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Abstract

PURPOSE: To assess the relationship between depressive symptoms and self-perceived severity
of autonomic dysfunction in patients with multiple system atrophy (MSA).

METHODS: Cross-sectional evaluation of patients with MSA who underwent autonomic testing,
Unified MSA Rating Scale (UMSARS)-1 and -2, rating of the presence and severity of depressive
symptoms (Zung scale), quality of life (SF36), body vigilance, anxiety (Spielberg’s anxiety scale),
severity of autonomic dysfunction with the Composite Autonomic Symptoms Score
(COMPASS-31) and of orthostatic hypotension (OH) symptoms with the Orthostatic Hypotension
Questionnaire (OHQ).

RESULTS: Fifty-eight patients (32 women) with probable MSA (aged 61.848.6 years; disease
duration: 4.3+2.1 years) were studied. Forty patients (69%) had symptoms of depression in the
Zung scale. Age, disease duration, and motor disability were similar in those with and without
symptoms of depression. Despite a similar orthostatic blood pressure fall, the severity of
orthostatic symptoms was higher in patients with symptoms of depression (P=0.004). Depression
scores were associated with higher burden of autonomic symptoms (R=0.401, P=0.02),
specifically with the COMPASS-31 items related to orthostatic intolerance (R=0.337, P=0.045),
and with the OHQ (R=0.529; P<0.001). A multivariable regression model including age, sex,
UMSARS and drop in systolic blood pressure upon head-up tilt as covariates, showed that the
burden of depressive symptoms was independently associated with the OHQ score : for every 1-
unit increase in the Zung depression score, there was a 1.181-increase in the total OHQ score.

CONCLUSIONS: In patients with MSA, depressive symptoms worsen the perceived severity of
autonomic symptoms in general and orthostatic hypotension in particular. Our findings have
implications for clinical trial design.
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INTRODUCTION

Multiple system atrophy (MSA) is a fatal, neurodegenerative synucleinopathy that
progressively impairs motor and autonomic function. Patients are wheelchair-bound within 4
years of diagnosis and usually survive 8 years or fewer [5]. The prevalence of depression in
patients with MSA is estimated as high as 80% [1, 2, 6, 8, 15, 17, 19] and is associated with
worse overall health status and poorer quality of life [2, 8, 17]. Depression being so
frequent, its symptoms could impact the self-perceived severity of autonomic symptoms,
particularly orthostatic hypotension. Thus, we conducted a cross-sectional study to assess
whether symptoms of depression had any relationship with the patients’ self-perceived
severity of autonomic symptoms in a well-characterized cohort of patients with MSA.

We hypothesized that the affective, psychological, and somatic symptoms associated with
depression would result in higher symptomatic burden of autonomic deficits, specifically of
symptoms of orthostatic hypotension. This is an important consideration when using patient-
reported outcomes in clinical trials.

METHODS

We recruited patients who fulfilled current consensus criteria for probable MSA [9]
evaluated at the New York University (NYU) Dysautonomia Center between 2014 and 2017.
All patients signed informed consent and the NYU School of Medicine Institutional Review
Board approved the study. Assessments were performed at baseline on entry into the study.

Symptomatic assessment:

