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Abstract

Background: Parkinson’s disease (PD) is associated with
autonomic dysfunction as well as hyperhomocysteinemia and
low serum vitamin B12 level. Heart rate variability (HRV) is an
important tool for assessing autonomic function. Objective: To
evaluate the association of  hyperhomocysteinemia and low
vitamin B12 with autonomic dysfunction by time domain
measures of HRV in male patients with PD. Methods: This
observational analytical cross sectional study was conducted
on 30 newly diagnosed male PD patients of 50-60 years age
attending Out Patient Department of the Department of
Neurology, BSMMU, Dhaka. Thirty (30) age and BMI matched
apparently healthy male subjects were included as control for
comparison. Serum vitamin B12 and homocysteine were
measured by chemiluminescent immunoassay method and HRV
was measured by time domain method using a data acquisition
device, Power lab 8/35, AD instruments. Independent sample t-
test and Pearson’s correlation coefficient test were used for
statistical analysis by SPSS version 25 and p value < 0.05 was
considered as statistical significance.  Results: In this study,
resting pulse rate and mean heart rate were found significantly
higher (p<0.001) and mean RR interval, standard deviation of
the RR intervals (SDRR), coefficient variation of RR interval
(CVRR), standard deviation of the difference between
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Introduction from early stage10 and ideal for long term
analysis.7 Common time domain measures
include mean heart rate, mean RR interval (mean
of all interval between adjacent QRS complex),
standard deviation of the RR interval (SDRR),
coefficient of variation of the RR interval (CVRR),
standard deviation of the difference between
successive RR intervals (SDSD), root of the mean
squared differences of successive RR intervals
(RMSSD) and pRR50% (proportion of RR interval
with duration >50 ms).7-8  SDRR reflects total
variability whereas SDSD, RMSSD and pRR50%
reflect parasympathetic activity.7 Besides
autonomic dysfunction PD is also associated
with hyperhomocysteinemia with or without lower
level of vitamin B12 which contribute further
progression of disease itself also.11-16 In several
study association of  hyperhomocysteinemia and
low vitamin B12 with autonomic dysfunction were
reported.17-18 On the contrary, some researchers
found no significant association of
hyperhomocysteinemia and vitamin B12 with
autonomic dysfunction.19 Moreover, no
published data is available to observe the
association of these biochemical variables with
HRV in PD. Therefore, the present study has been
designed to assess the association of
hyperhomocysteinemia and low serum vitamin
B12 level with autonomic dysfunction by time
domain measures of HRV in PD.

successive RR intervals (SDSD), square root of mean squared
differences of successive RR intervals (RMSSD), proportion of
RR interval with duration >50ms (pRR50%) were found
significantly lower (p<0.001) in PD patients  compared to control.
In addition, serum vitamin B12 level was found significantly
lower (p<0.01) and homocysteine level was found significantly
higher (p<0.001) in PD patients than that of control. On
correlation analysis, serum homocysteine was significantly
negatively correlated with SDSD (p<0.01) and RMSSD (p<0.01).
Conclusion: Hyperhomocysteinemia is associated with
autonomic dysfunction in male patients with PD.

Keywords: Parkinson’s disease, Heart rate variability, Vitamin
B12, Homocysteine.

arkinson’s disease (PD) is recognized as
second most common neurodegenerative
movement disorder in worldwideP

affecting more than 10 million people.1-2 In
Bangladesh prevalence of PD is increasing and
death rate is 3.49 per 100000 of population.3 It is
more common in older adults with male
predominance.1 Pathologically PD is characterized
by degeneration of dopamineregic neuron and
deposition of neural inclusion in form of Lewy
bodies (pathological hallmark) in basal ganglia
and other areas of brain.1-2 This pathology also
involves autonomic nervous system (ANS)
leading to autonomic dysfunction which is one
of the most common non-motor features of PD.4,5

Although impairment of both sympathetic and
parasympathetic nervous system occurs in PD5

but vagal impairment is more prominent in PD.4,6

To assess functional status of ANS Heart rate
variability (HRV) is considered one of the most
valuable tools.7  Reduced HRV is an indicator of
cardiac autonomic dysfunction as well as adverse
outcome whereas increased HRV is a marker of
improved health profile.7-9 Usually, time domain,
frequency domain and nonlinear (poincare plot)
methods are used for analysis of HRV.7 Among
them time domain method is the simplest method
which reflects overall variability as well as cardiac
vagal tone.7 It can detect autonomic dysfunction
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Methods

Study design & setting

This observational analytical cross sectional
study was carried out in 2023 in Department of
Physiology, Bangabandhu Sheikh Mujib Medical
University (BSMMU), Dhaka.

