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The degree and frequency of orthostatic hypotension (OH) are high in patients with multiple system atro-
phy (MSA); however, the association of orthostatic blood pressure (BP) with the symptoms of OH and
cognitive impairment in these patients remains unclear. The aim of this study was to clarify whether
absolute BP and/or changes in BP during standing are related to OH symptoms and cognitive impairment
in patients with MSA. Thirty-two patients with MSA were examined using the head-up tilt and cognitive
function tests. OH symptoms were evaluated using a patient-reported scale. The results were compared
with those for 15 age- and sex-matched healthy controls. Seventeen of the 32 (53.1%) patients had OH,
with eight of them exhibiting OH symptoms, which were related to the absolute BP value at 60� tilt.
However, OH symptoms were not related to the degree of decrease in BP during the tilt test, and they
were frequently observed in patients with a mean BP of <80 mmHg at 60� tilt (sensitivity, 67%; specificity,
91%). Cognitive dysfunction assessed by the Mini-Mental State Examination (MMSE; � 26) was also asso-
ciated with a low mean BP at 60� tilt (odds ratio, 1.32; 95% confidence interval, 1.04–1.67; p = 0.02). The
upright BP value is associated with OH symptoms and the MMSE score in patients with MSA. Thus, care-
ful observation of OH symptoms can enable early management of BP and the detection of cognitive
impairment in these patients.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Multiple system atrophy (MSA) is an adult-onset neurodegener-
ative disease clinically characterized by parkinsonism, cerebellar
dysfunction, autonomic dysfunction, and pyramidal tract involve-
ment [1]. Neurodegenerative diseases such as Parkinson’s disease
(PD) and MSA often complicate orthostatic hypotension (OH),
although patients do not necessarily complain of OH symptoms
such as dizziness, loss of consciousness, and blurred vision. It is
estimated that 30% to 60% patients with PD have OH [2,3], and that
OH symptoms are associated with an upright mean blood pressure
(BP) of <75 mmHg [2]. In addition, cognitive dysfunction and deep
white matter lesions often progress in PD with OH [4]. On the other
hand, in patients with MSA, cognitive impairment is mainly attrib-
uted to frontal dysfunction and cerebral atrophy in the frontal lobe
[5–7], and the impact of OH on cognitive function and deep white
matter lesion in MSA is not well known.

This study aimed to clarify whether the absolute mean BP and/
or decrease in the mean BP during standing are related to OH
symptoms, cognitive function, and white matter lesion in patients
with MSA.
2. Materials and methods

2.1. Subjects

The study consisted of 32 patients with probable MSA (21 men
and 12 women, 65.5 ± 8.6 years). Of these, 20 had predominant
cerebellar ataxia (MSA-C) and 12 had predominant parkinsonism
(MSA-P), which were diagnosed according to the consensus criteria
[1]. They were referred to our University Hospital for evaluation by
a specialist. Individuals with diabetes mellitus, any known heart
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Table1
Demographic data, clinical characteristics, and changes in hemodynamics from
baseline to the 3 min of the 60� tilt.

MSA (n = 32) Control
(n = 15)

p
value

Age (years) 65.5 ± 8.6 65.6 ± 11.9 0.97
Male: Female 21:11 9:6 0.71
Disease duration (years) 2.8 ± 2.3
MSA-P: MSA-C 12:20

Cognition
MMSE 26.6 ± 2.6
FAB 13.6 ± 2.9
MOCA-J 22.3 ± 4.4

Brain MRI
Periventricular hyper-intensity 1.0 ± 0.7 1.3 ± 1.0 0.30
Deep and subcortical white matter

hyperintensity
1.7 ± 0.9 1.6 ± 1.2 0.76

Head-up tilt test
Systolic BP at 0�(mmHg) 123.1 ± 18.4 112.6 ± 15.1 0.09
Diastolic BP at 0�(mmHg) 80.8 ± 15.4 73.2 ± 9.4 0.08
Mean BP at 0� (mmHg) 99.3 ± 16.0 90.3 ± 11.8 0.10
Heart rate at 0�(/min) 69.8 ± 12.0 64.8 ± 11.1 0.13
Systolic BP at 60� (mmHg) 107.8 ± 14.0 114.8 ± 14.1 0.14
Diastolic BP at 60� (mmHg) 73.5 ± 11.5 77.6 ± 9.2 0.49
Mean BP at 60�(mmHg) 86.8 ± 11.6 92.6 ± 10.6 0.29
Heart rate at 60�(/min) 80.7 ± 13.7 73.8 ± 13.7 0.05
D Systolic BP (mmHg) �15.3 ± 22.7 2.2 ± 8.7 0.01
D Diastolic BP (mmHg) �7.3 ± 17.5 4.4 ± 9.6 0.02
D Mean BP (mmHg) �11.3 ± 20.7 2.3 ± 9.4 0.01
D Heart rate (/min) 11.0 ± 6.9 9.0 ± 7.0 0.28
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disease or other neurological disorders were excluded. A control
group consisting of 15 age- and sex-matched normal healthy
adults (9 men and 6 women, 65.6 ± 11.9 years) was also enrolled.

