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ABST RACT
Premenstrual syndrome (PMS) is a clinical entity of concern in women
of reproductive age group with its onset during the late luteal phase of
the menstrual cycle that typically resolves within a few days after the
onset of menstruation. Female reproductive hormones stimulate the gene
promotor region of Gonadal steroids, which are modulators of the
hypothalamic-pituitary axis, in association with the autonomic nervous
system (ANS), form the stress system, which regulates the homeostatic
mechanisms of the body. Disruption of this mechanism can lead to
sympathovagal imbalance and cognitive deficits. Objectives: This study
was aimed to compare the autonomic functions and cognition between
PMS and control group. Methodology: This cross-sectional study was
conducted as a pilot study with 20 subjects in each group. Autonomic
function test and P300 were recorded. Study participants were also asked
to answer Montreal cognitive assessment (MOCA) questionnaire.
Results: On comparison of the test results between the two groups,
individuals in PMS group were found to have increased sympathetic
activity and reduced cognition when compared to the no PMS (control)
group. Conclusion: The findings from this study proves a detrimental
effect of gonadal steroids on autonomic nervous system and cognition.

Introduction
Premenstrual syndrome (PMS) is a clinical entity
consisting of physical, behavioral, cognitive, and affective
symptoms, with its onset during the late luteal phase of the
menstrual cycle that typically resolves within a few days
after the onset of menstruation [1]. Worldwide, around
90 % of women during the reproductive age suffer from
PMS. The most common symptoms include headache,
fatigue, bloating, breast tenderness, nausea, altered sleep
pattern, mood swings, anxiety, and irritability [1]. In most
women, these symptoms are self-limiting, with about 15%
suffering moderate to severe symptoms which impair their
routine activities [2]. Gonadal steroids, which are
modulators of the hypothalamic-pituitary axis, in
association with the autonomic nervous system (ANS),
form the stress system, which regulates the homeostatic
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mechanisms of the body. Disruption of this mechanism can
lead to sympathovagal imbalance and cognitive deficits
[3,4]. The follicular phase of menstrual cycle is
parasympathetic dominant and the luteal phase is
sympathetic predominant [5,6], as the result of ovarian
steroids affecting the hypothalamic-pituitary axis (HPA).
These hormones also stimulate the gene promotor region
of Corticotrophin Releasing Hormone (CRH) and the
central noradrenergic system, thereby leading to
sympathetic predominance in the premenstrual phase [5,6].
De Zambotti et. al in 2013 implicated the role of high
progesterone levels during the late luteal phase of
menstrual cycle to sympathovagal imbalance [7].
Sympathovagal imbalance is an important predictor of
cardiovascular risk. Decreased vagal tone is deleterious for
cardiovascular functions and increases the risk of
cardiovascular diseases [8]. Conventional autonomic
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function test (CAFT) [9], power spectral analysis of heart
rate variability (HRV) [10], and baroreflex sensitivity
analysis by continuous blood pressure variability as
recorded by Finapres [11], have been documented as
sensitive measures of sympathovagal balance. Hence, in
our current study we have used these measures as a tool to
determine the sympathovagal balance.
In addition to sympathovagal imbalance, women with
PMS often report various psychological symptoms [1],
which include mood instability, depression, and lack of
concentration. The etiopathogenesis of psychological
symptoms is the increased sensitivity of the central
nervous system to the cyclical fluctuations in sex
hormones. Estrogen and progesterone receptors, being
extensively present in the hypothalamus, are also found
in other brain areas like the amygdala, hippocampus, and
prefrontal cortex, areas involved in cognition. Estrogen
and progesterone are lipophilic hormones and thus can
cross the blood brain barrier and act upon these receptors
[12]. Morgan et al., in 1996, showed significant
impairment of cognition in individuals with PMS during
the luteal phase of menstrual cycle [13]. In contrast to this
finding, various studies have yielded inconsistent results
in demonstrating an association of cognitive impairment
and PMS [12]. In order to address these inconsistent
findings, the current study also evaluated cognition by
P300 of event related potentials (ERP) along with the
Montreal cognitive assessment (MOCA) questionnaire.
ERP are the brain evoked responses for evaluation of
cognitive function [14,15]. There is also a paucity of
literature associating cognitive function and cardiac
autonomic function parameters in these women.
Therefore, in the current study we have assessed the link
between autonomic function test parameters with
cognitive function. We hypothesized that women with
PMS would have sympathetic overactivity and impaired
cognition compared to those without PMS, and
the reduced cognition might be associated with
sympathovagal imbalance.

