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IntrOductIOn
Dietary habits are important factors that affect human life styles. 
Dietary habits in young adult women must be assessed from the 
awareness of total assistance throughout whole life [1]. Food 
intake and selection is influenced by neurochemical, hormonal, 
physiological and psychological factors. Dietary habits may 
significantly influence menstrual function in young women. The 
menstrual cycle (28- to 29-day cycle) may be divided into two 
general phases, the follicular and luteal phases [2]. The follicular 
or proliferative phase extends from Day-1 (the first day of 
menstruation) to Day-14 and luteal or secretory phase generally 
extends from Days 14 to 28. Low serum concentrations of estrogen 
and progesterone characterize the early follicular phase. Estradiol 
peaks occur in the pre-ovulatory surge just prior to ovulation, 
though progesterone levels remain low. The follicular phase ends 
at the time of ovulation. The high concentrations, of both estrogen 
and progesterone characterize the luteal or secretory phase. Cycle 
phase can be estimated by counting backward to the first day 
of menstruation. Natural fluctuations in ovarian hormones across 
the menstrual cycle allow for noninvasive studies of the effects 
of endogenous hormone (estrogen, progesterone, luteinizing 
hormone and follicle stimulating hormone) on cognition impairment 
and heart rate variability in young females. HRV is a non-invasive 
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ABStrAct
Introduction: Dietary habits can make a big difference on both 
physical and mental aspects of the body. Menstrual disorder 
frequently affects the quality of life of adolescent and young adult 
women. Menstrual cycle irregularities may be associated with 
psychological stress, and endocrine disturbances. Monitoring of 
sensory-motor association and cardiovascular activity across the 
menstrual cycle has not been evaluated with dietary habits. 

Aim: The present study was carried out to bridge the relation- 
ship between dietary habits and endogenous sex hormone medi-
ated sensory motor association and heart rate variability (HRV) 
among young females during different phases of menstrual cycle. 

Materials and Methods: The present study was carried out 
on healthy volunteered 100 female medical students in the age 
group of 19-25 years with regular menstrual cycle. Group I (n=45) 
vegetarians, Group II (n=25) eggetarians and Group III (n= 30) 
non-vegetarians, where n denotes the number of individuals 
in each group. Sensory-motor association (reaction time) and 
cardiovascular activity (HRV) was evaluated. 

results: We observed among all the dietary habits (vegetarians, 
eggetarians and non-vegetarians) the reaction time and HRV was 

comparable in follicular and menstrual phase, however it was 
significantly altered in luteal phase when compared to follicular 
and menstrual phase. Moreover, among all the dietary habits, 
non-vegetarians showed more significant alteration of reaction 
time and HRV in luteal phase when compared to vegetarians and 
eggetarians, as well as there was positive correlation between 
visual and auditory reaction time and negative correlation 
between LF and HF in luteal phase, among all the dietary habits.

conclusion: We concluded sensorimotor association and 
regulation of autonomic tone is modified in luteal phase com-
parable to follicular phase and menstrual phase; however 
non-vegetarian had showed more significant alterations as 
compared to eggetarians and vegetarians. These suggest that 
sympathetic nervous activities are predominant in the luteal 
phase as compared to follicular phase, and this sympathetic 
dominance is more among non-vegetarians, which may be due 
to their higher BMI. The alterations in the balance of ovarian 
hormones might be responsible for these changes. Long-term 
intake of vegetarian diets may facilitate vagal regulation of the 
heart without increasing the sympathetic modulations of the 
cardiovascular system.
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method to assess cardiac autonomic control system. Heart rate 
variability (HRV) finds out the relative influence of the sympathetic 
and parasympathetic of the autonomic nervous system (ANS) of the 
heart and therefore serves as an index and measurement of ANS 
activity. Previous studies have assessed sensory motor association 
and HRV across the menstrual cycle in healthy young adult [3,4] 
but still it has not been correlated along with dietary habits. There 
is increasing interest in the role of sex steroid hormones on sensory 
motor association and HRV. Two main frequency components of 
HRV, low frequency (LF, 0.04–0.15 Hz) reflecting the interaction 
of both sympathetic and parasympathetic (vagal) nervous 
systems, and high frequency (HF, > 0.15 Hz) reflecting the activity 
of the parasympathetic nervous system [5]. In female, HRV get 
influenced by endogenous sex hormones [6] and menstrual cycle 
[7]. Reaction time (sensory motor association) is the time interval 
between the onset of stimulus and the proper voluntary response. 
It involves stimulus processing, decision making and response 
programming. It is an indirect index of processing capabilities of 
the central nervous system.

