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ABSTRACT
Cardiovascular variability (CVV) has been evaluated in patients with Parkinson’s disease (PD) in other countries and exhibit ethnic
differences. Objective: We investigated heart rate variability (HRV) and blood pressure variability (BPV) in Mexican patients with PD.
Method: We further compared HRV and BPV between this group and young healthy controls (YHC) in order to estimate, for the first time in
our country, the magnitude of the difference. Twenty patients were examined. Time- and frequency-domain CVV parameters were studied
during supine rest (SR), active standing (AS) and controlled breathing. These measurements were compared to those of 20 YHC. Results: In
the three conditions tested, our study showed a decrease in almost all HRV parameters in PD patients; on the contrary, decreased BPV
parameters were found less frequently and only during SR and AS. Conclusion: Our results indicate that HRV is impaired in PD. Some BPV
parameters are also diminished.
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RESUMO
A variabilidade cardiovascular (VCV) tem sido avaliada em doentes parkinsonianos em vários países e apresenta diferenças étnicas.
Objetivo: Investigar a variabilidade da frequência cardíaca (VFC) e a variabilidade da pressão arterial (VPA) em doentes parkinsonianos
mexicanos. Método: Comparamos VFC e VPA entre o grupo de estudo e controles jovens (CJ), a fim de estimar a magnitude da diferença.
CVV foi estudada no domínio do tempo e da frequência durante repouso supino (RS), ortostase ativa (OA) e respiração controlada. Estas
medições foram comparadas com aquelas de 20 CJ. Resultados: Nosso estudo mostrou diminuição em quase todos os parâmetros da VFC
em doentes parkinsonianos. A diminuição dos parâmetros da VPA foi encontrada com menos frequência. Conclusão: Nossos resultados
indicam que a VFC é prejudicada na doença de Parkinson. Alguns parâmetros do VPA também são reduzidos.

Palavras-chave: doença de Parkinson, sistema nervoso autônomo, variabilidade da frequência cardíaca, variabilidade da pressão arterial,
disreflexia autonômica.

The clinical features of Parkinson’s disease (PD) are not
restricted to the classical triad of resting tremor, rigidity,
and bradykinesia, but also include autonomic disturbances1,
which were first noted by James Parkinson in his original
description. Concretely, the prevalence of clinically relevant
dysautonomia in PD exceeds 50%2. The period between
the onset of neurodegeneration and appearance of the car-
dinal motor signs is referred to as premotor or prodromal
phase of PD and its duration has been estimated to be from
years to decades3. During this phase patients later diagnosed
with PD have more autonomic symptoms than control

subjects3,4. Likewise, existing reports indicate that autonomic
dysfunction occurs before any medical intervention and
often precedes motor disturbances5.

All three branches of the autonomic nerve system (ANS)
are affected in PD6. Sympathetic cardioneuropathy was first
described about 15 years ago using 6-[18F]fluorodopamine
positron-emission tomography and later confirmed by neu-
ropathological and neuroimaging findings7. Furthermore,
Shibata et al. demonstrated that in the early stages of PD,
cardiovagal dysfunction occurs concurrently with cardio-
sympathetic denervation6, but possibly the latter is incom-
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plete and the remaining fibers are sufficient for the mainten-
ance of sympathetic control8. Neuropathological studies
have demonstrated the presence of Lewy bodies (LB) in
both tyrosine hydroxylase-positive and -negative nerve pro-
cesses of the cardiac plexus, and also in Auerbach’s and
Meissner’s plexuses5,6. The occurrence of prodromal symp-
toms appears to correspond to the neuropathological sta-
ging of PD-associated LB pathology as proposed by Braak
et al. and later modified by Przuntek et al.3. The cardiovascu-
lar autonomic assessment is therefore of chief importance in
PD. As previous studies have shown ethnic differences in
cardiovascular variability (CVV)9; the purpose of the current
study was to investigate it, for the first time, in Mexican
patients with PD.

