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ABSTRACT Background: Migraine is the 3rd most prevalent and 7th leading cause of disability worldwide.  It is a 
chronic neurological disorder that has diverse autonomic manifestations. Yet, there are less conclusive 

studies available regarding dysfunctions of the autonomic nervous system in migraineurs during headache free periods.
Objective: To assess and compare the HRV  in female migraine patients  during headache free period and age 
matched  healthy  female controls. 
Material and Methods: Forty diagnosed  female migraine patients  age  ranging between 30-40years, fulfilling the 
criterias of  ICHD 2004 formed the study group. Age matched 40 healthy female subjects froms  SMS Medical Col-
lege were taken as control. The assessment of Heart Rate Variability was done by recording the 5 minutes E.C.G.by 
RMS ECG machine The analogue ECG signals were converted to digital signal and stored in the computer for offline 
Frequency Domain analysis. Statistical analysis was performed using SPSS software version 20   and unpaired student  
t-test  to derive the level of significance. 
Results: The mean of HF n.u. in % in migraine patients was 37.95±8.54 and of controls subjects was 63.48±3.37. ( p-
value 0.000) The mean of LF n.u.in % in migraine patients was 62.05±8.54 and of  control subjects was  36.52±3.37.  
(p-value 0.000)  The mean of LF/HF ratio of migraine patients was 1.77±0.59 and of control subjects was 0.58±0.08. 
(p-value 0.000) 
Conclusion: Migraineurs during headache-free periods are found to have sympathetic hyperactivity. Therefore, an early 
understanding of the autonomic nervous system dysfunctions in migraine patients can help in diagnosis, prevention 
and treatment.

Keywords Migraineurs with aura, HRV, sympathetic hyperactivity

Introduction 
Migraine is a complex neurobiological disorder that has 
been recognized since antiquity. (1) It is a disabling head-
ache disorder characterized by intermittent attacks with a 
number of physiological and emotional stressors associ-
ated with or provoking each attack. (2) The Global Bur-
den of Disease Study 2013 found migraine to be the third 
commonest disease in the world and it is the sixth high-
est cause of disability worldwide. (3)  Analysis of heart rate 
variability (HRV) has nowadays become one of the most 
popular methods of autonomic nervous system evaluation. 
It is based on the observation that even at rest the dura-
tion of RR intervals is not constant but continually fluctu-
ates around the mean value.  Extremely complex neural 
mechanisms are responsible for these fluctuations. They 
are based mainly on interactions between the sympathetic 
and parasympathetic nervous system. Activity of the sym-
pathetic and parasympathetic nervous system continually 
fluctuates, which results from mutual interactions.

Migraine is a chronic neurological disorder that has diverse 
autonomic manifestations. Yet, there are less conclusive 
studies available regarding dysfunctions of the autonomic 
nervous system in migraineurs during headache free peri-
ods. Hence present study was undertaken with the aim of 
evaluating the autonomic nervous system activity in female 
migraineurs during interictal period using HRV 

Material and Method
Material and Method
The study was conducted in the Upgraded Department of 
Physiology in association with the Department of Neurol-
ogy, S.M.S. Medical college and Hospital, Jaipur, Rajasthan  
from 1st June 2014 to 31st May 2015. 

Forty diagnosed female migraine patients with aura age 
ranging between 30-40 years, fulfilling the criteria of IHSC-
2 (International Headache Society Criteria-2) formed the 
study group. Age matched 40 healthy female subjects 
from SMS Medical College were taken as control subjects.

Ethical Statement:- This study was approved by the Insti-
tutional Research Review Board of  SMS Medical College 
and Hospital.

All patients and subjects gave written informed consent 
to participate in this study categorized into two groups: 
Group A: female migraine patients with aura; and Group 
B: healthy female control subjects.

Inclusion criteria: Adult female migraine with aura 30-40 
years age, follicular phase of regular menstrual cycle (28 
days), BMI 18-25 kg/m2 were included in study.

Exclusion criteria: Body Mass Index   ≥ 25 kg/m2 or ≤18 
kg/m2 , Chronic illnesses Diabetes mellitus, Hypertension, 
Thyroid dysfunction affecting the autonomic function, 
Medications like antihypertensive, antidepressants, anti-
anxiety drugs affecting the autonomic functions were ex-
cluded from study.

