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Abstract
Background Despite the considerable burden that hereditary hemorrhagic telangiectasia (HHT) imposes, few 
studies have investigated its effect on health-related quality of life (HRQoL). We aimed to assess the impact of HHT on 
psychosocial QoL and identify demographic and clinical factors associated with lower QoL.

Methods We conducted an international, cross-sectional study of 1042 adults with HHT within the Cure HHT 
network, between 2022 and 2023. We used an online survey that included 5 standardized instruments to evaluate 
patients’ perceptions of the impact of HHT on their QoL: Epistaxis Severity Score (ESS); Nasal Outcome Score 
for Epistaxis in Hereditary Hemorrhagic Telangiectasia (NOSE-HHT); Patient-Reported Outcomes Measurement 
Information System (PROMIS) Fatigue – Short Form 8a – Fatigue interfere scale (PROMIS-Fatigue 8a); Hospital Anxiety 
and Depression Scale (HADS-A and HADS-D); and Short Form Health Survey (SF-36). Statistical analyses included 
Spearman’s correlations, univariate analyses, Tukey’s honestly significant difference, and Kruskal-Wallis tests.

Results 565/1042 (54%) participants completed the survey. The most common symptoms were epistaxis 521/565 
(92%) and fatigue 446/565 (79%). There were strong positive correlations between HADS-A and ESS (2.6 [95% CI 
1.7–3.6]) and NOSE-HHT (4 [3.2-5]); HADS-D and ESS (1.4 [1.3–1.5]) and NOSE-HHT (4.4 [3.4–5.7]); PROMIS Fatigue 8a 
and ESS (8.2 [6.3–10]) and NOSE-HHT (5.9 [5.2–6.6]); and SF-36 scores and ESS (− 26.4 [− 33 to − 19.9]) and NOSE-HHT 
(− 33.1 [− 39.7 to − 28.6]). Liver failure and seizures indicated a higher likelihood of depression (3.1 [1-5.2]), anxiety (3 
[0.6–5.4]), and fatigue (9.6 [4.7–14.5]). Seizures were associated with depression (2.9 [1.8–3.9]), anxiety (2.9 [1.7–4.1]), 
and fatigue (5 [2.34–7.7]). Participants expressed a substantial effect on their physical (143/560 [25%]), role (140/556 
[25%]), emotional (124/554 [22%]), social (104/556 [18%]), and cognitive (64/550 [11%]) functioning. However, more 
participants considered extremely important to improve their physical (289/560 [51%]), cognitive (266/550 [47%]), role 
(253/556 [43%]), emotional (243/554 [45%]), and social (233/556 [41%]) functioning affected by HHT.

Quantifying the burden of hereditary 
hemorrhagic telangiectasia on quality of life 
and psychological health: a cross-sectional 
study
Anna J. Gong1, Marisabel Linares Bolsegui1, Emerson E. Lee1, Matthew R. Tan1, Yong Zeng2, Jianqiao Ma2, Prateek 
C. Gowda1, Tushar Garg1 and Clifford R. Weiss1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0003-2180-1731
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-025-03620-8&domain=pdf&date_stamp=2025-3-7


Page 2 of 12Gong et al. Orphanet Journal of Rare Diseases          (2025) 20:109 

Background
Hereditary hemorrhagic telangiectasia (HHT) is an auto-
somal dominant multisystem vascular disorder, charac-
terized by the presence of arteriovenous malformations 
(AVMs) and telangiectasias, especially affecting the skin, 
nose, lungs, liver, gastrointestinal tract, and central ner-
vous system [1]. The clinical spectrum of this condition 
is broad, encompassing symptoms ranging from mild to 
severe epistaxis that frequently result in significant ane-
mia requiring ongoing blood transfusions [1–3]. Gastro-
intestinal (GI) tract involvement is common. GI AVMs 
affect up to 80% of patients, with about 30% experienc-
ing bleeding, a major contributor to the anemia seen 
in nearly half of these patients [1, 2]. 70% of the HHT 
population experiences liver AVMs, leading to compli-
cations such as high-output heart failure, portal hyper-
tension, biliary disease, and neurologic dysfunction [1, 
4]. Furthermore, lung AVMs, which are found in up to 
40% of individuals, may cause symptoms like dyspnea, 
pulmonary hypertension, hemorrhage, septic emboli, 
and stroke. Additionally, cerebral AVMs affect 10–15% 
of patients, heightening the likelihood of neurologic 
complications including migraines, seizures, and brain 
abscesses [5]. This variability in clinical presentation not 
only complicates diagnosis and management, but also 
considerably affects the quality of life (QoL) of individu-
als with HHT [6].