METHOD

Heart rate variability (HRV) analysis is a widely accepted,
non-invasive, method for indirect assessment of the ANS
activity10. This method, which provides information on sym-
pathetic and parasympathetic modulation of the sinus node,
has been utilized in many studies involving PD. Despite an
obvious lack of parasympathetic innervation to the systemic
vasculature (which presumably allows an exclusive evalu-
ation of the sympathetic system), blood pressure variability
(BPV) analysis has received far less attention than HRV5.
Short-term CVV can be calculated by means of both time-
and frequency-domain techniques11,12. Certain HRV para-
meters have been shown to act as independent predictors
of mortality in postinfarcted11, chronically hemodialyzed13,
heart failure14, diabetic15 and hemodynamically stable
trauma patients16. A decrease in BPV has been reported in
patients with mildly impaired renal function17, renovascular
hypertension18 and congestive heart failure19. However, the
effect of this reduction on patient mortality is unknown.

Study population
We studied autonomic function in 20 patients with mild-

to-moderate PD (13 males, mean age 60.9±6.27 years,
mean duration of disease 3.65±2.39 years, Hoehn and Yahr
stage #3). All participants with PD fulfilled the UK Brain
Bank Clinical Criteria. None of these patients had
evidence of diabetes mellitus or hypertension. PD group
was not divided into subgroups according to their treatment,
since previous studies have found little or no difference as
to whether the patient was or was not taking medication5,20.
As control group, we included 20 young subjects (9 males,
mean age 37.6±8.84 years) who were in good health
status as determined by physical exam. This study was
approved by the Ethical Committee of the National
Institute of Medical Sciences and Nutrition and an informed
written consent was obtained from all patients and controls.

Protocol
Evaluations were performed between 9:00 and 11:00.

Participants in both groups were instructed to avoid alcohol,
caffeinated beverages and over-the-counter medications
after 22:00 on the night before the measurements. A photo-
plethysmographic finger cuff was wrapped on the mid-
phalanx of the left index finger and placed in the midaxillary
line at heart level for continuous non-invasive beat-to-beat
recording of blood pressure (BP) and interbeat intervals
(IBI) using the volume-clamp technique of Peňáz
(Finometer1 PRO, Finapres Medical Systems, Amsterdam).
Relatively short recordings (# 6 minutes) were obtained
in each of the following conditions: supine rest (SR), active
standing (AS) and 0.1 Hz controlled breathing (CB). The
latter frequency was chosen because it profoundly increases
HRV power to an individual maximum in normal subjects21.
Total recording time per subject was approximately
40 minutes. All participants completed the three conditions.
Hemodynamic parameters were extracted with BeatScope1

(Finapres Medical Systems).

Data analysis and statistics
All data were entered into Microsoft Excel1 spread-

sheets. Prior to all analyses, hemodynamic parameters were
visually inspected and artifacts were manually removed and
corrected by means of linear interpolation. Only stable
recordings were included for analysis. Kubios HRV1 (v.2.0,
Biosignal Analysis and Medical Imaging Group, University
of Eastern Finland) was used to generate the following para-
meters from the recorded IBI11: mean and standard devi-
ation of heart rate (MHR, SDHR, bpm), standard deviation
of all IBI (standard deviation of all normal-to-normal inter-
vals, SDNN, ms), square root of the mean of the sum of
the squares of differences between adjacent IBI (square root
of the mean of the sum of the squares of differences between
adjacent NNI, RMSSD, ms), number of pairs of adjacent IBI
differing by more than 50 ms in the entire recording (NN50),
percentage of adjacent IBI differing by more than 50 ms in
the entire recording (pNN50), total power (TP, ms2), power
in low frequency range (LF, 0.04-0.15 Hz, ms2), power in high
frequency range (HF, 0.15-0.4 Hz, ms2), LF in normalized
units (LFnu), HF in normalized units (HFnu) and the ratio
between LF/HF (LF/HF). Spectral analysis was performed
by Kubios HRV1 through a Fast Fourier Transformation
(FFT) of the IBI time series. In addition, a software written
in MATLAB1 (v.R2012a, MathWorks, Massachusetts) was
developed to spectrally analyze the BP by applying FFT.
These parameters were generated by the software: TP
(mmHg2), LF (mmHg2) and HF (mmHg2). Time domain
parameters of BPV were calculated with STATISTICA for
Windows1 (v.5.1). Statistical analysis was performed with
the same software. Prior to group analyses, individual data
were tested for normality (Shapiro-Wilk test). Comparison
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between the two groups was performed by either using
Student’s t-test or Mann-Whitney U test. A p-value below
0.05 (p,0.05) was considered significant. All results are
expressed as mean ± SD or median (range).

