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Abstract

Background: Parkinson’s disease (PD) is a neurological disorder
associated with altered cardiac autonomic function. Heart rate
variability (HRV) analysis is a tool to assess the cardiac
autonomic status. Altered serum zinc (Zn) and magnesium (Mg)
levels are observed in PD. The serum Zn and Mg alteration is
associated with nerve function impairment. Objective: To
evaluate the relationship between serum zinc, magnesium, and
time domain measures of HRV in male patients with
PD. Methods: This observational analytical cross-sectional
study was conducted in 2023 on 30 newly diagnosed male PD
patients aged 50-60 years. In this study, 30 healthy volunteers
were the control. The 30 patients were divided into different
categories based on serum mineral levels. The HRV was recorded
by Power Lab 8/35, AD Instruments, Australia and the time
domain measures of HRV were used in data analysis. The serum
Zn and Mg levels were measured by atomic absorption
spectrophotometry. Independent sample ‘t’ test and Pearson’s
correlation coefficient test were used for statistical analysis and
p<0.05 was considered statistical significance.  Results: 

Significantly higher mean HR (Heart rate) (p<0.01) and
significantly lower mean RR (Normal to normal QRS complex)
interval, CVRR (Coefficient variation of RR interval) (p<0.01),
SDRR (Standard deviation of the RR intervals), SDSD (Standard
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Introduction evaluated by heart rate variability (HRV) analysis
and reduced HRV was evident in PD patients.6

The reduced HRV reflects cardiac autonomic
dysfunction (CAD) due to compromised
parasympathetic and sympathetic nerve
activity.7,8 In HRV analysis, the time domain
method is the simplest one in which the beat-to-
beat intervals are determined from an RR interval
tachogram from a 5-minute electrocardiographic
(ECG) record. The time domain variables,
calculated from it, include mean normal to normal
QRS complex (RR) interval which represents the
fine-tuning between the vagal and sympathetic
activity of the autonomic nervous system (ANS),
mean heart rate (HR) that reflects the relative
balance of the sympathetic and parasympathetic
nervous system, the standard deviation of all RR
interval (SDRR) in millisecond (ms) that estimates
the overall variability, the square root of mean
squared difference of RR intervals (RMSSD), the
standard deviation of successive RR interval
(SDSD) and the number of R-R intervals differing
>50 ms from adjacent intervals divided by the
total number of all R-R intervals (pNN50%)

deviation of the difference between successive RR intervals),
RMSSD (Square root of mean squared differences of successive
RR intervals), pRR50% (Proportion of RR interval with duration
>50 ms) (p<0.001) were observed in PD patients compared to
control. In PD patients, significantly lower (p<0.001) serum Zn
and significantly higher (p<0.01) serum Mg were observed
compared to control. In addition, significant decrement was
observed in SDRR, CVRR (p<0.05), SDSD, RMSSD, and pRR50%
(p<0.01) in hypozincemic PD patients compared to
normozincemic patients. On correlation analysis, significant
positive correlations of serum Zn were observed with SDRR
(p<0.05), SDSD (p<0.001), RMSSD (p<0.001) and pRR50%
(p<0.01). Moreover, serum Mg was positively correlated with
SDRR (p<0.05) in PD patients. Conclusion: Hypozincemia and
magnesium were directly related to reduced HRV in male PD
patients.

Keywords: HRV, Serum zinc, Serum magnesium, Time domain
analysis.
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arkinson’s disease (PD) is a neurological
disorder that develops due to neuronal
loss in the substantia nigra. The risk of

PD increases with advancing age. It is a male
predominant disease and male to female ratio is
3:2.1 The typical age of onset of PD is around 60
years. The prevalence of PD in the UK is 180 per
1 million and the incidence is about 18 per 1
million.2 In 2016, the incidence in north India was
close to 0.58 million.3 The identifying feature of
PD is the degeneration of dopaminergic neurons
in the substantia nigra projecting to the putamen
that results in diminished striatal dopamine and
also the formation of Lewy bodies which are some
inclusions containing the protein alpha-synuclein
in nerve cells initiates degeneration of basal
ganglia, different areas of the brain and peripheral
nerves. In PD patients, some motor features such
as bradykinesia, rigidity, rest tremor and gait are
observed. The associated non-motor
complications develop due to autonomic
dysfunction that affects the cardiovascular
system.4,5 In a previous study, the ANS
dysfunction in the early stage of PD was

P



17(2) 2022

65

reflects vagal modulation.9 The coefficient
variation of RR interval (CVRR) measures the
variation of RR interval between diseased and
healthy groups.10 In PD, the alterations in serum
Zn and Mg are evident in previous studies.11-18

