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Abstract---Objective: To assess cardiac autonomic functions in
patients with chronic migraine and chronic tension-type headache
(TTH) in adults using heart rate variability (HRV). Methods: Two
groups of patients having chronic migraine (n = 25) and chronic TTH
(n = 25) were enrolled for this study. HRV was analyzed with the help
of BIOPAC MP150. Statistical analysis was performed with SPSS
version 21. Unpaired t-test and Mann-Whitney test were used for
parameters with normal and nonnormal distribution, respectively.
Results: In chronic migraine group, SDNN (38.90 + 22.14 vs 41.71 *
20.81 ms, p=1.000), RMSSD (39.20 * 25.14 vs 64.11 * 156.74 ms,
p=0.437) and pNN50 (13.37 + 17.94 vs 18.56 = 20.42, p=0.496) were
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lower than in chronic THH group. Frequency domain parameters like
LF (614.20 £ 604.89 ms? vs 595.81 + 597.08 ms?, p=0.823) and HF
(1190.68 + 1330.87 ms vs 832.52 + 1356.70 ms?, p=0.148 were higher
for chronic THH group compared to chronic migraine group. The total
power for chronic THH group was higher compared to chronic
migraine group (2447.93 + 2215.03 ms? vs 1845.27 + 1550.38 ms?,
p=0.308). The LF/HF ratio in chronic migraine group was higher than
in chronic THH group (1.11 = 0.69 vs 0.91 + 0.77, p=0.162).
Conclusion: In this preliminary study, it may be concluded that
overall sympatho-vagal modulation has decreased in the chronic
migraine group compared to the chronic THH group. Thus, regular
monitoring of the HRV can be very useful in predicting cardiovascular
risk for these patients.
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Introduction

Migraine is a common neurological disorder affecting millions of people
worldwide, and Chronic tension-type headaches (TTH) are also very common, with
lifetime prevalence in the general population ranging from 30% to 78% in various
studies, both of which have been associated with autonomic symptoms.! While
migraines are inherently one-sided and pulsatile, and tension-type headache is
typically bilateral with an oppressive or tense quality and wusually of
mild/moderate intensity that lasts hours/days without remission.! The etiology of
migraines and tension headaches is unknown, but factors such as genetic
predisposition, stress, excessive fatigue along with unhealthy lifestyle and
environmental factors can contribute to both types of headache.? Stress is one of
the most important trigger factors in both types of headache. A migraine
complication has been observed in association with ischemic stroke? and some
studies have also shown that the risk of stroke and coronary artery disease is
higher in migraineurs than in other healthy people, but its association with
tension headaches is largely unknowns3.

The involvement of the autonomic nervous system in both migraines and chronic
tension-type headache is still debated as there are still no clear explanations for
the modulation of the sympathetic and parasympathetic nervous systems. Only a
few case-control studies of cardiovascular function in migraineurs report both
underactive sympathetic and overactive parasympathetic reactivity and tension
headaches are involved in the development of chronic migraine and chronic
tension headache (TTH)4°. A better understanding of sympathetic dysfunction
associated with migraines and tension headaches can help effectively diagnose,
prevent, and/or treat these headache sufferers. The activation of the
trigeminovascular system consisting of somatic and autonomic nerves and
meningeal vessels plays a central role in the pathogenesis of migraines.10

Although several studies examined the autonomic functions in migraineurs and
TTH patients, the results were controversial and inconclusive. The main aim of
this study is to assess the status of autonomic regulation through HRV to find out
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the type of dysautonomia. Several studies have shown a significant correlation
between the impairment of the autonomic nervous system and adverse cardiac
events.!1 It is well documented fact that the normal heart rate variation depends
on the balance between the sympathetic and parasympathetic activity. A high
HRV is a sign of good adaptability, which implies proper functioning of the
autonomic control mechanisms, and a lower variability indicates abnormal and
insufficient adaptability of the ANS.!! Reduced HRV has been shown to be a
powerful indicator of the risk of adverse events in patients with a variety of
medical conditions. Compared to conventional tests, HRV analysis is a practical,
reproducible and non-invasive method for detecting early autonomic impairments,
which enables a better quantitative and qualitative assessment. Literature
suggests that sympathovagal modulation of cardiovascular function depends on
the interaction between the sympathetic and parasympathetic branches of the
autonomic nervous system and at rest, time and frequency domain indices
primarily reflect vagal modulation!?