RESULTS

HRV
All the parameters studied for both groups were signific-

antly different during SR, except for maximal heart rate
(HRmax). The following time-domain parameters were higher
in PD as compared to young healthy controls (YHC): MHR
and minimal heart rate (HRmin). On the contrary, the
remaining time-domain parameters were comparatively
lower (SDHR, SDNN, RMSSD, NN50 and pNN50). With
respect to the frequency domain, TP (ms2), LF (ms2), HF
(ms2) and HFnu were also comparatively lower in PD;
whereas the opposite occurred with LFnu and LF/HF.
These results are shown in Table 1. MHR, HRmax, HRmin,
LFnu, HFnu and LF/HF were not significantly different
between the two groups during AS; while all other para-
meters were lower in PD as compared to YHC. These results
are shown in Table 2. HRmax, LFnu, HFnu and LF/HF were
not significantly different between the two groups during
CB; whilst SDHR, SDNN, RMSSD, NN50, pNN50, TP (ms2),
LF (ms2) and HF (ms2) were comparatively lower in PD.
The remaining time-domain parameters were contrarily
higher (MHR and HRmin). These results are shown in Table 3.

BPV
Mean systolic blood pressure (MSBP), maximal systolic

blood pressure (SBPmax) and minimal systolic blood pressure
(SBPmin) were lower in PD as compared to YHC during SR.
With respect to the frequency domain, TP (mmHg2) were
also comparatively lower in PD. All other parameters were

Table 1. Heart rate variability (HRV) in supine rest (SR).

PD (n=20) YHC (n=20)

MHR (bpm) 72.8±11.77* 66.32±7.6
SDHR (bpm) 2.03±0.73* 3.24±1.37
HRmax (bpm) 80±12.08 78.6±9.23
HRmin (bpm) 67.45±11.56* 58.1±8.84
SDNN (ms) 23.38 (16.74-27.68)* 38.75 (27.25-49.47)
RMSSD (ms) 15.31 (13.03-24.29)* 34.29 (25-54.25)
NN50 1 (0-11)* 43.5 (8-103.5)
pNN50 (%) 0.30 (0-2.95)* 13.06 (3.06-36.03)
TP (ms2) 381.5 (222-607)* 1170.5 (647-2297)
LF (ms2) 114.94 (66.89-152.77)* 298.47 (211.30-751.72)
HF (ms2) 60.87 (33.86-100.05)* 271.96 (216.61-865.29)
LFnu 63.73±16.98* 51.78±19.27
HFnu 36.27±16.98* 48.22±19.27
LF/HF 1.96 (1.16-3.63)* 1.08 (0.52-1.91)

All results are expressed as mean ± SD or median (range). PD: Parkinson
disease; YHC: Young healthy controls; bpm: Beats per minute; MHR: Mean
heart rate; SDHR: Standard deviation of heart rate; HRmax: Maximal heart
rate; HRmin: Minimal heart rate; SDNN: Standard deviation of all normal-
to-normal intervals (NNI); RMSSD: Square root of the mean of the sum of
the squares of differences between adjacent NNI; NN50: Number of pairs
of adjacent NNI differing by more than 50 ms in the entire recording;
pNN50: NN50 count divided by the total number of all NNI; TP: Total
power; LF: Power in low frequency range (0.04-0.15 Hz); HF: Power in high
frequency range (0.15-0.4 Hz); LFnu: LF in normalized units; HFnu: HF in
normalized units; LF/HF: Ratio between LF/HF. *p,0.05 PD vs. YHC.

Table 2. Heart rate variability (HRV) in active standing (AS).

