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Abstract:

Purpose: To investigate the effect of walking on physiological stress in
premenstrual syndrome (PMS).

Methods: Thirty females with PMS were randomly distributed into two equal
groups. Group (A) (n=15) received breathing exercises, while group (B) (n=15)
received the same breathing exercises in addition to walking on a treadmill. The
primary outcomes were serum cortisol levels, resting heart rate (HR) and resting
respiratory rate (RR) to measure the level of physiological stress, while the
secondary outcomes were daily record of severity of problems (DRSP) and
abdominal pain assessed by visual analogue scale (VAS). The outcome measures
were evaluated pre-treatment and after 8 weeks of treatment.

Results: Comparing both groups post-treatment revealed non-significant
differences in serum cortisol levels, resting HR and DRSP (P>0.05), while there
were significant reductions in both resting RR and abdominal pain VAS (P<0.05)
in favor of group (B). The percentages of improvement post-treatment in serum
cortisol levels, resting HR, resting RR, DRSP and abdominal pain VAS were
16.05%, 2.92%, 5.19%, 29.73% and 25.84%, respectively in group (A), while they
were 25.09%, 7.05%, 15.69%, 31.43% and 55.30%, respectively in group (B).
Conclusion: Walking is effective in treating premenstrual syndrome through
reducing resting RR and abdominal pain intensity, as well as producing greater
improvement in serum cortisol levels, resting HR and severity of PMS symptoms.
Key words: Premenstrual syndrome, walking, breathing exercises, physiological
stress.

1. Introduction

Premenstrual syndrome (PMS) describes a group of
repetitive symptoms that begins at the late luteal
phase of the menstrual cycle (5-7 days before
menstruation) and ends in the follicular phase (2—4
days after menstruation) (1). It affects 20-80% of
females of reproductive age (2).

The syndrome has severe physical, cognitive,
psychological and somatic symptoms that influence
activities of daily living, inter-personal relations,
social life, work efficiency and educational
productivity (3).

The precise pathology of PMS is unknown. It may be
related to several physiological, psychological and
social factors, including hormones produced by the
ovaries, abnormal physiology of neurotransmitters,

lifestyle habits and stress (4). Circulating cortisol is a
glucocorticoid secreted from the hypothalamic-
pituitary-adrenal axis (HPA). Together with
catecholamines, cortisol represents a valuable
defense hormone and a classical stress parameter
because of its response to acute physical and
psychological stress (5).

Since exact PMS pathophysiology is unknown, there
is no definite treatment for it, and most symptoms are
being treated. In general, treatment can be divided
into surgical treatment, pharmacological therapy (e.g.
hormones, antidepressants and analgesics) and non-
pharmacological therapy (e.g. lifestyle modifications
and exercise) (6). As both surgical and
pharmacological therapies have side effects, non-
pharmacological therapy especially physical exercise
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has attracted the attention of health care professionals
and PMS females (7).

Aerobic exercise is a physical activity of varying
intensities that depends mainly on aerobic energy
generating process. It improves blood flow helping
cramps to go away, relaxes abdominal muscles,
reduces pelvic pain and relieves pressure on nerve
centers, pelvic organs and the alimentary canal (8).
Additionally, it affects brain endorphins mechanisms
and improves mood symptoms. Physical exercise
improves PMS through elevating endorphin levels,
decreasing adrenal cortisol symptoms, leading to
greater pain tolerance and lesser anxiety and
depression (9).

Previous studies investigated the effectiveness of
aerobic exercise in reducing pain, as well as mental
and physical symptoms of PMS (10-12). However,
they used subjective assessment methods. Therefore,
this study used objective methods to evaluate the
effect of walking on physiological stress (serum
cortisol levels, resting HR and resting RR) in PMS
females.

2. Patients and Methods

2.1. Study Design

The study was designed as a prospective,
randomized, controlled trial. Ethical approval was
obtained from the institutional review board at
Faculty of Physical Therapy, Cairo University. The
study followed the Guidelines of Declaration of
Helsinki on the conduct of human research. It was
conducted between October 2019 and February 2020.