The present study was carried out to bridge the relationship 
between dietary habits and endogenous sex hormone mediated 
sensory motor association and heart rate variability among young 
females during different phase of menstrual cycle.
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Experimental Protocol 
The present study was carried out on healthy volunteered 100 
female medical students in the age group of 19-25 years with regular 
menstrual cycle. Ethical clearance was taken to perform this study in 
the department of Physiology of People’s College of Medical Science 
and Research Centre, Bhopal (PCMS/OD/2015/1069; IEC-2015/3). 
Subjects with irregular cycles, gynecological disorders, anaemia, 
history of drug intake affecting ANS and menstrual cycle or history 
of chronic diseases were excluded from the study. Different phase 
of menstrual cycle was sustained by questionnaire given to the 
subject. The selected students were divided into following groups 
based on their dietary habits. Subjects were classified into three diet 
groups, Group I (n=45): vegetarians, Group II (n=25); eggetarians 
and Group III (n= 30): non-vegetarians, where n denotes the 
number of individuals in each group. The mean age and BMI, of 
students was mentioned in our previous studies [8]. The present 
study examined audio-visual reaction time and HRV during all the 
three phases of menstrual cycle. They had a history of regular, 
predictable menstrual cycles within the preceding 6 months. All 
participants were free of medications during the study. After giving 
informed and written consent and receiving an orientation about the 
procedures of this study, participants began the study in the menses 
(Days 1-2 after menstrual onset), the follicular phase (7-10 days 
after menstrual onset), or the luteal phase (3-7 days before onset 
of the subsequent menstrual cycle). Participants were instructed 
to maintain their normal dietary pattern during each phase of their 
menstrual cycle. At early morning participants instructed for fasting 
state till experiments were carried out. Subjects were withdrawn from 
caffeinated beverages for at least 12 hours prior to the experiments 
and also would have been completed their night meal by 9 PM. 
They were also instructed to avoid active physical activity since the 
last evening before experiment.

reaction time task
To examine the auditory and visual reaction time, a standard  
apparatus was used. It consisted of two components, a device 
for giving stimuli and another for responding stimuli, which were 
connected with an electronic device using audacity software 
for measuring the reaction time in milliseconds. During each 
examination procedure, the subjects were seated in front of a 
reception desk containing responding device. The task was to 
place the forefinger of the dominant hand on the central button, 
and as soon as the stimulus appeared to him, press the appropriate 
button. Each subject was told for respond to stimuli for both sound/
light subsequently. Each experimental had done for three trials, from 
which the arithmetic mean was calculated and represented as an 
individual reaction time (milliseconds).

Heart rate Variability task
The recordings of ECG of all subjects were done by the single 
expert technician of our team in order to avoid any inter–observer 
error. A high quality ECG recording was taken under standardized 
condition to minimize artifacts, during the above mentioned three 
phases. To quantify heart rate variability, the analog ECG signal was 
measured for a period of 5 minute to obtain a QRS complex by 
using lead II. To minimize the aberration, the QRS complexes were 
filtered by high pass filter (40) and low pass filter (10). The obtained 
QRS complexes were amplified further for sufficient amplitude. The 
ECG signal was first analogally recorded and then digitally converted 
through an A/D converter to PC and analysed by using Digital data 
Acquisition system, HRV soft 1.1 VERSION. The measurements of 
HRV followed the standards suggested by the Task Force of the 
European Society of Cardiology and the North American Society 
of Pacing and Electrophysiology set in 1996 [9]. The spectral 
components were the LF (0.04- 0.14 Hz) and HF (0.15-0.4 Hz), 
LF in normalized unit (LF nU), HF in normalized unit (HF nU), total 
spectral power in normalized unit and LF to HF ratio, was calculated. 