PD (n=20) YHC (n=20)

MHR (bpm) 80.65±11.81 79.67±10.9
SDHR (bpm) 2.14±0.63* 4.72±1.8
HRmax (bpm) 87.65±11.71 92.4±11.86
HRmin (bpm) 69.5 (65-84) 69 (59-74.5)
SDNN (ms) 23.49 (18.68-30.23)* 43.66 (28.74-58.4)
RMSSD (ms) 15.7 (11.02-20.97)* 26.9 (21.79-34.38)
NN50 0.5 (0-4)* 21 (6.5-45)
pNN50 (%) 0.14 (0-1.35)* 5.94 (2.15-15.41)
TP (ms2) 403.5 (287.5-724)* 1624.5 (851-3503)
LF (ms2) 99.91 (44.49-156.95)* 510.1 (248.22-1497.23)
HF (ms2) 60.97 (29.79-111.84)* 320.68 (251.45-791.4)
LFnu 58.79±18.99 58.52±22.61
HFnu 41.21±18.986 41.48±22.61
LF/HF 1.46 (0.76-3.24) 1.36 (0.81-3.27)

All results are expressed as mean ± SD or median (range). PD: Parkinson
disease; YHC: Young healthy controls; bpm: Beats per minute; MHR: Mean
heart rate; SDHR: Standard deviation of heart rate; HRmax: Maximal heart
rate; HRmin: Minimal heart rate; SDNN: Standard deviation of all normal-
to-normal intervals (NNI); RMSSD: Square root of the mean of the sum of
the squares of differences between adjacent NNI; NN50: Number of pairs
of adjacent NNI differing by more than 50 ms in the entire recording;
pNN50: NN50 count divided by the total number of all NNI; TP: Total
power; LF: Power in low frequency range (0.04-0.15 Hz); HF: Power in high
frequency range (0.15-0.4 Hz); LFnu: LF in normalized units; HFnu: HF in
normalized units; LF/HF: Ratio between LF/HF. *p,0.05 PD vs. YHC.

Table 3. Heart rate variability (HRV) in controlled breathing
(CB).

PD (n=20) YHC (n=20)

MHR (bpm) 69.85 (66.72-86.12)* 66.24 (62.54-73.71)
SDHR (bpm) 3.12 (2.81-3.85)* 6.15 (4.49-7.47)
HRmax (bpm) 80 (74.5-95) 86 (77-91)
HRmin (bpm) 67.9±14.23* 55.7±8.33
SDNN (ms) 35.14 (23.6-48.9)* 79.57 (64.49-105.4)
RMSSD (ms) 19.65 (15.29-24.55)* 47.08 (36.16-76.42)
NN50 3.5 (0-15)* 90.5 (53.5-132)
pNN50 (%) 0.93 (0-4.8)* 25 (15.42-44.55)
TP (ms2) 1127.5 (411.5-1632)* 6265 (3137-10158)
LF (ms2) 799.97 (258.39-1215.24)* 4769.38 (2231.5-7845.16)
HF (ms2) 66.84 (25.66-179.69)* 530.29 (294.09-1185.47)
LFnu 89.72 (80.33-94.04) 88.74 (82.27-91.26)
HFnu 10.28 (5.96-19.67) 11.26 (8.74-17.73)
LF/HF 8.74 (4.17-15.93) 7.9 (4.69-10.44)

All results are expressed as mean ± SD or median (range). PD: Parkinson
disease; YHC: Young healthy controls; bpm: Beats per minute; MHR: Mean
heart rate; SDHR: Standard deviation of heart rate; HRmax: Maximal heart
rate; HRmin: Minimal heart rate; SDNN: Standard deviation of all normal-
to-normal intervals (NNI); RMSSD: Square root of the mean of the sum of
the squares of differences between adjacent NNI; NN50: Number of pairs
of adjacent NNI differing by more than 50 ms in the entire recording;
pNN50: NN50 count divided by the total number of all NNI; TP: Total
power; LF: Power in low frequency range (0.04-0.15 Hz); HF: Power in high
frequency range (0.15-0.4 Hz); LFnu: LF in normalized units; HFnu: HF in
normalized units; LF/HF: Ratio between LF/HF. *p,0.05 PD vs. YHC.
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not significantly different between groups. These results are
shown in Table 4. Although most parameters were not sig-
nificantly different between the two groups during AS, LF
(mmHg2) y HF (mmHg2) were lower in PD as compared to
YHC. These results are shown in Table 5. None of the para-
meters were significantly different between the groups dur-
ing CB. These results are shown in Table 6.