2.2. Participants

A sample of thirty females was recruited from the
Gynecological Outpatient Clinic, Om El-Masryeen
Hospital, Egypt. To be included in the study,
participants were chosen sedentary, virginal, adult
females suffering from PMS, which was diagnosed
by a gynecologist. They had regular menstrual cycles
(cycles of 21-35 days with a bleeding time of 3-10
days) and should have the following criteria in DRSP
in at least one of two consecutive menstrual cycles
prior to treatment starting to confirm PMS diagnosis:
1) more than three items had an average score over 3
during the luteal phase, and 2) a luteal phase score
was 30% more than a follicular phase score (13). All
females were non-smokers and had no traumatic life
events in the last 2 months before starting the study.
Their age was 18-25 years and their body mass index
(BMI) was less than 30 kg/m?. Participants were
excluded if they had menstrual problems (e.g.
menorrhagia, metrorhagia and polycystic ovary
disease), cardiorespiratory, renal, neurological and
pelvic inflammatory diseases, tumors, infections,
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anemia, diabetes, hypertension, asthma, rheumatoid
arthritis, headache, migraine, thyroid or mental
disorders, participation at any other exercise training
program during this study, or receiving any kind of
medications, hormonal treatment or supplementation
(vitamin, mineral or herbal supplement).

2.3. Randomization

Each female was informed about the nature, purpose
and benefits of the study, the right of refusal or
withdrawal at whatever time, and the confidentiality
of any obtained data. Females were randomly
assigned into 2 equal groups (A and B) with the use
of a computer based randomization program. No
dropping out of subjects from the study was reported
after randomization.

2.4. Interventions

Group (A) included 15 females suffering from PMS
who received breathing exercises for 8 weeks, while
group (B) included 15 females suffering from PMS
who received the same breathing exercises in
addition to walking on a treadmill for 8 weeks.

2.4.1. Breathing exercises

All females in both groups (A & B) received
breathing exercises, 3 days per week for 8 weeks.
Each female started with 5 cycles of normal
breathing, then 10 cycles of deep breathing exercises,
then 10 cycles of calming breathing exercises, and
finally she went back to normal breathing for 10
cycles. For performing normal breathing, participants
were asked to sit on a comfortable chair, maintaining
good posture, with relaxed body and closed eyes.
Then, they were instructed to inspire through the
nose, filling first the lower part of the lungs then the
middle part, then the upper part, and hold breathing
for few seconds, then expire slowly with keeping
relaxed abdomen and chest. These procedures were
repeated for 5 cycles. For performing deep breathing
exercises, participants were instructed to place one
hand on the chest and one hand on the abdomen.
Then, they were instructed to inspire slowly and
deeply through the nose into the abdomen, feeling
the rising of abdomen with this inspiration. Next,
they were instructed to expire through the mouth,
keeping the mouth, tongue and jaw relaxed. These
procedures were repeated for 10 cycles. For
performing calming breath exercises, participants
were instructed to inspire slowly from the nose for 5
seconds, hold the breath for 5 seconds, and then
expire slowly through the mouth or nose for 5
seconds. These procedures were repeated for 10
cycles. Throughout the exercise, breathing should be
kept regular and smooth, without gulping in breaths
or breathing out suddenly (14,15).
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2.4.2. Walking program on a treadmill

All females in group (B) were engaged in a walking
program on a treadmill (AC 150 KG AX, Taiwan),
for 30 minutes per session, 3 sessions per week, for 8
weeks. The program was started with warm up
period in which each participant walked at 80 m/min
at 0.0% grade for 5 minutes. After the walk,
treadmill’s speed was increased to 147 m/min and
grade was increased gradually until reached 25%
grade for 20 minutes. This was followed by cooling
down period of 5 minutes in which the treadmill’s
speed and grade were decreased to 2.0 miles/h and
0.0% grade (16).