Time domain parameters like NN, SDNN, and RMSSD were also 
observed. Power spectral analysis of R-R interval variability has 
revealed that HF is modulated solely by the parasympathetic nervous 
system, whereas the LF component is together modulated by the 
sympathetic and parasympathetic nervous systems. Furthermore, 
the LF/HF ratio is also a useful parameter that reflects cardiac 
sympathetic modulations or sympatho-vagal balance as suggested 
by Task Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology [9]. 

StAtIStIcAl AnAlySIS 
Data are expressed as Mean±standard deviation (SD). All data were 
analysed with the SPSS for windows statistical package (version 
20.0, SPSS Institute Inc., Cary, North Carolina. Statistical significance 
between the different groups was determined by one way-analysis 
of variance (ANOVA) followed by Tukey’s multiple comparison tests 
when the groups showed significant difference and the significance 
level was fixed at p≤ 0.05. Finally, Pearson correlation coefficient 
was used to find correlation between two variables. 

rESultS 

Effect of different dietary Habits on reaction time 
The data are summarized in [Table/Fig-1-3] with mean±SD. Among 
all the dietary habits (vegetarians, eggetarians and non-vegetarians) 
the visual and auditory reaction time was comparable in follicular 
and menstrual phase; however it was significantly prolonged in 
luteal phase when compared to follicular and menstrual phase. 
Moreover, among all the dietary habits, non-vegetarians showed 
more significant prolongation of visual and auditory reaction time 
in luteal phase when compared to vegetarians and eggetarians, 
as well as there was positive significant correlation {r(98)=+0.92; 
p= 0.01} between visual and auditory reaction time in luteal phase, 
among all the dietary habits [Table/Fig-4]. 

Effect of different dietary habits on frequency domain parameters 

The data are summarized in [Table/Fig-2,5] with mean±SD. There 
was not any significant alteration in the total spectral power (TSP), 
VLF, LF, HF and LF/HF ratio among all the dietary habit groups 
(vegetarians, eggetarians and non-vegetarians) in their follicular and 
menstrual phases, however, it was significantly decreased in TSP, 
HF and increased in VLF, LF, and LF/HF ratio in luteal phase when 
compared to follicular and menstrual phases. Moreover, among all 
the dietary habit groups, non-vegetarians showed more significant 
alteration of these parameters in luteal phase when compared to 
vegetarian and eggetarians, as well as there was negative correlation 
{r(98)=-0.79; p= 0.01} between LF and HF in luteal phase, among 
all the dietary habits. 

[table/Fig-1]: Effect of different dietary habit on visual reaction time, significance at 
p≤ 0.05, where, *Significant change compare with follicular phase and luteal phase, 
a – compared with vegetarians, b-compared with eggetarians.
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Effect of different dietary Habits on time domain 
Parameters 
The data are summarized in [Table/Fig-6] with mean ±SD. The 
time domain parameters, NN interval, SDNN and RMSD did not 
show any significant alterations among all the dietary habit groups 
(vegetarians, eggetarians and non-vegetarians) in their follicular and 
menstrual phases, however, it was significantly increased in NN 
interval and decreased in SDNN, and RMSD in luteal phase when 

compared to follicular and menstrual phases. Moreover, among all 
the dietary habit groups, non-vegetarians showed more significant 
alteration of these parameters during luteal phase when compared 
to vegetarians and eggetarians groups.

dIScuSSIOn 
In a previous study, we observed that non-vegeterian people 
are more prone to obesity (higher BMI) which may lead to early 
menarche and prolongation of menstrual cycle length [8]. In the 
present study we tried to evaluate nutritional habits that may 

[table/Fig-2]: Effect of different dietary habit on auditory reaction time, significance 
at p≤ 0.05, where, *Significant change compare with follicular phase and luteal 
phase, a – compared with vegetarians, b-compared with eggetarians.