DISCUSSION

HRV
Consistent with other studies1,10, our results showed a

decrease in overall HRV (i. e., SDNN, TP) in PD as compared
to YHC during the three conditions. More specifically, cardi-
ovagal indicators (i. e., RMSSD, NN50, pNN50 and HF)1,10,11

were significantly reduced in PD. At rest LF variations are
greatly mediated by vagal fluctuations10. Hence, we should
be cautious when interpreting LF/HF elevation in PD during
SR as sympathetic dominance. Conversely, if we consider the

traditional paradigms of spectral analysis of HRV during
AS5,11, LF reduction reflects cardiosympathetic impairment
in PD. LFnu and HFnu were not significantly different
between groups during both AS and CB, this lack of differ-
ence indicates a proportional reduction of both LF (ms2) y
HF (ms2). In both groups, LF (ms2) values were considerably
increased in magnitude but different from each other during
CB, a condition known to augment cardiovagal control21.
Nevertheless this finding does not reflect sympathetic dom-
inance but rather an effect of low respiratory frequency
(,0.2 Hz), which causes an overlap of the LF and HF com-
ponents of CVV signals22,26.

BPV
Our results showed a decrease in overall BPV (i. e., TP) in

PD as compared to YHC during SR. Despite this significant
difference in TP (mmHg2), LF (mmHg2) and HF (mmHg2)
were similar in both groups. One likely explanation for this
apparently contradictory result is that power in very low fre-
quency range (#0.04 Hz, mmHg2), whose nature remains
unclear24, is also part of TP. During AS, the opposite
occurred: TP (mmHg2) was similar in both groups and, not-
withstanding this result, LF (mmHg2) and HF (mmHg2) were
significantly different between the two groups. The above
explanation is also quite plausible here. LF (mmHg2) was
comparatively lower in PD during AS, this reduction in the
so-called Mayer waves reflects an impairment in the vaso-
sympathetic outflow5,25. Meanwhile, during SR, a similar
though statistically not significant trend was noticed as
shown in Figure. Vasosympathetic dysfunction in PD has
been already reported25,26. The coincidence of LF (mmHg2)
comparatively decreased in PD and MSBP similar between
groups after orthostatic challenge (i. e., AS) is consistent with
a previously proposed hypothesis that initial alterations of
vasosympathetic control may primarily affect BPV and only
subsequently induce changes in MSBP values leading to
orthostatic hypotension25. As noted above, HF (mmHg2)

Table 4. Blood pressure variability (BPV) in supine rest (SR).

PD (n=20) YHC (n=20)

MSBP (mmHg) 96.7±11.01* 110.04±10.3
SDSBP (mmHg) 3.55 (3.17-4.47) 5.01 (3.31-5.69)
SBPmax (mmHg) 107.45±14.15* 125.1±12.12
SBPmin (mmHg) 86.1±9.44* 99.8±10.87

TP (mmHg2)

2663.36
(2074.87-3489.05)*

5706.4
(2538.67-9106.83)

LF (mmHg2) 949.2 (816.29-1336.2) 2049.8 (880.7-4033.3)
HF (mmHg2) 196.77 (72.49-391.79) 274.13 (169.74-433.85)

All results are expressed as mean ± SD or median (range). PD: Parkinson
disease; YHC: Young healthy controls; mmHg: Millimeter of mercury;
MSBP: Mean systolic blood pressure; SDSBP: Standard deviation of
systolic blood pressure; SBPmax: Maximal systolic blood pressure; SBPmin:
Minimal systolic blood pressure; TP: Total power; LF: Power in low
frequency range (0.04-0.15 Hz); HF: Power in high frequency range (0.15-
0.4 Hz). *p,0.05 PD vs. YHC.

