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Introduction

Parkinson disease (PD) is a movement disorder that 
affects about 1%-2% of individuals older than 60 years and 
is characterised by cardinal motor manifestations of rigidity, 
bradykinesia, postural instability and tremor [1-6,7-9,10-22]. In 
addition to these motor symptoms, many patients suffer from a 
wide range of nonmotor symptoms that sometimes even precede 
the typical movement disorder, such as dementia, gastroparesis, 
sleep disturbances (i.e. rapid eye movement sleep behavior 
disorder), depression, constipation, and other dysautonomic 
symptoms [2]. Dementia is one of the most prevalent nonmotor 
symptoms in PD patients (PDD), with the prevalence and annual  
incidence are estimated at respectively 30-40% and 10% of  

 
PD patients [16]. Previous studies suggested that cognitive 
dysfunction occur in the later course of disease [11]. However, 
recent researches found that patients with PD are susceptible to 
cognitive dysfunction, even early in the disease [13]. This indicates 
that such potentially disabling nonmotor symptoms of PD should 
be carefully addressed in clinical management.

However, the exact pathogenesis of PDD is still unknown; 
Some vascular risk factors and/or neurocirculatory abnormalities 
have been noted in PDD [14,15]. Previous studies suggested that 
vascular risk factors were significantly associated with cognitive 
in patients with early PD [18,21]. Cardiovascular symptoms 
are common causes of PD patients’ medical treatment26. PD 
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patients with cardiovascular autonomic dysfunction will cause 
falls, syncope and other adverse conditions, increase the risk 
of cardiovascular and cerebrovascular diseases. In the past, it 
was thought that cardiovascular autonomic nerve dysfunction 
only occurred in the late stage of PD, but now it is found that 
cardiovascular autonomic nerve dysfunction is also common 
in PD patients who do not use drugs in the early stage [3,19]. 
Epidemiological studies have also revealed PDD may be related 
to orthostatic hypotension [1], supine hypertension, labile blood 
pressure [20], and the absence of a decrease in pressure during 
night [23]. Although studies reported different findings, these 
findings still seem to imply that cardiovascular autonomic nerve 
abnormalities may play a crucial role in PDD pathogenesis.

Heart rate variability (HRV) has attracted more and more 
attention in the assessment of cardiovascular autonomic nervous 
function in patients which have been widely used in diabetes 
and cardiovascular disease patients. However, the relationship 
among HRV and PDD remains unknown. In the present study, we 
assessed whether cognitive abnormalities in early PD stage were 
related to HRV.

Materials and Methods

Diagnosis and Clinical Evaluation of PD

78 newly diagnosed patients with PD were recruited from 
the third hospital of Mianyang from June 1, 2016 to December 31, 
2019. A clinical diagnosis of early PD was made according to the 
UK Brain Bank criteria [7]. None of the patients had ever taken 
medication for PD. We collected demographic data (age, gender 
and education level), medical history and clinical details (age at 
onset and disease duration). Disease severity was evaluated by 
Hoehn & Yahr stage and motor disability was assessed with the 
Movement Disorders Society-revised Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS) parts III8. Lacunae and white matter 
lesions were evaluated using a previously recommended standard 
[24,25]. All MRI scans were performed on a 3.0 Tesla Magnetom 
Skyra MRI scanner (Siemens Medical Solutions, Erlangen, 
Germany) [26]. 

Excluded from the study were patients with: (1) neurological 
abnormalities related to atypical and secondary Parkinsonism; 
(2) current intake of medications known to influence autonomic 
functions; (3) multiple system atrophy; (4) corticobasal 
degeneration; (5) a history of cardiopathy or peripheral 
neuropathy [17].

Echocardiography 

All participants underwent physical examinations and auxiliary 
examinations, including electrocardiogram, echocardiography. 
The left ventricle ejection fraction, left ventricular internal 
dimension (LVID) and left ventricular posterior wall thickness 
(LVPWT) were obtained from echocardiography measurements. 

