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Background: Premenstrual syndrome (PMS) is a stress-induced disorder and is showing
a rising prevalence but its etiopathogenesis is not yet understood. Stress disturbs the
balance of the sympathetic and parasympathetic nervous system. Alteration in heart rate
and blood pressure is the most important physiological response following stress-induced
sympathetic changes. Aims and Objectives: The present study was designed to test the
hypothesis of an association between sympathetic functions and PMS and to observe the
degree of changes (if any) in these sympathetic functions. The study also aims to provide
timely interventions to prevent the development of cardiovascular complications and
improve lifestyle. Materials and Methods: A Menstrual Distress Questionnaire was used
to evaluate physical, emotional, and behavioral symptoms accompanying the menstrual
cycle of the subjects who fulfilled the inclusion criteria. Based on the scores obtained by
their questionnaire, subjects with the higher scores formed the PMS group, while the age-
matched females with low score served as controls. Cardiovascular sympathetic functions
were assessed by standardized, simple, non-invasive tests which included Handgrip test
and orthostatic hypotension test. Unpaired Student’s t-test was used for statistical analysis.
Results: The results revealed that the sympathetic reactivity is insignificantly higher in PMS
group during the follicular phase. During the luteal phase, sympathetic activity is significantly
increased. Conclusion: PMS involves psychoneuroendocrinal turmoil, thus early screening of
high-risk groups and interventions such as relaxation techniques and lifestyle modification
can prevent further cardiovascular complications in patients of high sympathetic responses.
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INTRODUCTION

social relationships and quality of life.”Some studies show
higher heart rate (HR), greater skin conductance, or greater

Premenstrual syndrome (PMS) is a major clinical entity
affecting a large segment of the female population. PMS
is a psychoneuroendocrine disorder describing a range of
emotional, behavioral, and physical symptoms that occur
during the luteal phase of the menstrual cycle and abate
following menstruation.! Up to 18% of women have severe
PMS that causes significant impairment in term of family/

norepinephrine levels throughout the menstrual cycle** or
just in the late-luteal phase in women with severe PMS?
others show no differences in these measures compared to
controls. Many behavioral and neurological symptoms such
as headache, malaise, nervous irritability, and emotional
instability are reported during the premenstrual phase.”
PMS is a stress-induced disorder and is showing a rising
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prevalence but its etiopathogenesis is not yet understood.
Stress disturbs the balance of the sympathetic and
parasympathetic nervous system. Alteration in HR and
blood pressure (BP) is the most important physiological
response following stress-induced sympathetic changes. To
the best of our knowledge, only a few studies have well
documented the associations of sympathetic functions
with two phases of the menstrual cycle and in relation to
the presence of premenstrual symptoms. This stipulated
the need of performing sympathetic function tests
particularly in the north-western region of Uttar Pradesh.
Thus, keeping the aforementioned background in mind,
the present study was designed to test the hypothesis of
an association between sympathetic functions and PMS, to
reconfirm if the activity of the sympathetic nervous system
is altered during PMS and also to know its magnitude
during the menstrual cycle of women with different
grades of premenstrual symptomatology. The study also
aims to provide timely interventions to control the further
progression of symptoms.

Aims and objectives

To find the association between sympathetic functions
and premenstrual syndrome. An association between
sympathetic functions and premenstrual syndrome and to
observe the degree of changes.

MATERIALS AND METHODS

This case—control study was conducted in the Department
of Physiology, LLRM Medical College and associated
Hospital, Meerut, between October 2010 and April 2012.
The procedures were non-invasive and were approved by
the Institutional Ethical Committee of LLRM Medical
College. The experiment protocol was explained to the
participants and informed written consent was obtained.

Type of study
This is an observational study of case—control design.

Study area and setting
This study was conducted at LLRM Medical College and
associated Hospital, Meerut.

Study period

The study was carried out for a period of 8 months. The
data collection phase was from January 2011 to December
2011. Data analysis and interpretation were done from
January 2012 to February 2012. Final reporting was done
from March 2012 to May 2012.