Overall clinical severity was assessed using the validated disease-specific Unified Multiple
System Atrophy Rating Scale (UMSARS) administered by a neurologist trained in
movement disorders. The first sub-score (UMSARS-1) measures activities of daily living
and the second sub-score (UMSARS-2) measures motor impairment [20]. The presence and
severity of depressive symptoms was assessed using the the Zung Self-Rating Depression
Scale [3] and the prevalence of anxiety with the Spielberger’s State-Trait Anxiety Inventory,
which evaluates both the state and trait characteristics of anxiety [14]. The Body Vigilance
Scale was used to determine how much a focus the patients placed on their bodily sensations
[16]. The Short Form Healthy Survey (SF36) was administered as a measure of quality of
life, with domains to evaluate physical function, bodily pain, limitations due to physical
health problems, limitations due to personal or emotional problems, emotional well-being,
social functioning, energy/fatigue, and general health perceptions [4]. Symptoms of
autonomic dysfunction were assessed using the Composite Autonomic Symptoms Score
(COMPASS-31) [18]. To specifically assess the self-percieved symptomatic burden of
orthostatic hypotension we used the Orthostatic Hypotension Questionnaire (OHQ) [12]. We
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used both sub-scales of the OHQ: the 6-item symptom assessment (OHSA) scale and the 4-
item scale to assess the burden of OH symptoms on daily activities (OHDAS) [12]. Each
individual item is rated on an 11-point scale, from 0 to 10, with 10 indicating the highest
possible symptom burden or limitation. Thus, the maximum score is 60 in OHSA, 40 in
OHDAS, and 100 in the total OHQ.

Autonomic function test:

All patients underwent baseline autonomic function tests including a passive 60-degree
head-up-tilt test with continuous blood pressure (BP) and heart rate (HR) monitoring.
Orthostatic hypotension was defined as a sustained drop in systolic blood pressure of at least
20 mmHg or a drop in diastolic blood pressure of at least 10 mmHg within 3 minutes of
head-up tilt [7]. Sympathetic and parasympathetic cardiovascular reflexes were further
assessed using a standardized Valsalva maneuver and deep-paced breathing, as described
[10].

Statistical analysis:

RESULTS

Normality of the data was assessed using the Kolmogorov-Smirnov test. Patients were
dichotomized into those with high and low burden of depressive symptoms , based on their
Zung scale scores. A score of 50 or below was defined as low burden, whereas a score of 51
or above was defined as high burden of depressive symptoms. T-tests were applied between
these two groups for continuous normally distributed variables. Simple linear regressions
were used to evaluate the relationship between depression scores and OHQ scores,
COMPASS-31, quality of life domains, autonomic testing scores, and UMSARS scores. A
multiple linear regression model was used to determine if the total OHQ scores (i.e., the
burden of symptoms of orthostatic hypotension) depends on the Zung depression symptoms
core, including age, sex, UMSARS-1, UMSARS-2 and the reduction in systolic blood
pressure after 3-min of head-up tilt as covariates. Statistical analyses were performed with
SPSS version 18.0 (SPSS Inc. Chicago IL USA). Significance was set at P<0.05. Data are
expressed in mean + standard deviation unless otherwise specified.

Patient characteristics

Fifty-eight patients with probable MSA were included. There were 26 men, 32 women;
mean age 61.8+8.6 years; mean disease duration 4.3+2.1 years; mean age at disease onset
54.6+13.4 years. Sixty percent (35 patients, 11 men and 24 women) were classified as
having the cerebellar-predominant phenotype (MSA-C) and 40% (23 patients 15 men and 8
women) the parkinsonian-predominant phenotype (MSA-P). Patients with both phenotypes
had similar quality of life, motor disability, autonomic symptoms, and autonomic function
test results (Table 1).

Symptoms of depression

Forty patients (69%, 27 with MSA-C and 13 with MSA-P) scored above 50 on the Zung
scale, indicating depressive symptoms. Of these, 48% (19) had mild, 40% (16) had moderate
and 12% (5) had severe depressive symptoms. Symptoms of depression occurred more often
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in patients with MSA-C (77%; 27 of 35) than in those with MSA-P (57%; 13 of 23), but this
was not significant (X2:2.76; P=0.10). Men and women had similar prevalence and severity
distribution of depressive symptoms. Patients with higher depression scores had lower
physical (R=-0.610, P=0.02) and social functioning (R=-0.861, P=0.001) as measured on
the SF-36 quality-of-life questionnaire. The magnitude of self-perceived depression (Zung
score) was not associated with the duration of disease (R=0.40; P=0.37).