2.5. Outcome measures

2.5.1. Serum cortisol levels (primary outcome
measure):

A blood sample was taken from each female in both
groups (A & B) before and after the treatment to
measure the serum cortisol levels, which could
reflect the pain intensity as decreased cortisol levels
indicated improved PMS symptoms, increased pain
tolerance, and decreased physiological stress (17).
The cortisol levels were assessed at the late luteal
phase of the menstrual cycle preceding the treatment
program (2 days before the expected menstruation)
and at the same time of the menstrual cycle after 8
weeks of the study course to evaluate the treatment
effect. All blood samples were taken following
overnight fasting and rest, at 8-10 a.m. to avoid
diurnal variation in serum cortisol levels. Samples
were collected in prechilled test tubes containing
EDTA and stored at -70°C until analysis. Analysis of
serum cortisol levels were performed by
radioinimunoassays, using Sigma-Aldich kits. The
reference range of morning cortisol (from 8 am to
noon) for normal adults is 6.2-19.4 ug/dl.

2.5.2. Resting heart rate & resting respiratory rate
(primary outcome measures):

The HR and RR were recorded at rest, to reflect the
level of physiological stress, for each female in both
groups (A & B) before and after 8 weeks of
treatment through blood volume pulse sensor (BVP)
which was mounted on the tip of the middle finger of
the dominant hand and a respiration sensor which
was placed on the female's abdomen. The participant
assumed a comfortable relaxed half lying position in
a quiet room; there were no tactile or auditory
stimuli; there were no direct lights; there should be
no restrictive clothes; soft pillows and small cushions
were used to support and accommodate her body
curves. Before recording any data, the subject was
asked to relax through keeping her eyes and mouth
gently closed and displaying any disturbing thoughts
from her mind by observing and listening to her own
regular breathing (in, out and a pause in between
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them) in order to achieve mental relaxation. After
feeling relax, the resting HR and RR were recorded.
The resting HR was calculated as the number of
times the heart beats per minute at rest, while the
resting RR was calculated as the number of breaths
per minute at rest (18).

2.5.3. Daily record of severity of problems (DRSP)
(secondary outcome measure):

It was used to confirm the diagnosis of PMS before
entering in the study and to evaluate the severity of
PMS symptoms before and after treatment for all
females in both groups (A & B). The DRSP included
21 separate items grouped into 11 domains in
addition to 3 items describing functional impairments
resulted from the symptoms. Each item was rated on
the 6-point severity scales by the participant
throughout her menstrual cycle. The severity levels
on the DRSP were 1 (not at all), 2 (minimal), 3
(mild), 4 (moderate), 5 (severe) and 6 (extreme). The
researchers gave all participants full instructions
about the items of DRSP and asked them to fill it at
two consecutive menstrual cycles before starting the
study to confirm the diagnosis of PMS. The averages
of the last 5 days before menstruation for the 11
distinct symptom items were summed to calculate the
luteal phase score, and the averages of days 6-10
after menstruation onset for the 11 distinct symptom
items were also summed to calculate the follicular
phase score during 2 consecutive menstrual cycles
before the treatment. In the beginning of the study,
all participants had an average score of greater than 3
(mild) in at least three items during the luteal phase,
and their luteal phase scores were 30% higher than
the follicular phase scores (13). After 8 weeks of the
study course, the participants filled the DRSP and the
luteal phase score was calculated to evaluate the
treatment effect.

2.5.4. Abdominal pain assessed by VAS (secondary
outcome measure):

The abdominal pain intensity was assessed for each
female in both groups (A & B) before and after
treatment through the VAS. The pain VAS is one-
dimensional measure of pain intensity, which has
been commonly used in various adult populations. It
is a 10-cm horizontal line on which the participant's
pain intensity was represented by a point between the
extremes of “no pain at all” and “worst imaginable
pain”. Each participant was asked to mark a point on
the VAS line between the extremes that related to her
current abdominal pain intensity. Then, the
centimeters were measured in each time from the left
end of the line to the marked point to obtain the VAS
score for abdominal pain intensity (19).