2.2. Clinical assessments

Head-up tilt test was performed as previously described [8,9].
All studies were performed at 0900 h in a temperature-
controlled clinical laboratory (average temperature 25 �C ± 1 �C)
after overnight fasting. Any drugs that might influence the cardio-
vascular system, including antiparkinsonian drugs, were discontin-
ued at least 12 h before enrollment. OH was defined by a decrease
in systolic BP of at least 20 mm Hg or in diastolic BP at least 10 mm
Hg between supine rest for at least 15 min and 60� for 3 min (un-
less symptomatic or rapid hypotension necessitated return to the
supine position before 3 min 60� tilt) [8,10]. Along with the
head-up tilt test, cardiovascular recordings were conducted using
a non-invasive monitoring device (Task Force Monitor, CNSystems,
Medizintechnik, Graz, Austria) [11,12]. Electrocardiograms were
recorded continuously using four spot electrodes. Beat-to-beat
measurements of BP were obtained by finger plethysmography of
the right index finger and continuously corrected to the BP of the
brachial artery in the left arm measured via the oscillometric
technique.

Symptoms of OH were assessed at 3 min of 60� tilt test using
the Orthostatic Hypotension Questionnaire, a validated patient-
reported scale [2,13]. Patients were categorized based on the pres-
ence or absence of symptoms. Those who reported dizziness, light-
headedness, visual impairment (i.e., blurred vision, tunnel vision,
or diminished vision), or pain in the shoulders and back of the neck
(coat hanger pain), which correspond to items 1, 2, and 6 of the
questionnaire, respectively, were included in the symptomatic
group as previously described [2].

After the head-up tilt test, we successively assessed global
cognitive function using the Mini-Mental State Examination
(MMSE) and frontal lobe function using the Frontal Assessment
Battery (FAB) and Japanese version of the Montreal Cognitive
Assessment (MoCA-J) for MSA patients. The examinations were
conducted in the sitting position, and all patients were carefully
observed for orthostatic symptoms during the examinations. If
such symptoms occurred, the test was resumed after symptom
alleviation to focus on cognitive decline owing to the effect of
low blood pressure.

For white matter lesions, brain MRI was examined around
2 weeks of the head-up tilt test. The amount of deep white matter
lesions and periventricular hyperintensity white matter lesions on
T2-weighted images was scored using the Fazekas score [14].
Periventricular hyperintensity was graded as 0 = absence, 1 = ‘‘ca
ps” or pencil-thin lining, 2 = smooth ‘‘halo,” and 3 = irregular
periventricular hyperintensity extending into the deep white mat-
ter. Deep and subcortical white matter hyperintense signals were
rated as 0 = absence, 1 = punctate foci, 2 = beginning confluence
of foci, and 3 = large confluent areas. All scoring was performed
consistently by the same neuroradiologist (MU under supervision
of TN).

2.3. Statistical analysis

Continuous data are expressed as means ± standard deviations.
Differences between groups were assessed using unpaired t tests.
Categorized data were analyzed by using the chi-squared test. Cor-
relation analysis (Pearson’s coefficient) and simple regression were
used to assess the relationship between BP and the patients’ char-
acteristics. Sensitivity and specificity to predict orthostatic symp-
toms were assessed. Multivariate analysis was used to estimate
the predictors of OH symptoms, cognition, and white matter
lesions. The risk was determined with odds ratios (ORs) and 95%
confidence intervals (CIs). SPSS software version 23 (SPSS, Chicago,
IL, USA) was used for statistical analyses. A p-value of <0.05 was
considered statistically significant.
3. Results