Excess Zn causes neurotoxicity and damage to
neurons that can hamper nerve functions Zn
binds with the Parkin gene related to PD and
maintains the normal conformation of the protein
which is associated with the ubiquitination of
other proteins that interact with alpha-synuclein.
Zn plays an important role in nerve signal
transmission and cell protection from oxidative
stress.19-21 Magnesium (Mg) is essential for nerve
signal transmission, neuromuscular coordination
and protection against excessive excitation that
leads to cell death.  Hypomagnesemia causes
excess nerve and muscular excitation whereas
hypermagnesemia results in muscle tremors,
tetany, convulsions etc.22 It participates in many
physiological processes that control
cardiovascular function. Mg is required for the
synthesis of some human unsaturated fatty acids
that improve parasympathetic nerve function and
maintain sympathovagal balance.23 It also
regulates the excitability of cell membranes.24

Many researchers from different countries
investigated serum zinc11-14 and magnesium15-

18 in PD patients. Many studies reported a
decrease in the serum Zn level in PD patients11-

13,15 whereas some researchers reported an
increase in the serum Zn level in PD compared to
healthy control.16 A few researchers observed
no significant changes from the controls.14 In a
previous study, lower serum magnesium level was
reported in PD patients25 whereas some
researchers observed higher serum levels of
magnesium in PD than in healthy subjects.16-18

Moreover, in a research study, no significant
differences were also observed.15 In the past,
the relationship between Zn and HRV was
reported in prior studies.21,29 A positive
relationship was observed between magnesium
deficiency and CAD in hypomagnesemic
participants and young adults.22,23 Therefore, It
is crucial to investigate more due to the
controversial outcome of these minerals in
previous studies. That is why, this study was

designed to assess the relationship between
serum Zn, Mg and heart rate variability in PD to
gain new insights for the physicians and in
reducing the advancement of cardiac autonomic
complications in this particular group of patients.

Methods

Study design & setting

This observational analytical cross-sectional
study was conducted in the Department of
Physiology, BSMMU, Dhaka from March 2022
to February 2023

Study participants

The study was conducted on 30 newly
diagnosed male patients with PD visiting the Out
Patients Department (OPD) of Neurology,
BSMMU, aged between 50-60 years, Hoehn and
Yahr (H-Y) scale stage I to III, diagnosed by a
neurologist according to the UK Parkinson’s
Disease Society Brain Bank diagnostic criteria30

constituted the study group and to compare, 30
apparently healthy male subjects with similar age
and BMI constituted the control group.

Sampling

Purposive sampling was adopted to select the
patients as well as the control subjects. The
study group was selected from Neurology OPD,
BSMMU. The control group was selected through
personal contact.

Exclusion criteria

The subjects with a history of head injury,
alcoholism, any other systemic illness, vitamin,
mineral supplements and intake of drugs that
hamper ANS functions were excluded from this
study.

Data collection procedure

Informed written consent was taken from all selected
participants. A detailed medical history and
anthropometric measurements were taken. Then a
thorough clinical examination was done. Under
aseptic precaution, 4 ml of venous blood was taken
for random blood glucose (RBS), serum creatinine
and thyroid stimulating hormone (TSH). The finally
selected participants were given instructions for
the preparation for HRV recording. For HRV
recording, the subjects were asked to finish their
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dinner by 9:00 pm, to have a sound sleep the
previous night, to avoid any physical or mental
stress and also to take any sedatives or any other
drugs that could affect the central nervous system.
They were requested to have a light breakfast in
the morning without tea or coffee and then report
to the Department of Physiology, BSMMU between
8-9 a.m. Before performing the test, the subjects
were allowed to relax in the supine position for 15-
20 minutes in a noise-free, comfortable temperature-
controlled environment with dim light in the
laboratory. The HRV recording was done by a data
acquisition device Power Lab 8/35, AD instrument,
Australia for the next 5 minutes refraining from any
talking, eating, drinking, performing physical or
mental activity or even sleeping. Then, under
aseptic precautions, 2 ml of venous blood was taken
to estimate serum minerals.

Statistical analysis

Data were expressed as mean±SD. For statistical
analysis, Independent sample ‘t’ test and
Pearson’s correlation coefficient test were done
using SPSS version 25, and p<0.05 was
considered as the significance level.

Results

This study observed a significantly higher
(p<0.05) resting pulse rate in PD patients

compared to the control. Data of all general
characteristics and BP were similar (p>0.05) in
both groups (Table I).

Again, a significantly higher Mean HR (p<0.01)
and significantly lower Mean RR, CVRR (p<0.01),
SDRR, SDSD, RMSSD and pRR50% (p<0.001)
were observed in PD patients compared to control
(Table II)

Moreover, serum Zn was significantly lower
(p<0.001) and serum Mg was significantly higher
(p<0.01) in PD patients compared to the control
even though Mg was within the normal range in
both groups (Table III).