At the time of assessment, 33% of the patients (19 of 58) were on antidepressant medication,
including selective serotonin reuptake inhibitors in 12, serotonin and norepinephrine
reuptake inhibitors in 3, bupropion in 3, and amitriptyline in 1. Despite treatment, 13 of
these 19 patients still scored as having depressive symptoms on the Zung scale. Sixty seven
percent of the patients (27 of 40) who scored as being depressed were not being treated for
their depression at the time of assessments.

Patients with and without symptoms of depression

The age, disease duration, age at disease onset and severity of motor impairment
(UMSARS-2) were similar in those with symptoms of depression vs. those without (Table
2). Patients with symptoms of depression had higher body vigilance scores, suggesting they
were more focused on their symptoms (20.04£8.3 vs. non-depressed patients 14.2+8.3;
P=0.029). Anxiety scores (both state and trait) were also significantly higher in patients with
symptoms of depression.

Systolic blood pressures supine and standing were similar in both groups. The
COMPASS-31 was numerically higher in patients with depressive symptoms, but the
difference was not significant (P=0.08).

However, the UMSARS-1, which measures activities of daily living, and the OHQ, which
measures the self-perceived symptomatic burden of the blood pressure fall, were both
significantly higher in patients with depressive symptoms (P=0.004, Figure 1A).

Depressive symptoms and orthostatic hypotension

The severity of depressive symptoms was correlated with the OHSA score, as well as with
each individual item of this scale as well as with activities that require standing and walking
for a long time on the OHDAS, and with the OHQ total score, i.e., the sum of both sub-
scales (Figure 2 and Supplementary Table 1). Depressive symptoms scores were also
associated with higher burden of autonomic symptoms as measured by the COMPASS-31
scale (R=0.401, P=0.02). When each of the specific domains of the COMPASS-31 were
analyzed, only the items related to symptoms of orthostatic hypotension were significantly
associated with depressive symptoms (R=0.337, P=0.045), with the items related to bladder
dysfunction being close to significance (R=0.321, P=0.057).

Because the average reported severity of orthostatic hypotension symptoms was higher in
patients with more burden of depressive symptoms, but orthostatic blood pressure falls and
blood pressure on standing were similar (Table 2), we analyzed whether patients with
depressive symptoms reported more severe orthostatic symptoms with similar fall in blood
pressure. Indeed, as shown in Figure 1B, a simple regression analysis between the OHQ
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score and the drop (A) of the systolic blood pressure from supine to 3-minutes of head-up tilt
in each patient showed that, for the same magnitude of blood pressure fall, patients with
depression had higher OHQ score compared to patients without depression. Equivalent
findings were obtained when regressing the OHQ score with the systolic blood pressure after
3-min of head-up tilt (Figure 1C), indicating that, in spite of a similar magnitude in their
blood pressure fall, patients with symptoms of depression rated their orthostatic symptoms
worse than non-depressed patients.

To confirm this, we used a multiple regression model with the total OHQ score as dependent
variable and the Zung depression score, reduction in systolic blood pressure from supine to
3-minutes of head-up tilt, age, sex and the UMSARS-1 and UMSARS-2 scores at baseline
as independent variables. This model explained 58% of the variance in the dependent
variable (R?=0.583; P<0.0001), and disclosed that the total OHQ was dependent on the
magnitude of the drop in blood pressure on head-tilt (as expected; P=0.008, beta=0.28
indicating that for every unit that systolic blood pressure decreases upon standing, there is a
0.28-increase in the OHQ score) and also on the Zung depression score (P=0.004,
beta=1.181, indicating that, for every unit that the Zung depression score increases, there is a
1.181-increase in the total OHQ). The other independent variables entered in the model (sex,
age, and UMSARS) were not predictive of the total OHQ score.

