
593

https://doi.org/10.1590/0004-282X-ANP-2021-0153

Article

1Universidade Estadual Paulista “Júlio de Mesquita Filho”, Faculdade de Ciências e Tecnologia, Departamento de Fisioterapia, Presidente Prudente SP, Brazil.
2University Health Network, Toronto Rehabilitation Institute, East York ON, Canada.

MCSO  https://orcid.org/0000-0002-8685-2786; HBV  https://orcid.org/0000-0003-3975-1904; LMV  https://orcid.org/0000-0002-9494-3143; 
LBA  https://orcid.org/0000-0002-0525-8735; MVR  https://orcid.org/0000-0003-0055-1294; FMV  https://orcid.org/0000-0001-5792-6072; 
ACC  https://orcid.org/0000-0002-3858-5740; LCMV  https://orcid.org/0000-0002-1891-3153.

Correspondence: Heloisa Balotari Valente; Email: helobalov@hotmail.com.

Conflict of interest: There is no conflict of interest to declare.

Authors’ contributions: All authors contributed significantly to this manuscript. MCSO, HBV, LMV, LBA, ACC, LCMV: conceptualization; LCMV: project 
administration; MCSO: funding acquisition; ACC: resources; MCSO, HBV, LBA, MVR, ACC: investigation; MCSO, HBV, LMV, LCMV: methodology; MCSO, LCMV: 
supervision; LMV, MVR, FMV: data curation; HBV, LMV, FMV: formal analysis; MCSO, LBA, MVR: writing-original draft; HBV, LMV, FMV, ACC, LCMV: writing-review 
& editing.

Support: This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – Brasil (CAPES) – Finance Code 001.

Received on April 19, 2021; Received in its final form on August 10, 2021; Accepted on August 15, 2021.

Does length of time since diagnosis  
in Parkinson’s disease influence heart  
rate variability? A cross-sectional study
O tempo de diagnóstico na doença de Parkinson influencia a variabilidade  
da frequência cardíaca? Um estudo transversal
Mileide Cristina STOCO-OLIVEIRA1, Heloisa Balotari VALENTE1, Laís Manata VANZELLA2, 
Larissa Borba ANDRÉ1, Mariana Viana RODRIGUES1, Franciele Marques VANDERLEI1, 
Augusto Cesinando de CARVALHO1, Luiz Carlos Marques VANDERLEI1 

ABStrAct 
Background: Intrinsic changes in Parkinson’s disease (PD) affect the autonomic nervous system, and the disease course can aggravate the 
initial condition. Although the impact of time since disease onset on autonomic modulation has already been studied in other populations, 
this has not yet been investigated in PD. Objective: To investigate the impact of the length of time since diagnosis on the cardiac autonomic 
modulation of individuals with PD and compare with healthy individuals. Methods: Fifty participants were divided into three groups: a control 
group (CG; n = 24) and two groups with PD, divided according to the median length of time since diagnosis (median = 5.5 years): below the 
median (PG1; n = 13) and above the median (PG2; n = 13). To evaluate cardiac autonomic modulation, heart rate was obtained beat-to-beat 
in the supine position over a 30-min period, and heart rate variability (HRV) indices were calculated using linear methods in the time and 
frequency domains. Results: There were no significant differences in HRV indices between the PG groups, or between the three groups regarding 
Mean RR, LFun, HFun and LF/HF ratio. Significant reductions in the RMSSD, SDNN, pNN50, LFms2 and HFms2 indices were observed in PG1 
and PG2, compared with CG. Conclusions: The cardiac autonomic modulation of individuals with PD was not influenced by the time since 
diagnosis. However, reduced parasympathetic and global modulation were observed in these individuals, compared with controls. These 
results emphasize the importance of aerobic exercise for improving autonomic modulation among individuals with PD.

Keywords: Parkinson Disease; Autonomic Nervous System Diseases;  Neurodegenerative Diseases.

reSUMO
Antecedentes: As alterações intrínsecas da doença de Parkinson (DP) afetam o sistema nervoso autônomo, e a evolução da doença pode 
agravar o quadro inicial. Em outras populações, o impacto do tempo desde o início da doença na modulação autonômica já foi estudado, 
mas na DP isso ainda não foi investigado. Objetivo: Investigar o impacto do tempo de diagnóstico na modulação autonômica cardíaca de 
indivíduos com DP e comparar os valores aos de indivíduos saudáveis. Métodos: Cinquenta participantes foram divididos em três grupos: 
grupo controle (GC; n=24) e dois grupos com DP, divididos de acordo com a mediana do tempo de diagnóstico (5,5 anos): abaixo (GP1; n=13) 
e acima da mediana (GP2; n=13). Para a avaliação da modulação autonômica cardíaca, a frequência cardíaca foi captada batimento a 
batimento em posição supina durante 30 minutos, e os índices de variabilidade da frequência cardíaca (VFC) foram calculados utilizando 
métodos lineares nos domínios do tempo e frequência. Resultados: Não houve diferenças significativas para os índices de VFC entre os 
grupos GP, ou entre os três grupos para Mean RR, LFun, HFun e relação LF/HF. Foram observadas reduções significativas em RMSSD, SDNN, 
pNN50, LFms2 e HFms2, para GP1 e GP2 em comparação ao GC. Conclusões: A modulação autonômica cardíaca de indivíduos com DP não foi 
influenciada pelo tempo de diagnóstico, contudo, foi observada redução da modulação parassimpática e global nesses indivíduos em relação 
aos controles. Esses resultados reforçam a importância do exercício aeróbio para a melhora da modulação autonômica de indivíduos com DP.