Materials and Methods
This cross-sectional study was conducted as a pilot
analysis with 20 subjects in each group. The study was
approved by scientific committee and ethics committee of
the institute.
Inclusion criteria:
Study Group (PMS group):
Women of 18 to 45 years old having regular 21-to-35day menstrual cycles of 3 to 7 days duration [2], for at least
6 consecutive months, with normal body mass index
(BMI), and diagnosed as moderate-to-severe PMS by the
Premenstrual Syndrome Screening Tool (PSST) [16].
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Control Group (Non-PMS Group):
Healthy women 18 to 45 years old having regular 21 to
35 days menstrual cycles of 3 to 7 days duration for at least
6 consecutive months, with normal BMI and having no
PMS as inferred by the Premenstrual Syndrome Screening
Tool (PSST).
Exclusion criteria:
Both PMS and non-PMS group:
• Women diagnosed as Premenstrual Dysphoric
Disorder (PMDD) by PSST questionnaire
• Women with irregular menstrual cycle
• Usage of Oral contraceptive pills
• History of:
- Depression and/or other psychological disorders
- Hypertension
- Endocrine and metabolic disorders
- Smoking, alcoholism
• On medications that affect autonomic nervous system
and cognition.
Individuals who met the inclusion criteria were
recruited into the study. After obtaining written informed
consent from participants, age, height (cm) by stadiometer
(BHH6, Easy Care, Mumbai, India), body weight
measured with minimal clothing by digital weighing
machine (MS 4900, Charder Electronics Co. Ltd,
Taichung, Taiwan) were measured. BMI was calculated by
‘Quetelet’s index’ (BMI = weight (Kg)/height2 (m)2).
All individuals completed the PSST questionnaire and
those who fulfilled the criteria for PMS were included in
PMS group and others in non-PMS group. A brief menstrual
history was obtained and participants were asked to report to
the Department of Physiology in the late luteal phase of their
menstrual cycle (5 to 7 days before the onset of regular
menses), at around 10.00 am, 1 hour after a light breakfast.
Subjects were asked to avoid caffeine intake at least 12 hours
before recording. Basic demographic details such as
education status, occupation, and so on, were obtained.
AFT and HRV Recordings
The subject was asked to lie in a supine position and
after 5 minutes of rest, lead II ECG was connected. Heart
rate variability, complete battery of cardiac autonomic
function tests which includes, lying-to-standing ratio
(30:15 ratio), deep breathing ratio (E:I ratio), and diastolic
blood pressure response to isometric hand grip test were
recorded using BIOPAC MP100 data acquisition system
(BIOPAC Inc., USA). Using the R-wave detector in the
Acknowledge software, the R-R tachogram was extracted
and the values were computed. HRV was analyzed using
HRV analysis software (Version 2.0., Biosignal analysis
group, University of Kuopio, Finland).
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BRS recording
BRS was recorded by Finapres (Finometer version
1.22a, Finapres Medical Systems, Amsterdam, The
Netherlands). This is a non-invasive continuous blood
pressure variability measurement method based on the
principle of measurement of finger arterial pressure with
the volume clamp technique of Penaz and the Physical
criteria of Wesseling. In this technique, a brachial cuff and
finger cuff are attached to the patient and the brachial artery
pressure was measured by reconstructing the finger arterial
pressure estimated through generalized waveform inverse
modelling and generalized level correction [17].
P300 recording
P300 was recorded using Nihon Khoden EP/EMG
machine for the recording and Neuro pack software for
analysis. P300 was recorded in the context of a standard
auditory oddball paradigm. The evoked responses were
picked up from scalp by placing reference electrode and
ground electrode on both mastoids and recording electrode
at Cz (Vertex). The P300 is a positive deflection, elicited
in response to an Oddball paradigm, where the subject
identifies the occasional stimuli (target stimuli). The peak
latency of this wave in a healthy adult is 300ms and the
latency varies with the accuracy in discriminating the target
stimuli. The P300 wave of normal latency denotes that the
subject is actively engaged in the task of detecting the
targets. The latency in prolonged in individuals with poor
cognition [18].
MOCA
Subjects completed the Montreal Cognitive
Assessment (MOCA) for cognitive testing. This
questionnaire is scored for a total of 30. Cognitive
functioning is tested by assessing visuospatial, naming,
memory, attention, language, abstraction, delayed recall,
and orientation components.