DISCUSSION

Our main finding is that symptoms of depression in patients with MSA are independently
associated with higher self-perceived severity of autonomic symptoms, particularly
orthostatic hypotension. Compared to those with low burden of depressive symptoms in the
Zung scale, patients with high burden of depressive symptoms reported significantly more
severe orthostatic symptoms for the same magnitude of blood pressure fall and similar blood
pressure level when standing.

Symptoms of orthostatic hypotension and autonomic dysfunction, as measured by validated
self-reported scales (OHQ and COMPASS-31), worsened with increasing depression scores,
but there were no differences in hemodynamic parameters, strongly suggesting that patients
with depression rate similar symptoms worse. This was confirmed by a multivariable
regression model including age, sex, UMSARS and drop in systolic blood pressure upon
head-up tilt as covariates, showing that the burden of orthostatic hypotension symptoms (i.e.,
the OHQ score) was /ndependently associated with the burden of depressive symptoms: for
every 1-unit increase in the Zung depression score, there was a 1.181-increase in the total
OHQ score.

In this study, two thirds of patients with MSA had symptoms of depression as measured by
the Zung Self-Rating Depression Scale. Published studies in patients with MSA showed a
prevalence of depression as low as 15% to as high as 85%. The 69% prevalence of
depression in our study and the lack of differences in depression or anxiety scores between
parkinsonian and cerebellar phenotypes are all in agreement with previous reports [2, 17, 19,
21]. Depressive symptoms in patients with MSA may be a surrogate marker of a widespread
involvement of neurodegeneration affecting neuronal circuits involving emotional
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functioning, such as the prefrontal cortex [11]. In our study, most patients who had a high
burden of depressive symptoms were not receiving antidepressants. However, one third of
the patients who were on antidepressant medications still scored as having a high burden of
depressive symptoms. Recognizing and successfully treating depression should improve
quality of life.

Patient-reported outcomes such as the OHQ are typically used as primary endpoint in
clinical trials for orthostatic hypotension [13]. Therefore, the finding that symptoms of
depression influence the patient’s subjective assessment of the severity of autonomic
symptoms has implications for clinical trial design.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Self-perceived severity of depressive symptoms and symptoms of orthostatic
hypotension in multiple system atrophy.

A. Orthostatic Hypotension Symptoms Assessment (OHSA) scores in depressed and non-
depressed patients. Depressed patients had significantly more burden of orthostatic
hypotension symptoms in each of the items of the OHSA. * P<0.05; **P<0.01. B.
Symptomatic burden of orthostatic hypotension according to the reduction in systolic blood
pressure after 3-minutes of head-up tilt. Even though the drop in systolic blood pressure was
similar in both groups, the burden of orthostatic symptoms, as measured by the orthostatic
hypotension questionnaire (OHQ) was higher in patients with depressive symptoms (red
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dots) compared to patients without depressive symptoms (white dots) C. Symptomatic
burden of orthostatic hypotension according to systolic blood pressure after 3-mininutes of
head-up tilt. Even though the systolic blood pressure after 3-minutes of head-up tilt was
similar in both groups, the burden of orthostatic symptoms, as measured by the orthostatic
hypotension questionnaire (OHQ) was higher in patients with depressive symptoms (red
dots) compared to patients without depressive symptoms (white dots).
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Figure 2. Association between depressive symptoms and symptoms of orthostatic hypotension in

multiple system atrophy.

A. Higher Orthostatic Hypotension Questionnaire (OHQ) total scores were associated with
higher Zung self-reported depressive symptom scores. B. Higher Orthostatic Hypotension
Symptoms Assessment (OHSA) scores were associated with higher Zung self-reported

depressive symptom scores.
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Baseline characteristics of patients with multiple system atrophy according to their predominant motor

phenotype (MSA-C vs. MSA-P)

Table 1.