Palavras-chave: Doença de Parkinson; Doenças do Sistema Nervoso Autônomo; Doenças Neurodegenerativas.
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iNtrODUctiON 

Parkinson’s disease (PD), characterized by death of dopami-
nergic neurons located in the substantia nigra pars compacta1, 
is considered to be the second most common neurodegenera-
tive disease worldwide2. Its incidence in individuals aged over 
50 years is increasing, such that it is expected to reach between 
8.7 and 9.3 million people by 20303.  

The cardinal motor symptoms of PD are postural instability, 
bradykinesia, rigidity and resting tremor4. During the course of 
the disease, abnormalities related to the autonomic nervous 
system (ANS)5 may also be observed, which further worsen the 
overall clinical condition and lead to significant worsening of 
quality of life6. ANS alterations can be evaluated through heart 
rate variability (HRV)7, a non-invasive method in which sinus 
beat intervals RR intervals) are analyzed. These intervals are 
associated with the influences of the ANS on the sinus node7. 
Studies using this analysis among individuals with PD have 
demonstrated that HRV is lower in this population8,9,10. This 
is an autonomic dysfunction that could be a consequence of 
autonomic regulatory degeneration in the brain and peripheral 
autonomic ganglia9.

Several conditions may influence HRV, such as metabolic 
alterations11, body composition12, age13, cardiovascular risk fac-
tors12 and pathological conditions11,12,14. Specifically in PD, the 
stage of the disease15, body mass index16 and use of levodopa 
medication17 may also influence HRV. However, through search-
ing the literature, we were unable to find any studies that 
evaluated possible influences from the length of time since 
the diagnosis of PD was made, on autonomic dysfunctions. 

In the literature, autonomic impairments in the PD popu-
lation have been described. However, this raises a number of 
questions: Does the length of time since diagnosis influence 
the cardiac autonomic modulation of this population? Do indi-
viduals with longer times since diagnosis present worse cardiac 
autonomic modulation than individuals with shorter times? 
Does the cardiac autonomic modulation of individuals with PD 
with longer or shorter times since diagnosis differ from that 
of individuals without the disease? To fill these gaps in knowl-
edge, the aim of the current study was to evaluate the impact 
of the length of time since diagnosis on the cardiac autonomic 
modulation of individuals with PD and compare these values 
with those of individuals without the disease.

The hypothesis of this study was that the length of time 
since the diagnosis of PD was made influences cardiac auto-
nomic modulation, such that individuals with longer times since 
diagnosis would present worse cardiac autonomic modulation, 
and that these differences would be greater than those among 
healthy individuals. Understanding these matters is important 
for clinicians and researchers, given that these results could 
aid in elaboration of treatments aimed at promoting increased 
cardiac autonomic modulation and, thus, could reduce the risks 
induced in individuals with PD through autonomic alterations. 

MetHODS 

Study design and ethical matters
This cross-sectional observational study was reported in 

accordance with the STROBE guidelines. The study was con-
ducted in Presidente Prudente, São Paulo, Brazil, between 
August 2017 and April 2018. All procedures used were approved 
by the University’s Human Ethics Committee. The partici-
pants were informed about the procedures and objectives of 
the study and, after agreeing to participate, provided written 
informed consent.

Population
The participants with PD were recruited from the neurology 

sector of the Center for Physical Therapy and Rehabilitation 
Studies and Treatment of São Paulo State University (UNESP) 
Faculty of Sciences and Technology, Presidente Prudente, Brazil, 
and the matching controls were recruited from health care 
centers and clinics in the same city. The participants with PD 
were required to have a medical diagnosis of PD, based on the 
presence of the clinical criteria18, independent of the length of 
time since diagnosis, and to be classified in stages 1 to 3 of the 
Hoehn and Yahr (HY) scale19. The PD participants were divided 
into two groups according to the median length of time since 
diagnosis (median = 5.5 years): a group below the median (PG1; 
n = 13 participants) and a group above the median (PG2; n = 13 
participants). Participants without the disease were considered 
for inclusion in the control group (CG; n = 24 participants) and 
were paired with individuals in the PG groups according to age. 

The participants were required to present an absence of 
cognitive deficits, as evaluated though the Mini-Mental State 
Examination (MMSE)20, in order to ensure understanding of the 
procedures performed during data collection. Current smok-
ers, current heavy drinkers, individuals with active infections, 
cognitive deficits or cardiovascular and respiratory diseases and 
individuals who did not sign the informed consent statement 
were not included in the study. Participants with more than 
5% error in the RR interval series recordings were excluded.  

The sample size was based on the Root mean square of 
differences between adjacent normal RR intervals in a time 
interval, expressed in ms (RMSSD index). The significant dif-
ference assumed was 9ms and standard deviation 3ms with 
the number of participants analyzed, and a significance level 
of 5% (two-tailed), confirming a power > 80% to detect differ-
ences between the variables.

Study design
The study was divided into two steps, with intervals rang-

ing from 24 hours to one week between them. Data collection 
was performed during the “on” period of levodopa medication 
of the participants with PD21. In the first step, personal data 
(to investigate the inclusion and exclusion criteria and identify 
age, sex, use of medication and length of time since diagnosis), 
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physical parameters (body composition) and clinical param-
eters (cardiovascular parameters of heart rate and blood pres-
sure; PD stage; and cognition evaluation) were obtained. In the 
second stage, cardiac autonomic modulation was evaluated.

The data collection was performed in a room with a tem-
perature of between 21 and 23 °C and humidity of 40 to 60%, 
at times between 8 am and 12 pm to minimize the influence of 
circadian rhythm22. The assessment was performed individually, 
and the participants were instructed not to consume alcohol 
and/or stimulant substances, such as coffee, tea, chocolate 
and soda, or perform physical exercise, for 12 hours prior to 
the assessments.

experimental procedures

First step
After personal data had been collected and the cognitive 

assessment had been performed using the MMSE20, body com-
position (height, weight and body mass index, BMI), cardiovas-
cular parameters and PD stage were evaluated.