All subjects were tested between 10 am to 12.30 pm un-
der similar laboratory conditions and were allowed to 
adapt themselves to experimental and environmental con-
ditions for 30 minutes so that they were comfortable, as 
anxiety and stress can affect autonomic functions. After ex-
plaining exact procedure of each test following instructions 
were given to the subjects
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To avoid coffee, nicotine or alcohol 24 hours prior and 
food 2 hours prior of autonomic function testing. 

The room ambient temperature was maintained at 24-
25°C. 

Heart Rate Variability  ( HRV ) 
The assessment of Heart Rate Variability was done by re-
cording the 5 minutes E.C.G.by RMS ECG machine (DECG 
1/ 63041/ADBXB). The analogue signal was converted to 
digital signal by National Instrument software NI-DAQ Ver-
sion 8.0.

For short term analysis of HRV ECG was recorded in the 
supine posture for 5 minute after 15 minute of supine rest 
in a quiet environment.

After acquiring the ECG as digital signals, all the recording 
were manually corrected if required.

The analogue ECG signals were converted to digital signal 
and stored in the computer for offline Frequency Domain 
analysis. For processing, the detection of R wave was done 
by HRV Soft version 1.1 developed by AIIMS, New Delhi. 
In the Frequency Domain analysis the power spectrum for 
HRV was calculated with the fast fourier transformation 
(FFT) based method (4).

The normalized units were calculated as (5)

H.F. (n.u.) for assessing  Parasympathetic Nervous System 
activity

HF (Absolute Unit) / LF (Absolute Unit) + HF (Absolute 
Unit) ×100

L.F. (n.u.) for assessing Sympathetic Nervous System  activ-
ity

LF (Absolute Unit) / LF (Absolute Unit) + HF (Absolute Unit) 
×100

Statistical Analysis
The numerical data are in the form of mean±SD

Unpaired student t-test was applied to calculate the level 
of significance using SPPS version 20.

Level of significance was assigned at p-value <0.05

Observations
Table 1 Anthropometric parameters 

Parameters
Female 
migraine 
patients with 
aura (n=40)

   Control 
subjects 
(n=40)

t-value p- value 
Sig-
nifi-
cance 

Age(years); 35.15± 3.26 34.20±2.86 1.385 0.170 NS

Weight (Kg.) 51.27±3.44 52.52±2.75 -1.795 0.07 NS

Height  
(meter) 1.52±0.046 1.53±0.037 -1.178 0.242 NS

B.M.I.( Kg/
m2) 22.22±1.34 22.42±1.12 -0.724 0.471 NS

(NS) Non significant,  (S) Significant, (HS) Highly signifi-
cant

Table 2   Frequency domain parameter of HRV 

Test pa-
rameter

Female 
migraine 
patients 
with aura 
(n=40)

Control 
subjects 
(n=40)

t-value p-
value

Signif-
icance

H. F. nu 
(normal-
ized unit)  
%

37.95±8.54 63.48±3.37 -17.587 0.000 HS

L. F. nu ( 
normal-
ized unit) 
in %

62.05±8.54 36.52±3.37 17.587 0.000 HS

 (NS) Non significant, (S) Significant, (HS) Highly significant

Histogram 1 showing High frequency normalized unit 
(HF nu) in percentage

Histogram 2 showing Low frequency normalized unit (LF nu) 
in percentage

Table 3  LF/HF ratio

Test 
param-
eter

Female 
migraine 
patients 
with aura 
(n=40)

Control 
subjects 
(n=40)

t-value p-value Signifi-
cance

LF/HF 
Ratio 1.77±0.59 0.58±0.08 12.641 0.000 HS

(NS) Non significant, (S) Significant, (HS) Highly signifi-
cant

Histogram 3 showing LF/HF ratio
 
Results 
The mean of normalized unit of high frequency in % (HF 
n.u.) in migraine patients was 37.95±8.54 and of controls 
subjects was 63.48±3.37. (Table 5) ( p-value 0.000) (Histo-
gram 7)

The mean of normalized unit of Low Frequency in % (LF 
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n.u.) in migraine patients was 62.05±8.54  and of  control 
subjects was  36.52±3.37. (Table 10) (p-value 0.000) (Histo-
gram 11)

The mean of LF/HF ratio of migraine patients was 
1.77±0.59 and of control subjects was 0.58±0.08. (Table 
11) (p-value 0.000) (Histogram 12)

Discussion
The clinical symptoms of migraine are broadly established 
to be related to the involvement of the autonomic nervous 
system and disturbance of the autonomic nervous system, 
a primary characteristic of migraine. (Melek M. et al) 6   

