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ABSTRACT

Context: Dysautonomia and non-motor symptoms (NMS) in
Parkinson’s disease (PD) are frequent, disabling and reduce
quality of life of patient.

Aims and Objective: There is a paucity of studies on autonomic
dysfunction in PD in Indian population. The study aimed to
evaluate autonomic dysfunction in PD patients and co-relate the
findings with severity of PD and Non-Motor Symptoms Scale
(NMSS) score.

Materials and Methods: We evaluated autonomic function in 30
diagnosed patients of PD (age 55-70 years) and 30 healthy age-
matched controls by 3 min deep breathing test (DBT). NMSS was
used to identify non-motor symptoms and Hoehn and Yahr (HY)
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Scale to grade severity of PD. The DBT findings were co-related
with severity of PD (HY staging) and NMSS score.

Results: DBT was found to be abnormal in 40% while it was
on borderline in 33.3% of PD patients. There was a statistically
significant difference (p<0.01) between patients and control group
for the DBT. NMS were reported across all the stages of PD but
with variable frequency and severity for individual symptom. A
negative co-relation was found between results of deep breathing
test and clinical severity of disease and NMSS score.

Conclusion: Abnormalities of autonomic function and NMS were
integral and present across all the stages of PD patients. Early
recognition and treatment of these may decrease morbidity and
improve quality of life of PD patients.
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INTRODUCTION

Parkinson’s disease (PD) is a common, progressive neurodegenerative
disorder characterised by a variety of motor and non-motor features.
First described by James Parkinson in 1817, PD remains one of
the most important disabling motor disorders of later life [1].There
are four cardinal features of PD: tremors at rest, rigidity, akinesia (or
bradykinesia) and postural instability. Degeneration of neurons in the
substantia nigra (pars compacta) and the consequent dysfunction of
the dopaminergic nigrostriatal pathway with additional involvement
of serotonergic, noradrenergic and cholinergic pathways have
been implicated in pathogenesis of PD [2].The type and severity of
symptoms in PD may also vary with each individual and the stage of
PD.

The CNS controls the heart rate by varying the impulse traffic in
sympathetic and parasympathetic limbs of autonomic nervous
system (ANS) innervating the S.A node. Variability in the heart rate
by physiological stressors such as DBT is a simple and powerful tool
in assessment of the parasympathetic limb of autonomic functions
[3]. ANS dysfunction in PD although established by previous studies
there are contradictory reports and variable results when autonomic
dysfunction was evaluated by different methods [4-7]. Previous
studies have co-related autonomic dysfunction with age, sex,
duration or severity of disease or various autonomic symptoms.
Poor autonomic responsiveness has been shown to be associated
with advanced Hoehn and Yahr (HY) stage and duration of disease
[8].

It has been recognized that non-motor symptoms (NMS) in
Parkinson'’s disease are also frequently seen in the clinical spectrum
of the disease and include dysfunction of the ANS as well. It may
consist of various dimensions ranging from cardiovascular, sleep/
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fatigue, mood/cognition, perceptual problems, attention/memory,
gastrointestinal, urinary, sexual functions and miscellany [9]. The 30-
item Non-Motor Symptom Scale (NMSS) developed by Chaudhari
et al., is a comprehensive scale covering nine domains and provides
reliable assessment of NMS in PD [10].

Recent evidence suggests autonomic dysfunction and NMS in
PD may occur even in early stage of the disease and may even
precede the onset of motor symptoms [11]. Deposition of Lewy
bodies in central autonomic regulatory areas such as hypothalamus
as well as preganglionic sympathetic and parasympathetic
neurons, paravertebral autonomic ganglia has been implicated in
the pathogenesis of autonomic dysfunction [12]. The autonomic
dysfunction and non-motor symptoms in particular affect the quality
of life, hospitalisation rates and health economics in Parkinson’s
disease. There is a paucity of studies evaluating autonomic
dysfunction in PD in the Indian population. The primary aim of the
study was to measure risk of cardiovascular autonomic dysfunction
by DBT and NMSS score in 30 PD patients. We also co-related
autonomic dysfunction with severity of disease and NMSS score
which is an easily quantifiable scale.