Body composition
To assess body composition, the participants were asked 

to wear appropriate clothes and no shoes. Height was mea-
sured using a stadiometer (Sanny; São Paulo, Brazil) and body 
weight was measured using a digital scale (Welmy R/I 200; 
Santa Bárbara D’Oeste/SP, Brazil). BMI was calculated using 
the following formula: weight/height2 (kg/m2)23.

Body fat and lean mass were obtained through a Maltron 
bioimpedance device (Maltron BF 906 Body fat analyzer; 
Maltron, UK)24.

Cardiovascular parameters
Systolic (SBP) and diastolic (DBP) blood pressures were 

indirectly measured using a stethoscope (Littman; Saint 
Paul, Minnesota, USA) and an aneroid sphygmomanometer 
(WelchAllyn – Tycos; New York, USA) on the left arm25. The rest-
ing heart rate was measured using the same heart rate moni-
tor used for HRV assessment (Polar RS800CX, Polar Electro; 
Kempele, Finland).

Parkinson’s disease stage
To determine the PD stage, the HY scale was used19. The 

classification of individuals with PD was made by a physio-
therapist with specialization in neurology and in treatment 
of these individuals. 

Second step

Cardiac autonomic modulation
To analyze cardiac autonomic modulation, heart rate was 

recorded beat-to-beat using a Polar RS800CX heart rate monitor 
(Polar, Finland). For the recording, the participants remained 
in a supine position for 30 minutes, while breathing spontane-
ously but avoiding conversation, during the procedure.

Outcomes

Cardiac autonomic modulation
The series of RR intervals was subjected to digital filtering 

using the Polar Precision Performance SW software (version 
4.01.029), followed by manual filtering performed through the 
Excel software, to eliminate ectopic premature and artifact beats. 
Only series with more than 95% sinus beats were included in 
the study26. Cardiac autonomic modulation was analyzed using 
1000 consecutive RR intervals, obtained from the most stable 
part of the series26. The Kubios HRV software, version 3.1, was 
used to calculate the HRV indices27. 

To analyze HRV in the time domain, the indices Mean RR, 
rMSSD, SDNN and pNN50 were used. Mean RR represents 
the mean value of the RR intervals. rMSSD is the root mean 
square of differences between adjacent normal RR intervals 
in a time interval, expressed in ms7. SDNN is the standard 
deviation of all normal RR intervals, expressed in ms. pNN50 
is the percentage of adjacent RR intervals with a difference 
in duration > 50 ms7.

For analysis on the frequency domain, the spectral com-
ponents of low frequency (LF; 0.04 to 0.15 Hertz) and high 
frequency (HF; 0.15 to 0.4 Hertz), expressed in milliseconds 
squared (ms2) and normalized units, and the LF/HF ratio, were 
calculated using a fast Fourier transform algorithm7.

Data analysis 
The normality of the data was tested using the Shapiro-Wilk 

test. A descriptive statistical method was used for data presen-
tation, and the results were presented as means and standard 
deviations ( for parametric data), medians and interquartile 
ranges ( for nonparametric data) and confidence intervals, 
absolute frequencies and relative frequencies ( for qualita-
tive data). Sample characterization data and HRV indices 
were compared between the groups using covariance analysis 
(ANCOVA), adjusted for sex and BMI. Possible differences were 
assessed using the Bonferroni post-test. Data on medicines in 
use were compared using the chi-square test (Yates’s correc-
tion was applied in 2 x 2 contingency tables). 

The effect size of the differences between the groups was 
measured using partial eta squared. The effect size was defined 
as low (≤ 0.01), moderate (0.06 to 0.14) or high (≥ 0.14)28. The 
significance level was set at 5%. The analyses were performed 
using SPSS version 15.0 (SPSS Inc.; Chicago, IL, USA).

reSUltS

The distribution and sample losses during the steps of the 
study are demonstrated in Figure 1. 

Table 1 presents the characteristics of the three groups 
studied and Table 2 demonstrates the medicines used by the 
participants. In Table 1, significant differences were observed 
for DBP, length of time since diagnosis and MMSE (p < 0.05). The 
groups were classified as overweight23, pre-hypertension25 and 
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absence of cognitive deficits20. In addition, most of the partici-
pants with PD were classified as having stage two of the disease19. 
In Table 2, significant differences were observed with regard 
to dopamine receptor blockers, levodopa and beta-blockers. 

Comparisons of linear indices in the time and frequency 
domains between the control group (CG) and Parkinson groups 

(below the median – PG1; and above the median – PG2) can 
be observed in Tables 3 and 4, respectively. PG1 and PG2 pre-
sented statistically significant reductions in rMSSD, SDNN, 
pNN50, LFms2 and HFms2, compared with CG (p < 0.05). No 
significant differences were found between the groups regarding 
Mean RR, LFun, HFun and LF/HF ratio (p > 0.05).

Figure 1. Flow diagram.

Table 1. Characterization of the control group (CG) and Parkinson’s groups (PG1 and PG2) evaluated in this study. 