Health-related QoL (HRQoL) is an essential indica-
tor to assess the broader impact of chronic conditions 
like HHT, beyond the immediate physical symptoms, 
to quantify the influence of a medical condition, and to 
evaluate the effectiveness of therapeutic interventions. It 
encompasses the patient’s perception of their position in 
life, in the context of culture, value systems, goals, expec-
tations, standards, and concerns [7–9]. Hence, improve-
ments in HRQoL are recognized as a primary outcome 
and a critical determinant of therapeutic interventions 
[10]. Despite the known extensive burden of HHT, 
research into its psychosocial outcomes remains sparse. 
Studies have explored the prevalence of anxiety and 
depression among individuals with HHT [11–14]; how-
ever, a deep understanding of how HHT-specific mani-
festations affect psychosocial aspects of HRQoL requires 
further exploration.

Furthermore, while the physical effects of HHT, such 
as epistaxis and AVM-related complications, are well 
documented, their correlation with HRQoL, including 
the psychosocial dimension, and different domains of 

functioning have not been thoroughly investigated. The 
complexity of HHT symptoms and the way they are man-
aged can profoundly affect individuals’ mental health, 
social interactions, ability to function, and overall QoL, 
suggesting a substantial but underexplored area of influ-
ence on HRQoL.

This internet-based cross-sectional study aimed to 
investigate the impact of HHT on HRQoL in a diverse 
population across North America, South America, 
Europe, Asia, Australia, and South Africa by exploring 
the symptomatic burden of HHT and identifying demo-
graphic variables that could affect HRQoL. The find-
ings are expected to inform clinical practice and future 
research, with the ultimate goal of improving quality of 
life for individuals with HHT.

Methods
Study design
We conducted a cross-sectional survey study funded by 
the Cure Hereditary Hemorrhagic Telangiectasia (Cure 
HHT) Foundation in North America, South America, 
Europe, Asia, Australia, and South Africa to investigate 
the effects of HHT on psychosocial QoL and explore 
demographic and clinical factors associated with lower 
HRQoL.

Study population
After institutional review board approval, patients were 
recruited from March 2022 through May 2022 through 
the Cure HHT network, an international patient advo-
cacy group. An online survey link was sent via (1) the 
Cure HHT patient email list, (2) recruitment during a 
Cure HHT patient conference, or (3) the Cure HHT web-
site. The eligibility criteria were age of 18 years or older; 
a definitive diagnosis of HHT, requiring at least 3 of the 
4 Curaçao Criteria or positive genetic testing for any of 
the known HHT mutations (ENGL, ALK-1, SMAD4, 
HHT3/4) [14, 15], and the ability to understand and par-
ticipate in the survey. All participants provided written 
informed consent and all responses were anonymized.

Survey description
Participants responded to a survey battery that included 
demographic information, clinical history, and questions 
regarding their perception of the influence of their illness 
experience on their QoL, the presence of different HHT-
related manifestations, and 5 standardized surveys: Short 
Form-36 (SF-36), Hospital Anxiety Depression Scale 

Conclusions Severe epistaxis is associated with higher rates of depression, anxiety, and fatigue. Participants 
expressed desire for improvement in a broad range of functional domains disturbed by HHT. This suggests a need for 
increased awareness, resources, and more effective interventions to improve the QOL of patients with HHT.
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(HADS), Epistaxis Severity Score (ESS), Nasal Outcome 
Score for Epistaxis in Hereditary Hemorrhagic Telangi-
ectasia (NOSE-HHT), and Patient-Reported Outcomes 
Measurement Information System (PROMIS) Fatigue - 
Short Form 8a - Fatigue interfere scale (PROMIS-Fatigue 
8a) [16].

HHT-related conditions (anemia, heart failure, pul-
monary hypertension, and liver failure) were captured 
using dichotomous (“Yes”/“No”) responses, and their 
extent was categorized from zero to more than four con-
ditions. Participants were asked about their motivation 
for improving these diagnoses, using a 5-point Likert 
scale ranging from “not important at all” to “extremely 
important” to improve. Additionally, participants rated 
how various HHT-related manifestations influenced 
their HRQoL using Likert scales, initially indicating the 
extent to which they desired improvement in different 
HHT-related symptoms (epistaxis, shortness of breath, 
exercise intolerance, fatigue, hemoptysis, hematemesis, 
etc.). Responses were categorized as desire for improve-
ment, no interest in treatment, or not applicable because 
of the absence of symptoms. Thereafter, the impact of 
different HHT-related manifestations on 5 functional 
domains (physical, cognitive, emotional, social, and role 
functioning) was evaluated using a 5-point adjective-rat-
ing scale ranging from “not impacted at all” to “extremely 
impacted.” Afterward, participants rated the importance 
of improving the aforementioned domains of functioning 
using a 5-point adjective rating scale ranging from “not 
important at all” to “extremely important” to improve.

