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Abstract

To evaluate the influence of sex and gender on clinical characteristics and survival in multiple
system atrophy (MSA), we reviewed MSA patients with autonomic testing 1998-2012. Of 685
patients, 52% were male. Median survival overall was 7.3 years for males, 7.6 years for females.
Survival from diagnosis was 2.9 years in males, 3.8 years in females. Females were more likely to
initially manifest motor symptoms. Males were more likely to have orthostatic intolerance and
early catheterization. In conclusion, our data show longer survival from diagnosis in females and
slight overall survival benefit which may be related to initial motor manifestations.
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Introduction

Methods

Since the Institute of Medicine highlighted poorly understood sex differences in brain
function, there have been further advances in understanding sex and gender influences in
neurodegenerative diseasel 2. Multiple system atrophy (MSA\) is a neurodegenerative
disorder characterized by autonomic failure and motor involvement of predominantly
parkinsonism (MSA-P) or cerebellar ataxia (MSA-C). Clinical manifestations of autonomic
failure may include orthostatic hypotension, genitourinary dysfunction with sexual
dysfunction and urinary incontinence, anhidrosis and constipation 4. Differences in
autonomic and motor symptoms in males and females with MSA have been variably
reported with many studies focusing on survival. Longer survival has been reported in males
in some studies® 7 while others showed no difference8-14 or longer survival in females'®. As
results on sex and gender differences in MSA are conflicted, we sought to examine the
influence of sex and gender on clinical features and survival in MSA.

All patients with the diagnosis of probable or possible MSA evaluated at Mayo Clinic,
Rochester between January 1998 and December 2012 were retrospectively reviewed?.
Inclusion criteria included standardized autonomic function testing. Patients were excluded
if secondary causes of parkinsonism, ataxia or autonomic failure were considered more
likely than MSA or clinical and laboratory features suggested an alternative diagnosis to
MSA. Severity of autonomic dysfunction was graded using the composite autonomic
severity scorel®. Initial symptoms were defined as motor (including parkinsonism, ataxia,
tremor, and falls), autonomic (orthostatic intolerance, syncope, urinary dysfunction, bowel
symptoms, sexual dysfunction, and anhidrosis), or combined if both autonomic and motor
symptom onset occurred simultaneously or within 1 month. In males, erectile dysfunction
was considered as the onset symptom if it occurred within 1 year from onset of urinary
symptoms signifying genitourinary failure. Time of diagnosis refers to the date that patient
received the diagnosis of possible or probable MSA. Clinical phenotype of MSA-P or MSA-
C was assigned based on predominant symptom complex and examination findings at initial
evaluation as recorded from clinical history, neurologic examination, and standardized
patient-completed symptom questionnaire as previously described®. Living patients were
called to assess for development of symptoms since last neurologic examination. Survival
data was obtained from the clinical record, Social Security Death Index or telephone contact.

Statistical analyses were performed using SAS, version 9.3 (SAS Inc, N.C.), with statistical
significance set at p< 0.05. Student’s #test was used for normally distributed continuous
variables with Mann-Whitney U-test for skewed data; Chi-square analysis was used for
categorical variables. We have reported both unadjusted and false discovery rate corrected p-
values in this study. Traditional approaches for controlling error rates in the presence of
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multiple comparisons include strong and weak control of familywise error rates, using
techniques such as the Bonferroni correctionl’. The false discovery rate approach is shown
to be more powerful than methods like the Bonferroni correction that control false positive
rates’s.

Survival analyses were performed using Kaplan-Meier estimates with survival curves. For
patients without a death date or recent contact, the last contact date was used as the censor
date. This study was approved by the Mayo Clinic Institutional Review Board.

Of 685 patients with MSA, 356 (52%) were male (Table 1). There was no difference in age
of onset or MSA subtype between males and females. A total of 568 patients were deceased
with autopsy confirmation of MSA in 36 patients. Of the remaining 117 patients, 80 were
considered alive based on phone call or encounter in the medical record within the past 6
month; there were 37 patients without recent contact and no known death date. Median
overall survival from the time of onset to death was 7.3 years for males and 7.6 years for
females (p = 0.0401; Figure). The median time from diagnosis to death was 2.9 years in
males and 3.8 years in females (p = 0.0009; Figure).

There was a significant difference between males and females in the type of onset symptoms
reported when categorized as motor-only symptoms, autonomic-only symptoms, or
combined (motor and autonomic symptoms occurring within 1 month) (p = 0.0026). In all
patients, initial motor symptoms were most common; however, motor-only symptoms at
onset were more common in females (236 patients, 72%) compared to males (213 patients,
60%) while autonomic-only symptoms were more common in males (116 patients, 33%)
compared to females (70 patients, 21%). Combined symptoms occurred a minority of the
time (50 patients, 7%). There was no difference in sexes regarding symptoms which led
patients to neurology presentation (p= 0.0531). In both sexes, motor symptoms were most
likely to lead to presentation to a neurologist (375 patients, 55%). While solely autonomic
symptoms rarely brought patients to presentation (74 patients, 11%), the combination of
autonomic and motor symptoms led to presentation in approximately a third of patients (236
patients, 34%).