MATERIALS AND METHODS

Patients and Controls: Thirty patients of Idiopathic Parkinson’s
disease (age 55-70 years) with duration of disease 7+3 years and
fulfiling Parkinson’s Disease Society Brain Bank Clinical Diagnostic
Criteria were selected from neurology outpatient department with
prior approval of the institutional ethical committee [13]. Patients
without any concomitant cardiovascular disease as confirmed by
physical examination and normal 12-lead ECG were included in the
study. Thirty age matched healthy controls were drawn from family
members of patient and from hospital staff. Informed consent of
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Control PD
74.53+ 4.48 NS

Parameter

Basal heart rate 75.53+ 3.77

Maximal expiratory heart rate (beats/min) | 78.26+ 8.20 77.26 + 12.82 NS
Minimal inspiratory heart rate (beats/min) | 59.9+ 9.95 64.2+41.26"
Maximum-Minimum heart rate 18.37+2.236 12.53+ 4.569*

[Table/Fig-1]: Comparison of heart rate variability by 3 min deep breathing test in

PD patients and controls
NS: Not significant™: Significant p < 0.05 when compared to controls
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[Table/Fig-3]: Sub-domains of NMSS Questionnaire across different Hoehn and
Yahr stages.
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[Table/Fig-4]: Co-relation between NMSS Score & HRV

patients and controls was taken. All patients were classified using
HY scale to assess the severity of the disease [14]. Also demented
patients (as evaluated by mini-mental scale) i.e. with significant
cognitive impairment that affected their ability to provide consent and
reliable self report were excluded [15]. NMSS score was recorded
by standardised NMSS questionnaire [10]. Medications were used
alone or in combination: Levodopa alone in 16 patients; levodopa
with amantidine in 13 patients and levodopa with bromocriptine in
One patient.

AUTONOMIC TEST

Deep breathing test: The test was undertaken between 9:00 and
11.00 a.m. in a noise proof and temperature controlled room with

20— - | .

HRV Patients

7 BB

[Table/Fig-5]: Co-relation of HRV with HY staging

patients in their “on” phase. The participants were requested to avoid
smoking or caffeine containing beverages for 6h prior to the test.
ECG was recorded after the patient had been in supine position for
5min and connected to the standard electrocardiogram (ECG) leads
for basal heart rate. Before beginning the test, patients were directed
to breathe at a rate of six respiration cycles per minute: 5s for each
inhalation and 5s for each exhalation [16]. The ECG was recorded
at a speed of 25 mm/sec for 30s while the patient breathed as
instructed. The maximum and minimum R-R intervals during each
breathing cycle were measured. The result was expressed as the
mean of the difference between maximum and minimum heart rates
for six measured cycles in beats per minute [17].

STATISTICAL ANALYSIS

Data was analysed using SPSS version 17. Unpaired t-test was
used for comparing heart rate variability by deep breathing test
of PD patients and controls. Pearson’s correlation was used to
correlate heart rate variability and NMSS score and severity of
Parkinson disease.

RESULT

At the baseline mean heart rate (HR) in patients (74.53+4.48 beats/
min.) was not significantly different from controls (75.53+3.77
beats/min.). According to the results of the study HRV during deep
breathing test (maximum-minimum heart rate) in PD patients was
12.53+ 4.569 which was significantly lower (p<0.05) when compared
with controls. The results of DBT were abnormal in 40% of patients,
borderline in 33.3% and normal in 26.6% of PD patients. There
was no significant difference between the control and PD groups in
mean maximum HR however; the control group had a significantly
lower mean minimal inspiratory HR [Table/Fig-1].