Variable MSA-C (n=35) | MSA-P (n=23) | P-value
Age, years 61.7+7.7 61.9+10.1 0.95
Sex TM/17F 13M/8F 00277
Disease duration, years 4.3+2.0 4.6+2.3 0.58
Age at disease onset, years 52.3+15.6 57.3+10.1 0.32
UMSARS-1 (activities of daily living) 18.9+7.8 20.0+9.7 0.65
UMSARS-2 (neurological exam) 20.8+9.25 22.349.7 0.57
Zung depression score 57.1+9.6 55.2+9.7 0.46
Anxiety score (state) 43.6+11.3 43.3+13.8 0.94
Anxiety score (trait) 43.7+£11.9 40.2+11.5 0.35
Body vigilance score 18.6+8.3 18.1+9.3 0.85
Orthostatic Hypotension Questionnaire (OHQ) 40.7+21.4 45.1+19.6 0.51
COMPASS-31 56.4+37.6 70.7%13.5 0.15
Systolic blood pressure supine, mmHg 149.9427.3 159.5+27.7 0.21
Diastolic blood pressure supine, mmHg 83.0£15.5 84.2+13.7 0.76
Heart rate supine, bpm 78.9+10.7 77.7+14.5 0.72
Systolic blood pressure 3-min head-up tilt, mmHg 121.3+26.9 119.0+19.4 0.74
Diastolic blood pressure 3-min head-up tilt, mmHg 68.9+17.3 63.3+12.9 0.22
Heart rate head-up after 3-min head-up tilt, bpm 87.3+£16.0 83.8+15.9 0.45
Drop (4) in systolic blood pressure at 3-min head-up tilt, mmHg 30423 38+29 0.23
Valsalva ratio 1.20+0.18 1.20+0.15 0.59
E:l ratio 1.07+0.05 1.07+0.05 0.53

*
Asterisks denote statistical significance.
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Table 2.
Patients’ characteristics according to their depression status
High burden of depressive L ow budern of depressive P-value
symptoms symptoms
(n=40) (n=18)

Age, years 62.4+8.6 60.6+8.8 0.48
Sex 23M/17F 9M/9F 0.56
Disease duration, years 4.6+2.2 41421 0.45
Age at disease onset, years 57.6+8.4 49.5+18.5 0.11
UMSARS-1 (activities of daily living) 21.0+8.8 15.546.2 0.012%
UMSARS-2 (neurological exam) 21.8+10.0 20.1+7.9 0.55
Zung depression score 61.0£7.6 46.1+3.9 0.001%
Anxiety score (State) 46.8+12.4 37+9.5 0014~
Anxiety score (Trait) 46.1+11.7 34.4+7.1 0.001%
Body vigilance score 20.0+8.3 14.2+8.3 0.029%
OHQ total score 47.2417.3 26.5+23.4 0.004*
OHSA sub-score 25.5+12.9 12.0+11.8 0.003%
COMPASS-31 68.3+28.5 52.5+28.5 0.088
Systolic blood pressure supine, mmHg 157.6+28.1 145.5+24.9 0.13
Diastolic blood pressure supine, mmHg 86.6+14.9 76.8+12.2 0.051
Heart rate supine, bpm 79.2+12.4 76.7£12.2 0.50
Systolic blood pressure 3-min head-up tilt, mmHg 121.3+27.1 118.3+16.1 0.61
Diastolic blood pressure 3-min head-up tilt, mmHg 67.7£17.3 64.7£12.4 0.53
Heart rate 3-min head-up tilt, bpm 87.0+16.8 83.4+13.8 0.45
Drop (4) in systolic blood pressure at 3-min head-up tilt, mmHg 27.6+32 37.2423 0.23
Valsalva ratio 1.20+0.03 1.24+0.06 0.13
E:l ratio 1.08+0.02 1.08+0.01 0.87
Plasma norepinephrine, pg/ml 3391166# 2664202 0.29

*
Asterisks denote statistical significance.

#n=38 (two outliers with plasma norepinephrine > 1000 pg/ml were excluded).
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