CG (n = 24) PG1 (n = 13) PG2 (n = 13) P value

Age (years) 70.25 ± 8.03
66.86-73.64

70.23 ± 8.30
65.22-75.25

75.23 ± 6.09
71.64-79.01 0.13

SBP (mmHg) 130.42 ± 13.34
124.78-136.05

123.85 ± 10.44
117.54-130.15

128.46 ± 13.45
120.34-136.59 0.33

DBP (mmHg) 85.00 [10.00]
83.00-90.33

79.23 ± 9.54a

73.47-85.00
80.00 ± 11.55
73.02-87.08 0.045

HR (bpm) 63.50 [11.25]
57.29-68.21

64.15 ± 6.94
59.96-68.35

65.69 ± 11.10
59.08-72.40 0.75

BMI (kg/m2) 29.43 ± 4.05
27.72-31.14

27.76 ± 3.11
25.88-29.63

26.39 ± 4.79
23.49-29.28 0.09

Body fat (%) 32.09 ± 9.58
28.06-36.12

31.98 ± 8.35
26.93-37.03

34.11 ± 9.10
28.61-39.61 0.78

Lean mass (%) 67.84 ± 9.48
63.83-71.84

68.02 ± 8.35
62.97-73.06

65.89 ± 9.10
60.39-71.39 0.79

Length of time since 
diagnosis (years) – 2.62 ± 1.61

1.64-3.59
8.00 [7.50]b

7.75-13.33 < 0.0001

HY scale – 2.00 [1.00]
1.74-2.57

3.00 [1.00]
2.22-2.85 0.12

MMSE 27.50 [3.00]
25.56-28.19

28.00 [4.50]
23.39-28.30

23.31 ± 4.66a

20.50-26.12 0.03

Mean ± standard deviation; lower boundary – upper boundary of 95% confidence interval; median [interquartile range]; avalue with difference in relation to control 
group; bvalue with difference in relation to PG1; CG: control group; PG1: Parkinson group below the median; PG2: Parkinson group above the median; SBP: systolic 
blood pressure; DBP: diastolic blood pressure; HR: heart rate; BMI: body mass index; mmHg: millimeters of mercury; bpm: beats per minute; kg: kilogram; m: 
meters; m2: square meters; MMSE: mini-mental status examination; HY: Hoehn and Yahr; %: percentage.
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Table 2. Medication in use by the volunteers in the control group (CG) and Parkinson’s groups (PG1 and PG2) evaluated in this study.

aValue with difference in relation to control group; bvalue with difference in relation to PG1; CG: control group; PG1: Parkinson group below the median; PG2: 
Parkinson group above the median; n (percent); Ca+: calcium; ACE: angiotensin-converting enzyme; MAO: monoamine oxidase. 

CG (n = 24) PG1 (n = 13) PG2 (n = 13) p value

Dopamine receptor blockers 0 (0.0) 3 (23.1)a 5 (38.5)a < 0.01

Platelet anti-aggregate 5 (20.8) 4 (30.8) 2 (15.4) 0.62

Antiarrhythmic 0 (0.0) 1 (7.7) 2 (15.4) 0.16

Anticholinergic 0 (0.0) 0 (0.0) 2 (15.4) 0.05

Antidepressants 1 (4.2) 4 (30.8) 4 (30.8) 0.05

Beta blocker 2 (8.3) 5 (38.5) 0 (0.0)b 0.01

Biguanides  4 (16.7) 3 (23.1) 2 (15.4) 0.85

Ca + channel blocker 2 (8.3) 1 (7.7) 1 (7.7) 0.99

Angiotensin II blockers 10 (41.7) 6 (46.2) 3 (23.1) 0.42

Ciprofibrate 0 (0.0) 1 (7.7) 0 (0.0) 0.23

Amantadine hydrochloride 0 (0.0) 2 (15.4) 2 (15.4) 0.13

Diuretic 6 (25.0) 2 (15.4) 2 (15.4) 0.69

Entacapone 0 (0.0) 1 (7.7) 1 (7.7) 0.38

Statins 7 (29.2) 3 (23.1) 3 (23.1) 0.88

Gliclazide 2 (8.3) 2 (15.4) 0 (0.0) 0.35

ACE inhibitor 3 (12.5) 0 (0.0) 0 (0.0) 0.17

MAO inhibitor 0 (0.0) 2 (15.4) 2 (15.4) 0.13

Levodopa 0 (0.0) 9 (69.2)a 9 (69.2)a < 0.01

Other 16 (66.7) 7 (53.8) 11 (84.6) 0.23

Vasodilator 1 (4.2) 3 (23.1) 1 (7.7) 0.17

Table 3. Comparison of the heart rate variability indices in the time domain between the control group (CG) and Parkinson’s 
groups, divided by the length of time since diagnosis (below the median – PG1; and above the median – PG2). 

Mean ± standard deviation; lower boundary – upper boundary of 95% confidence interval; median [interquartile range]; avalue with difference in relation to 
CG (p < 0.05); ES: eta squared; EF: effect size; CG: control group; PG1: Parkinson group 1; PG2: Parkinson group 2; mean RR: RR interval mean; SDNN: standard 
deviation of all normal RR intervals, expressed in milliseconds; RMSSD: root mean square of differences between adjacent normal RR intervals in a time 
interval, expressed in ms; pNN50: percentage of adjacent RR intervals with a difference in duration > 50 ms. 

CG (n = 24) PG1 (n = 13) PG2 (n = 13) p value ES EF

Mean RR (ms) 957.81 ± 87.96
920.67-994.95

972.08 ± 142.67
885.87-1058.30

1016.09 ± 157.29
921.04-1111.14 0.24 0.061 Low

SDNN (ms) 26.20 ± 11.72
21.25-31.14

14.10 ± 5.07a

11.03-17.17
14.63 ± 6.01a

11.00-18.27 < 0.001 0.302 High

rMSSD (ms) 24.48 ± 10.29
20.13-28.83

14.92 ± 6.08a

11.25-18.59
15.30 ± 6.49a

11.39-19.22 0.001 0.258 High

pNN50 4.95 [9.20]
3.27-9.17

0.80 [1.45]a

0.30-1.92
0.80 [1.06]a

0.29-1.57 0.003 0.229 High
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DiScUSSiON

The results obtained through the linear HRV indices sug-
gest that the length of time since diagnosis did not influence 
the cardiac autonomic modulation of individuals with PD. 
However, individuals with PD presented reduced global vari-
ability and parasympathetic modulation, compared with indi-
viduals without the disease.