Study population
The study population included all the female patients

visiting gynecology OPD.
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Study unit

All the female patients in the study population were diagnosed
as cases of PMS. These subjects served as a case group. The
control group included age-matched healthy participants.

Sample size
The study was conducted on 45 subjects. Out of 21 were
cases and 24 were control group.

Sampling technique
The sample was selected from the study population using
the judgmental/purposive sampling technique.

Selection criteria

Inclusion criteria

Willing females, age 18-35 years, and regular menstrual
cycle were included in the study.

Exclusion criteria

Subjects not giving consent for the study, menstrual
disorders, acute, or chronic abdominal pain related to
surgical or medical illness, diabetes mellitus, hypertension,
cardiovascular disease, syncopal spells, giddiness on
standing, steroid therapy, or any other drugs that may alter
the sympathetic response, subject receiving psychiatric
treatment, smoking, alcohol, or any other recreational
drug were excluded from the study. Dropouts were also
excluded from the study.

Study tools

A Menstrual Distress Questionnaire was used to
evaluate physical, emotional, and behavioral symptoms
accompanying the menstrual cycle® of the subjects who
tulfilled the inclusion criteria. Based on the scores obtained
by their questionnaire, the subjects were classified into two
groups. Subjects who reported at least one of the affective
and somatic symptoms during the 5 days before menses
in each of the three prior menstrual cycles served as PMS
group, while the age-matched females with low scores in the
Menstrual Distress Questionnaire served as controls.” The
sample size was calculated using a formula for a quantitative
observational study."

Details regarding family history of hypertension, coronary

artery disease, and sudden cardiac death were obtained.

General examination including measurement of weight

and height and systemic examination was done. After

detailed history and physical examination, the participants

were assessed for the menstrual cycle phase by the date of

onset of menstruation.

e DPremenstrual phase — 5 days before the due date of
menses.

e Postmenstrual phase — 5-10 days of the menstrual
cycle.
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Study techniques

Cardiac autonomic neuropathy is diagnosed by tests
of autonomic reactivity based on Ewing’s criteria."
Cardiovascular sympathetic functions were assessed by
standardized, simple, non-invasive tests using sympathetic
reflexes. Sympathetic functions of the participants were
tested during the follicular and late luteal phases and follow-
up assessments were made during both the phases for three
consecutive cycles and the average of three values was taken
as final reading for that test. Each test was performed under
thermoneutral conditions and at the same time of day in
all the subjects. The tests were conducted according to the
recommended protocol used in clinical studies.'"'* The
subjects abstained from coffee, tea, or cola for 6 h before
the study. A light breakfast was allowed 2 h before tests.
All the measurements were performed between 11.30 am
and 2.30 pm, after recruiting the PMS patients from the
gynecology clinic of the associated hospital. The tests were
performed in an isolated autonomic function laboratory
of the Physiology Department, the temperature of which
was maintained between 25°C and 27°C.

The weight of subjects was recorded using the classical
weighing machine. Height was measured by stadiometer
to nearest 1 cm and weight by weighing machine (Krups)
to the nearest 1 kg with subjects standing without shoes
and wearing light clothes. After a rest for 15 min basal HR,
systolic BP (SBP) and diastolic BP (DBP) was recorded.
An electronic automatic ECG recording machine (ASPEN)
was used to record lead II ECG and HR. Other apparatus
used for tests included timer, automatic BP recording
machine (OMARON), and Handgrip dynamometer (25 kg
model, IMI, Delhi). Basal BP and HR were measured in
the supine position after taking a rest for 5 min.

Tests for a sympathetic component of the autonomic
system

BP response to standing (orthostatic hypotension
test)

The subject was asked to take a rest for 5 min in the supine
position, and then to stand up immediately remaining still,
when instructed to do so. BP was recorded immediately and
then at 30 s intervals for 2 min or till BP returns to normal.
The difference between readings of SBP in the supine
position and standing position was calculated. The highest
fall in SBP was taken as a response to the test. The fall in
SBP more than and equal to 30 mmHg is abnormal.®

BP response to sustained hand grip

Basal BP was recorded in a sitting position and then the
participant was asked to perform maximum grip of the
handgrip dynamometer with her dominant hand and
the maximum capacity was noted (Maximum voluntary
contraction).
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After a rest of 5 min, she was again asked to hold her grip
with 30% of her maximum voluntary contraction capacity
for 2 min. The BP was recorded simultaneously from
the non-exercising arm at the 1* and 2™ min followed by
releasing of grip and recording of the BP in the 4™ min.
The highest difference between the rises in DBP just after
the release of the grip to the basal DBP was taken as the
test response. An increase in diastolic pressure <10 mmHg
is abnormal.'""?

