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A B S T R A C T

Introduction: Pure autonomic failure (PAF) is a neurodegenerative disease that leads to widespread autonomic 
dysfunction. To date, no studies have specifically assessed health-related quality of life (HRQoL) and disability in 
PAF patients.
Methods: We performed a cross-sectional study involving 30 PAF patients from the “IAF-BO cohort”. HRQoL was 
measured using 36-item Short-form Health Survey (SF-36) and disability using activities of daily living (ADL), 
instrumental ADL (IADL), and modified Barthel Index (mBI). Associations were evaluated between clinical 
features, autonomic symptoms, HRQoL and disability.
Results: HRQoL in PAF patients was significantly lower than in general population, particularly in physical health 
domains of SF-36. Half of the participants showed mild dependence in ADL, IADL and mBI, with urinary control 
being the most affected function. Strong associations were identified between the SF-36 physical component 
score and autonomic symptoms, while no associations were observed with disease duration or depression. Sig
nificant associations also emerged between disability measures and autonomic symptoms. Additionally, resil
ience showed a significant interaction effect with autonomic symptoms in the regression model, where lower 
resilience was associated with higher disability.
Conclusion: This is the first study to evaluate HRQoL, disability and their relations with autonomic dysfunctions 
in PAF. While PAF is typically considered a prodromal α-synucleinopathy, our findings demonstrated that it is 
indeed a disabling disease that significantly impacts both quality of life and functional independence. These 
results underscore the need for targeted pharmacological interventions to improve the lives of individuals 
affected by PAF.

1. Introduction

Pure autonomic failure (PAF) is a neurodegenerative disease char
acterized by neurogenic orthostatic hypotension (nOH) usually with 
evidence of more widespread autonomic nervous system involvement, 
and deposition of α-synuclein in peripheral autonomic ganglia and 
nerves [1–4].

Within the spectrum of α-synucleinopathies, PAF is considered a 
prodromal non-motor condition with a substantial risk of progression to 
Parkinson’s disease (PD), Dementia with Lewy bodies (DLB), or Multiple 
System Atrophy (MSA), occurring in 24–34 % of patients over 4–10 

years of follow-up [1–4]. However, in some cases, PAF follows a slow, 
indolent course, and patients retain the “pure” phenotype for many 
years and even until death [2,3].

The hallmark feature of PAF is nOH, causing symptoms of cerebral 
and systemic hypoperfusion during postural changes. Other autonomic 
symptoms, such as urogenital, bowel and sweating dysfunctions, could 
accompany the disease regardless of the risk of conversion.

While these symptoms can contribute to the overall disease burden 
[5] and impair daily functioning and quality of life, studies assessing the 
relations between health-related quality of life (HRQoL), disability and 
autonomic dysfunctions in PAF patients are lacking. Limited research 
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exists also on the impact of autonomic symptoms on HRQoL across 
α-synucleinopathies [6,7] and interpretation is complicated by motor 
and cognitive differences between PAF and these disorders.

In accordance with the biopsychosocial framework, the evaluation of 
HRQoL and patients’ perceptions on the disabling nature of their 
symptoms is essential for capturing the full burden of the disease on 
patients’ lives [8].

Thus, this study aims to address the evidence gaps by evaluating 
HRQoL, disability and their key determinants in PAF patients from the 
IAF-BO cohort [1].

2. Methods

We performed a cross-sectional study on HRQoL and disability in 
PAF patients adhering to the STROBE guidelines.

The study population comprised PAF patients from the IAF-BO 
cohort [1] of the Autonomic unit of the Department of Biomedical and 
Neuromotor Sciences (DiBiNeM), University of Bologna (Supplementary 
Figure 1), in which the term “isolated autonomic failure – IAF” was used 
to denote patients with a PAF phenotype that had not phenoconverted 
for at least 5 years. The cohort started in 1989 and patients have been 
systematically followed with annual evaluations.

The study was approved by the Ethics Committee of Bologna (18027) 
and conducted in accordance with the ethical standards outlined in the 
Declaration of Helsinki; written informed consent was obtained from all 
patients.