Description of the patient-reported outcome measure 
(PROM)s
The Short Form-36 (SF-36) is a standardized instrument 
that evaluates Health-Related Quality of Life through 
eight QoL domains: physical functioning (PF), role physi-
cal (RP), bodily pain (BP), general health (GH), vitality 
(VT), social functioning (SF), role emotional (RE), and 
mental health (MH) [17]. In six of the eight domains, 
patients are asked to rate their responses on 3- to 6-point 
scales. The SF-36 assesses two distinct magnitudes: the 
Physical Component Summary (PCS), which represents 
the physical dimension, and the Mental Component 
Summary (MCS), which represents the mental dimen-
sion. Each domain contributes in different proportions 
to the scores of both PCS and MCS. Furthermore, the 
precise calculation of the PCS and MCS is dependent on 
specific algorithms that are coded, summed, and trans-
formed onto a scale from 0 (worst health) to 100 (best 
health) [18].

The Epistaxis Severity Score (ESS), the first standard-
ized severity scoring system in HHT (2010), is a partially 
validated survey that evaluates individual disease severity 
and treatment efficacy for HHT-related epistaxis [19, 20]. 

It assesses six independent predictors of self-described 
epistaxis severity: frequency, duration, severity, anemia, 
blood transfusions, and the need for medical attention. 
After applying standardized coefficients to the responses, 
the sum yields a raw ESS score, which is then normalized 
to a 0–10 scale from no epistaxis to most severe epistaxis, 
with a minimal clinically important difference (MCID) of 
0.71 [20, 21].

The Nasal Outcome Score for Epistaxis in Hereditary 
Hemorrhagic Telangiectasia (NOSE-HHT) is a 29-item 
HHT symptom-specific survey (2020) that evaluates 
QOL of individuals with HHT. It assesses the effect of 
epistaxis severity with sensitivity to change on specific 
psychosocial metrics, such as physical, functional, and 
emotional aspects (MCID: 0.46). The result is calcu-
lated by dividing the sum of each item response by the 
total number of questions, obtaining a discrete score that 
ranges continuously from 0 to 4 [21].

The Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS) Fatigue - Short Form 8a - 
Fatigue interfere scale (PROMIS-Fatigue 8a) instrument 
is an assessment developed by the National Institutes of 
Health (NIH) to measure symptoms and quality-of-life 
indicators related to different chronic conditions such as 
multiple sclerosis and rheumatoid arthritis. It utilizes a 
T-score system normalized to a mean of 50 and a stan-
dard deviation (SD) of 10 based on the US general popu-
lation, where higher scores indicate increased fatigue [8, 
22–24].

Lastly, the Hospital Anxiety Depression Scale (HADS) 
is a self-rated dual 14-item scale on a 4-point scoring 
system (from 0 to 3) that measures symptoms of anxi-
ety (HADS-A) and depression subscore (HADS-D) dur-
ing the previous 7 days. For each component the total 
maximum score is 21, and higher scores correspond 
with greater severity of the conditions. A score of 11 or 
above on either subscale suggests a diagnosis of anxiety 
or depression [25, 26].

Statistical analysis
Pearson’s and Spearman’s rho correlations evaluated the 
strength of association between the severity of epistaxis 
(as defined by ESS and NOSE-HHT scores) and variables 
such as anxiety, depression, fatigue, physical and mental 
functioning (assessed by HADS, PROMIS-Fatigue 8a, 
and SF-36). Additionally, we explored the relationship 
between demographic variables and the burden of HHT-
related health conditions.

Multivariable linear regression was employed to deter-
mine the independent effect of epistaxis severity and 
different demographic factors (age, sex, race, and ethnic-
ity) on HRQoL, while adjusting for demographic covari-
ates and the presence of known HHT-related genetic 
mutations.
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The association between the perceived impact of HHT 
and the importance attributed by participants to improv-
ing five domains of functioning (physical, cognitive, emo-
tional, social, and role) was characterized using Likert 
scales and Spearman correlation analysis. Tukey’s hon-
est significant difference (Tukey’s HSD) test was applied 
to compare HADS-A and HADS-D scores, as well as 
NOSE-HHT and ESS. The non-parametric Kruskal-Wal-
lis test assessed mean differences in demographic and 
clinical manifestations related to HHT and all included 
PROs.

Statistical analyses were conducted using Stata Statis-
tical Software: Release 17 (Stata Corp LLC; College Sta-
tion, TX) and R software [27]. Results were reported 
with effect size measures to delineate the magnitude of 
the difference or the strength of the association between 
the compared groups, with a significance threshold set 
at P < 0.05. and 95% confidence interval (CI) defining the 
accuracy of the estimate. GraphPad Prism version 9.5.1 
for Windows (GraphPad Software, Boston, MA) [28] was 
used to create figures.