Again, significantly lower SDRR, CVRR (p<0.05),
SDSD, RMSSD and pRR50% (p<0.01) were
observed in hypozincemic PD patients compared
to normozincemic patients (Table IV). There was
no subjects with high serum Mg observed in PD
patients and healthy subjects.

Furthermore, serum Zn showed significantly
positive correlations with SDRR (p<0.05), SDSD,
RMSSD (p<0.001), pRR50% (p<0.01) (Table V)
and serum Mg showed a significant positive
correlation with SDRR (p<0.05) of time domain
measures in PD patients (Table VI).

Table I : General characteristics, resting pulse rate, and BP in two groups (N=60)

Variables  PD (n=30) Control  (n=30) p value

Age (Years) 55.33±3.23 54.83±3.28 0.554

(50-60) (50-60)

BMI(Kg/m2)    22.01±0.88 22.44±1.08 0.095

   (20.78-24) (20.10-24.20)

Pulse rate(beats/min)    80.20±4.15 77.30±4.76 0.015

     (72-88) (68-86)

SBP(mm Hg)   124.30±6.83 127.33±5.52 0.064

     (110-135) (120-135)

DBP(mmHg)    81.50±3.97 80.66±4.09 0.427

(70-85) (70-85)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was done by
independent sample t-test; PD- Parkinson’s disease, BMI- Body Mass Index; SBP- systolic blood pressure;
DBP- diastolic blood pressure; N- Total number of subjects; n- Number of subjects in each group.
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Table II : Time domain measures in two groups (N=60)

Variables PD (n=30) Control (n=30)                      p value

Mean heart rate(beats/min)  83.12±6.98 76.41±7.20    0.001

(69.93-99.42) (65.48-88.73)

Mean RR Interval (ms) 726.38±60.74 788.33±73.75    0.001

 (604-858.60) (677.76-993.80)

SDRR(ms) 27.55±6.69 36.67±6.25    0.000

(14.36-41.42) (25.20-49.41)

CVRR 0.038±0.010 0.046±0.009    0.002

(0.022-0.062) (0.031-0.072)

SDSD(ms) 16.72±6.57 24.93±3.36    0.000

(7.24-32.52) (20.45-32)

RMSSD(ms) 16.71±6.59 24.76±3.08    0.000

(7.24-32.48) (20.42-31.96)

pRR50(%) 0.45±0.56 5.68±5.08   0.000

(0.00-2.00) (0.00-25.22)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was
done by independent sample t-test; PD- Parkinson’s disease, SDRR- Standard deviation of all RR
interval; CVRR- Coefficient variation of RR interval; SDSD- Standard deviation of successive RR
interval differences between adjacent RR intervals; RMSSD- Square root of mean of squared differences
of successive RR interval; pRR50%- Proportion of RR interval with duration > 50ms; N- Total number
of subjects; n- Number of subjects in each group.

Table III : Serum Zn and serum Mg in two groups (N=60)

Variables   PD (n=30) Control  (n=30) p value

Serum Zn (µg/dL) 53.43±10.38 80.60±14.51         0.000

(40-80) (44-105)

Serum Mg(mg/dL) 2.09±0.16 1.95±0.13         0.001

(1.80-2.40) (1.70-2.30)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was
done by independent sample t-test; PD- Parkinson’s disease, Serum Zn- Serum Zinc, Serum Mg-
Serum Magnesium; N- Total number of subjects; n- Number of subjects in each group.
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Table IV : Time domain measures in two study groups based on serum zinc level (N=30)

Variables Hypozincemic PD Normozincemic PD p

(n=26)  (n=4) value

Mean heart rate(beats/min)         82.39±6.74 87.83±7.62 0.150

      (69.93-99.42)  (81.97-98.54)

 Mean RR Interval  (ms)       732.13±60.24  688.60±56.89   0.187

       (604-858.60)  (610-733.70)

 SDRR (ms)         26.53±6.54 34.15±2.85 0.031

       (14.36-41.42) (30.51-37.43)

 CVRR          0.03±0.010  0.049±0.003 0.014

         (0.021-0.062)  (0.046-0.054)

 SDSD (ms)         15.36±5.95  25.52±1.68 0.002

       (7.24-32.52)   (23.75-27.14)

 RMSSD (ms)         15.37±5.99  25.49±1.67 0.003

        (7.24-32.48)    (23.72-27.10)

  pRR50  (%)           0.33±0.47 1.17±0.56 0.004

         (0.00-2.00) (0.41-1.76)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was done by
independent sample t-test; PD- Parkinson’s disease,  SDRR- Standard deviation of all RR interval; CVRR- Coefficient
variation of RR interval, SDSD- Standard deviation of successive RR interval differences between adjacent RR
intervals; RMSSD- Square root of mean of squared differences of successive RR interval; pRR50%- Proportion of
RR interval with duration > 50ms; N- Total number of subjects; n- Number of subjects in each group.