Out of the 16 patients who were only on levodopa DBT was found
to be abnormal in 37.5% and borderline in 31.25% of patients. DBT
was also found to be abnormal in 23.07% and borderline in 38.46%
of patients who were on combination of levodopa with amantidine.
Normal result for DBT was recorded in PD patient on combination
of levodopa with bromocriptine.

NMS scale consists of nine sub-domains and we obtained a good
response for the various domains except for sexual dysfunction.
NMS were reported even in stage 1 (HY stages) of PD and a positive
co-relation was found between NMSS score and HY staging (r =
0.786) [Table/Fig-2]. NMSS score was also positively correlated
with duration of the disease (r= 0.067).When sub-domains of NMS
were compared across different HY stages we found cardiovascular
symptoms were predominantly present in stage 2 of PD. Symptoms
related to sleep, fatigue, mood, cognition and gastrointestinal
symptoms however increased with increasing severity of the disease
(based on HY stage) [Table/Fig-3].

HRV during DBT was negatively correlated with disease duration (r=
-0.018), NMSS score (r= -0.652) and HY staging (r= -0.738) [Table/
Fig-4,5].
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DISCUSSION

Heart rate response to deep breathing is considered to be optimal
test for cardiovagal function to differentiate normal from neuropathic
patients. The changes in heart rate with deep breathing test are
primarily due to modulation of cardiac vagal and sympathetic activity
and the lung inflation reflex [18]. It has been shown in diabetics that
impaired heart rate variation can be an earliest sign of neuropathy
and may even precede the autonomic symptoms by several years
[19].

Previous studies have shown that spectral analysis of HRV can be
useful predictors of autonomic dysfunction in PD patients [20,21].
Few studies done earlier have given contradictory findings for
deep breathing test in Parkinson’s disease. In a previous study by
Koszewicz M et al., the investigators found that the mean values
of heart rate variability percentage at rest and E/I ratio during
DBT were significantly lower in PD [22]. lvanov B et al., evaluated
autonomic dysfunction in 40 PD patients by standard tests and
found significantly diminished heart rate variability only for DBT
[23]. Diminished heart rate variation was found in both recent and
advanced PD [24] whereas other investigators did not find significant
variation to DBT [25]. In this study we demonstrated that a simple,
inexpensive and non-invasive bedside method like deep breathing
test to measure HRV can be a sensitive predictor of autonomic
dysfunction in PD.

Non-motor features of PD are increasingly being defined and include
dysfunction of autonomic nervous system [26]. In the present study
various non-motor symptoms were present in PD disease patients
with varying frequency and severity except for sexual dysfunction
which was not reported by any patients which may be due to cultural
reasons. In a previous study by Romenets et al., nocturia, urinary
urgency and insomnia were the most prevalent NMS [27]. Khoo TK
et al., reported greater NMS in a cohort of PD patients as compared
to controls [28]. P Martinez-Martin et al., reported NMS score of
57.1+ 44.0 and higher score with increasing duration of disease and
severity [29]. This corroborates with findings of our study.

Autonomic features and NMS are postulated to precede the
onset of motor symptoms. This is related with Braak hypothesis
suggesting that PD patients have Lewy body pathology in autonomic
centers and nerves that include the dorsal motor nucleus of the
glossopharyngeal and vagal nerves, gastrointestinal submucosal
plexus and postganglionic sympathetic nervous system. These
lesions may result in autonomic dysfunction which is present in the
premotor stage before nigral involvement [30].

CONCLUSION

Thereis a paucity of studies on autonomic dysfunction in PD in Indian
population. In the present study we found that parasympathetic
autonomic dysfunction and NMS are present even in the early
stages of PD. While motor symptoms can be treated effectively the
NMS have become major prognostic factor affecting quality of life of
PD patients. Early recognition and treatment of these may decrease
morbidity and improve prognosis in PD. However, a detailed
evaluation of autonomic dysfunction and NMS in a larger sample
size would be required to further validate our findings.
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