Results
Patient-reported illness characteristics
Of 1042 patients initially recruited, 565 (54.2%) com-
pleted the survey. The mean (standard deviation [SD]) 

age was 56.1 (13.6) years. Most participants were female 
(72.6% [410/565]), White (93.6% [529/565]), non-His-
panic (91.3% [516/565]), and from North America 
(57.5% [325/565]), and a majority reported having a 
known HHT-related genetic mutation (66.5% [376/565]) 
(Table  1). Anxiety was present in 22% of the partici-
pants (162/565), and depression and severe fatigue in 
10% (58/565) respectively. The most affected component 
of the SF-36 was energy (mean score 35, SD 20.7), fol-
lowed by the physical component summary (mean 40.8, 
SD 41.8) (Table 2). More than half the participants (51.6% 
[292/565]) reported having 3 or more HHT-related con-
ditions. The mean age demonstrated a positive trend with 

Table 1 Demographic description of the study population
Patient population Total
N 565
Age, mean (SD) 56.1 (13.6)
Sex N (%)
Male 155 (27.4)
Female 410 (72.6)
Race
White 529 (93.6)
Asian 11 (1.9)
Black or African American 9 (1.6)
American Indian or Alaska Native 5 (0.9)
Native Hawaiian or Other Pacific Island 1 (0.2)
Other 10(1.8)
Ethnicity
Hispanic, Latino, or of Spanish origin 44 (7.8)
Non- Hispanic, Latino, or of Spanish origin 516 (91.3)
Missing 5 (0.9)
Geographic region
North America 325 (57.5)
South America 8 (1.4)
Europe 51 (9.0)
Asia 7 (1.2)
Oceania 17 (3.0)
Africa 1(0.2)
Missing 163 (28.8)
Patients with known genetic mutations associated with 
HHT

376 (66.5)

Table 2 Description of the patient reported outcome 
measurements (PROMs) describing the severity of epistaxis (ESS 
and NOSE-HHT), anxiety (HADS-A), depression (HADS-D), fatigue 
(PROMIS-Fatigue-8a), and physical and mental functioning (SF-
36) of the study population
Patient population Total (%)
ESS, mean (SD) 5 (2.1)
Mild (1–4) 188 (33)
Moderate (4–7) 266 (47)
Severe (7–10) 111 (20)
NOSE-HHT, mean (SD) 1.7 (0.8)
Mild (0–1) 126 (22)
Moderate (1.01-2) 239 (42)
Severe (> 2) 200 (36)
HADS-D, mean (SD) 6.3 (4)
Normal (0–7) 369 (65)
Borderline abnormal (8–10) 107 (19)
Abnormal (11–21) 89 (16)
HADS-A, mean (SD) 8 (4.3)
Normal (0–7) 275 (49)
Borderline abnormal (8–10) 128 (22)
Abnormal (11–21) 162(22)
PROMIS-Fatigue 8a, mean (SD) 60 (8.5)
Normal limits (20–54) 159 (28)
Mild (55–60) 106 (19)
Moderate (61–70) 242 (43)
Severe (71–80) 58 (10)
SF-36 mean (SD)
General Health 44.3 (22)
Physical Function 60.5 (29)
Physical Limitations 40.8 (41.8)
Emotional Limitations 50.6 (43.7)
Energy 35 (20.7)
Emotional 62.3 (20)
Social 58 (31)
Pain 64 (27)
AVM, arteriovenous malformation; CI, confidence interval; ESS, Epistaxis 
Severity Score; GI, gastrointestinal; HADS-A, Hospital Anxiety and Depression 
Scale (Anxiety); HADS-D: Hospital Anxiety and Depression Scale (Depression); 
NOSE-HHT, Nasal Outcome Score for Epistaxis in Hereditary Hemorrhagic 
Telangiectasia; PROMIS-Fatigue 8a, Patient-Reported Outcomes Measurement 
Information System Short Form 8a - Fatigue interfere scale, SD, standard 
deviation; SE, standard error; SF-36, Short Form-36
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the number of HHT-related health conditions, indicating 
that an increased burden of disease could be correlated 
with advancing age. Specifically, the mean age rose incre-
mentally from 52.1 years in participants with no condi-
tions to 58 years in those with four or more conditions. 
Notably 80.9% (72/89) of those with more than four con-
ditions were female, pointing to a potential sex-related 
predisposition to developing a greater number of HHT-
related health complications (Table 3).