Table V : Correlations of time domain HRV measures
with serum zinc level in the study group (N=30)

Variables r value p value

Mean heart rate(beats/min) -0.036 0.849

Mean RR Interval(ms) 0.072 0.707

SDRR(ms) 0.428 0.018

CVRR -0.065 0.732

SDSD(ms) 0.736 0.000

RMSSD(ms) 0.735 0.000

pRR50(%) 0.552 0.002

Statistical analysis was done by Pearson’s correlation
coefficient (r) test; PD- Parkinson’s disease, SDRR-
Standard deviation of all RR interval; CVRR-
Coefficient variation of RR interval, SDSD- Standard
deviation of successive RR interval differences
between adjacent RR intervals; RMSSD- Square root
of mean of squared differences of successive RR
interval; pRR50%- Proportion of RR interval with
duration > 50ms; N- Total number of subjects.

Table VI : Correlations of time domain HRV measures
with serum magnesium level in the study group (N=30)

Variables r value p value

Mean heart rate(beats/min) -0.160 0.399

Mean RR Interval (ms) 0.310 0.095

SDRR(ms) 0.414 0.023

CVRR -0.303 0.104

SDSD(ms) 0.187 0.324

RMSSD(ms) 0.192 0.310

pRR50(%) 0.232 0.217

Statistical analysis was done by Pearson’s correlation
coefficient (r) test; PD- Parkinson’s disease, SDRR-
Standard deviation of all RR interval; CVRR-
Coefficient variation of RR interval, SDSD- Standard
deviation of successive RR interval differences
between adjacent RR intervals; RMSSD- Square root
of mean of squared differences of successive RR
interval; pRR50%- Proportion of RR interval with
duration > 50ms; N- Total number of subjects.
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Discussion

In this study, a significantly higher resting pulse
rate, Mean HR and lower Mean RR, SDRR, CVRR,
SDSD, RMSSD, and pRR50% were observed in
PD. Similar findings were also reported in the
previous studies.5-7,27,31 The lower values of
these time domain variables suggest the reduced
overall variability with decreased vagal tone. The
accelerated HR was contributed by decreased
parasympathetic modulation and increased
sympathetic stimulation.9 The current study also
revealed lower serum Zn and higher serum Mg in
PD patients which is supported by several
previous.11-13,15-18 Again, the significantly lower
SDRR, CVRR, SDSD, RMSSD, and pRR50% in
hypozincemic PD patients compared to
normozincemic PD patients strongly suggested
that hypozincemia had an association with
reduced variability and cardiac parasympathetic
hypoactivity in PD. On correlation analysis, the
significantly positive correlations of SDRR,
SDSD, RMSSD and pRR50% with serum Zn
observed in PD patients suggested that lower
parasympathetic modulation of ANS was
associated with hypozincemia in PD patients
which agrees with previous reports.21,29 In
addition, a significant positive correlation
between SDRR and serum Mg in PD patients,
suggesting overall variability was related to serum
Mg in PD patients, supported by previous
studies.22,23 The exact mechanism to describe
the relationship between serum Zn, Mg, and HRV
in PD is unknown even though different research
studies could suggest many hypothesised
explanations. Loss of Zn causes the unfolding
of the genes related to PD that may result in the
induction of PD. Oxidative stress is evident in
Zn deficiency as it is associated with decreased
superoxide dismutase activity that causes
neuronal cell death in PD.20 Some previous
studies also revealed the association of PD with
the Zn disbalance resulting from the dysfunction
of Zn transporters that was observed in PD and
considered it as the cause of the low circulating
Zn level in the particular group of patients.13 The

previous evidence also reported that alterations
in Mg transporter protein expressions were
associated with PD patients. The transport of
Mg into the cells became hampered due to
decreased expression of transporter proteins that
were specifically responsible for influx leading
to an increased Mg in the circulation.18 Mg acts
as a cofactor for the synthesis of some fatty acids
such as docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) that have a possible
association with vagal function. Nevertheless,
an excess increase in the serum Mg was
considered as a possible cause that could reduce
parasympathetic activity and sympathetic tone.23

Hence, the alteration in serum Zn and Mg could
be the potential indicators for the risk of PD.

Conclusion

From the result of this study, it can be concluded
that hypozincemia and magnesium level are
directly related to reduced heart rate variability
in male patients with Parkinson’s disease.
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