Data analysis
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Prior for final analysis, data were screened, for
normality assumption test by using Shapiro-Wilk test
(P>0.05) and homogeneity of variance by Levene's
test (P>0.05). The data was normally distributed and
parametric analysis is done. The statistical analysis
was conducted by using statistical SPSS Package
program version 25 for Windows (SPSS, Inc.,
Chicago, IL). All data were expressed as mean and
standard deviation for all outcomes variables. Paired
t-test to compare between pre-and post-treatment
within each group and using unpaired (independent)
t-test to compare between two groups. All statistical
analyses were significant at level of probability less
than an equal 0.05 (P < 0.05).

3. Results

Both groups were similar at baseline (P>0.05)
regarding age, BMI, menstrual cycle length, number
of menstrual cycles in the last year and all outcome
measures (Tables 1-2).

The serum cortisol levels revealed a statistically
significant reduction within both groups (A & B)
(P<0.05). The post-treatment comparison of both
groups showed a statistically non-significant
difference (P>0.05). However, there was a greater
percentage of improvement with regard to serum
cortisol levels in group (B) (25.09%) than in group
(A) (16.05%) (Table 2).

The resting HR revealed a statistically significant
reduction within both groups (A & B) (P<0.05). The
post-treatment comparison of both groups showed a
statistically non-significant difference (P>0.05).
However, there was a greater percentage of
improvement with regard to resting HR in group (B)
(7.05%) than in group (A) (2.92%) (Table 2).

The resting RR revealed a statistically non-
significant difference within group (A) (P>0.05),
while it revealed a statistically significant reduction
within group (B) (P<0.05). The post-treatment
comparison of both groups showed a statistically
significant reduction (P<0.05) in favour of group (B).
Also, there was a greater percentage of improvement
with regard to resting RR in group (B) (15.69%) than
in group (A) (5.19%) (Table 2).

The DRSP scores revealed a statistically significant
reduction within both groups (A & B) (P<0.05). The
post-treatment comparison of both groups showed a
statistically non-significant difference (P>0.05).
However, there was a greater percentage of
improvement about DRSP scores in group (B)
(31.43%) than in group (A) (29.73%) (Table 2).

The abdominal pain VAS revealed a statistically
significant reduction within both groups (A & B)
(P<0.05). The post-treatment comparison of both
groups showed a statistically significant reduction
(P<0.05) in favour of group (B). Also, there was a
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greater percentage of improvement with regard to
abdominal pain VAS in group (B) (55.30%) than in
group (A) (25.84%) (Table 2).

Table (1): Baseline characteristics of females in both
groups

Group (A) Group (B)
P value
x+SD x+SD
NS
Age (years) 20.93+2.28  20.67 +2.38 0.756
NS
BMI (Kg/m?) 23.87+2.49  24.48 £2.77 0.530
Menstrual cycle 25.40+1.76  26.47 +1.68 0.102 Ns
length (Days)
Number of menstrual ~ 14.00 +0.92  13.53 +0.83 0.158 NS

cycles in the last year

NS P > 0.05 = non-significant, P = Probability.

Table 2. The serum cortisol levels, resting HR, resting
RR, DRSP and abdominal pain VAS for both groups

Group (A)  Group (B) b value*
x+SD x+SD
fﬁéﬁﬁ? cortisol Pretreatment  1947,337 1937444 0.839
Post-treatment 16.01+3.34 1451+4.41 0.306 NS
Improvement % 16.05% 25.09%
P value** 0.001 S 0.0001 S
RestingHR  Pre-treatment  7546,777  7560+7.88 0.945M
(beats/min)
Post-treatment 73.20+6.13  70.27+5.89 0.193 NS
Improvement % 2.92% 7.05%
P value** 0.021°S 0.0001 S
Resting RR — Pre-treatment 14274186 14.47+130 0737
(breaths/min)
Post-treatment 13.53+1.06 12.20+0.56  0.001 S
Improvement % 5.19% 15.69%
P value** 0.119 N 0.0001 S
DRSP (Luteal  Pre-treatment 0.74:0.03  0.70:0.06  0.190 "
phase score)
Post-treatment 0.52+0.09 0.48+0.04  0.099 NS
Improvement % 29.73% 31.43%
P value** 0.0001 $ 0.0001 §
AOREIIGE] BRI 3874091  3.87+092  1.000 M
pain VAS
Post-treatment 2.87+0.99 1.73+0.70  0.001°
Improvement % 25.84% 55.30%
P value** 0.004 5 0.0001 8

Data were expressed as mean + standard deviation

Inter-group comparison; ** intra-group comparison of the results
pre- and post-treatment.