Correlates for anxiety, depression, and fatigue in patients 
with HHT
Spearman’s correlation analyses revealed a positive cor-
relation between the severity of epistaxis and measures 
of anxiety, depression, and fatigue (Fig.  1). The median 
scores for each PRO increased in proportion to the inten-
sity of epistaxis (severe epistaxis ESS > 7), evidenced by 
higher HADS-A (10; 95% confidence interval [CI] 7–13), 

HADS-D (8; 95% CI 5–11), and PROMIS-8a Fatigue 
scale (65.3; 95% CI 61.3–69.8) scores, respectively. Physi-
cal and mental abilities declined as the severity of the 
epistaxis increased. The physical component summary 
(PCS) of the SF-36 was substantially more affected than 
the mental component summary (MCS) (45 versus 56 in 
participants who reported severe epistaxis) (Table 4).

The multivariable linear regression analysis revealed 
that in patients with severe epistaxis, for each ESS unit 
increase, we observed an average increase of 2.4 points 
in HADS-A, 3.3 points in HADS-D, and 8 points in the 
PROMIS-Fatigue 8a, after adjusting for other factors. 
In addition, liver failure and shortness of breath were 
strongly positively correlated with higher HADS-A, 
HADS-D, and PROMIS-Fatigue 8a scores. Conversely, 
White race was negatively correlated with the NOSE-
HHT score (− 0.28;−0.55,−0.01) and older participants 
exhibited lower HADS and PROMIS-Fatigue 8a scores. 

Table 3 Relationship between the demographic variables and the burden of HHT-related health conditions
Factor Level Zero 

conditions
One 
condition

Two 
conditions

Three 
conditions

Four 
conditions

More 
than four 
conditions

Missing

Total (N = 565) 47 (8.3%) 65 (11.5%) 81 (14.3%) 114 (20.1%) 89 (15.7%) 89 (15.7%) 80 (14.1%)
Age (years), mean (SD) 52.1 (14.3) 56 (14.4) 56 (15) 54.7 (14.3) 56.7 (12.2) 57.6 (11.2) 58. (12.8)
Sex Female 33 (70.2%) 44 (67.7%) 58 (71.6%) 86 (75.4%) 66 (74.2%) 72 (80.9%) 51 (63.7%)

Male 14 (29.8%) 21 (32.3%) 23 (28.4%) 28 (24.6%) 23 (25.8%) 17 (19.1%) 29 (36.2%)
Hispanic, Latino, or of Spanish 
origin

2 (4.3%) 7 (10.9%) 9 (11.1%) 6 (5.3%) 3 (3.4%) 4 (4.5%) 13 (16.9%)

Race White 43 (91.5%) 63 (96.9%) 78 (96.3%) 111 (97.4%) 85 (95.5%) 80 (89.9%) 69 (86.2%)
Asian 3 (6.4%) 2 (3.1%) 1 (1.2%) 1 (0.9%) 0 1 (1.1%) 3 (3.8%)
Black 0 0 1 (1.2%) 0 1 (1.1%) 6 (6.7%) 1 (1.2%)
Native Hawaiian 
or Pacific Island

0 0 0 0 1 (1.1%) 0 0

American Indian 
or Alaska Native

0 0 0 1 (0.9%) 1 (1.1%) 1 (1.1%) 2 (2.5%)

Missing 1 (2.1%) 0 1 (1.2%) 1 (0.9%) 1 (1.1%) 1 (1.1%) 5 (6.2%)
Geographic Location North America 30 (62.9%) 31 (47.7%) 46 (56.8%) 71 (62.3%) 50 (56.2%) 48 (53.9%) 49 (61.3%)

South America 0 1 (1.5%) 0 2(1.8%) 0 1 (1.1%) 3 (3.7%)
Europe 2 (4.2%) 6 (9.2%) 7 (8.6%) 8 (7%) 8 (8.9%) 6 (6.7%) 5 (6.2%)
Oceania 1 (2.1%) 1 (1.5%) 1 (1.2%) 2 (1.8%) 2 (2.2%) 7 (7.9%) 2 (3.7%)
Asia 1 (2.1%) 1 (1.2%) 0 1 (1.1%) 0 1 (1.2%)
South Africa 0 0 1 (1.2%) 0 0 0 0
Missing 13 (27.7%) 26 (40.0%) 26 (32.1%) 24 (21.1%) 28 (31.5%) 27 (30.3%) 19 (23.8%)

Genetic mutation associated 
with HHT?