Results

Table 2. Comparison of heart rate variability,
autonomic function test and baroreflex sensitivity
parameters between PMS and non-PMS groups
PARAMETERS

Study Group
(n=20)

Control Group
(n=20)

P VALUE

Time Domain Parameters
RMSSD#

50.95 ± 32.36

76.68 ± 28

0.011*

SDNN##

53.05 (26.07)

71.4 (30.5)

0.039*

Frequency Domain Parameters
LF##

637 (1104)

559 (486)

0.589

HF##

643 (884)

1004.5 (1344)

0.004*

Total Power##

2220 (2001)

3151 (2024)

0.144

LF

nu##

55.4 (38.41)

35.43 (23.53)

0.006*

HF

nu##

44.50 (38.41)

65.56 (23.53)

0.006*

1.16 (2.11)

0.54 (0.63)

0.013*

LF/HF##

Autonomic function test Parameters
30:15 ratio

1.16 (0.26)

1.24 (0.64)

0.135

E:I ratio##

1.36 (0.22)

1.51 (0.41)

0.008*

∆DBPIHG

14.5 (5)

10 (3)

<0.001*

22.80 (24.23)

0.016*

Baroreflex sensitivity
BRS##

14.8 (7.75)

##Expressed as median (Interquartile range). Analysed by
Mann-Whitney U test. #Expressed as Mean ± Standard
deviation and analysed by Independent ‘t’ test. * P values less
than 0.05 was considered statistically significant.
RMSSD: Square root of the mean squared differences of
successive normal to normal intervals; SDNN: standard
deviation of the averages of the NN intervals in all 5 min
segments; LF – low frequency; HF - high frequency; LFnu:
normalised low frequency; HFnu: normalised high frequency;
LF/HF: ratio of the low frequency to the high frequency; EIexpiration inspiration ratio; ∆DBPIHG - Difference in Diastolic
blood pressure in response to Isometric hand grip; BRS –
baroreflex sensitivity.

Table 1. Comparison of age, anthropometric parameters
and basal blood pressure between PMS and non-PMS
groups

Table 3. Comparison of cognitive parameters between
PMS and non-PMS groups

PARAMETERS

PARAMETERS

Age*

Study Group
(n=20)

Control Group
(n=20)

P Value

Study Group
(n=20)

Control Group
P VALUE
(n=20)

26.5 (7)

27 (13)

0.34

22.6 ± 1.9

22.21 ± 1.44

0.23

SBP**

121 ± 16

116 ± 15

0.32

MOCA Scores ##

DBP**

67.6 ±10.2

65.9 ± 12

0.64

Mean HR**

79.29 ± 9.98

71.58 ± 8.86

0.01*

# Expressed as Mean ± SD and analysed by Independent ‘t’
test.
## Expressed as Median (Interquartile range) and analysed by
Mann-Whitney U test.
*P values less than 0.05 were considered statistically
significant.