Neuropsychological Measurement

All subjects underwent a standardized neuropsychological 
measurement protocol performed by an experienced 
neuropsychologist. Global cognitive function was assessed using 
the MMSE and Montreal Cognitive Assessment (MoCA-B). In 
addition, a neuropsychological battery that included AVLT-N5/
N7, Category Verbal Fluency (CVF), Boston Naming Test (BNT), 
Trail Making Test-A/B was used to evaluate the multiple cognitive 
domains of episodic memory, language, executive function, and 
information processing speed.

Detection of Holter and Analysis of HRV

All patients were recorded 24-hour heart rate dynamic 
changes by synchronous 12 lead dynamic electrocardiograph, 
and analyzed HRV time domain. Time domain indicators include: 
standard deviation of normal RR intervals (SDNN), root mean 
square successive difference of normal RR invervals (RMSSD), 
percentage of adjacent R-R intervals that varied by more than 
50ms (PNN50%), and standard deviation NN average(SDANN).

Data Analysis and Statistics

Continuous and normally distributed variables were expressed 
as mean ± standard deviation (SD) , and variables not normally 
distribution were expressed as median (IQR). Categorical data 
were described using frequency and percentages. The differences 
in the demographic data between the two groups were assessed 
by an independent t test, x2 test, Mann-Whitney U test, or Chi-
squared test. Multivariate logistic regression was used to identify 
the factors associated with MMSE scores. All hypothesis tests were 
two-tailed, and p < 0.05 was defined as statistically significant. 
Statistical analyses were performed using SPSS version 21.0.

Result

Demographic Characteristics

Among the patients, 39 were men and 39 were women. Mean 
age (±SD) was 65.87±7.85 years and motor symptoms duration 
was 1.76±0.99 years. UPDRS scores averaged 19.94±11.98 and 
H&Y stage scores averaged 1.63±1.12. The patients therefore had 
relatively mild PD of short duration. Thirty-one patients had normal 
cognition, forty-seven had cognitive impairment. No differences in 
age, gender, education, smoking history, hyperlipidemia, diabetes 
mellitus, hypertention, lacunae, or WMC were found between the 
two groups (P＞0.05 ) (Table 1). Mean systolic and diastolic blood 
pressure was higher in the cognitive impairment group (P＜0.05 
). There was no significant difference in the cognitive impairment 
group by both UPDRS and H &Y stages.

Cognition Impairment

The cognition impairment group showed poorer performances 
on MMSE (＜0.001) , MoCA-B(＜0.001), episodic memory(P＜0.05 
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), language(＜0.001), and executive function(P＜0.05 ) than the 
normal cognition group. No significant difference was observed in 
the scores of information prosessing speed (P＞0.05 ) (Table 2).

Correlations between HRV and Cognition

Linear regression analysis was conducted with systolic 
blood pressure, diastolic blood pressure, RMSSD, pNN50% as 
independent variables and cognitive function score as dependent 

variables. The linear regression results of systolic blood pressure, 
diastolic blood pressure, RMSSD, pNN50% with the general 
cognition and the various cognitive domains are shown in the 
Table 3. We found the score of N5 in episodic memory linearly 
related to RMSSD. There was no significant linear relationship 
between the general cognition and the various cognitive domains 
and HRV. 

Table1: Characteristics of patients in normal cognition and impairmental cognition groups.

Normal Cognition (N=31) Cognition Impairment 
(N=47) T/Z Value P  Value

Age, y, mean±SD 64.68±8.13 66.66±7.645 -1.093 0.278

Men, n(%) 17(54.8) 22(46.8) 0.482 0.488

Handedness(right/left) 29/2 44/3 0.000 0.990

Education duration, y, [M(Q25,Q75)] 9.00（9.00,16.00） 9.00（6.00，12.00） -1.447 0.148