Study participants & sampling

For this study, 30 newly diagnosed male patients
with PD (50-60 years & BMI:18-24.9kg/m2) upto
stage III (Hoehn & Yahr scale) attending Out
Patient Department of the Department of
Neurology, BSMMU were enrolled purposively
according to selection criteria. Thirty age and
BMI matched apparently healthy male subjects
were enrolled as control for comparison.

Exclusion criteria

Patients with history  of cardiovascular disorders,
respiratory disorders, renal insufficiency, liver
disease, arthritis, neurological disorders
(migraine, epilepsy, stroke), thyroid disorders,
psychiatric disorders, malignancy, gastric
surgery, vegan diet, medications for cardiac,
respiratory or other reasons which may interfere
with autonomic nervous system balance or
current use of vitamin supplementation, current
smokers and consumption of alcohol or any
substance abuse were excluded from this study.

Data collection procedure

After taking history and informed written consent
baseline characteristics of participants were
recorded. Then 04 ml of venous blood was
collected for estimation of random blood glucose,
serum creatinine and serum TSH as screening
purpose. The finally selected subjects were
instructed properly to prepare for recording of
HRV. For this, they were instructed to take their
meal by 9:00 pm and to have a sound sleep in the
previous night as well as to avoid any physical
or mental stress, sedatives, hypnotics medication.
They were also requested to take light breakfast
in the morning without tea or coffee and then
attend to the Noorzahan Begum Neurophysiology
Laboratory, Department of Physiology, BSMMU
between 8-9 a.m. After taking rest for 15-20
minutes time domain measures of HRV were
recorded in a noise free and comfortable

laboratory environment in supine position by a
data acquisition device, powerlab 8/35, AD
instruments, Australia. During the procedure, any
talking, eating or drinking as well as performing
physical or mental activity even sleep were
strictly prohibited. Finally 02 ml of venous blood
was collected and immediately sent to the
laboratory of the Department of Biochemistry and
Molecular Biology, BSMMU for the estimation
of serum vitamin B12 and homocysteine levels.

Statistical analysis

All quantitative data were expressed as mean ±
SD. For statistical analysis independent sample
t-test, Chi-square test and Pearson’s correlation
coefficient test were done by using SPSS version
25 and p value <0.05 was considered as statistical
significance.

Results

General characteristics of the subjects were
presented in Table I in which both groups were
found age and BMI matched (p>0.05) but the
mean value of resting pulse rate was found
significantly higher (p<0.01) in PD patients than
that of control. In this study, mean heart rate was
found significantly higher (p<0.001) and mean
RR interval, SDRR, CVRR, SDSD, RMSSD,
pRR50% were found significantly lower (p<0.001)
in PD patients compared to control (Table II). In
addition, serum homocysteine level was found
significantly higher (p<0.001) serum vitamin B12
level was found significantly lower (p<0.01) and
in PD patients than that of control (Table III).
Comparison of time domain measures of HRV
between PD patients with normal and low levels
of serum vitamin B12 showed non significant
difference (p>0.05) (Table IV) whereas SDSD and
RMSSD were found significantly lower (p<0.05)
in PD patients with high homocysteine level than
that of PD patients with normal homocysteine
level (Table V). On correlation analysis, only
serum homocysteine was significantly negatively
correlated with SDSD and RMSSD (p<0.01)
(Figure 1 and 2 respectively) but no association
was observed between low serum vitamin B12
with time domain measures of HRV.
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 Table I : Age, BMI, resting pulse rate and blood pressure in two groups (N=60)

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

Age (Years) 55.37±3.24 54.30±3.12 0.199

(50-60)     (50-60)

BMI (Kg/m2) 22.52±1.21 22.92±0.79 0.131

(20.48-24.62) (21.45-24.56)

Pulse rate  (beats/min) 81.27±3.95 78.67±5.64 0.001

 (70-90)   (68-88)

SBP (mm Hg) 128.17±5.17 128.33±5.14 0.901

(120-135) (120-135)

DBP (mmHg) 78.83±4.29 79.00±3.57 0.871

 (70-85) (70-85)

Data were expressed as mean ± SD. Values in parentheses indicate ranges. Statistical analysis was done by
Independent sample t-test. BMI- Body Mass Index; SBP-systolic blood pressure; DBP- diastolic blood pressure;
PD-Parkinson’s disease; Control-Apparently healthy subjects; N- Total number of subjects; n- Number of
subjects in each group.