This study predominantly included men and older adults, 
with cardiovascular risk factors such as overweight and pre-
hypertension. It is known that the incidence of PD is higher 
among men29 and individuals over 65 years of age30, and that 
overweight and obesity are common among individuals with 
PD31 and older adults without the disease32. Furthermore, 
blood pressure abnormalities can occur in the early stages of 
PD33, as observed in our patients. Thus, we consider that the 
participants in this study represented the reality found in the 
general population29–31,33.

Differences in the length of time since diagnosis were found 
between the PD groups. This was normal and expected according 
to the division of groups proposed in this study. Furthermore, 
statistical differences relating to the MMSE were found, but we 
do not consider that these differences were clinically impor-
tant, because the individuals were classified according to their 
degree of schooling.

Regarding cardiac autonomic modulation, the rMSSD, 
pNN50 and HFms2 indices that reflect parasympathetic mod-
ulation7 were lower in both PD groups than in the CG, with a 
high effect size. These results demonstrate that parasympa-
thetic modulation is reduced among individuals with PD, thus 
suggesting that the presence of PD is more important than the 
length of time since diagnosis, with regard to affecting parasym-
pathetic modulation. This corroborates the findings of Rocha 
et al.10, who reported that the rMSSD index was lower among 
individuals with PD than among those without the disease, 
thus indicating reduced parasympathetic modulation in these 
individuals. However, that study did not consider the influence 

of the length of time since diagnosis between individuals with 
PD, unlike the current study.

A reduction in parasympathetic modulation is associated 
with increased risks of mortality and morbidity, and with devel-
opment of some risk factors34 and can be a  sign for predicting 
cardiovascular and metabolic health13. These results emphasize 
the importance of pharmacological and non-pharmacological 
interventions, such as aerobic exercise35, among individuals with 
PD, regardless of the length of time since diagnosis, in order 
to promote better autonomic parasympathetic modulation 
response and mitigate possible damage to the organism, such 
as manifestation of gastrointestinal malfunction, cardiovascu-
lar dysregulation, urinary disturbance or sexual dysfunction36.

The global variability represented by the SDNN index is 
reduced in individuals with PD, regardless of the length of 
time since diagnosis, in comparison with individuals with-
out the disease. Studies have shown that the reduction in the 
SDNN index can occur at the beginning of the disease, thus 
indicating involvement of the ANS physiology37. Ke et al.38 also 
demonstrated that a significant reduction in global variabil-
ity occurred among individuals with PD, compared with indi-
viduals without the disease. Those authors reported SDNN 
values of 45.50 ms for the control group and 34.50 ms for the 
Parkinson group, which were higher than the values found in 
the current study, which were 26.19 ms for the control group, 
14.10 ms for the group with shorter time since diagnosis and 
14.63 ms for the group with longer time since diagnosis. The 
duration of the HRV analysis may explain these differences, 
since it was 24 hours in the study by Ke et al.38 and 30 minutes 
in the current study. In addition to evaluation of the length of 
time since diagnosis, our study also suggests that these differ-
ences can be identified with less duration of analysis, which 
is clinically important.

Parasympathetic modulation and HRV reduction have been 
shown to present vagal sympathetic imbalance39 in subjects 
with PD. This could be caused by degeneration of the central 
and autonomic nervous system interaction regions, such as 

Table 4. Comparison of the heart rate variability indices in the frequency domain between the control group (CG) and Parkinson’s 
groups, divided by the length of time since diagnosis (below the median – PG1; and above the median – PG2).

Mean ± standard deviation; lower boundary – upper boundary of 95% confidence interval; median [interquartile range]; a value with difference in relation 
to CG (p< 0.05); CG: control group; PG1: Parkinson group 1; PG2: Parkinson group 2; ES: eta squared; EF: effect size; LF: low frequency; HF: high frequency; nu: 
normalized unit; ms2: milliseconds squared.

CG (n = 24) PG1 (n = 13) PG2 (n = 13) p value ES EF

LF (nu) 60.95 ± 17.51
53.56-68.35

60.25 ± 17.27
49.82-70.69

53.68 ± 16.65
43.61-63.74 0.53 0.028 Low

HF (nu) 38.95 ± 17.46
31.58-46.33

39.62 ± 17.21
29.22-50.01

46.20 ± 16.58
36.18-56.22 0.53 0.028 Low

LF (ms2) 309.00 [461.25]
246.63-586.87

62.00 [113.00]a

35.04-179.73
95.38 ± 72.22a

51.74-139.03 0.003 0.230 High

HF (ms2) 181.50 [231.50]
145.99-317.76

38.00 [90.50]a

32.68-99.63
90.31 ± 74.61a

45.22-135.39 0.004 0.219 High

LF/HF (ms2) 2.09 ± 1.38
1.50-2.67

2.03 ± 1.36
1.21-2.84

1.35 [1.03]
0.72-2.39 0.65 0.019 Low
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the hypothalamus, dorsal vagal nucleus, nucleus ambiguous, 
postganglionic sympathetic neurons in the pre-vertebral region 
and paravertebral ganglia, and in the dopaminergic nigrostriatal 
pathway37. This HRV reduction also demonstrates insufficient 
ANS adaptation7.

No differences were observed between the groups with 
regard to LFun, HFun and the LF/HF ratio. These results were 
expected since these indices are calculated from the power 
spectrum area and a reduction in these spectra is found in 
individuals with PD, when analyzed in ms2. As these indices are 
normalized with regard to the power spectrum area, no differ-
ences are observed. The reduced LFms2 and HFms2 in individu-
als with PD, with a high effect size, also explains the absence of 
significant differences in the LF/HF ratio between the groups. 

The RR interval analysis has a relationship with HR values, 
and no differences between the groups were observed in rela-
tion to either index. These results corroborate those of Soares 
et al.39, who also observed reduced parasympathetic and HRV 
indices with no significant HR reduction39. These results are 
in agreement, particularly because HRV is observed in terms 
of precise units of time that present greater sensitivity than 
HR values. 

