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Abstract 

Background: Hormonal changes that occur at regular intervals throughout a woman's 

menstrual cycle affect many different parts of her body, including the autonomic nervous 

system (ANS). The ANS, comprising parasympathetic and sympathetic components, 

regulates important physiological processes such as heart rate, blood pressure, and vascular 

tone.  

Aim: To determine lying to standing test, cold pressor test, and hand grip tests in different 

phases of menstruation in young healthy females.  

Materials & methods: Researchers from the Index Medical College & Research Center 

conducted a study in Indore, Madhya Pradesh, involving 100 participants aged 18-25. The 

participants were required to provide written informed consent and be between 18-25. 

Eligible participants were not pregnant, nursing, residents of the study area, or those with a 

history of autonomic dysfunction. The study included cardiac autonomic testing, dietary 

habits, and a comprehensive medical, family, and medication history. The hand grip test 

involved taking blood pressure readings at rest, while the cold pressor test involved 

submerging the hand in cool water at 100ºC. The study also included a 10-minute lying down 

period to help the participant transition to a standing position, and recording vitals at various 

intervals. The study aimed to understand the effects of various medications on cardiac 

function.  

Results: The study reveals that during the luteal phase, resting systolic and diastolic blood 

pressure increases, indicating sympathetic dominance. Postural challenge tests and cold 

pressor tests also increase these pressures. However, both systolic and diastolic blood 

pressure decrease with these tests, and without them. Handgrip exercise also increases these 

pressures during the luteal phase, while handgrip exercise decreases them in the follicular 

phase. These findings highlight the importance of balancing exercise and stress in 

maintaining blood pressure.  

Conclusion: The study utilized lying-to-standing, cold pressor, and handgrip tests to assess 

young healthy women's autonomic function. Results showed changes based on phase, with 

parasympathetic activity in the follicular phase and sympathetic dominance in the luteal 

phase. 
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Introduction 

Hormonal changes that occur at regular intervals throughout a woman's menstrual cycle 

affect many different parts of her body, including the autonomic nervous system (ANS). The 

ANS, comprising parasympathetic and sympathetic components, regulates important 

physiological processes such as heart rate, blood pressure, and vascular tone. Hormonal 

changes during the menstrual cycle, specifically during the follicular, ovulatory, and luteal 

phases, may alter autonomic responses, according to emerging data. However, the exact 

nature of this association is still not fully known [1-3]. 

There are non-invasive ways to measure the balance of the sympathetic and parasympathetic 

nervous systems [4]. Some examples of these procedures are the lying-to-standing test, the 

cold pressor test, and the handgrip test [5]. A measure of autonomic reactivity and baroreceptor 

sensitivity, the lying-to-standing test compares the subjects' heart rates and blood pressures as 

a function of postural changes [6,7]. One measure of prolonged sympathetic activation during 

isometric exertion is the handgrip test, while the other is the cold pressor test, which looks at 

the sympathetic response to cold-induced stress [8-11]. 

Using these tests, this study intends to examine how young, healthy girls' autonomic 

responses change during their menstrual cycles. Improving clinical evaluations and making 

sense of autonomic dysfunction in women depend on our ability to comprehend such 

differences. In order to better understand female physiology and its effects on health and 

illness management, this study aims to shed light on phase-specific autonomic regulation. 

 

Materials & methods 

In Indore, Madhya Pradesh, researchers from the Index Medical College & Research Center's 

Department of Physiology made observations in a clinical setting. Using simple random 

sampling, one hundred participants from Indore city, ranging in age from eighteen to twenty-

five, made up the study population. To be eligible to participate, individuals had to have 

provided their written informed consent and be between the ages of 18 and 25. Individuals 

who did not meet the following criteria were not eligible to participate: they were not 

pregnant or nursing, they did not reside in the study area, they had a history of systemic 

hypertension, dyslipidemia, coronary heart disease, autonomic disease, polyneuropathy, or 

any condition that could lead to autonomic dysfunction; they were also not willing to provide 

written informed consent for the study; they were smokers, alcoholics, or patients taking oral 

contraceptives, hormone replacement therapy, or medications that alter the heart's electrical 

conduction system. The research included cardiac autonomic testing, dietary habits, and a 

comprehensive medical, family, and medication history.  

For the hand grip test, we took the subject's blood pressure readings at rest. For a short period 

of time, we had the subject hold with his dominant hand as firmly as possible. We carried out 

this process three times. Maximum voluntary contraction (MVC) was defined as the highest 

of the three measurements. The dynamometer marked a third of the subject's maximum 

voluntary contraction (MVC). The investigator instructed the subject to maintain a steady 

grip on the dynamometer for four minutes, until they reached the mark. If the participant feels 

unable to maintain his balance for the entire four minutes, he should signal to the researcher. 

The investigator noted how long the person could keep their grasp. While taking the test, the 

participant should remain still. We took the blood pressure on the opposite arm at 1, 2, and 4 

minutes after the patient began contracting, or immediately before the grip if the contraction 

was shorter than 4 minutes. We remeasured two minutes following the release of the grip. We 

took the subject's blood pressure at rest as part of the cold pressor test. We took a 30-second 
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baseline electrocardiogram. Cool water at 100ºC was prepared. We instructed the participant 

to submerge their hand for one minute, ensuring the water reached their wrist. We measured 

the blood pressure before removing the hand from the water. Remove the hand from the water 

and cover it with a towel. We then took blood pressure 1.5 and 4 minutes after the hand 

withdrawal, respectively. As part of the exam, we instructed the individual to lie down for 10 

minutes to help them transition to a standing position. Starting point data includes BP, HR, 

and electrocardiogram. We then instructed the patient to stand up in three seconds, and 

recorded their vitals at half-hour, one-, two-, three-and-a-half, and five-minute intervals. We 

recorded the subject's electrocardiogram for 2 minutes after they stood up. 