Disease duration, y, [M(Q25,Q75)] 1.50(1.00,2.10) 1.40(0.90,2.50) -0.788 0.431

Hypertention, n(%) 7(22.6) 17(36.2) 1.784 0.182

Systolic BP (supine), mm Hg, mean±SD 124.39±20.80 137.11±18.26 -2.848 0.006*

Diastolic BP (supine),  mm Hg, mean±SD 77.81±13.25 86.81±15.50 -2.655 0.010*

Diabetes mellitus, n(%) 8（25.8） 15（31.9） 0.335 0.563

Smoking status, n(%)

Nonsmoker 21（67.7） 34（72.3） 0.190 0.663

Ex-smoker 2（6.5） 5（10.6） 0.401 0.527

Current smoker 8（25.8） 8（17.0） 0.884 0.347

H&Y stage, [M(Q25,Q75)] 1.50(1.00,2.50) 1.50(1.00,2.50) -0.940 0.925

UPDRS score, mean±SD 19.42±12.285 20.30±11.911 -0.315 0.754

Lipid profile, mean±SD

Total cholesterol, mg/dl 164.32±51.53 174.87±49.69 -0.904 0.369

TG [M(Q25,Q75)] mmol/L 1.63(0.97,2.46) 1.92(1.26,2.33) -1.675 0.094

LDL-cholesterol, mg/dl 101.87±25.51 110.38±26.23 -1.418 0.160

Plasma homocysteine level, μ mol/L 10.748±4.17 10.643±2.96 -0.131 0.896

HR, mean±SD 81.23±9.05 60.13±9.44 1.697 0.094

Ejection fraction, mean±SD(%) 63.77±7.977 56.11±8.646 0.677 0.102

LVID(mm), mean±SD 43.52±2.379 42.83±3.332 0.991 0.325

LVPWT(mm) , mean±SD 9.41±1.66 9.50±1.73 -0.224 0.825

SDNN, mean±SD 92.52±16.919 98.15±15.433 -1.518 0.133

SDANN, mean±SD 71.84±15.334 74.74±15.232 -0.822 0.413

RMSSD, mean±SD 17.26±4.858 23.06±6.800 -4.109 ＜0.001**

PNN50%, mean±SD 2.652±0.9416 4.349±1.5647 -5.420 ＜0.001**

Lacunae, n(%) 17（0.55） 19（0.40） 1.561 0.211

WMC score, [M(Q25,Q75)] 1.00(0.00,2.00) 1.00(1.00,2.00) -0.049 0.961

MMSE, mean±SD 27.03±2.751 19.74±5.712 6.606 ＜0.001**
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Table 2: Measurement of cognitive function of patients.

Scales Normal Cognition (N=31) Cognition Impairment (N=47) T/Z Value P  Value

General cognition

MMSE, mean±SD 27.03±2.751 19.74±5.712 6.606 ＜0.001

MoCA-B, mean±SD 27.65±2.0442 22.06±2.959 9.153 ＜0.001

Composition of each cognitive domain

Episodic memory

AVLT-N5, [M(Q25,Q75)] 6.00(5.00,7.00) 5.00(4.00,6.00) -2.595 0.009

AVLT-N7, [M(Q25,Q75)] 20.00(18.00,20.00) 18.00(17.00,20.00) -2.334 0.020

Information prosessing speed

TMT-A, s, mean±SD 62.13±15.207 61.49±19.125 0.156 0.876

Language

VFT 15.81±3.535 11.40±2.446 6.505 ＜0.001

BNT, mean±SD 23.52±3.811 16.49±5.583 6.123 ＜0.001

Executive Function

TMT-B,s, mean±SD 178.71±24.215 201.83±38.750 -2.959 0.004

Table 3: The association between HRV and cognitive damain in patients.