Test Normal Borderline Abnormal
BP response to <10 mm Hg 11-29 mm >30 mm
standing (fall in Hg Hg
systolic BP)

BP response to >16 mmHg  11-15mm <10.mm
sustained handgrip Hg Hg
(increase in

diastolic BP)

Ewing’s classification of cardiac sympathetic functions into
normal, borderline, and abnormal.'?

Statistical analysis of data

All the results were expressed in mean®S.D. and compared
with the control group. The data were analyzed by Statistical
Product and Service Solution software for windows and
Microsoft Excel. Unpaired Student’s t-test was used to
find out the level of significance between the two groups.
P<0.05 was considered statistically significant.

RESULTS

A comparative study of resting HR, SBP, and DBP showed
no significant difference between cases and control groups
in either phase of the menstrual cycle (Table 1).

Sympathetic responses between control and PMS
groups during the follicular phase exhibits an increase in
sympathetic activity in the PMS group as compared to
control ones though there was no statistically significant
difference (as the P>0.05) as per (Table 2).

A comparative study of sympathetic functions during the
luteal phase reflected mean values of OHT as 6.00£2.09
and 10.58%1.61 in the control group and case group,
respectively, which showed statistically insignificant
higher sympathetic responses in premenstrual cases
(P = 1.97). HGT responses in the luteal phase indicate
a highly statistically significant (P = 0.0001) increase in
sympathetic activity in premenstrual cases, with mean
values of 12.75+3.32 and 16.85%3.5 in control group and
cases (Table 3).

The results revealed that the sympathetic reactivity is
insignificantly higher in the PMS group during the follicular
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Follicular phase

Luteal phase

Cases Control Cases Control

SBP (mm Hg) 115.91+7.30 116.5+5.47 117.08+6.77 117.2+5.15

DBP (mm Hg) 74.4145.98 77.24+6.91 75.25+5.10 77.2446.37

HR (beats/min) 77.6615.67 76+6.16 78.08+6.05 75.33+5.37
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HR: Heart rate
_ i -

Sympathetic function Follicular phase = NORMAL

LS Control Cases P value " 13 = BORDERLINE

(n=21) (n = 24) " # ABNORMAL
OHT (mm Hg) 5.041+2.15 6.08+2.24 0.12 10 4
HGT (mm Hg) 17.3342.39 17.50+4.38 1.95
5 4

_ 1

Sympathetic function Control Cases P value 0 0 i i ,

parameters (n=21) (n=24) OHT HGT

OHT (mm Hg) 6.00£2.09  10.58+1.61 1.97 Figure 1: Number of females of premenstrual syndrome showing

HGT (mm Hg) 12.75+3.52  16.85+3.5  0.0001 normal, borderline, and abnormal values in sympathetic autonomic

phase. During the luteal phase, sympathetic activity is
significantly increased.

Considering the number of females falling in the normal,
borderline, and abnormal category of sympathetic
function test in PMS case group (Figure 1), abnormal
values are obtained in only one case in Handgrip test
and 11 cases showed borderline test results. In reference
to the orthostatic hypotension test, about four cases got
borderline values and none got abnormal values.