2.1. Procedures and measurement tools

This study was conducted from March 2023 to July 2024. De
mographic and clinical variables were collected for each participant, 
including age at study; sex; age at disease onset (defined as the first 
reported symptoms or instrumental findings suggestive of OH), disease 
duration, autonomic symptoms (cardiovascular, genitourinary, bowel, 
thermoregulatory dysfunction), hyposmia and history of REM Sleep 
Behavior Disorder (RBD) then confirmed by all-night video-poly
somnography. Comorbidities were ranked using the Elixhauser Comor
bidity Index. Cognitive function was assessed using Montreal Cognitive 
Assessment (MoCA) with score<18 indicating impairment according to 
Italian normative data.

The severity of autonomic dysfunction was measured using patient- 
reported outcomes including Orthostatic Hypotension Symptom 
Assessment (OHSA) from the Orthostatic Hypotension Questionnaire 
(OHQ); Scales for Outcomes in Parkinson’s Disease-Autonomic (SCOPA- 
AUT); Composite Autonomic Symptom Score (COMPASS-31) and Non- 
Motor Symptoms Scale (NMSS).

HRQoL was measured with the Italian version of the 36-Item Short 
Form Health Survey (SF-36), as no disease-specific instrument for 
assessing HRQoL in PAF currently exists. The SF-36 measures eight 
health domains (physical function, role limitations related to physical 
problems, bodily pain, general health perception, vitality, social func
tioning, role limitations due to emotional problems, mental health) and 
two summary scores (physical component score-PCS, mental component 
score-MCS).

To evaluate aspects of life impacted by OH and urinary disturbances, 
the OH daily activities scale (OHDAS) from OHQ and the SF-Qualiveen 
questionnaire were used.

Disability was measured using three scales on activities of daily 
living scale (ADL), instrumental activities of daily living scale (IADL) 
and overall functional ability (modified Barthel Index-mBI).

Additionally, resilience was assessed with Brief Resilient Coping 
Scale (BRCS) and depressive symptoms were measured with Beck 
Depression Inventory (BDI); with clinical depression defined as score 
≥21. See Supplementary Materials for more details on the question
naires used.

2.2. Statistics

Descriptive statistics are presented as counts(N,%) and medians 
[interquartile range].

Preliminary analyses assessed linearity and distribution of HRQoL, 
disability and symptoms-related variables. Due to skewed distributions, 
non-parametric tests were applied, with subgroup differences evaluated 
by Mann-Whitney U and by chi-square tests.

SF-36 scores were standardized by sex and age relative to Italian 
normative data using z-scores, calculated as the difference between in
dividual’s score and the normative mean divided by the standard devi
ation. Negative or positive z-scores are produced for persons falling 
below and above the normative mean, respectively. Substantial differ
ences are expressed by values above 0.4 or below − 0.4.

Correlation analysis between HRQoL (PCS, MCS), disability 
(OHDAS, SF-Qualiveen, mBI, ADL, IADL), clinical measures of auto
nomic symptoms (COMPASS-31, OHSA), resilience (BRCS) and depres
sion (BDI) were estimated by means of Spearman’s r coefficient, 
controlling for age with partial correlation test. To further examine the 
relationships between symptom burden, levels of resilience and 
depression and their interaction on HRQoL and disability, a series of 
quantile regression models were devised.

A P value ≤ 0.05 was considered significant. Statistical analysis was 
performed with Stata SE 14.2 and jamovi.

3. Results

A total of 30 PAF patients were included in the study with a median 
age of 70.5[63.8–76.3]years and disease duration of 14.0[10.8–20.3] 
years.

Cardiovascular autonomic failure was confirmed through cardio
vascular reflex tests, with all patients exhibiting severe nOH and supine 
hypertension in 83 % of cases (Table 1).

Urinary dysfunction affected 83 % of patients, all males had erectile 
dysfunction, bowel issues occurred in 73 % and thermoregulatory dys
functions were reported in 63 %.