Table II: Time domain measures of HRV in two groups (N=60)

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

Mean heart rate  (beats/min)  83.94±7.27 75.79±6.60     0.000
(69.93-99.42)  (62.63-89.50)

Mean R-R  Interval (ms) 721.00±62.60 799.41±69.30 0.000
(604-858.6) (672.1-959)

SDRR (ms) 25.24±6.34 39.84±5.92 0.000

(14.36-40.87) (29.76-51.45)

CVRR  0.04±0.01 0.05±0.01 0.000

(0.02-0.06) (0.03-0.07)

SDSD (ms) 15.18±4.69 35.13±9.44 0.000

 (7.24-26.8) (26.76-51.45)

RMSSD (ms) 15.07±4.61 35.09±9.42 0.000

(7.24-26.7) (21.41-52.21)

pRR50 0.64±0.10 12.25±9.54 0.000
 (0-4.5) (1.02-31.71)

Data were expressed as mean ± SD. Values in parentheses indicate ranges. Statistical analysis was
done by Independent sample t-test. 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; PD- Parkinson’s disease; Control-Apparently
healthy subjects; N- Total number of subjects; n- Number of subjects in each group.
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Table III : Serum homocysteine and vitamin B 12 level in two groups (N=60)

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

Homocysteine (µmol/L) 16.76±3.98 7.43±1.69 0.000
(9.85-24.94) (3.77-9.85)

Vitamin B12 (pg/ml) 423.10±201.97 548.13±181.70 0.014
  (109-830) (217-931)

Data were expressed as mean ± SD. Values in parentheses indicate ranges. Statistical analysis was
done by Independent sample t-test. PD-Parkinson’s disease; Control-Apparently healthy subjects;
N=number of subjects; n=Number of subjects in each group.

 Table IV : Time domain measures of HRV in PD on basis of vitamin B12 (N=30)

Variables Low B12 Normal B12      p value

  (n= 05) (n= 25)

Mean heart rate 85.57±6.18 83.61±7.54         0.592

 (beats/min)              (78.29-93.60) (69.93-99.42)

Mean R-R Interval (ms) 705.08±50.65 724.18±65.15

 (642.20-766.90) (604-858.6)     0.543

SDRR (ms) 24.72±6.84 25.34±6.38 0.847

(17.8-35.0) (14.36-40.87)

CVRR 0.04±0.01 0.04±0.01  0.954

(0.03-0.05) (0.02-0.06)

SDSD (ms) 12.01±2.72 15.82±4.70      0.098

(8.21-15.26)   (7.25-26.76)

RMSSD (ms)  12.01±2.72  15.68±4.70   0.104

 (8.2-15.26) (7.24-26.73)

pRR50  (%) 0.21±0.37  0.72±1.06   0.302

 (0-0.85)  (0-4.5)

Data were expressed as mean ± SD. Values in parentheses indicate ranges. Statistical analysis was
done by Independent sample t-test. 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.
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Figure 1: Correlation of SDSD (ms) with serum
homocysteine level (µmol/L) in PD patients
(N=30)

Figure 2: Correlation of RMSSD(ms) with serum
homocysteine level (µmol/L) in PD patients
(N=30)
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Discussion

The present study investigated the association
of  hyperhomocysteinemia and low vitamin B12
with autonomic dysfunction by time domain
measures of HRV in 50-60 years of male PD

patients. Almost similar age range and sex in PD
patients were reported by different researchers.1

In this study, significantly higher values of
resting pulse rate, mean HR and lower values of
mean RR interval, SDRR, CVRR, SDSD, RMSSD,
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Table V : Time domain measures of HRV in PD on basis of homocysteine (N=30)

Variables      High homocysteine Normal homocysteine p value

(n=18) (n=12)
Mean heart rate  (beats/min) 85.63±7.29 81.39±6.73 0.119

(72.90-99.42) (69.93-91.72)
Mean R-R 706.43±59.97 742.85±62.49 0.120

Interval (ms) (604-824.1) (654.90-858.6)