DISCUSSION

PMSs are characterized by physical and/or affective
symptoms that occur in the luteal phase of the menstrual
cycle. PMS affects about 25% of women with a regular
menstrual cycle, depending on the strictness of the criteria.’
Changes in the autonomic function may be responsible
for some of the symptoms produced through endorphins
and have been held responsible for behavioral changes.''
According to Tamaki, women with a greater degree of
premenstrual distress possess higher sympathetic activity
in the late luteal phase than women with fewer symptoms."?
Stimuli that raise BP, such as isometric exercise, or mental
arithmetic, activate mainly sympathetic outflow.' The
present study investigated differences in sympathetic
responses between the “baseline” follicular and the

premenstrual phases among the premenstrual cases and
controls. Table 1 gives the resting HR, SBP, and DBP of
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function tests according to Ewing’s classification of values of cardiac
autonomic function tests

cases and control groups in follicular and luteal phases
of the cycles, respectively. Some studies'™"® reported a
statistically significant rise in systolic and DBP in females
with PMS."” Howevert, our study is not in concordance with
other researchers as no significant difference was observed
in these parameters between cases and control groups in
cither phase of the menstrual cycle. The difference in
results could be due to the large sample size in other studies
as compared to our study.

PMS involves altered activity of the sympathetic nervous
system in the late luteal phase of the menstrual cycle.
Various studies show that sympathetic functions are altered
in PMS and our study suggests the same. Matsumoto
found that the ANS activity in the follicular phase did not
differ among the subjects regardless of their premenstrual
symptoms'® Girdler et al.,"” revealed that women with
PMS had significantly elevated norepinephrine and total
peripheral resistance during both phases as compared with
control subjects. Although most studies do not comment
on the follicular phase, the present work demonstrated
insignificantly higher basal sympathetic activity in the
PMS group than the control group during the follicular
phase (P>0.05) as per (Table 2). Ozisik et al., observed
no statistical difference in the sympathetic response
during the luteal phase between the PMS patients and the
control group.” Assoc and Magos investigated that the
patient’s premenstrual distress appeared to arise mainly
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from chronically high autonomic activity.* Koeske found
a premenstrual increase in skin conductance, a test to
measure the sympathetic axis.’ Matsumoto found that
women with PMS exhibit high sympathetic activity during
the luteal phase.'” Despite the differences in expetimental

4,19,21 are in

designs and conditions, eatlier investigations
coherence with our findings, indicating that the occurrence
of premenstrual symptomatology could be attributable
to the uplifted sympathetic axis in the symptomatic late
luteal phase. During the luteal phase, there was a significant
increase in sympathetic activity in the PMS group as
compared to the control group (P<0.001) (Table 3). Stress
in any form is associated with an increase in HR and BP
reflecting an uplifted sympathetic axis. It is conceivable
that increased sympathetic functions in the luteal phase
are associated with the cluster of symptoms appearing
premenstrually. Moreover, PMS has a multicausal origin;
a definite etiopathological cause remains elusive and needs
further investigations.

A study of the classification of sympathetic functions into
normal, borderline, and abnormal is according to Ewing’s
criteria. About 54% of cases showed a normal range in
compatison to 56% abnormal results in HGT. OHT showed
79% in the normal range. The mechanisms by which cardiac
autonomic function among PMS females may be affected
involve psychoneuroendocrinal pathways. Altered activity of
the hypothalamus-pituitary-adrenal cortex axis and lifestyle
factors may contribute to the hyperactive sympathetic
system and cluster of symptoms. Prompt identification of
these persons will help in early intervention by behavior
therapy, relaxation techniques, and pharmacotherapy to
prevent long term cardiovascular hazards.

Strength of study

Our study suggests that females with PMS have elevated
sympathetic responses. We can identify subclinical autonomic
reactivity in PMS patients by doing cardiac autonomic
function tests, so persons at risk of developing the
cardiovascular disease may be recognized at the earliest and
can be treated appropriately to improve their quality of life.

Limitations of the study

Due to time and fiscal constrain, a small sample size was
taken which reduced the statistical power of the study
to a certain extent. Thus, a study including a greater
number of subjects along with a wider age group range
is recommended to further assess the sympathetic status.

CONCLUSION

The study results revealed that patients with PMS suffer from
an exaggerated sympathetic response state which manifests
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as the altered response in sympathetic function tests. As PMS
involves a psychoneuroendocrinal turmoil, early screening
of high-risk groups and implementing interventions such as
relaxation techniques and lifestyle modification can prevent
further cardiovascular complications in the patients of high
sympathetic responses.
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