Based on cardiovascular tests, vasomotor reactions to tem-
perature changes and responses to pharmacological tests, 
as well as changes in biochemical parameters, hypo- as 
well as hyper functioning of both the sympathetic and par-
asympathetic nervous system have been suggested. (Ap-
penzeller O. et al.) 7

A number of case-control studies (Ebinger M.W. et al 8, 
Appel S. et al 9, Gotoh F. et al 10 ) of cardiovascular func-
tion reported sympathetic hyperfunction even when using 
single-lead ECG monitoring in migraine patients  in inter-
ictal period

The heart continually oscillates between acceleration and 
deceleration in a tug-of-war within the autonomic nervous 
system, controlled by “pacemakers” in the heart that cre-
ate the heart’s rhythms. The high frequency power spec-
trum reflects parasympathetic (vagal) tone. The mean nor-
malized unit of high frequency component (HF n.u.) in % 
for the migraine patients was 37.95±8.54% and of the con-
trol groups was 63.48±3.37 %. (Table 2) ( p-value 0.000) 
(Histogram 1).In our study HF n.u. was lower in migraine 
patients showing impaired parasympathetic activity.

In heart rate variability the low frequency power spec-
trum was evaluated in the range from 0.04 to 0.15 Hz. 
This band reflects sympathetic activity. The mean normal-
ized units of low frequency component LF (n.u.) in % for 
migraine patients it was 62.05±8.54% as compared to the 
control subjects where mean was 36.52±3.37 %.(Table 2) ( 
p-value 0.000) (Histogram 2).The study shows that in mi-
graine female patients low frequency in normalized unit 
was significantly more indicating sympathetic hyperactivity. 

Our study results are comparable with study conducted 
by Rauschel V. et al.11 found the mean of  high frequency 
power in migraine patients 3323±5754 ms2 compared to 
control subjects 4166± 6971 ms2 low frequency (LF) pow-
er in migraine patients was 4369±5454 ms2 and in control 
subjects 4215± 3937 ms2. 

Appel S. et al. 9 used 24-hour EKG Holter recordings to 
evaluate autonomic functions in migraine patients. By us-
ing a spectrum analysis of heart rate fluctuations, he found 
an increased in power in the lower frequency band (below 
0.15 Hz), suggesting sympathetic hyperfunction and a con-
comitant reduction in the higher frequency band (0.3 Hz) 
(parasympathetic hypofunction). This may correspond to an 
imbalance between the sympathetic and parasympathetic 
function and is consistent with our results.

In spite of the heterogeneity of the published results, the 
most often discussed interpretation concerning the altera-
tion of autonomic functions in migraine patients in the lit-
erature are sympathetic hyper-activation and/or parasym-

pathetic hypo-activation. The major finding of the present 
study was also the presence of sympathetic hyperactivity 
and impaired parasympathetic activity in migraine patients 
as compared to control subjects. Exact cause of sympa-
thetic hyperactivity is not proven in migraine patients. Pos-
sible cause of sympathetic hyperactivity may be due to 
stress of phobic headache and subsequent headache at-
tack. This is supported by a cross-sectional study, in which 
migraine patients were found to have elevated plasma lev-
els of cortisol, an indicator for stress, during headache free 
period.(Ziegler D.K.et al.12). It is also supported by stress-
provocation study, involving mental and physical stressors 
have suggested sympathetic and parasympathetic changes 
in migraine patients between attacks compared to healthy 
subjects.(Avnon Y. et al.13) .

Thus regular assessment of autonomic functions can be 
used as a biomarker for early detection and subsequent 
management of cardiovascular morbidity and mortality in 
female migraine patients with aura.

Conclusion 
The involvement of the autonomic nervous system in mi-
graine pathophysiology is complex and heterogeneous. 
Most published results suggest either a sympathetic hy-
peractivity and or parasympathetic hypo-activity. Our study 
results point in the same direction with a net increased 
sympathetic tone. Thus, it is concluded that female mi-
graineurs during headache free periods are found to have 
sympathetic hyperactivity.

Strength, Limitations and Recommendations
Certainly, the strength of our study is the careful selection 
and monitoring of the migraine patients, ensuring that all 
patients were recorded in headache free period  and were 
free of preventive drugs or recent intake of analgesics

As we only obtained a single interictal recording, it can 
also not be ruled out that autonomic function test param-
eters change during the migraine cycle.

The study was conducted in a limited time period on a 
small sample size. Better results may be obtained with a 
larger sample size and larger time period
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