Clinical features present at any point in the disease course and autonomic testing results at
presentation are shown in Table 1. Falls early in the disease course were more common in
females. Regarding autonomic symptoms, bladder symptoms were similar between sexes
however males were more likely to undergo urinary catheterization, especially early in the
disease course. Orthostatic intolerance within the first year of the disease course was also
more common in males. Objectively, males had a larger and more severe drop in blood
pressure during head-up tilt testing.

Sexual dysfunction was differentially addressed between females and males: 246 (69%)
male patients had sexual dysfunction addressed and documented in the clinical record
compared to 17 (5%) female patients (o= 0.0001). When sexual dysfunction was addressed
and documented, it was present in 237 (96%) males and 5 (29%) females (o= 0.0001).

Auton Neurosci. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coonetal. Page 4

Discussion

This study shows sex and gender differences in MSA regarding symptom onset and
presentation, and in survival. In addition to a slightly longer overall disease course, females
were more likely to have motor onset of symptoms and receive the diagnosis of MSA earlier
than males. Males were more likely to have autonomic symptoms at onset, which tended to
be more severe throughout the disease course. While the overall survival benefit was 3.6
months in females, the difference in time from diagnosis to death was almost 1 year between
sexes. These findings are likely due to both biological (sex) differences and perhaps societal
(gender) issues which influence presentation and time to diagnosis.

Our findings build on previous large studies in MSA which suggested a gender difference in
survivall®. Our earlier work with this cohort did not find a survival difference between males
and females but noted a significant difference in the time from diagnosis to deathl4. We
hypothesized that females came to presentation earlier than males based on a differing
symptom complex which led us to further evaluate all patients in the cohort with regard to
symptoms at onset and presentation and in doing so, we found that an additional 27 patients
(4%) in the cohort had died over the extended study period. Using updated death data, a
small survival difference between males and females became evident. This highlights the
importance of having death data on a significant number of subjects which may contribute to
the lack of survival differences found in prospective studies in MSA10. 13,

The symptom complex at onset may relate to the earlier diagnosis of MSA in females,
specifically that motor presentation likely prompts earlier referral to a neurologist rather than
autonomic symptom onset. Males, who tend to have more autonomic symptoms at onset,
may seek care at other specialists prior to motor symptoms becoming evident, leading to a
delay in diagnosis. Our findings of less severe urinary dysfunction in females with MSA are
consistent with previous reportsl® however an alternative possibility is that autonomic
symptoms are less emphasized in females, specifically that females may attribute bladder
dysfunction to other causes or minimize symptoms. Additionally, our study showed that
sexual dysfunction is rarely addressed in females. Another explanation for the shortened
survival in males is that by not including longstanding sexual dysfunction, the disease course
is artificially shortened. However, sexual dysfunction in males may be due to a myriad of
causes and only sexual dysfunction occurring in the present of urinary dysfunction is likely
to be neurologic.

In keeping with earlier studies, the severity of autonomic dysfunction, as evidence by early
need for catheterization and orthostatic hypotension, may be contributing to worse survival
in males 20-22, However, early falls are a strong predictor for shortened survival in MSA and
even though females were more likely to manifest early falls, they maintained a slight
survival advantage®. One explanation may be that autonomic symptoms may be additive as
a negative prognosticator in males. Another possibility is that earlier diagnosis in females
expedites involvement in subspecialty care which may improve survival.

Both biologic issues and gender may be influencing the differences seen in the study. The
autonomic nervous system is sexually dimorphic beyond the genital system with differences
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in blood pressure regulation?3, thermoregulation?4, and urinary tract2®. Anatomical and
physiological differences are likely contributing to sex differences in symptom manifestation
and neurodegeneration in MSA. Gender issues related to assessment of urogenital symptoms
in men and women are also evident. These differences gain importance in the context of the
current consensus criteria which uses autonomic findings of orthostatic hypotension and
urinary incontinence to diagnose probable MSAS3. Less severe autonomic failure in females
may lead to diagnostic uncertainty or impact inclusion in clinical trials that require patients
fulfill criteria for probable but not possible MSA.

Gender issues may be influencing time to diagnosis in MSA. There is some data in gender-
specific studies to suggest that men may delay seeking care when they become il126: 27,
However, many of these studies focus on differences between men and women rather than a
particular group and data on gender differences in neurodegenerative disease is lacking.