33 (70.2%) 41 (63.1%) 56 (69.1%) 77 (67.5%) 51 (57.3%) 64 (72.7%) 54 (70.1%)

Type of mutation ENG OR HHT1 6 (12.8%) 11 (16.9%) 19 (23.5%) 28 (24.6%) 12 (13.5%) 16 (18.0%) 14 (17.5%)
ALK-1 OR HHT2 
OR ACVRL

14 (29.8%) 11 (16.9%) 20 (24.7%) 17 (14.9%) 17 (19.1%) 12 (13.5%) 11 (13.8%)

SMAD4 0 2 (3.1%) 3 (3.7%) 2 (1.8%) 4 (4.5%) 6 (6.7%) 4 (5.0%)
Another 
mutation

1 (2.1%) 0 1 (1.2%) 2 (1.8%) 1 (1.1%) 1 (1.1%) 1 (1.2%)

Unknown 12 (25.5%) 15 (23.1%) 13 (16.0%) 22 (19.3%) 14 (15.7%) 27 (30.3%) 20 (25.0%)
Not tested 0 1 (1.5%) 0 6 (5.3%) 3 (3.4%) 2 (2.2%) 3 (3.8%)
Missing 14 (29.8%) 25 (38.5%) 25 (30.9%) 37 (32.5%) 38 (42.7%) 25 (28.1%) 27 (33.8%)

HHT, Hereditary hemorrhagic telangiectasia; SD, standard deviation
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Table 4 Spearman Rho correlation between epistaxis severity (defined by ESS and NOSE-HHT scores) and anxiety, depression 
(HADS-A, and HADS-D), fatigue (PROMIS-Fatigue 8a), physical and mental functioning (SF-36)
ESS categories HADS-A HADS-D PROMIS-Fatigue 8a SF-36 physical compo-

nent summary (PCS)
SF-36 mental 
component 
summary (MCS)

Mild 6 (4–10) 4 (2–7) 56.6 (50.4–63.3) 84.2 (52.5–95) 72 (48–84)
Moderate 7 (4–11) 6 (4–9) 61.3 (54.6–65.3) 65 (40–85) 64 (48–80)
Severe 10 (7–13) 8 (5–11) 65.3 (61.3–69.8) 45 (20–70 ) 56 (40–68 )
Spearman rho (95% CI) 0.2 (0.1–0.3) 0.3 (0.2–0.4) 0.3 (0.2–0.4) −0.3 (− 0.4 to − 0.3) −0.2 (− 0.3 to 

− 0.1)
NOSE-HHT
Mild 6 (3–9) 3 (2–6) 53.6 (49.2–60.4) 85 (65–95) 76 (60–88)
Moderate 6 (4–10) 5 (3–7) 58.5 (52.5–63.3) 75 (55–90) 68 (52–80)
Severe 10 (7–13) 9 (6–11 ) 65.3 (61.3–69.8) 40 (20-62.5) 52 (40–64)
Spearman rho (95% CI) 0.3 (0.2–0.4) 0.5 (0.4–0.6) 0.5 (0.4–0.6) −0.5 (− 0.5 to − 0.4) −0.4 (− 0.4 to 

− 0.3)

Fig. 1 Spearman correlation analysis
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These findings suggest that individuals with severe epi-
staxis and HHT-related comorbid diagnoses such as liver 
failure, seizures, and shortness of breath are more likely 
to experience greater anxiety, depression, and fatigue. 
Patients with heart failure showed the most substantial 
reduction in physical ability. Liver failure was the sec-
ond most important covariate for a lower PCS score (ß 
= −30; −46.6 to − 13.2). Female and elderly participants 
demonstrated a more pronounced negative impact 
on their physical ability, with lower PCS scores, while 
White race was associated with a higher PCS score. 
Age inversely correlated with all quality of life measures 
except the MCS, where it showed a slight positive asso-
ciation. No significant correlation was observed between 
race or sex and MCS score (Supplement 2:eTable 1). 
Moreover, ANOVA with Tukey’s post hoc analysis indi-
cated that individuals categorized as abnormal HADS-A 
(mean [SD] 2.1 [0.8]) and HADS-D (2.4 [0.7]) had higher 
mean NOSE-HHT and ESS than those in the normal cat-
egory (1.3 [0.7] and 4.6 [2.0], respectively) (Supplement 
2:eTable 2).

Correlates for epistaxis severity and other HHT-Related 
symptoms
The Kruskal-Wallis test revealed a significant difference 
between the ESS categories among participants with 
prior epistaxis-related treatment (5.2), anemia (5.6), 
pulmonary hypertension (6.1), shortness of breath (5.5), 
hemoptysis (5.8), headache (5.4) (all p < 0.001); lung 
AVMs (4.6), SMAD4 genetic mutation (5.2), heart failure 
(5.9) (all p = 0.001); and seizures (6.2) (p = 0.004) (Supple-
ment 2: eTable 3).

Patient-reported impact and desire to improve HHT-
related manifestations and areas of functioning
The most common symptoms that affected HRQoL and 
prompted a strong desire for improvement were nose-
bleeds (92.2%), fatigue (78.9%), shortness of breath 
(60.9%), exercise intolerance (58.9%), and headaches 
(49.6%) (Supplement 2:eTable 4). Notably, anemia was 
rated by 47.4% of the participants as extremely important 
to improve (Supplement 2:eTable 5).