BMI

(kg/m2)**

*Expressed as median (range). Analysed by Mann-Whitney U
test.
** Expressed as mean Standard deviation. Analysed by
Independent ‘t’ test. PMS – Premenstrual syndrome, no PMS
– No premenstrual syndrome

P300 #

358. 65 ± 30.63 293.75 ± 35.86 <0.001*
27 (2)

29 (1)

<0.001*

MOCA – Montreal Cognitive Assessment;
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Table 4. Correlation of P300 with heart rate
variability, autonomic function test and baroreflex
sensitivity in PMS group
Parameters

P300

MOCA

Time Domain
Parameters

R value P value R value P value

Mean HR

0.564

0.101

-0.078

0.744

RMSSD

-0.293

0.209

0.436

0.055

SDNN

-0.462

0.040*

0.123

0.605

Frequency Domain Parameters
LF

0.078

0.743

-0.065

0.786

HF

-0.457

0.043*

0.319

0.171

Total Power

-0.351

0.125

0.046

0.868

LFnu

0.476

0.034*

-0.473

0.035*

HFnu

-0.476

0.034*

0.473

0.035*

LF/HF

0.470

0.036*

-0.473

0.035*

Autonomic function test Parameters
30:15 ratio

-0.536

0.015*

0.378

0.208

E:I ratio

-0.583

0.007*

0.337

0.146

∆DBPIHG

0.189

0.434

-0.21

0.931

0.004*

0.183

0.44

Baroreflex sensitivity
BRS

-0.611

R value - correlation coefficient: Analysed by Spearman’s
test. P values less than 0.05 are considered statistically
significant.
Mean HR- Mean heart rate; RMSSD: Square root of the
mean squared differences of successive normal to
normal intervals; SDNN: standard deviation of the averages
of the NN intervals in all 5 min segments; LF – Low
frequency; HF - High frequency; LFnu: normalised low
frequency; HFnu: normalised high frequency; LF: HF: ratio
of the low frequency to the high frequency; EI- expiration
inspiration ratio; ∆DBPIHG - Difference in Diastolic blood
pressure in response to Isometric hand grip; BRS –
baroreflex sensitivity