[table/Fig-3]: Correlation between visual reaction time (VRT) and auditory reaction 
time (ART) in luteal phase, among all dietary habits

[table/Fig-4]: Correlation between LF and HF in luteal phase, among all dietary 
habits

Parameter Vegetarians eggetarians non-vegetarians 

Mean NN(ms) 

Follicular phase 975±180 1074±195 1110±150

Luteal phase 1474±140* 1650±184* 2196±170*a,b

Menstrual phase 985±163 1049±192 1110±212

SDNN(ms)

Follicular phase 45.15±5.24 47.60±4.38 43.24±3.15

Luteal phase 30.62±3.45* 22.20±2.70* 13.15±2.20*a,b

Menstrual phase 44.27±4.30 46.27±4.05 42.33±5.44

RMSSD(ms)

Follicular phase 35.25±5.10 37.80±4.30 39.12±5.45

Luteal phase 25.18±3.80* 23.10±2.15* 15.24±3.14*a,b

Menstrual phase 36.15±4.20 34.00±3.20 33.10±3.70

[table/Fig-5]: Effect of dietary habits on time domain
Significance at p≤ 0.05, where, *Significant change compare with follicular phase 
and luteal phase, a – compared with vegetarians, b-compared with eggetarians, 
(nu: normalized unit).

Vegetarians eggetarians non-vegetarians 

Total spectral power(ms2)

Follicular phase 3547±454 3380±314 3150±410

Luteal phase 2040±295* 1776±255* 1178±137*a,b

Menstrual phase 3340±320 3113±247 2584±244

VLF(ms2)

Follicular phase 886±115 924±40 1030±190

Luteal phase 1274±137* 1425±218* 1980±225*a,b

Menstrual phase 865±162 978±170 1010±213

LF(ms2)

Follicular phase 1092±185 1125±210 1177±272

Luteal phase 1710±258* 1982±232* 2710±290*a,b

Menstrual phase 1157±170 1275±153 1325±235

LF(nu)

Follicular phase 40.24±7.12 43.14±6.20 45.00±9.10

Luteal phase 56.72±6.50* 58.10±5.54* 74.28±7.13*a,b

Menstrual phase 42.12±5.80 45.22±4.40 47.19±7.80

HF(ms2)

Follicular phase 910±118 845±108 740±120

Luteal phase 596±80* 528±95* 320±57*a,b

Menstrual phase 835±107 793±100 740±107

HF(nu)

Follicular phase 36.24±4.18 33.14±3.75 30.34±2.80

Luteal phase 20.52±3.24* 19.54±2.14* 10.47±2.55*a,b

Menstrual phase 32.39±6.30 28.74±5.80 25.80±4.70

LF/ HF

Follicular phase 1.10±0.25 1.25±0.34 1.30±0.32

Luteal phase 2.20±0.30* 2.32±0.25* 3.45±0.41*a,b

Menstrual phase 0.85±0.18 0.90±0.21 1.01±0.30

[table/Fig-6]: Effect of dietary habits on frequency domain
Significance at p≤ 0.05, where, *Significant change compare with follicular phase 
and luteal phase, a – compared with vegetarians, b-compared with eggetarians. 
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influence sensorimotor association and heart rate variability (HRV) 
during different phases of menstrual cycle, by modulating the 
synthesis and metabolism of endogenous hormones (sex steroids) 
and their carrier proteins in the circulation. Reaction time evaluates 
the rapidity of central nervous system (CNS) for the coordination 
between the sensory and motor systems [10]. The interaction 
between sex hormones and neurotransmitter systems may result 
in cyclic changes in activation levels throughout the menstrual 
cycle. Autonomic nervous system is activated when sex hormone 
levels are low, while CNS activated during higher hormone levels 
[11]. Menstrual cycle is associated with dopamine release in the 
nigro-striatal pathway due to fluctuating levels of ovarian steroids 
hormones which may affect the brain regions [12]. The effects of 
estrogen on sensorimotor functions are attributed to its interaction 
with the dopaminergic system. During follicular phase progesterone 
production is low and estrogen levels increase gradually. At the 
end of follicular phase, there is exponential increase in levels 
of estrogen. After ovulation, progesterone levels also begin to 
rise. During luteal phase, both estrogen and progesterone are 
increased [13]. Prolongation of reaction time (visual and auditory) 
in follicular phase may due to exponential increase in levels of 
estrogen. Estrogen may enhance the inhibitory effects of GABA 
by stimulating its secretion and thereby delaying conduction. 
The excitation effects of estrogens are explained by their effects 
on glutamate, excitatory neurotransmitters excreted from the 
cortical neurons [14] and involvement in the neuromodulator of 
the serotonergic system [15]. Equally, progesterone may also 
decrease the sensitivity of neurons [16]. During follicular phase, 
when progesterone levels are low, low levels of GABA are in 
occipital cortex and during the luteal phase; when excretion of 
progesterone increases, GABA levels also increases, this indicate 
that progesterone metabolites may affect the activity of GABA. 
[17]. Performance of perceptual, as well as finger dexterity, was 
found improved during phases of higher levels of estradiol and both 
estradiol and progesterone (late follicular and mid-luteal phase) 
compared with the menstrual phase, when levels of sex hormones 
are low [18]. It has been shown by previous studies, that female 
sex hor mones act at the receptor level on the hippocampus and 
hypothalamus that alters the excitability of the neurons across 
different phases of the menstrual cycle [19,20].