Reduced LFms2 was observed in individuals with PD in 
comparison with the control group. Given the association with 
reduced parasympathetic and global modulation, this result may 
suggest that individuals with PD have increased sympathetic 
modulation, as reported by other authors17. Nevertheless, the 
data in the literature are divergent regarding the predominance 
of high sympathetic modulation quantified through the LF 
index40. In this regard, we take the view that further studies are 
needed in order to evaluate sympathetic modulation directly, 
in order to confirm any alterations among individuals with PD. 

To complete the information discussed above, the use of 
medicines should be considered to be a limitation. Nevertheless, 
we described all the medicines used in detail, and only a few 
differences were observed. Statistically significant differences 
were observed with regard to DBP, which could be related 

to the difference found in beta-blocker medication. It is also 
important to emphasize that due to the average age of our 
participants, it was common for them to use drugs to control 
risk factors, which reflects the reality of this population. Two 
other differences were found, one in relation to dopamine 
receptor blockers, which are medicines for psychiatric treat-
ment, and the other to Levodopa, which is specific medication 
for PD treatment. To minimize this limitation, all participants 
with PD were evaluated during the “on” period of Levodopa. 
Moreover, the length of time since diagnosis was defined 
through analysis on medical records, which may represent a 
source of error, since these patients may have started to feel 
the symptoms before seeking a clinic to obtain the diagnosis. 
Despite the limitations, it is important to highlight the original-
ity of this study. Although there was already some information 
in the literature about factors that might influence the cardiac 
autonomic modulation of other populations11–14, or even fac-
tors such as the stage of the disease, specifically with regard 
to PD15, this was the first study to investigate the influence of 
the length of time since diagnosis on the cardiac autonomic 
modulation of individuals with PD. This is important because 
this time period has a relationship with the damage caused by 
this degenerative disease.

In summary, our results suggest that the presence of PD, 
regardless of the length of time since diagnosis, can influence 
cardiac autonomic modulation. Furthermore, individuals with 
PD present reductions in global and parasympathetic modu-
lation, compared with individuals without the disease. These 
issues emphasize the need for prevention and treatment among 
individuals with PD, along with the importance of aerobic 
exercise interventions10, which may promote increased HRV 
among individuals with PD, independent of the length of time 
since diagnosis.

In conclusion, the length of time since the diagnosis of PD 
was made did not influence cardiac autonomic modulation. 
However, PD promotes reductions in parasympathetic modu-
lation and global variability.

 references

1. Garcia-Garcia A, Zavala-Flores L, Rodriguez-Rocha H, Franco R. 
Thiol-redox signaling, dopaminergic cell death, and Parkinson’s 
disease. Antioxid Redox Signal. 2012 Dec 15;17(12):1764-84.  
https://doi.org/10.1089/ars.2011.4501 

2. Schapira AHV. Neurobiology and treatment of Parkinson’s disease. 
Trends Pharmacol Sci. 2009 Jan;30(1):41-7. https://doi.org/10.1016/j.
tips.2008.10.005 

3. Dorsey ER, Constantinescu R, Thompson JP, Biglan KM, Holloway 
RG,  Kieburtz K, et al. Projected number of people with Parkinson 
disease in the most populous nations, 2005 through 2030. 
Neurology. 2007 Jan 30;68(5):384-6. https://doi.org/10.1212/01.
wnl.0000247740.47667.03 

4. Balestrino R, Schapira AHV. Parkinson disease. Eur J Neurol. 2020 
Jan;27(1):27-42. https://doi.org/10.1111/ene.14108 

5. Kim JS, Ryu DW, Oh JH, Lee YH, Park SJ, Jeon K, et al. Cardiovascular 
autonomic dysfunction in patients with drug-induced parkinsonism. J Clin 
Neurol. 2016 Oct 7;13(1):15-20. https://doi.org/10.3988/jcn.2017.13.1.15 

6. Poewe W, Seppi K, Tanner CM, Halliday GM, Brundin P, Volkmann J, 
et al. Parkinson disease. Nat Rev Dis Primers. 2017 Mar 23;3:17013. 
https://doi.org/10.1038/nrdp.2017.13   

7. Vanderlei LCM, Pastre CM, Hoshi RA, Carvalho TD, Godoy MF. Basic 
notions of heart rate variability and its clinical applicability. Rev Bras 
Cir Cardiovasc. 2009 Apr-Jun;24(2):205-17. https://doi.org/10.1590/
s0102-76382009000200018 

8. Stoco-Oliveira MC, Ricci-Vitor AL, Vanzella LM, Valente HB, Silva VES, 
André LB, et al. Parkinson’s disease effect on autonomic modulation: 
an analysis using geometric indices. Arq Neuropsiquiatr. 2021 
Feb;79(2):114-21. https://doi.org/10.1590/0004-282X-anp-2020-0088

https://doi.org/10.1089/ars.2011.4501
https://doi.org/10.1016/j.tips.2008.10.005
https://doi.org/10.1016/j.tips.2008.10.005
https://doi.org/10.1212/01.wnl.0000247740.47667.03
https://doi.org/10.1212/01.wnl.0000247740.47667.03
https://doi.org/10.1111/ene.14108
https://doi.org/10.3988/jcn.2017.13.1.15
https://doi.org/10.1038/nrdp.2017.13
https://doi.org/10.1590/s0102-76382009000200018
https://doi.org/10.1590/s0102-76382009000200018
https://doi.org/10.1590/0004-282X-anp-2020-0088


