49 year group, they experienced statistically and clinically significant lower HRQoL scores, more
comorbidities related to aging and hemophilic arthropathy, and lower health-care utilization. These results, coupled with
the important finding of a high rate of depression and anxiety in both age groups, highlight the need for special attention
be paid to PWH. The increasing survival rates among PWH reveal a growing array of physical, social, and mental health
vulnerabilities requiring the attention of clinicians, caregivers, advocates and health-care policymakers.
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