The perceived impact and importance of improving 
different HHT manifestations on separate areas of func-
tioning provided noteworthy insights into the wide-
ranging consequences of HHT on patients’ daily lives 
(Fig. 2). Participants reported their physical functioning 
as the most “extremely impacted” domain (25.3%), fol-
lowed by role functioning (24.8%), emotional functioning 
(21.9%), social functioning (18.4%), and cognitive func-
tioning (11.3%). Nearly half of the participants (49.3%) 
reported either “extremely” or “moderately” impacted 
physical functioning (Supplement 2:eTable 6). More-
over, the proportion of participants who reported it as 

“extremely important” to improve their physical, cogni-
tive, and emotional functioning was approximately twice 
as great as that of participants reporting these domains 
as “extremely impacted” (Supplement 2:eTable 7). Par-
ticipants who rated their cognitive (17.9%) and physi-
cal (14.1%) domains as “somewhat or slightly impacted” 
still considered it “extremely important” to improve 
these areas of functioning. Spearman correlation analy-
sis revealed a significant positive correlation between 
the 5-point adjective rating scales measuring the level 
of impact and the level of importance of improving all 5 
domains of functioning: emotional functioning (r = 0.64), 
role functioning (r = 0.64), social functioning (r = 0.62), 
physical functioning (r = 0.59) (all p < 0.0001), and cogni-
tive functioning (r = 0.63) (p < 0.001).

Discussion
Our findings provide insight into how HHT-related man-
ifestations affect the psychosocial health of individuals 
living with this condition. People with HHT often suffer 
from more than three HHT-related conditions and con-
front substantial challenges in their daily lives, resulting 
in a decline in their HRQoL. Symptoms contributing 
to this decline included epistaxis, fatigue, shortness of 
breath, exercise intolerance, and headaches, and these 
were strongly correlated with anxiety, depression, and 
fatigue. In addition, anemia emerged as the condition 
that participants prioritized for improvement. Our analy-
sis reveals a strong correlation between epistaxis severity 
and lower QOL measurements, emphasizing the pro-
found psychosocial implications of this symptom.

This study underscores the heterogeneous nature of 
HHT and the need for comprehensive management strat-
egies to address the diverse manifestations of the disease. 
Our outcomes revealed that women and older partici-
pants experienced a more negative effect on their physi-
cal well-being. The majority of study subjects identified 
as White, and they exhibited better physical function-
ing than the other racial and ethnic groups. In addition, 
the representation of other ethnicities was considerably 
lower, which may reflect the demographic composition of 
the cohort or suggest potential disparities in disease prev-
alence and health outcomes across different races within 
the HHT population. Age was negatively correlated with 
PCS but positively correlated with MCS, suggesting an 
association between increasing age and improved men-
tal well-being. Despite variations in the perceived impact 
severity of functional limitations, participants consis-
tently expressed a strong desire for improvement across 
all domains, suggesting that they recognize the benefit of 
addressing these specific domains, even if the perceived 
impact may not be as pronounced as the strong desire for 
improvement.
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The negative outcomes of HHT are comparable to 
those of other chronic diseases, resulting in lower lev-
els of physical and psychological QoL compared to 
those without this condition [8, 12, 13, 16, 20]. Various 
HHT-related conditions have consistently been linked 
to poorer outcomes and reduced QoL [6, 13, 14, 18, 29, 
30]. Different standardized validated instruments, such 

as the ESS [14, 20], SF-36 [13, 29], PROMIS- Fatigue 8a 
[31], EuroQol 5-dimension 3-level version [32], social 
index [12], non-standardized questionnaires [30], and 
interviews [11], have been used to measure physical, 
emotional, and social domains in individuals with HHT. 
However, the influence of this condition on HRQoL is 
often underestimated, and the understanding of HRQoL 

Fig. 2 Five-point Likert scales of perceived impact and level of importance on HHT-related functional domains
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may still benefit from further research to explore dimen-
sions not fully addressed by existing instruments [6, 31, 
33].