600 Arq Neuropsiquiatr 2022;80(6):593-600

9. Brisinda D, Sorbo AR, Di Giacopo R, Venuti A, Bentivoglio AR, Fenici R. 
Cardiovascular autonomic nervous system evaluation in Parkinson 
disease and multiple system atrophy. J Neurol Sci. 2014 Jan 
15;336(1-2):197-202. https://doi.org/10.1016/j.jns.2013.10.039

10. Rocha RSB, Rocha LSO, Pena ESM, Caldas LCP, Moreno MA. Analysis of 
autonomic modulation of heart rate in patients with Parkinson’s disease 
and elderly individuals submitted to game therapy training. Geriatr 
Gerontol Int. 2018 Jan;18(1):20-5. https://doi.org/10.1111/ggi.13130 

11. Silva AKF, Christofaro DGD, Vanderlei FM, Barbosa MPCR, Garner DM, 
Vanderlei LCM. Association of cardiac autonomic modulation with 
physical and clinical features of young people with type 1 diabetes. 
Cardiol Young. 2017 Jan;27(1):37-45. https://doi.org/10.1017/
S1047951116000044

12. Rastović M, Srdić-Galić B, Barak O, Stokić E. Association between 
anthropometric measures of regional fat mass and heart rate 
variability in obese women. Nutr Diet. 2017 Feb;74(1):51-60. https://
doi.org/10.1111/1747-0080.12280

13. Paschoal MA, Volanti VM, Pires CS, Fernandes FC. Variabilidade 
da frequência cardíaca em diferentes faixas etárias. Braz J Phys 
Ther. 2006 Oct-Dec;10(4):413-9. https://doi.org/10.1590/S1413-
35552006000400009

14. Ricci-Vitor AL, Vanderlei LCM, Santos AAS, Vanzella LM, Christofaro 
DGD, Abreu LC, et al. The exclusive presence of the chronic pulmonary 
disease could be more important in affecting autonomic cardiac 
modulation than the severity of airflow obstruction: analysis using 
heart rate variability. Biomed Signal Process Control. 2018 Apr 
1;42:101-6. https://doi.org/10.1016/j.bspc.2018.01.004 

15. Niwa F, Kuriyama N, Nakagawa M, Imanishi J. Circadian rhythm 
of rest activity and autonomic nervous system activity at 
different stages in Parkinson’s disease. Auton Neurosci. 2011 Dec 
7;165(2):195-200. https://doi.org/10.1016/j.autneu.2011.07.010 

16. Umehara T, Nakahara A, Matsuno H, Toyoda C, Oka H. Body weight 
and dysautonomia in early Parkinson’s disease. Acta Neurol Scand. 
2017 May;135(5):560-7. https://doi.org/10.1111/ane.12633 

17. Devos D, Kroumova M, Bordet R, Vodougnon H, Guieu JD, Libersa C, 
et al. Heart rate variability and Parkinson’s disease severity. J Neural 
Transm (Vienna). 2003 Sep;110(9):997-1011. https://doi.org/10.1007/
s00702-003-0016-8 

18. Capato TTC, Domingos JMM, Almeida LRS. Versão em português da 
diretriz europeia de fisioterapia para doença de Parkinson. 1st ed. 
São Paulo (SP): Editora e Eventos Omnifarma; 2015. 202 p. 

19. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. 
Neurology. 1967 May 1;17(5):427-42. https://doi.org/10.1212/
wnl.17.5.427 

20. Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto IH. 
Sugestões para o uso do mini-exame do estado mental no Brasil. Arq 
Neuropsiquiatr. 2003 Sep;61(3B):777-81. https://doi.org/10.1590/
s0004-282x2003000500014 

21. Carpenter MG, Allum JHJ, Honegger F, Adkin AL, Bloem BR. Postural 
abnormalities to multidirectional stance perturbations in Parkinson’s 
disease. J Neurol Neurosurg Psychiatry. 2004 Aug 16;75(9):1245-54. 
https://doi.org/10.1136/jnnp.2003.021147 

22. Boudreau P, Dumont G, Kin NMKNY, Walker C-D, Boivin DB. 
Correlation of heart rate variability and circadian markers in humans. 
Annu Int Conf IEEE Eng Med Biol Soc. 2011;2011:681-2. https://doi.
org/10.1109/IEMBS.2011.6090153 

23. Associação Brasileira para o Estudo da Obesidade e da Síndrome 
Metabólica. Diretrizes brasileiras de obesidade 2016. 4th ed. São 
Paulo (SP): ABESO; 2016. 186 p. 

24. Lukaski HC. Methods for the assessment of human body 
composition: traditional and new. Am J Clin Nutr. 1987 Oct 
1;46(4):537-56. https://doi.org/10.1093/ajcn/46.4.537 

25. Malachias MVB, Souza WKSB, Plavnik FL, Rodrigues CIS, Brandão AA, 
Neves MFT, et al. 7ª Diretriz Brasileira de Hipertensão Arterial. Arq 
Bras Cardiol. 2016;107(3 Suppl 3):1-83. 

26. Godoy MF, Takakura IT, Correa PR. Relevância da análise do 
comportamento dinâmico não-linear (Teoria do Caos) como elemento 
prognóstico de morbidade e mortalidade em pacientes submetidos 
à cirurgia de revascularização miocárdica. Arq Ciênc Saúde. 2005 
Oct-Dec;12(4):167-71.

27. Niskanen J-P, Tarvainen MP, Ranta-Aho PO, Karjalainen PA. 
Software for advanced HRV analysis. Comput Methods Programs 
Biomed. 2004 Oct;76(1):73-81. https://doi.org/10.1016/j.
cmpb.2004.03.004 

28. Maher JM, Markey JC, Ebert-May D. The other half of the story: effect 
size analysis in quantitative research. CBE Life Sci Educ. 2017 Oct 
13;12(3):345-51. https://doi.org/10.1187/cbe.13-04-0082

29. Hirsch L, Jette N, Frolkis A, Steeves T, Pringsheim T. The 
incidence of Parkinson’s disease: a systematic review and meta-
analysis. Neuroepidemiology. 2016;46(4):292-300. https://doi.
org/10.1159/000445751 

30. Di Giovanni G, Di Matteo V, Esposito E. Birth, life and death of 
dopaminergic neurons in the substantia nigra. J Neural Transm 
Suppl. 2009;(73):1. 