All patients were treated for nOH with one or more anti-hypotensive 
medications. Six patients (20 %) required intermittent self- 
catheterization.

3.1. HRQoL

Both PCS and MCS were lower (<50) than in the general population 
(Table 1).

Fig. 1 illustrates the distribution of SF-36 scores, with the most 
affected domains (z-scores < − 0.4) being physical functioning, role 
limitations related to physical problems, general health perception and 
vitality.

Female sex had lower PCS scores (25.7[22.2–33.7] vs 40.2 
[33.0–48.1], p = 0.003) and higher OHDAS scores (31.0[24.0–38.0] vs 
19.0[16.0–23.0], p = 0.027) than male.

3.2. Disability

Disability measures ranged from full independence to mild depen
dence in basic and instrumental activities of daily living (Table 1, Fig. 1). 
The most common areas of independence loss were urinary control in 
ADL and mBI. Overall, only 1 patient reported a severe dependence. 
Female sex had lower mBI scores (87.0[61.0–92.0] vs 98.0[91.5–100], 
p = 0.017) and IADL (5.5[5.0–7.0] vs 8.0[7.0–8.0], p = 0.004).

3.3. Factors correlated to HRQoL

Significant associations were observed between PCS and factors such 
as autonomic symptoms and resilience (BRCS) (Supplementary Table 1). 
Notably, the PCS showed a strong negative correlation with COMPASS- 
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31 total score, which reflects the overall autonomic symptom burden, as 
well as with specific autonomic domains, including the orthostatic 
intolerance and gastrointestinal symptoms and the OHSA. Conversely, 

Table 1 
Clinical characteristics, quality of life and disability outcomes in patients with 
PAF.

Patient’s characteristics Median[IQR]/N(%)

Sex (M/F) 24/6

Age (y) 70.5 [63.8–76.3]

Disease duration (y) 14.0 [10.8–20.3]

Supine hypertension 25 (83 %)

Supine plasma NE < 100 pg/ml 28 (93 %)

Urinary dysfunction 25 (83 %)
Urinary urgency 16 (53 %)
Urinary incontinence 7 (23 %)
Urinary retention 12 (40 %)

Erectile dysfunction 24 (100 %)

Bowel dysfunction 22 (73 %)
Constipation 17 (57 %)
Diarrhea 10 (33 %)

Thermoregulatory 19 (63 %)
Anhidrosis 16 (53 %)
Hyperhidrosis 6 (20 %)

Hyposmia 11 (37 %)

RBD 13 (43 %)

MoCA 27.0 [25.3–28.0]
cognitive impairment 0 (0 %)

BDI 12.5 [6.5–18.0]
depression 5 (17 %)

BRCS 12.5 [10.0–15.3]
Low resilient copers 19 (63 %)
Medium resilient copers 10 (33 %)
High resilient copers 1 (3 %)

Comorbidity index 1.0 [1.0–2.0]

Anti-hypotensive treatment
midodrine 19 (63 %)
droxidopa 20 (67 %)
fludrocortisone acetate 17 (57 %)

Urinary treatment
overactive medications 0 (0 %)
intermittent self-catheterization 6 (20 %)

Autonomic patient-reported outcome Median[IQR]/N(%)

COMPASS-31 43.2 [35.2–55.8]
Orthostatic intolerance 24.0 [16.0–33.0]
Vasomotor 0 [0-0]
Secretomotor 7.5 [3.8–9.1]
Gastrointestinal 8.9 [5.8–11.6]
Bladder 2.2 [0–4.4]
Pupillomotor 1.3 [0–2.8]

SCOPA-AUT 21.0 [15.8–26.3]

NMSS 76.5 [51.1–96.3]

OHSA 26.0 [15.3–35.0]

Quality of life outcome

SF-36 domains
Physical functioning − 0.84 [-1.34; 0.06]
Role function - physical − 1.05 [-1.74; 0.24]
Bodily pain 0.39 [-0.62; 1.25]
General health − 0.59 [-1.36;-0.29]
Vitality − 0.85 [-1.79; 0.06]
Social functioning − 0.59 [-1.27; 0.41]
Role function - emotional − 0.22 [-1.71; 0.78]
Mental health − 0.21 [-1.25; 0.59]