Important associations have been reported between 
the severity of epistaxis and fatigue levels in individuals 
with HHT, a condition often complicated by fatigue due 
to iron deficiency anemia from nosebleeds [34, 35]. Nev-
ertheless, while the relationship between general fatigue 
and HHT is documented [36, 37], our analysis contrib-
utes to the literature by specifically examining how varia-
tions in epistaxis severity influence fatigue levels. This 
aspect has not been distinctly addressed previously, 
revealing a gap in direct data correlating epistaxis sever-
ity with fatigue levels in HHT [1, 2]. Seizures, an uncom-
mon but disturbing type of HHT-related complication, 
were identified as a significant predictor (p < 0.05) of 
worse HRQoL, and the established association between 
epilepsy and depression and lower QoL corroborates 
our findings [10, 38, 39]. Current research on the con-
sequences of multiple chronic conditions on HRQoL is 
limited [40]. Despite this, it seems plausible that there is 
a synergistic effect of different HHT-related manifesta-
tions, including epistaxis, liver failure, cerebral AVM, and 
seizures, on QoL and psychological health.

Moreover, patients with HHT and comorbid liver and 
gastrointestinal AVMs demonstrated remarkably lower 
PCS scores than the general population (43.8 vs. 50). Pre-
vious studies have indicated that patients with New York 
Heart Association (NYHA) class III heart failure exhibit 
SF-36 scores only one-third as high as the non-diseased 
population in the domains of physical functioning, bodily 
pain, general health, vitality, and role functioning [41–
44]. This study builds upon prior research by specifically 
examining the significance of heart failure within patients 
with HHT, reaffirming the connection between heart fail-
ure and diminished physical ability.

Our analyses revealed that demographic factors such 
as age and sex have an effect on the HRQoL of patients 
with HHT, as seen in other chronic conditions. The 
phenotype of HHT is age-dependent, and most of the 
patients exhibit a complete penetrance after the age of 
40 (e.g., GI bleeding is rare before age 50 years) [1, 45]. 
Likewise, advanced age in patients with HHT has been 
previously associated with increased physical limitations 
and worse psychosocial quality of life and QoL scores 
[12–14, 46]. Our findings showed an increased number 
of HHT-related comorbid diagnoses in elderly partici-
pants, but we found better mental and psychological QoL 
in the same age group when compared to their younger 
counterparts. Although young people with HHT usu-
ally experience less severe symptoms and older patients 
bear the vast majority of the HHT-related disease bur-
den, QoL might improve as individuals adapt to living 
with their illness [6, 21, 47]. Older adults with HHT may 

have developed more mechanisms to cope with their dis-
ease because of their experience navigating their diag-
nosis, possibly decreasing anxiety and fatigue [6]. These 
findings highlight the significance of age and experience 
in adapting to the effects of HHT on individuals’ overall 
QoL.

The pronounced negative consequences on physi-
cal functioning in women may reflect broader trends of 
sex-specific disparities in health outcomes and suggest 
that female patients with HHT might experience more 
severe physical manifestations or have different coping 
mechanisms compared to male patients. Previous studies 
have indicated that women have more pronounced liver 
involvement, a higher prevalence of pulmonary AVMs, 
and a greater requirement for invasive procedures than 
men [48, 49]. Because of their longer lifespan, women 
endure a higher prevalence of physical and psychological 
illnesses and lower QoL than males [49, 50].

Additional evidence has revealed that Asian individuals 
have a higher incidence of pulmonary AVMs when com-
pared with the other racial and ethnic groups, while His-
panic or Latino individuals may develop more cerebral 
AVMs [51, 52]. Understanding the association between 
race and ethnicity and psychosocial health related to 
HHT will provide valuable information for identifying 
potential health disparities to develop tailored and equi-
table interventions.

Limitations
Several limitations should be acknowledged. First, the 
use of self-reported survey data and reliance on a specific 
patient advocacy group network may introduce selec-
tion and response biases, potentially limiting the gen-
eralizability of the findings across different populations. 
Moreover, the cross-sectional survey design prevents 
us from establishing causal relationships. We must rec-
ognize that the full extent of HHT’s negative effects on 
patients’ HRQoL may not be entirely understood because 
of the absence of a dedicated HHT-specific instrument 
capable of accurately capturing PROs for this condition 
[31]. Only 2 of the 4 validated QoL instruments specific 
to HHT (ESS and NOSE-HHT) were included, as neither 
the QoL-HHT nor the HHT-QoL instrument was pub-
lished at the time of this study [6, 31].

Conclusions
This study addresses a gap in the literature by examin-
ing how HHT-related manifestations affect patients’ psy-
chosocial health and QOL. While severe epistaxis has 
predominated as one of the most prevalent and debili-
tating symptoms, it provides only a narrow view of the 
impact of HHT. Our findings emphasize the multifac-
eted impact of HHT on patients’ lives and how several 
HHT-related manifestations might be associated with 
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adverse psychological outcomes and low QoL. Also, vari-
ous demographic factors such as age, sex, and race have 
shown notable correlations with reduced physical abil-
ity and adverse psychological outcomes. Acknowledging 
the full scope of HHT’s negative effects is essential for a 
more nuanced understanding and management of this 
condition, improving patient care and effective target 
interventions.
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