Material and Methods

This cross-sectional study was carried out after ethical approval by the
Institutional Ethical Committee. The study was carried out from November 2019
to April 2021. Written consent was obtained from each patient prior to the
examination. This study included 25 patients with chronic migraine and 25
patients of chronic TTH of both sexes and adults aged 30-45 years. Patients with
a history of autoimmune diseases, uncontrolled high blood pressure, diabetes
mellitus, heart failure, congenital heart defects, arrhythmias, valvular heart
disease, neuropsychiatric diseases and other medical comorbidities were excluded
from this study.

Study Design

(a) Heart rate variability (HRV) analysis

The protocol of the HRV analysis was explained to them beforehand. The subjects
were instructed to lie down on their backs. The electrodes for recording the EKG
were placed in lead II and the subjects were allowed to rest for 10-15 minutes,
after which the EKG was recorded for 5 minutes. During admission, subjects were
instructed to close their eyes and avoid speaking, moving, coughing, and sleeping.
Both time and frequency domain parameters were determined.

Time domain analysis: Parameters recorded by time-domain analysis were mean
heart rate (MHR), standard deviation of all R-R intervals (SDNN), Square root of
mean squared differences of successive NN intervals (RMSSD), number of
intervals differing by >50 ms from adjacent interval (NN50), and percentage of
NNS5O0 (pNNS50).

Frequency domain analysis: Was performed using a nonparametric method of
fast Fourier transform (FFT). The power spectrum was subsequently quantified
into standard frequency-domain measurements as defined previously,!3 including
total variance, LF (0.04-0.15 Hz), HF (0.15-0.40 Hz) and LF/HF. The 0.15-0.4 Hz
band of R-R power considered as high frequency (HF) reflects parasympathetic
nerve activity to the heart, whereas 0.04-0.15 Hz considered as low frequency (LF)
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represents sympathetic activity. The ratio of LF: HF represents sympatho-vagal
balance.14

Statistical Analysis

Data was compiled and entered in MS Excel and analyzed using licensed
statistical software SPSS version 21.0. The values were expressed in mean + SD.
Statistical significance of the differences between pre and post intervention were
carried out by Paired student t test or non- parametric test. Multivariate analysis
was done using regression analysis and Pearson’s coefficient of correlation. The
level of significance was considered as P<0.05.

Results

This study included 25 patients with chronic migraine and 25 patients of chronic
TTH of both the sexes aged 30-45 years. The mean age of chronic migraine group
was 33.28 + 9.01 years, whereas the mean age of chronic TTH group was 35.40 +
7.89 years as shown in Table 1 and Figure 1. The mean BMI of chronic migraine
group was 22.24 * 3.30 kg/m?2, whereas mean BMI of chronic TTH group was
22.20 £ 1.88 kg/m? as shown in Table 2 and Figure 2.

Table 1
Comparison of mean age between patients of chronic migraine and chronic TTH
group
Age (years) Chronic Migraine | Chronic TTH p value
Mean = SD 33.28 +9.01 35.40 + 7.89 0.38
*p value < 0.05 Significant
Age (years)
35.5 -
35 1
345 -
a2 | B Chronic Migraine
335 - B Chronic TTH
33 1
32.5 A
32

Chronic Migraine Chronic TTH

Mean Age (in years) in patients with chronic migraine group was 33.28 and chronic
TTH group was 35.4
Figure 1. Comparison of mean Age between patients of chronic migraine and
chronic TTH group
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Table 2
Comparison of mean BMI between patients of chronic migraine and chronic TTH
group
BMI Chronic Migraine Chronic TTH p value
Mean = SD 22.24 + 3.30 22.20 + 1.88 0.962
*p value < 0.05 Significant
mean BMI

2224
2223 1

2222 B Chronic Migraine

2221 - ® Chronic TTH

222 1

22.19 1

2218 - 7 53
Chronic Migraine Chronic TTH

Mean BMI in patients with chronic migraine group was 22.24 and with chronic TTH
group was 22.20
Figure 2. Comparison of mean BMI between patients of chronic migraine and
chronic TTH group