Weaknesses of this study include its retrospective nature with different providers evaluating
patients over an extended period; for instance, patient reporting of bladder symptoms could
include frequency, urgency, retention and/or incontinence. These symptoms may be related
to confounding sex-specific factors such as childbirth or benign prostatic hypertrophy.
However, the use of standardized patient-completed questionnaires which included
autonomic symptoms and motor symptoms helped reduce bias from differing approaches
and documentation.

Future work to further elucidate sex and gender differences in MSA will be helpful to
understand the prognostic differences between males and females and encompass sex and
gender issues in biomarker development and clinical trial design.
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Highlights
. Sex and gender may influence clinical characteristics and survival in patients
with MSA.
. The median duration from diagnosis to death is almost 1 year shorter in males
than females with MSA.
. Males are more likely to report only autonomic symptoms at onset compared

. Females were more likely to report onset of motor symptoms and have falls

to females and were more likely to report orthostatic intolerance and undergo
early urinary catheterization compared to females.

within the first 3 years of disease compared to males.
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Figure. Survival curves for female and male MSA patients.
Censored Kaplan-Meier survival curves for female (blue) and male (red) MSA patients

showing probability of death from symptom onset (Zgp) and probability of death from time

of diagnosis (bottom).
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All MSA Patients | Male MSA Patients Female MSA a | False Discovery
685 (100) 356 (52) Patients pvalue™ | pate adjusted p-

329 (48) values

Demographics

Age at Onset 60.9 (9.6) 60.6 (9.8) 61.3(9.3) 0.8323 0.9047

Probable MSA 594 (87) 300 (84) 294 (89) 0.0498 0.0845

Subtype 0.3019 0.4193

MSA-P 430 (63) 230 (65) 200 (61)
MSA-C 255 (37) 126 (35) 129 (39)

Clinical Features

Parkinsonism 526 (77) 280 (79) 246 (70) 0.2295 0.3404

Ataxia 338 (50) 176 (50) 162 (49) 0.8737 0.9101

Falls at any time 458 (67) 226 (63) 232 (71) 0.0507 0.0845

Falls within 3 years 358 (52) 170 (48) 188 (57) 0.0140 0.0318

Bladder Symptoms 572 (84) 297 (83) 275 (84) 0.9551 0.9551

Urinary Catheterization 111 (16) 79 (22) 32 (10) <0.0001 0.0004

Urinary Catheterization within 3 58 (8) 39 (11) 19 (6) 0.0190 0.0396

years

Early Orthostatic Intoleranceb 240 (35) 142 (40) 98 (30) 0.0056 0.0156

Stridor 176 (26) 93 (26) 83 (25) 0.7887 0.9047

Dream enactment behavior 304 (44) 161 (45) 143 (43) 0.6433 0.8041

Autonomic Testing

Supine systolic blood pressure 148 (27.2) 149 (26.3) 147 (28.3) 0.2315 0.3404

Supine diastolic blood pressure 83 (14.9) 84 (13.1) 81.1(16.5) 0.0091 0.0228

Systolic blood pressure at 1 minute 120 (26.5) 118 (26.3) 122 (26.6) 0.0448 0.0845

Diastolic blood pressure at 1 minute 74 (18.9) 74 (16.5) 74.4 (21.3) 0.7993 0.9047

Systolic blood pressure at 5 minutes 112 (26.5) 109 (26.3) 116 (26.2) 0.0001 0.0004

Diastolic blood pressure at 5 minutes 68 (27.1) 66 (31.5) 72 (21) 0.0036 0.0113

Systolic blood pressure drop at 1 28.4 (22.4) 31.6 (22.0) 25.0 (22.5) <0.0001 0.0004

minute

Diastolic blood pressure drop at 1 7.7 (12.4) 9.4 (11.1) 5.8 (13.5) <0.0001 0.0004

minute

Systolic blood pressure drop at 5 36.1(30.7) 41.1 (30.4) 30.7 (30.1) <0.0001 0.0004

minute

Diastolic blood pressure drop at 5 10.5 (14.5) 13.2 (14.5) 7.7 (14.0) <0.0001 0.0004

minute

Systolic blood pressure <90 mmHg at 171 (25) 106 (30) 65 (20) 0.0027 0.0096

5 minutes

CASS Total® 5.50 (2.39) 5.52 (2.16) 5.47 (2.62) 0.3979 0.5236

Values displayed are mean (standard deviation) for continuous variables and frequency (%) for categorical variables.

a
Between male and female
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bWithin 1 year of onset

C, . . s
Score ranges from 0 (no abnormalities) to 10 (maximal autonomic failure)

Abbreviations: CASS, composite autonomic severity score; MSA, multiple system atrophy; MSA-C, multiple system atrophy-cerebellar; MSA-P,
multiple system atrophy parkinsonism
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