NS P>0.05 = non-significant, S P<0.05 = significant, P = Probability

4, Discussion

Premenstrual Syndrome (PMS) is a disorder that is
frequently seen in young adult females. It has a
negative influence on young females' lives, which
can lead to reduced work efficiency and quality of
work, increased accidents and lack of school
attendance. As a result, there is a need to develop
treatment protocols for coping with premenstrual
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symptoms (20). Therefore, this study aimed to
examine the effect of walking on physiological stress
in PMS.

Regarding serum cortisol levels, results showed a
statistically significant reduction within both groups
(A & B). The post-treatment comparison of both
groups showed a statistically non-significant
difference. However, there was a greater percentage
of improvement in group (B) than in group (A).
These results indicated the positive impact of
breathing exercises with or without walking program
on reducing serum cortisol levels in PMS females.
These findings agree with Ma et al. (21) who
investigated the effectiveness of deep breathing
exercises for 20 sessions, respectively, on reducing
salivary levels of cortisol in healthy adult subjects.
Additionally, Martarelli et al. (22) reported that
relaxation promoted by diaphragmatic breathing
resulted in decreased cortisol levels in athletes
following exhaustive exercise. The lowered cortisol
levels in response to breathing exercise could be
related to the close association between cortisol and
HPA axis, which can easily be affected by breathing
(23).

The greater improvement percentage in group (B)
than in group (A) reflected the beneficial effect of
walking program on a treadmill on lowering serum
cortisol levels in PMS females. This result can be
supported with Beserra et al. (24) who revealed a
positive effect of physical exercising on reducing
cortisol concentrations in individuals with major
depressive disorder. Moreover, sensitivity analysis
and subgroup analyses showed an influence of
exercise type (aerobic exercise) on lowering cortisol
concentrations. Also, de Souza et al. (25) found a
reduction trend in blood cortisol levels in response to
daily moderate to high intensity aerobic exercise for
5 consecutive days. These findings highlight an
adaptive hormonal mechanism in response to
repeated stress, as shown by reduced cortisol levels.
In addition, Nabkasorn et al. (26) showed reduced
urinary cortisol levels following 8 weeks of physical
training in depressed females aged 18-20 years.
Moreover, Rimmele et al. (27) reported that trained
men displayed significantly lower cortisol levels in
response to stressors than untrained counterparts.
Furthermore, Webb et al. (28) concluded that
individuals having high aerobic fitness exhibit
reduced cortisol responses to a combined challenge
of physical and mental stress. The stress-relieving
result of exercise could be mediated by the decrease
in the subject’s neuromuscular hyperactivity in the
HPA axis (29).

Regarding resting HR, results showed a statistically
significant reduction within both groups (A & B).
The post-treatment comparison of both groups
showed a statistically non-significant difference.
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However, there was a greater percentage of
improvement in group (B) than in group (A). These
results indicated the favorable effect of breathing
exercises with or without walking program on
decreasing resting HR in females having PMS. These
results are consistent with studies that found a
significant reduction in HR in PMS females after 3
months of breathing exercises practice in the form of
pranayama (30,31). Females with PMS have
sympathovagal imbalance with shifting of autonomic
balance in favor of sympathetic activity and these
females are unable to cope up with stressful
situations. Thus, practicing breathing exercises
improves  autonomic  function by  altering
parasympathetic and sympathetic activities (32).