Time domain parameters in chronic migraine group, SDNN (38.90 + 22.14 vs
41.71 + 20.81 ms, p=1.000), RMSSD (39.20 + 25.14 vs 64.11 £ 156.74 ms,
p=0.437) and pNNS5O (13.37 = 17.94 vs 18.56 = 20.42, p=0.496) were lower than
in chronic THH group as depicted in Table 3 and Figure 3. Frequency domain
parameters like LF (614.20 = 604.89 ms2 vs 595.81 + 597.08 ms?2, p=0.823) and
HF (1190.68 + 1330.87 ms? vs 832.52 + 1356.70 ms?2, p=0.148) were higher for
chronic THH group compared to chronic migraine group also the total power (TP)
for chronic THH group was higher compared to chronic migraine group (2447.93
* 2215.03 ms? vs 1845.27 £ 1550.38 ms?, p=0.308) as depicted in Table 4 and
Figure 4. The LF/HF ratio in chronic migraine group was higher than in chronic
THH group (1.11 £ 0.69 vs 0.91 + 0.77, p=0.162) as depicted in table 4 and figure
5, although these differences were not statistically significant.
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Table 3
Time Domain Parameters

Parameters Chronic Migraine Chronic TTH p Value
SDNN (ms) 38.90 £ 22.14 41.71 £20.81 0.645
(Mean + SD)

RMSSD (ms) 39.20 + 25.14 64.11 £ 156.74 0.437
(Mean + SD)

pNNS50 (%) 13.37 £ 17.94 18.56 + 20.42 0.496

HRYV - heart rate variability; SDNN - standard deviation of the normal to normal R-
to-R interval; RMSSD - square root of mean squared differences of successive NN
intervals; pNN50; ms - millisecond; *p value<0.05, statistically significant

70

M chronic migraine

M chronic TTH

20 7

SDNN RMS5D pM M50

SDNN- standard deviation of the normal-to-normal R-to-R interval; RMSSD- square

root of mean squared differences ofsuccessive NN intervals; Chronic TTH group

showed higher mean SDNN, RMSSD and pNN50 as compared to Chronic migraine

group

Figure 3. Comparison of mean SDNN, RMSSD and pNN50 in between patients of
chronic migraine and chronic TTH group
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Total Power

M chronic migraine

M chronic TTH

LF - low frequency; HF - high frequency;
Chronic TTH group showed higher mean LF, HF and Total power (TP) as compared
to Chronic migraine group

Figure 4. Comparison of mean LF, HF and Total power in between patients of

chronic migraine and chronic TTH group

Table 4
Frequency Domain Parameters

Parameters Chronic Migraine Chronic TTH p Value
LF (ms?) 595.81 + 597.08 614.20 £ 604.89 0.823
(Mean £ SD)

HF (ms?) 832.52 £ 1356.70 1190.68 £ 1330.87 0.148
(Mean + SD)

LF/HF (ms?) 1.11 £0.69 0.91+£0.77 0.162
(Mean £ SD)

Total Power (ms?2) 1845.27 £ 1550.38 2447.93 +2215.03 0.308
(Mean + SD)

HRV- heart rate variability; LF — low frequency; HF- high frequency; LF/HF - ratio;
ms? - millisecond squared;
*p value<0.05, statistically significant
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LF/HF ratio

12 +
08 - ¥ chronic migraine
06 - H chronic TTH
04 -

0.2 -

chronic migraine chronic TTH

Chronic migraine group showed higher LF:HF ratio as compared to chronic TTH

group
Figure 5. Comparison of mean LF/HF between patients of chronic migraine and

chronic TTH group

Discussion

The time and frequency domain parameters of HRV, namely SDNN and LF/HF
ratio, are widely accepted as accurate predictors of cardiac autonomic status.!s
The standard deviation of the mean of R-R intervals (SDNN) represents a general
measurement of autonomic nervous system balance.’> In our study, chronic
migraine group showed a decreased value of SDNN (38.90 * 22.14 ms) as
compared to chronic TTH group (41.71 + 20.81 ms), the trend being statistically
not significant (p=0.645).