Table 5. Blood pressure variability (BPV) in active standing
(AS).

PD (n=20) YHC (n=20)

MSBP (mmHg) 110.04 (96.7-119.17) 112.3 (105-116.67)
SDSBP (mmHg) 5.77±1.93 5.38±1.36
SBPmax (mmHg) 120.1±20.36 126.3±13.19
SBPmin (mmHg) 97 (81.5-105.5) 98.5 (89.5-104)

TP (mmHg2)

4605.36
(3818.56-6788.5)

6889.59
(4502.44-9850.48)

LF (mmHg2)

1766.15
(1466.25-2571.1)*

3210.53
(2323.25-4629.35)

HF (mmHg2) 277.53 (170.15-560.71)* 581.3 (328.28-868.78)

All results are expressed as mean ± SD or median (range). PD: Parkinson
disease; YHC: Young healthy controls; mmHg: Millimeter of mercury;
MSBP: Mean systolic blood pressure; SDSBP: Standard deviation of
systolic blood pressure; SBPmax: Maximal systolic blood pressure; SBPmin:
Minimal systolic blood pressure; TP: Total power; LF: Power in low
frequency range (0.04-0.15 Hz); HF: Power in high frequency range
(0.15-0.4 Hz). *p,0.05 PD vs. YHC.

Table 6. Blood pressure variability (BPV) in controlled
breathing (CB).

PD (n=20) YHC (n=20)

MSBP (mmHg) 109.82±16.82 114.75±13.76
SDSBP (mmHg) 6.73±1.7 6.77±1.55
SBPmax (mmHg) 126.05±16.87 132.55±14.76
SBPmin (mmHg) 93.65±18.25 98.2±14.33

TP (mmHg2)

7690.73
(6454.66-11269.14)

9868.15
(7817.11-13621.3)

LF (mmHg2)
4796.96

(3440.7-8116.7)
6721.5

(4231.65-9069.6)
HF (mmHg2) 621.51 (517.44-848.47) 549.37 (317.53-946.6)

All results are expressed as mean ± SD or median (range). PD: Parkinson
disease; YHC: Young healthy controls; mmHg: Millimeter of mercury; MSBP:
Mean systolic blood pressure; SDSBP: Standard deviation of systolic blood
pressure; SBPmax: Maximal systolic blood pressure; SBPmin: Minimal
systolic blood pressure; TP: Total power; LF: Power in low frequency range
(0.04-0.15 Hz); HF: Power in high frequency range (0.15-0.4 Hz).
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was lower in PD as compared to YHC. For an accurate inter-
pretation of this result, it must be taken into account that
this respiratory oscillation depends on fluctuation in cardiac
output12,24,27. Finally, it is known that slow breathing (0.1 Hz)
improves baroreflex sensitivity by increasing HRV and BPV28;

this may partially explain the lack of a significant difference
between the groups during CB. In both groups, LF (mmHg2)
values were considerably increased in magnitude during
CB. This finding, as in the case of HRV, does not reflect sym-
pathetic dominance but rather an effect of low respiratory
frequency23.

To our knowledge, these findings are the first to docu-
ment a blunted CVV in Mexican patients with PD29. Such
assessment is particularly relevant because CVV exhibit
ethnic differences9. The mortality of PD patients is almost
doubled compared with age- and sex-matched healthy con-
trols, and it is worth noting that increased cardiovascular
mortality has been also reported in parkinsonian patients
(as for diabetic or postinfarcted patients). Therefore, the clin-
ical implications of our results are consistent with a pre-
viously proposed hypothesis that cardiovascular autonomic
dysfunction (which can be quantified by HRV analysis) can
be at least partially responsible for the increased mortality
in PD patients20. Lastly, the absence of a second control
group of age-matched healthy subjects was the main limita-
tion of this study, primarily since HRV decreases with age.
Yet it has been reported that aging process has no influence
on systolic BPV30.
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