SF-36 composite score
PCS 36.6 [30.4; 47.5]
MCS 40.2 [30.7; 52.6]

OHDAS 20.5 [16.0; 26.5]

(continued on next page)

Table 1 (continued )

Autonomic patient-reported outcome Median[IQR]/N(%)

SF Qualiveen 11.5 [7.0; 17.3]

Disability outcome

mBI 95.5 [87.5; 100]

ADL 5.5 [5.0; 6.0]

IADL 7.5 [6.0; 8.0]

Data are expressed as median [interquartile range] or absolute numbers (per
centage).
Measures of SF-36 domains are expressed as median standardized scores (z- 
score).
Abbreviations: ADL = activities of daily living scale, BDI = Beck Depression 
Inventory, BRCS = Brief Resilient Coping Scale, COMPASS-31 = Composite 
Autonomic Symptom Score, IADL = instrumental activities of daily living scale, 
IQR = interquartile range, mBI = modified Barthel Index, MCS = mental 
component score of SF-36, MoCA = Montreal Cognitive Assessment, NE =
norepinephrine, NMSS = Non-Motor Symptoms Scale, OHDAS = orthostatic 
hypotension daily activities scale, OHSA = Orthostatic Hypotension Symptom 
Assessment, PCS = physical component score of SF-36, RBD = REM sleep 
behavior disorder, SCOPA-AUT = Scales for Outcomes in Parkinson’s Disease- 
Autonomic, SF-36 = 36-Item Short Form 36 Health Survey.

Fig. 1. Health-related quality of life (SF-36) and disability (mBI, ADL, IADL) in 
PAF patients. 
Abbreviations: ADL = activity of daily living scale, IADL = instrumental ac
tivity of daily living scale; mBI = modified Barthel index, PF = physical func
tioning, RP = role limitations related to physical problems, BP = bodily pain, 
GH = general health, VT = vitality, SF = social functioning, RE = role limi
tations due to emotional problems, MH = mental health.
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MCS showed negative correlation only with BDI.
OHDAS scores, reflecting the impact of OH on daily life, showed a 

strong positive correlation with OH symptom severity, as measured by 
both the OHSA and the COMPASS-31 orthostatic intolerance subscore. 
Additionally, OHDAS scores are associated with the COMPASS-31 total 
score, its gastrointestinal subscore, BDI and BRCS.

SF-Qualiveen, which reflects quality of life related to urinary dis
turbances, showed a strong correlation with urinary symptoms, as 
assessed by the COMPASS-31 bladder subscore.

3.4. Factors correlated to disability

Significant associations were observed between disability measures 
and autonomic symptoms. Notably, scores on the mBI, ADL and IADL 
showed strong negative correlations with the COMPASS-31 total score, 
as well as with COMPASS-31 subscores for OH (except ADL), gastroin
testinal symptoms, bladder dysfunction (except IADL) and the OHSA. 
IADL and mBI were also associated with BRCS. None was correlated to 
BDI.

Patients with disability (mBI<90) had significantly lower PCS 
compared with independent patients (28.0[IQR 23.8–32.1] vs 41.8[IQR 
35.5–48.4], p = 0.001). However, even independent patients had PCS 
below those of the general population. MCS did not differ between the 
two groups (p = 0.53).

3.5. Multivariable quantile regression models

COMPASS-31 emerged as a significant predictor of OHDAS, mBI and 
as a trend on IADL after accounting for age and sex (Supplementary 
Table 2). The regression model with mBI as outcome variable also 
revealed a significant interaction effect between COMPASS-31 and 
BRCS. Stratification analyses revealed that patients with low BRCS 
scores exhibited a strong negative correlation between COMPASS-31 
and mBI (rho = − 0.62, p = 0.007), but not in patients with medium/ 
high BRCS scores (rho = − 0.25, p = 0.521).

4. Discussion

This study represents the first evaluation of HRQoL and disability in 
patients with PAF.