SDRR (ms)  24.89±6.90 25.76±5.65 0.718

(14.36-40.87) (16.2-35.0)

CVRR 0.04±0.01 0.04±0.01 0.976

(0.02-0.06) (0.02-0.05)

SDSD (ms) 13.54±4.74 17.64±3.50 0.016

(7.25-26.76) (11.22-23.10)

RMSSD (ms) 13.53±4.74 17.37±3.42

(7.24-26.73)  (11.2-23.08) 0.023

pRR50 (%) 0.55±0.78 0.78±1.28

(0-2.78)  (0-4.5) 0.539

Data were expressed as mean ± SD. Values in parentheses indicate ranges. Statistical analysis was done by
Independent sample t-test. 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.
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pRR50% in PD patients suggested reduced
overall variability and parasympathetic
hypoactivity which is consistent with the findings
of other researchers.4-6,20-22 In addition,
significantly higher value of  serum homocysteine
and lower value of serum vitamin B12 level in PD
patients suggested association of these
biochemical variables with PD and also reported
by the results of different studies.11-16 Besides,
time domain measures of HRV were also compared
between PD patients with normal and altered
levels of serum vitamin B12 and homocysteine
and lower values of SDSD and RMSSD were
observed in PD patients with high homocysteine
level than that of PD patients with normal
homocysteine level suggesting association of
high homocysteine with reduced heart rate
variability as well as autonomic dysfunction. On
correlation analysis of time domain HRV
measures with serum vitamin B12 and
homocysteine, SDSD and RMSSD were found
negatively correlated with homocysteine which
was statistically significant suggesting that
hyperhomocysteinemia is associated with
parasympathetic hypoactivity in PD. Previous
evidence also reported such association of
hyperhomocysteinemia with PD. This high
homocysteine in PD is converted into highly
reactive homocysteine-thiolactone which
triggers abnormal aggregation of alpha synuclein
protein in different areas of brain11. Abnormal
aggregation of alpha synuclein protein in dorsal
motor nucleus of vagus nerve may result in
parasympathetic hypoactivity as well as
autonomic dysfunction.4,21 So, hyperhomocy-
steinemia could be a potent risk factor for
autonomic dysfunction in PD patients.

Conclusion

According to the results of this study, it may be
concluded that PD patients had impaired
parasympathetic activity and hyperhomo-
cysteinemia is associated with autonomic
dysfunction in male patients with Parkinson’s
disease. But vitamin B12 deficiency was

associated with PD though  low vitamin B12 had
no role on autonomic dysfunction of PD.

Ethical issue

The study protocol was first approved by the
departmental ethical and academic committee and
then further reviewed and approved by
Institutional Review Board (IRB) of BSMMU.

Conflict of interest None

Acknowledgments

Department of Neurology, BSMMU and
Department of Biochemistry and Molecular
Biology, BSMMU.

References

1. Beitz JM. Parkinson’s disease: a review. Front Biosci

2014;6(1):65-74.

2. Chattopadhyay T, Singh A, Laltoo E, Boyle CP,

Owens-Walton C, Chen Y-L et al. Comparison of

Anatomical and Diffusion MRI for detecting

Parkinson’s Disease using Deep Convolutional

Neural Network. bioRxiv 2023;2023-05.

doi:10.1101/2023.05.01.538952

3. World Health Organization. Parkinson’s Disease

in Bangladesh. [Internet] 2020 [cited: 2023 May
25] Available from: https://www.who.worldlife

expectency.com/bangladesh-parkinson-disease

4. Suzuki M, Nakamura T, Hirayama M, Ueda M,
Katsuno M, Sobue G. Cardiac parasympathetic
dysfunction in the early phase of Parkinson’s
disease. J Neurol 2017;264(2):333-340.

doi:10.1007/s00415-016-8348-0

5. Miyagi T, Yamazato M, NakamuraT, Tokashiki T,

Namihira1 Y, Kokuba K et al. Power spectral

analysis of heart rate variability is useful

as a screening tool for detecting sympathetic

and parasympathetic nervous dysfunctions

in Parkinson’s disease. BMC Neurol 2022;22(1):1-

9. doi:10.1186/s12883-022-02872-2

6. Stoco-Oliveira MC, Valente HB, Vanzella LM,

Andre LB, Rodrigues MV, Vanderlei FM et al. Does

length of time since diagnosis in Parkinson’s disease

influence heart rate variability? A cross-sectional

study. Arq Neuropsiquiatr 2021;80(6):593-600.

doi:10.1590/0004-282X-ANP-2021-0153

J Bangladesh Soc Physiol.  2023, June; 18(1): 1-8 7

HRV with high homocysteine low vitamin B12 in Parkinson’s disease Akther  et al



7. Task force of the European Society of Cardiology

and the North American Society of pacing and

electro physiology. Heart rate variability. Standards
of measurement, physiological interpretation and

clinical use. Eur Heart J 1996;17:354-381.