3.1. OH, OH symptoms, and BP during head-up tilt test

The demographic and basic clinical data are shown in Table 1.
Ten patients with MSA exhibited hypertension with a systolic BP
of �140 mmHg or a diastolic BP of �90 mmHg at 0� tilt in the
head-up tilt test. Systolic BP, diastolic BP, and mean BP at the
3 min of the 60� tilt were not different between MSA patients
and controls, but decrease in systolic BP, diastolic BP, and mean
BP at the 3 min of the 60� tilt from the 0� was significantly greater
in MSA patients than in controls. Seventeen out of 32 MSA patients
(53.1%) showed OH, whereas none in the control group showed
OH. A total of nine patients exhibited OH symptoms, and eight of
them had OH. Among the 23 patients without OH symptoms, nine
had OH. OH symptoms were not observed in the controls. We com-
pared the mean BP and the change in the mean BP at the 3 min of
the 60� tilt between subjects with OH symptoms and those with-
out. Categorization of patients according to the presence or
absence of symptoms revealed a higher decrease in the mean BP
at 60� tilt (�24.6 vs �6.0 mmHg, p < 0.005; Fig. 1A) and a lower
mean BP at 60� tilt (76.1 vs 91.0 mmHg, p < 0.05; Fig. 1B) in the
symptomatic group. When the subject’s age, disease duration, dis-
ease type (MSA-P or MSA-C), mean BP, change in the mean BP in
the tilt test, and periventricular hyperintensity/deep and subcorti-
cal white matter hyperintensity were included as covariates, logis-
tic regression analysis revealed that OH symptoms were only
associated with the mean BP at 60� tilt (Table 2). Calculation of
receiver operating characteristic curves revealed that OH
symptoms were frequent in patients with a mean BP of <80 mmHg
(sensitivity, 67%; specificity, 91%) at 60� tilt.



Fig. 1. Change in blood pressure (BP) and BP at 60� tilt in symptomatic orthostatic hypotension (OH) group and non-symptomatic OH group in both multiple system atrophy
(MSA) patients and controls. A. Change in mean BP. B. Mean BP at 60� tilt. Horizontal line in B represents a cut-off value that provides the best sensitivity and specificity in
identifying symptomatic patients. Black circle represents subjects with OH. White circle represents subjects without OH.

Table 2
Odds ratio and 95% CI of OH symptoms.

Odds
ratio

95% CI p value

Age 1.06 0.90–1.25 0.47
Disease duration 0.68 0.35–1.30 0.24
Disease type 2.95 0.26–32.9 0.38
Mean BP at 60� 1.16 1.002–1.334 0.046
Change in Mean BP in the tilt test 0.96 0.89–1.03 0.24
Periventricular hyperintensity score 0.20 0.02–2.06 0.39
Deep and subcortical white matter

hyperintensity score
0.52 0.12–2.32 0.17

CI = confidential interval.

Table 3
Odds ratio and 95% CI of cognitive dysfunction (MMSE � 26).

Odds
ratio

95% CI p value

Age 0.93 0.76–1.13 0.46
Disease duration 1.17 0.70–1.95 0.56
Disease type 0.17 0.01–3.14 0.24
Mean BP at 60� 1.32 1.04–1.67 0.02
Change in Mean BP in the tilt test 1.13 1.01–1.26 0.03
Periventricular hyperintensity score 0.25 0.02–3.35 0.30
Deep and subcortical white matter

hyperintensity score
0.54 0.07–3.96 0.54

CI = confidential interval.
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3.2. Predictors of cognitive dysfunction

The MMSE score showed a correlation with age (r = �0.41,
p = 0.01) and the mean BP at 60� tilt (r = 0.36, p = 0.04), whereas
it was not correlated with the mean BP at 0� tilt (r = 0.20,
p = 0.25) or the change in the mean BP (r = �0.04, p = 0.41). FAB
and MOCA-J scores showed no correlation with BP or the change
in BP at 60� tilt.

The regression line using MMSE as the outcome variable (y) and
themean BP at 60� tilt as the predictor variable (x)was y = 0.0812x +
19.516. According to this formula, the mean BP at 60� tilt, with an
MMSE score of 26 points, was 80 mm Hg. In addition, stepwise
regression analysis adjusted for the patient’s age, disease duration,
mean BP at 0� and 60� tilt, change in the mean BP, OH symptoms,
and periventricular hyperintensity/deep and subcorticalwhitemat-
ter hyperintensity confirmed thatMMSEwas independently associ-
ated (adjusted r = 0.57)with age (p = 0.01) and themeanBP at 60� tilt
(p = 0.02). Logistic regression analysis also showed that themean BP
at 60� tilt (OR, 1.32; 95%CI, 1.04–1.67, p = 0.02) and the change in the
meanBP (OR, 1.13; 95%CI, 1.01–1.26, p = 0.03)were the only predic-
tors of an MMSE score of � 26 (Table 3).