Our findings indicate that HRQoL in PAF patients is reduced 
compared to the general population, especially in physical domains. The 
burden of autonomic symptoms was strongly correlated with HRQoL, 
supporting the direct impact of autonomic dysfunction on overall 
HRQoL.

PAF is a neurodegenerative condition characterized by long history 
of autonomic failure. Impairment in autonomic regulation affects 
various unconscious physiological functions, interfering with the ability 
to perform everyday physical activities normally and, unsurprisingly, 
leading to a reduction in HRQoL.

The correlation between autonomic dysfunction and reduced HRQoL 
is indirectly supported by studies showing that anti-hypotensive medi
cations improve physical function and overall HRQoL in patients with 
nOH [9].

A close association has also been documented between the frequency 
and severity of autonomic symptoms and HRQoL in PD subjects, 
particularly regarding orthostatic intolerance, bladder dysfunction and 
constipation [6,10].

Interestingly, PAF patients in our cohort had normal cognitive 
functions, with only 17 % experiencing depression, both major de
terminants of reduced HRQoL in PD [7]. Moreover, their mental com
pound score of HRQoL, which is typically more affected by these factors, 
was among the least impaired, further excluding an impact of depression 
and cognitive impairment on our HRQoL findings.

Although PAF is considered a prodromal condition, disability is 
already evident. In this study, disability levels ranged from normal to 

mild dependence, with primary issues related to urinary control. 
Disability was found to be strongly related to the severity of autonomic 
symptoms, especially orthostatic intolerance, gastrointestinal symptoms 
and bladder dysfunctions. Notably, patients were under optimal treat
ment for nOH, and symptoms were minimized at the time of the study, 
possibly leading to an undervaluation of disability and HRQoL 
impairment.

Resilience seems to have a role in mitigating the impact on some 
aspects of disability in people with PAF. Our findings suggest that 
resilience moderates the relationship between symptom burden and 
person’s ability to complete activities of daily living. In reverse, resilient 
patients are more likely to conduct an independent life despite chal
lenges due to the disease.

The role of comorbidity was also evaluated, revealing a generally low 
comorbidity burden that did not significantly impact HRQoL or 
disability.

An additional observation concerns self-reported pain in PAF pa
tients. The SF-36 pain domain scores were better than those of the 
general population.

Although pain has not been extensively investigated in PAF, patients 
with PD report pain more frequently than the general population and 
when present, it contributes to reduced HRQoL [11]. Abnormal pain 
modulation in PD involves altered central processing of nociceptive in
puts in the periaqueductal gray, the central autonomic network and 
dysfunction of dopaminergic ventral tegmental area [12]. Overall, these 
observations support the notion of a predominant peripheral involve
ment in the pathophysiology of PAF phenotype, as the functions of the 
central autonomic network and the dopaminergic system remain pre
served, despite a possible subclinical implication [3].

Strengths of this study include a well-characterized cohort with over 
five years of follow-up at our tertiary center specializing in Autonomic 
and Movement disorders, with standardized clinical assessment of 
HRQoL predictors, such as depression, cognition and comorbidities, 
alongside instrumental diagnostic evaluation. However, the sample size 
is limited according to the disease’s low prevalence, underscoring the 
need for further investigation through multicentric studies.

In conclusion, our findings underscore PAF as a disabling disease that 
significantly affects both HRQoL and the ability to perform daily activ
ities. This observation provides crucial insight into the lived experiences 
of PAF individuals and underscores the broader implications of this 
condition, which extend beyond its traditional consideration as a pro
dromal α-synucleinopathy or indolent slowly progressive α-synuclein
opathy with minimal effects on patients’ daily life [2,3].

This shift in perspective is essential for advancing research on 
disease-modifying therapies. We advocate for research and clinical trials 
focusing on disease management rather than predictive factors for 
phenoconversion, as PAF itself represents a disabling α-synucleinopathy 
that warrants pharmacological treatment. In this context, HRQoL and 
disability should be prioritized as primary outcomes in clinical trials.
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