Discussion
In this study we compared the cognitive functioning
and cardiac autonomic function between women with and
without PMS. Since BMI and blood pressure are known to
affect the autonomic function and cognition [19,20], these
parameters were matched between the groups. Mean heart
rate was found to be significantly increased in the PMS
group. Resting heart rate is determined mainly by the
parasympathetic action on the heart [21], indicating that
women in PMS group have parasympathetic withdrawal.
Among the time domain parameters of HRV, RMSSD
and SDNN are the most sensitive in short-term recording
of HRV [22]. In our study, RMSSD and SDNN were found
to be significantly reduced in the PMS group (Table 2).
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RMSSD is one of the most sensitive parameters of
parasympathetic tone in short-term recording of HRV,
which denotes a decreased cardiac vagal tone over the heart
[22]. Among the frequency domain parameters, HF and
HFnu, the markers of parasympathetic activity, were
significantly reduced; and LFnu, the marker of sympathetic
activity, was significantly increased in the PMS group
when compared to the control group (Table 2). LF:HF ratio
that indicate sympathovagal imbalance [22,23] were also
found to be significantly increased in PMS group. These
findings suggest that in subjects with PMS, there is a
sympathovagal imbalance with increased cardiac
sympathetic drive and decreased parasympathetic drive. In
comparing the cardiac autonomic functions between the
two groups, E:I ratio, the measure of parasympathetic tone
[24], was significantly reduced and the change in diastolic
blood pressure in response to isometric hand grip (DBP
IHG), which is a measure of sympathetic reactivity [24],
was significantly increased in the PMS group. Thus, HRV
was found to be decreased considerably and there is
sympathovagal imbalance with sympathetic overactivity in
the PMS group, indicating an increased risk of
cardiovascular disease when compared with women
without PMS.
The findings of the current study are consistent with a
previous study reporting exaggerated sympathetic activity
in PMS [3,24]. Sympathovagal balance can also be
assessed by measuring baroreflex sensitivity (BRS).
Increased BRS suggests predominant parasympathetic
activity and vice versa. A study by Koifman et. al. showed
reduced BRS during the late luteal phase in individuals
with PMS [3]. The findings from our study are consistent
with this study in that they show significantly reduced BRS
in the PMS group, supporting the association of increased
sympathetic activity with PMS.
PMS was also reported to be a risk factor for the
development of hypertension for women in their early 40s.
A recent study had also reported a 3-fold increased risk of
hypertension in individuals with PMS [25,26]. Existence
of sympathovagal imbalance in individuals with PMS
during the late luteal phase of menstrual cycle can be
attributed to the effect of gonadal hormones on ANS.
Elevated and abnormal fluctuations of gonadal hormones,
along with hyper-reactiveness of various systemic organs
to gonadal hormones, is the key pathogenic mechanism in
PMS [25,27]. Thus, the findings from the current study
provide evidence that individuals with PMS have
sympathovagal imbalance that, in turn, leads to long-term
cardiovascular morbidity.
Regarding comparison of the cognitive parameters,
P300, and MOCA between the study and control groups,
cognition was significantly reduced (i.e., P300 latency is
prolonged and MOCA scores are reduced) in PMS group
(Table 3). This suggests an inhibitory effect of
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progesterone on cognition. Progesterone is shown to have
inhibitory effects on most neuronal activity and it also
responsible for negative psychological effects such as
depression, anxiety, and mood swings in PMS [27].
Keenan et al. reported reduced learning ability in women
with PMS when compared to the control group [28], but
there are also studies showing opposite effects between
cognition and PMS [13]. Though past studies show varied
results in regard to cognition in PMS, our study yielded a
highly significant result of p <0.001, supporting the idea of
a neuro-inhibitory effect of progesterone. In addition to the
highly significant P300 results, significant reduction in
MOCA scores were found, further evidence for a decline
in cognition among PMS women.
Correlations of P300 with HRV parameters, cardiac
autonomic function test, and BRS parameters were
significant in the PMS group (Table 4) where Mean RR,
SDNN, HF, HF nu (30:15), E:I ratio, and BRS were found
to have significant negative correlations with P300 latency.
LF/HF ratio and LF nu were found to be significantly and
positively correlated with P300. RMSSD and HF nu were
found to have significant positive correlations with MOCA
scores and LFnu and LF/HF ratio were found to have
significant negative correlations with MOCA scores. There
was no significant correlation between the cardiac
autonomic function parameters and P300 or MOCA in the
control group. These patterns support the idea that the
sympathetic predominance in the PMS group may be
related to impaired cognition, and is consistent with
previous studies reporting a positive effect of
parasympathetic nervous system on cognitive function and
negative cognitive effect of sympathetic nervous system
[29–31]. The findings from this study suggest a detrimental
effect of gonadal steroids on autonomic nervous system
and cognition. In PMS, the negative effects of gonadal
hormones on cognition and neuropsychiatric symptoms
like depression and anxiety may also add to cardiovascular
risk, beyond the sympathovagal imbalance.
Limitations. Sample size was small. This was a
nonfunded project. Hence the serum levels of sex steroids
could not be done to strengthen the association between the
study parameters.

Conclusions
We conclude that sympathovagal imbalance and
impaired cognition exist in women with premenstrual
syndrome. PMS, being one of the common disorders of
women in reproductive age group, can lead to long term
cardiovascular and neurological morbidity reducing the
quality of life in women. Thus, living in a society where
women’s reproductive health is given least importance,
premenstrual syndrome has to be effectively addressed to
alleviate symptoms, improve the quality of life, and to
prevent the development of cardiovascular morbidities.
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