Heart rate variability (HRV) was used to examine the sympatho-vagal 
balance. The low-frequency (LF) component was found to be higher 
and the high-frequency (HF) component to be lower during luteal 
phase than during the follicular and menstrual phases. The LF/HF 
ratio was also found to be significantly greater in the luteal phase 
than during the follicular and menstrual phases. This data supports 
previous findings regarding menstrual cycle [21]. In the present study, 
we observed non-vegetarians showed more significant changes as 
compared to eggetarians and vegetarians. These data suggest that 
sympathetic nervous activities are predominant in the luteal phase 
as compared to follicular phase, and this sympathetic dominance 
is more evident among non-vegetarians which may be due to their 
higher BMI. Previous studies on correlation between HRV and 
body mass index (BMI) had established that higher BMI scores 
were correlated to higher sympathetic and lower parasympathetic 
activities [22,23]. Our results support the previous finding; higher BMI 
is associated with lower parasympathetic activity as reflected by a 
higher NN interval and lower SDNN and RMSSD. The present data 
support findings of alterations of sympatho-vagal balance, related 
to higher BMI among non-vegetarian individuals. The vegetarians 
exhibited a significantly higher-frequency power of heart rate 
variability than non-vegetarian individuals. The vegetarians exhibited 
increases of cardiac vagal activity by significant higher total power, 
low-frequency (LF); and high-frequency (HF) of HRV compared with 
the non-vegetarian individuals [24]. Long-term vegetarian diets may 
help vagal regulation of the heart without increasing the sympathetic 
variations of the cardiovascular system [25]. A difference of a 

balance of ovarian hormones may be responsible for these changes 
of autonomic functions during the menstrual cycle [26].

lIMItAtIOn 
Limi tations of our study are that we have not measured serum levels 
of estrogen and progesterone hormones during different phases of 
menstrual cycle. Although, the measurement of hormones were 
not done in this study, but, from present knowledge it can be 
expected that hormonal changes during normal menstrual cycle, 
mainly fluctuating levels of estrogen and progesterone might affect 
the sensorimotor association and regulation of cardiac autonomic 
tone. 

cOncluSIOn 
We concluded that sensorimotor association and regulation of 
autonomic tone are modified in luteal phase as compared to 
follicular phase and menstrual phase; however non-vegetarians had 
showed more significant alterations as compared to eggetarians 
and vegetarians. These suggest that sympathetic nervous activities 
are predominant in the luteal phase as compared to follicular 
phase, and this sympathetic dominance is more among non-
vegetarians which may be due to their higher BMI. The fluctuating 
levels of ovarian hormones (estrogen and progesterone) across the 
normal menstrual cycle might be responsible for these changes. 
Long-term vegetarian diets may help vagal regulation of the heart 
without increasing the sympathetic variations of the cardiovascular 
system. This fact can be taken into attention in neurological and 
behavioral assessment of women. This is a preliminary study; more 
authentications of these results can be confirmed by measuring the 
hormonal levels during menstrual cycle. 
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