The greater improvement percentage in group (B)
than in group (A) revealed the advantageous effect of
aerobic walking on reducing resting HR in females
with PMS. This finding is in line with a systematic
review and meta-analysis which showed that
increased physical activity is accompanied by
decreased HR in middle aged adults (33). Also,
Nabkasorn et al. (26) showed reduced HR after 8
weeks of physical training in females having
depressive symptoms. Additionally, Rimmele et al.
(27) reported that trained men exhibited significantly
lower HR in response to stressors than untrained
men. Moreover, de Geus et al. (34) demonstrated that
aerobic fitness was connected to lower HR. The
reduced HR after regular exercise or physical activity
in humans could be related to a reduction in the
intrinsic HR via mechanisms which have not yet
been fully recognized (35).

Regarding resting RR, results showed a statistically
non-significant difference within group (A), while
there was a statistically significant reduction within
group (B). The post-treatment comparison of both
groups showed a statistically significant reduction in
favor of group (B).

The non-significant difference within group (A)
revealed that 8 weeks of breathing exercise was not
effective in reducing resting RR in PMS females.
This result could be related to the short duration of
breathing exercise practice in the current study as
previous studies revealed that 3 months of breathing
exercises in the form of pranayama was effective in
inducing RR lowering in PMS females and in normal
healthy individuals (31,36).

The significant decrease in resting RR in favor of
group (B) post-treatment revealed the effectiveness
of walking program. This result is consistent with
Gulam (18) who stated that resting RR is decreased
after physical training. The resting RR is about 12-20
breaths/minute in normal untrained individual,
whereas it comes down to 7-8 breaths/minute in
trained athletes or individuals. This reduction in
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resting RR reflects greater respiratory efficiency
resulted by training or physical exercises.

Regarding DRSP scores, results revealed that there
was a statistically significant reduction within both
groups (A & B). The post-treatment comparison of
both groups revealed a statistically non-significant
difference. However, there was a greater percentage
of improvement in group (B) than in group (A).
These results demonstrated breathing exercises
efficacy with or without walking program on
reducing PMS symptoms severity in adult females.
These results can be supported with Abay and
Kaplan (37) who reported that different stress coping
methods, such as breathing exercises, significantly
facilitates PMS management as stress intensifies
PMS severity.

The greater percentage of improvement in group (B)
than in group (A) revealed the valuable effect of
aerobic walking program on reducing PMS severity.
These results coincide with former studies reporting
the improving effect of aerobic exercise on PMS
symptoms total score, physical symptoms, anxiety
and depressive symptoms in females having PMS
(38,39). Increased serum aldosterone  and
prostaglandin E;, as well as decreased magnesium
and vitamin Bg are factors involved in some physical
symptoms like headache, swelling, weight gain and
breast pain (40). Physical activity can reduce serum
aldosterone and provoke sodium and water
reabsorption (41), resulting in physical symptoms
improvement. Mood changes in PMS females may
be due to the influence of estrogen and progesterone
on the serotonin, y-aminobutyric acid and dopamine
systems (42). Physical activity has
neuroimmunomodulatory impact, increases
neurotrophies and p-endorphins levels, reduces
sympathetic response, influences HPA axis reactions,
enhances serotonin system, corrects body image and
promotes self-efficacy, which can improve self-
esteem and self-concept; all of these effects may
reduce anxiety and depression (3).

Regarding abdominal pain VAS, results showed a
statistically significant reduction within both groups
(A & B). The post-treatment comparison of both
groups revealed a statistically significant reduction in
favor of group (B). The pain-relieving effect of
breathing exercises can be supported with a recent
study that revealed the effectiveness of breathing
exercises in reducing VAS scores in primipara.
Breathing exercises enhances endorphins release and
promotes relaxation, especially abdominal muscles
relaxation, resulting in elimination of pain feelings
(43). The significant analgesic effect of the walking
program in the current study can be confirmed with
previous studies that revealed prostaglandins
improvement in response to aerobic exercise, helping
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to reduce abdominal pain in dysmenorrheic females
(44,45).
The main limitation of the current study was the
inability to study the long-term effect of walking and
reappearance of symptoms after stopping walking
program.

5. Conclusion

Walking is beneficial in reducing the level of
physiological stress (serum cortisol levels, resting
heart rate and resting respiratory rate), severity of
PMS symptoms and abdominal pain intensity in adult
females with premenstrual syndrome.
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