A similar analysis using the stepwise method revealed that the
FAB score was associated with deep and subcortical white matter
hyperintensity (R = 0.47, p = 0.01), while the MOCA-J score was
associated with age (R = 0.46, p = 0.03). There was no association
between FAB/MOCA-J scores and the mean BP and the change in
the mean BP at 60� tilt.
3.3. Predictors of white matter lesion

There were no differences in the score of periventricular hyper-
intensity or deep and subcortical white matter hyperintense sig-
nals between MSA patients and controls (Table 1). In addition, no
differences were found in the score of periventricular hyperinten-
sity or separate deep white matter hyperintense signals between
MSA patients with OH and those without (0.94 vs 1.00, p = 0.83;
1.82 vs 1.60, p = 0.52, respectively) and between MSA patients with
OH symptoms and those without (1.00 vs 0.95, p = 0.88; 1.78 vs
1.70, p = 0.83, respectively). The scores for the white matter lesions
did not correlate with the absolute values for the mean BP at 0� and
60� tilt or the change in BP during tilt. Multivariate analysis
revealed that age was the only predictor of white matter lesions
in both MSA patients (deep and subcortical white matter hyperin-
tensity: R = 0.51, p < 0.01; periventricular hyperintensity: R = 0.63,
p < 0.001) and controls (deep and subcortical white matter hyper-
intensity: R = 0.76, p = 0.01; periventricular hyperintensity:
R = 0.86, p < 0.01).

4. Discussion

In the present study, we demonstrated that the absolute value
of BP on standing rather than the magnitude of BP decrease during
standing is a determinant factor for symptoms of OH in MSA
patients. In PD patients, symptomatic OH is reported to be associ-
ated with an upright mean BP < 75 mmHg [2]. However, little is
known about this association in MSA patients. Our results showed
that symptomatic OH was chiefly associated with mean
BP < 80 mm Hg at 60� tilt. This value is similar to that in a previous
report of PD patients [2].

In addition, we found that an MMSE score of � 26 was corre-
lated with the mean BP at 60� tilt. The regression line derived in
the study showed that a mean BP of <80 mm Hg at 60� tilt was a
potential risk factor for cognitive decline in MSA patients. Previous
studies have reported that cognitive impairment in patients with
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MSA correlates with their disease duration [15], severe motor
disability [7], and cardiovascular dysautonomia such as reduced
123I-metaidobenylguanidine cardiac uptake [5] or short coefficient
of variation of electrocardiographic RR intervals [16]. Hatakeyama
et al. evaluated the predictors of cognitive impairment in MSA by
performing Schellong Test; however, there was no correlation
between MMSE score and the result of the Schellong Test [16]. In
the present study, we found that the mean BP at 60� tilt was asso-
ciated with the MMSE score; this suggests that careful observation
of OH symptoms can be helpful in the detection of cognitive dys-
function in MSA patients.

In our study, the disease duration was not relevant to cognition,
possibly because our patients exhibited a disease duration of
2.8 years, which is shorter than that (4.2 years) in the study by
Hatakeyama et al [16]. We could not find any relation between
FAB score and BP during the tilt test. In our results, mean FAB score
in MSA patients was 13.6 ± 2.9, which is almost the same as the
score previously reported by Hatakeyama et al., who also could
not find any relation with Schellong Test [16]. A meta-analysis
clarified that cerebral white matter lesions are associated with cog-
nitive dysfunction [17], particularly executive dysfunction [18,19].
Similarly, in the present study, white matter lesions were not
related to the MMSE or MOCA-J scores, whereas they were related
to the FAB score, which represents executive function. There are
only a few studies evaluating cognition using MOCA in MSA
[20,21], and there is no report investigating its relationship with
OH; therefore, accumulation of further cases is necessary.

Whitematter score did not correlatewith decrease in BP or abso-
lute BP at 60� tilt. Cognitive dysfunction and deep white matter
lesions are reported to progress in PD patients with OH [4,22,23].
However, it remains unknownwhetherOHandwhitematter lesions
aremerely associatedor causally related to eachother, and if so, how
OH might contribute to white matter lesions in PD patients [22].
Pathologically, white matter change on MRI scan in MSA reflects
the presence of glial cytoplasmic inclusions, located in oligodendro-
cytes [24]. However, the cause of white matter degeneration is not
clear, and there is a possibility that OH or blood flow reduction in
the brain relates to white matter degeneration. Thus, further obser-
vation is necessary to solve this issue in MSA.

This study has some limitations. Patients with MSA-P show
more severe and widespread or rapidly progressive cognitive dys-
function than do patients with MSA-C [16,25]. However, given the
small sample size in the present study, we found no differences
between patients with MSA-P and those with MSA-C. Therefore,
it is necessary to investigate further by increasing the number of
cases in the future. Regarding examination of white matter lesions,
there was no uniformity in MRI equipment, with 1.5 T or 3 T equip-
ment being used. Therefore, a slight difference in appearance
might occur. In addition, although the patients were carefully
observed during the examination of cognitive function, actual BP
values were not recorded. It is possible that BP may have dropped
and affected cognitive function in some cases.
5. Conclusion

In patients with MSA, a decrease in the mean BP while standing
to 80 mmHg is a determinant of OH symptoms and may be helpful
for the detection of cognitive dysfunction. Thus, careful observa-
tion of OH symptoms can enable the early management of BP
and cognitive impairment in this patient population.
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