Scale Systolic BP Diastolic BP RMSSD PNN50%

Β Value P Value Β Value P Value Β Value P Value Β Value P Value

MMSE -0.079 0.863 0.23 0.616 0.155 0.346 -0.02 0.898

MoCA-B -0.221 0.613 0.514 0.243 0.229 0.146 0.017 0.908

AVLT-N5 -0.205 0.642 0.226 0.61 0.338 0.037* 0.035 0.817

AVLT-N7 0.125 0.778 -0.246 0.581 0.146 0.359 -0.266 0.085

TMT-A -0.796 0.075 0.953 0.053 0.064 0.684 0.049 0.746

VFT -0.161 0.727 0.037 0.935 -0.025 0.879 -0.086 0.587

BNT 0.242 0.587 -0.403 0.367 0.151 0.343 -0.189 0.216

TMT-B -0.733 0.104 0.633 0.16 -0.068 0.669 -0.128 0.4

Discussion

Our findings suggest that cognitive decline is associated 
with cardiovascular autonomic nerve abnormalities, including 
mean systolic/diastolic blood pressure, SDNN, RMSSD, PNN50%, 
and SDANN. To our knowledge, a positive relationship between 
HRV and cognitive decline in early Parkinson’s disease has not 
been previously reported. Compared to normal cognition group, 
dementia group demonstrated lower mean systolic/diastolic 
blood pressure, but higher BNP values, which reflects vagally 
mediated cardio function. Such an association was not found with 
LVID and LVPWT, indexes reflects changes in cardiac structure. 
Therefore, while dementia PD participants had decreased cardio 
function compared to normal cognition group, only rhythm but 
not structure dysfunction was associated with cognition deficits. 
This suggests that cognitive impairment may be associated with 
autonomic failure as we know heart rhythm is almost regulated 
by autonomic nevers [4].

Cognitive impairment was present in PDD group, but the 
pattern of cognitive impairment was different. PDD had lower 
MMSE and MoCA-B scores along with cognitive impairment in 
specific damains in PDD. Previous studies conducted to assess 

working memory deficits in PD reported that deficits occurred 
only in recall and not in storage or encoding of information. In 
a similar line, another studies has shown that patients with PD 
appear to suffer from reduced memory capacity, especially when 
the capacity is measured by means of storage- and processing 
tasks. However, our results are slightly different from those 
of our study. The possible reasons for the differences may be 
the different selection of subjects and the different selection of 
cognitive assessment scales.

Interestingly, except the mean systolic/diastolic blood 
pressure, we did not find differences in vascular risk factors such 
as diabetes mellitus, hyperlipidemia, WMC score, and lacunae 
in brain images between the two groups. It is possible that the 
cognitive decline in early PD and vascular dementia may not share 
the same central pathogenetic mechanisms. Epidemiological 
studies highlight the negative prognostic effect of cardiovascular 
and cerebrovascular autonomic failure on cardiovascular 
and cerebrovascular outcomes and overall mortality in all 
α-synucleinopathies including PD [5]. Cardiovascular autonomic 
regulation has been reported to be impaired in Parkinson’s disease 
[10]. Although it had been well known that PD patients often have 
symptoms or signs of autonomic failure, pathophysiologic bases 
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for these complaints had been mysterious. To our knowledge, there 
may be at least three pathophysiologic mechanisms underlying. 
The first is loss of cardiac sympathetic noradrenergic nerves. 
Cardiac sympathetic denervation occurs virtually universally 
in PD, even in early stage, in a manner that seems surprisingly 
independent of the movement disorder in individual patients. The 
second is extra-cardiac noradrenergic denervation. For unknown 
reasons, loss of extra-cardiac noradrenergic innervation in PD 
is less extensive than is loss of cardiac innervation. The third 
determinant is arterial baroreflex failure which changes the blood 
flow velocities and resistance index of cerebrovessels [12]. In this 
regard PDD differs from Alzheimer’s disease, in which cardiac 
sympathetic innervation is thought to be generally intact.

In conclusion, cardiovascular autonomic nerve abnormalities 
may play an important role in PDD pathogenesis, and improving 
cardiovascular autonomic nerve abnormalities might be helpful 
for the prevention of PDD. However, association does not 
imply causation. We speculate from our results that autonomic 
dysfunction may the original cause of cardiovascular reduced which 
unavoidable resulted in dementia. Therefore, the relationship 
between cardiovascular autonomic nerve abnormalities and PDD 
needs to be further studied in the future.

Fund  Program:  17PJ089 and cstc2018jcyjA0166.
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