RMSSD (root mean square of successive differences), which represents
parasympathetic activity, was increased in chronic TTH (64.11 + 156.74 ms) and
39.20 = 25.14 ms for chronic migraine) but the difference was not statistically
significant (p=0.437).

The percentage of R-R intervals differing from each other by more than 50 ms, or
PNNSO, predominantly reflects parasympathetic activity. In our study, the chronic
migraine group had a decreased value of pNN50 (mean=13.37 * 17.94) as
compared to the chronic TTH group (mean=18.56 + 20.42), but this was not
statistically significant (p=0.496).

The findings in the time domain parameters implies a reduction in vagal activity
in chronic migraine. In this study we observed a significant negative correlation
between time domain parameters of RMSSD and pNNS50 with BMI. This implies
that subjects with a low BMI with chronic TTH, there was an increased HRV.
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In the frequency domain, spectral analysis of R-R intervals can detect two major
components: high-frequency component (HF) of physiologic HRV (spectral
components in the band from 0.16 Hz to 0.5 Hz), and the low frequency (LF)
component (spectral band from 0.04 Hz to 0.15 Hz). The former is modulated
predominantly by the parasympathetic nervous system, whereas the latter is
under the influence of both the parasympathetic and sympathetic systems.16

In our study, the values in LF band did not show statistically significant
difference (p=0.823) between the chronic migraine and chronic TTH group
(mean=595.81 + 597.08 ms? and 614.20 + 604.89 ms? respectively). Similarly, HF
band also did not show a statistically significant difference (p=0.148) between
chronic migraine group (mean=832.52 + 1356.70 ms?) and chronic TTH group
(mean=1190.68 + 1330.87 ms?), though the values in chronic migraine showed a
fall from the chronic TTH group. The LH/HF ratio in the present study showed a
higher value in the chronic migraine group (mean=1.11 * 0.69) as compared to
the chronic TTH group (mean=0.91 £ 0.77) but it was not statistically significant
(p=0.162). This shows that overall, there was a parasympathetic deficit and
predominance of the sympathetic modulation of the heart in the chronic migraine
group as compared to the chronic TTH group. The total power showed a marked
decrease in chronic migraine group (1845.27 + 1550.38 ms?) as compared to
chronic TTH group (2447.93 = 2215.03 ms?) with a statistical insignificant
(p=0.308).

Bearing similarity with our observations, a study by Gass et al.l” examined the
HRV and found a reduced variability of the consecutive RR intervals in
migraineurs, which reflects sympathetic overdrive and a reduced parasympathetic
tone in migraineurs. Yerdelen et al.l® examined a recovery in heart rate after
exercise as an index of vagal parasympathetic activity in migraine and tension
headache patients (TTH) and controls, and showed that sympathetic tone was
increased in migraineurs, although parasympathetic function was not impaired in
migraine and TTH patients was of the tension-type compared to patients with
episodic headache. Our findings correlate with the above studies, that is, fall in
SDNN, RMSSD and pNNS5O0 in chronic migraine, but these were statistically not
significant.

Thus, regular HRV monitoring of chronic Migraine and Chronic Tension type
headache patients may significantly improve the early detection of risk for
occurrence of stroke and cardiovascular events in future. HRV can be used as a
screening tool to detect autonomic (Sympathetic) dysfunction in both chronic
migraine and chronic TTH patients and prophylactically treat or counsel them.
Further studies with increased sample size are required to get a deeper insight.

Conclusion

All time domain parameters of the HRV (RMSSD, SDNN, pNNS50) showed a
decrease in the group of chronic migraines that was not statistically significant. In
frequency domain, Total power showed a decrease in patients with chronic
migraine. This showed that the overall sympathovagal modulation decreased in
the group with chronic migraine compared to the group with chronic TTH.
Although HF was reduced, the LF/HF ratio was increased in the chronic migraine
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group than in the chronic TTH group, suggesting that the sympathetic tone was
increased compared to the parasympathetic in chronic migraine. However, this
was not significant. Therefore, we conclude from the results that, in addition to
the usual treatment practices for chronic migraine and chronic TTH, which
include regular exercise and medication, regular monitoring of the HRV can be
very useful in predicting cardiovascular risk for these patients.
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