8. Shaffer F, McCraty R and  Zerr CL. A healthy heart

is not a metronome: an integrative review of the

heart’s anatomy and heart rate variability.

Front Psychol 2014;5:1040. doi:10.3389/

fpsyg.2014.01040

9. 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 2017;18(1):20-25.
doi:10.1111/ggi.13130

10. Maetzler W, Karam M, Berger MF, Heger T,

Maetzler C, Ruediger H et al. Time and frequency

domain parameters of heart rate variability and
sympathetic skin response in Parkinson’s disease.

J Neural Transm 2014;122:419-425. doi: 10.1007/

s00702-014-1276-1

11. Doherty GH. Homocysteine and Parkinson’s

Disease: A Complex Relationship. JNND 2013;

1:107.

12. Shen L. Associations between B Vitamins and

Parkinson’s Disease. Nutrients 2015;7(9):7197-

7208. doi:10.3390/nu7095333

13. Fan X, Zhang L, Li H, Chen G, Qi G, Ma X et al.

Role of homocysteine in the development and

progression of Parkinson’s disease. Ann Clin Transl
Neurol 2020;7(11):2332–2338. doi:10.1002/

acn3.51227

14. Al-Kuraishy HM, Al-Gareeb AI, ELewa YHA,
Zahran MH, Alexiou A, Papadakis M et al.

Parkinson’s Disease Risk and Hyperchomo-

cysteinemia: The Possible link. Cell Mol Neurobiol
2023;01-17. doi:10.10007/s10571-023-01350-8

15. Qureshi GA, Qureshi AA, Devrajani BR, Chippa

MA, Syed SA. Is the Deficiency of Vitamin B12

Related to Oxidative Stress and Neurotoxicity in

Parkinson’s Patients? CNS Neurol Disord Drug

Targets 2008; 7(1):20-27.

16. Dietiker C, Kim S, Zhang Y, Christine CW.

Characterization of Vitamin B12 Supplementation

and Correlation with Clinical Outcomes in a Large

Longitudinal Study of Early Parkinson’s Disease.

J Mov Disord 2019;12(2):91-96. doi:10.14802/

jmd.18049

17. Celik SF and Celik E. Subclinical atherosclerosis

and impaired cardiac autonomic control in pediatric

patients with Vitamin B12 deficiency. Niger
 J Clin Pract 2018;21(8):1012-1016. doi:10.4103/

njcp.njcp_345_17

18. Mendes RH, Mostarda C, Candido GO, Moraes-

Silva IC, D’Almeida V, BellóKlein A et al. Moderate
hyperhomocysteinemia provokes dysfunction of

cardiovascular autonomic system and liver oxidative

stress in rats. Auton Neurosci 2014;180 (1): 43-
47. doi:10.1016/j.autneu.2013.10.006

19.  Akter K, Sultana S and Begum S. Relationship of

vitamin B12, folic acid and homocysteine level
with time domain measures of heart rate variability

in female Metabolic Syndrome. J Bangladesh Soc

Physiol 2022;17(1):41-48.

20. 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. JADP 2013;3(130):2161-
0460. doi:10.4172/2161- 0460.1000130

21. Haapaniemi TH, Pursiainen V, Korpelainen JT,
Huikuri HV, Sotaniemi KA, Myllylä VV. Ambulatory
ECG and analysis of heart rate variability in

Parkinson’s disease. JNNP 2001; 70(3):305-310.

doi:10.1136/jnnp.70.3.30530.

22. 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;96(18):e6523. doi:10.1097/

MD.0000000000006523

8 J Bangladesh Soc Physiol.  2023, June; 18(1): 1-8

HRV with high homocysteine low vitamin B12 in Parkinson’s disease Akther  et al