31. Morales-Briceño H, Cervantes-Arriaga A, Rodríguez-Violante M, 
Calleja-Castillo J, Corona T. Overweight is more prevalent in patients 
with Parkinson’s disease. Arq Neuropsiquiatr. 2012 Nov;70(11):843-6. 
https://doi.org/10.1590/s0004-282x2012001100004 

32. Mathus-Vliegen EMH. Obesity and the elderly. J Clin 
Gastroenterol. 2012 Aug;46(7):533-44. https://doi.org/10.1097/
MCG.0b013e31825692ce

33. Hou L, Li Q, Jiang L, Qiu H, Geng C, Hong J-S, et al. Hypertension 
and diagnosis of Parkinson’s disease: a meta-analysis of cohort 
studies. Front Neurol. 2018 Mar 19;9:162. https://doi.org/10.3389/
fneur.2018.00162  

34. Vanderlei LCM, Pastre CM, Freitas IF Jr, Godoy MF. Índices 
geométricos de variabilidade da frequência cardíaca em crianças 
obesas e eutróficas. Arq Bras Cardiol. 2010 Jul;95(1):35-40. https://
doi.org/10.1590/s0066-782x2010005000082 

35. Amara AW, Memon AA. Effects of exercise on non-motor symptoms 
in Parkinson’s disease. Clin Ther. 2018 Jan;40(1):8-15. https://doi.
org/10.1016/j.clinthera.2017.11.004 

36. Chen Z, Li G, Liu J. Autonomic dysfunction in Parkinson’s disease: 
implications for pathophysiology, diagnosis, and treatment. 
Neurobiol Dis. 2020 Feb;134:104700. https://doi.org/10.1016/j.
nbd.2019.104700

37. Haapaniemi TH, Pursiainen V, Korpelainen JT, Huikuri HV, Sotaniemi 
KA, Myllylä VV. Ambulatory ECG and analysis of heart rate variability 
in Parkinson’s disease. J Neurol Neurosurg Psychiatry. 2001 Mar 
1;70(3):305-10. https://doi.org/10.1136/jnnp.70.3.305 

38. Ke J-Q, Shao S-M, Zheng Y-Y, Fu F-W, Zheng G-Q, Liu C-F. 
Sympathetic skin response and heart rate variability in predicting 
autonomic disorders in patients with Parkinson disease. Medicine 
(Baltimore). 2017 May;96(18):e6523. https://doi.org/10.1097/
MD.0000000000006523 

39. Soares FHR, Rebouças GM, Lopes PFF, Felipe TR, Bezerra JCL, 
Albuquerque Filho NJB, et al. Measures of heart rate variability 
in patients with idiopathic Parkinson’s disease. J Alzheimers Dis 
Parkinsonism. 2013 Nov 22;3:130. https://doi.org/10.4172/2161-
0460.1000130 

40. Billman GE. The LF/HF ratio does not accurately measure cardiac 
sympatho-vagal balance. Front Physiol. 2013 Feb 20;4:26. https://doi.
org/10.3389/fphys.2013.00026

https://doi.org/10.1016/j.jns.2013.10.039
https://doi.org/10.1111/ggi.13130
https://doi.org/10.1017/S1047951116000044
https://doi.org/10.1017/S1047951116000044
https://doi.org/10.1111/1747-0080.12280
https://doi.org/10.1111/1747-0080.12280
https://doi.org/10.1590/S1413-35552006000400009
https://doi.org/10.1590/S1413-35552006000400009
https://doi.org/10.1016/j.bspc.2018.01.004
https://doi.org/10.1016/j.autneu.2011.07.010
https://doi.org/10.1111/ane.12633
https://doi.org/10.1007/s00702-003-0016-8
https://doi.org/10.1007/s00702-003-0016-8
https://doi.org/10.1212/wnl.17.5.427
https://doi.org/10.1212/wnl.17.5.427
https://doi.org/10.1590/s0004-282x2003000500014
https://doi.org/10.1590/s0004-282x2003000500014
https://doi.org/10.1136/jnnp.2003.021147
https://doi.org/10.1109/IEMBS.2011.6090153
https://doi.org/10.1109/IEMBS.2011.6090153
https://doi.org/10.1093/ajcn/46.4.537
https://doi.org/10.1016/j.cmpb.2004.03.004
https://doi.org/10.1016/j.cmpb.2004.03.004
https://doi.org/10.1187/cbe.13-04-0082
https://doi.org/10.1159/000445751
https://doi.org/10.1159/000445751
https://doi.org/10.1590/s0004-282x2012001100004
https://doi.org/10.1097/MCG.0b013e31825692ce
https://doi.org/10.1097/MCG.0b013e31825692ce
https://doi.org/10.3389/fneur.2018.00162
https://doi.org/10.3389/fneur.2018.00162
https://doi.org/10.1590/s0066-782x2010005000082
https://doi.org/10.1590/s0066-782x2010005000082
https://doi.org/10.1016/j.clinthera.2017.11.004
https://doi.org/10.1016/j.clinthera.2017.11.004
https://doi.org/10.1016/j.nbd.2019.104700
https://doi.org/10.1016/j.nbd.2019.104700
https://doi.org/10.1136/jnnp.70.3.305
https://doi.org/10.1097/MD.0000000000006523
https://doi.org/10.1097/MD.0000000000006523
https://doi.org/10.4172/2161-0460.1000130
https://doi.org/10.4172/2161-0460.1000130