 

Statistical analysis 

The statistical studies were carried out using SPSS software, and a significance level of p < 

0.05 was used to evaluate the data distribution parameters by standard normality tests and 

ANOVA for comparison.  

 

Results 

Table 1: Comparison of lying to standing test parameters in the different phases of 

menstruation.  

Parameters Menstrual 

(n=100) 

Proliferative 

(n=100) 

Secretory 

(n=100) 

ANOVA 

P value 

Resting SBP (mmHg) 117.22± 3.12 124.34 ± 5.57 120.2 ± 4.42 <0.0001 

Resting DBP  (mmHg) 83.24±4.55 70.24±4.24 76.54±5.37 < 0.05 

Postural SBP (mmHg) 106.18±4.18 101.24±4.42 108.22±4.62 < 0.001 

Postural DBP (mmHg) 63.41±3.21 61.15±3.32 66.13±3.23 < 0.05 

Data presented in Table 1 shows that during the luteal phase, there was significant increase in 

the resting systolic and diastolic blood pressure showing the sympathetic dominance. Both 

systolic and diastolic blood pressure also showed significant increase (p<0.05) with the 

application of the stimulus of postural challenge test during the luteal phase. In the follicular 

phase, both the systolic and diastolic blood pressure decreased with the application of the 

stimulus challenge test and without the stimulus, the decrease is statistically significant 

(p<0.05). 

 

Table 2: Comparison of cold pressor test (CPT) parameters in the different phases of 

menstruation.  

Parameters Menstrual 

(n=100) 

Proliferative 

(n=100) 

Secretory 

(n=100) 

ANOVA 

P value 

CPT SBP (mmHg) 126.18±3.30 122.42±3.38 130.22±3.13 <0.0001 

CPT DBP  (mmHg) 87.23±4.17 81.44±4.13 91.24±4.47 < 0.05 

Data presented in Table 2 shows that during the luteal phase, there was significant increase in 

the resting systolic and diastolic blood pressure showing the sympathetic dominance. Both 

systolic and diastolic blood pressure also showed significant increase (p<0.05) with the 

application of the stimulus of cold pressor tests during the luteal phase. In the follicular 

phase, both the systolic and diastolic blood pressure decreased with the application of the 

stimulus cold pressor tests and without the stimulus, the decrease is statistically significant 

(p<0.05). 
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Table 3: Comparison of hand grip test (HGT) parameters in the different phases of 

menstruation.  

Parameters Menstrual 

(n=100) 

Proliferative 

(n=100) 

Secretory 

(n=100) 

ANOVA 

P value 

HGT SBP (mmHg) 121.16±3.12 113.17±3.13 125.13±2.22 <0.0001 

HGT DBP  (mmHg) 75.25±2.15 71.17±1.19 79.13±3.24 < 0.05 

Data presented in Table 3 shows that during the luteal phase, there was significant increase in 

the resting systolic and diastolic blood pressure showing the sympathetic dominance. Both 

systolic and diastolic blood pressure also showed significant increase (p<0.05) with the 

application of the stimulus of handgrip exercise during the luteal phase. In the follicular 

phase, both the systolic and diastolic blood pressure decreased with the application of the 

stimulus of handgrip and without the stimulus, the decrease is statistically significant 

(p<0.05). 

 

Discussion 

In the current study, we observed a significant rise in the resting systolic and diastolic blood 

pressure during the luteal period, in contrast to the menstrual phase. In the follicular phase, 

estrogen causes vasoconstrictors like angiotensinogen II and endothelins to not be made. 

Instead, it encourages the release of prostacyclin and nitric oxide. [6,7]. It lowers the release of 

noradrenaline a lot during the follicular phase, but estrogen increases the density and function 

of presynaptic α2 adrenoreceptors [8]. Estrogen stimulates the opening of calcium-activated 

potassium channels via the nitric oxide and cyclic guanosine monophosphate routes, therefore 

inducing smooth muscle relaxation and hence vasodilation.  [9] A rise in acetylcholine 

concentration may be associated with estradiol. This could potentially explain why the 

follicular phase experiences lower sympathetic activity compared to the luteal phase [10]. 

By countering actions of estrogen, progesterone may raise cardiac excitability during the 

luteal phase.[11] On the cardiovagal baroreflex responses, progesterone also causes inhibition. 
[12] Luteal phase estradiol peaks serve to boost progesterone receptors. Progesterone 

hormone's enhanced action during the luteal phase may explain the enhanced sympathetic 

activity. Studies have demonstrated that ovarian steroids during the normal menstrual cycle 

alter the autonomic nervous system's activity, with parasympathetic dominance in the 

follicular phase and sympathetic dominance in the luteal phase, thereby influencing the 

resting blood pressure. [13,14] In all three periods of the menstrual cycle, our study revealed a 

statistically significant variation in postural change in systolic and diastolic blood pressure. 

When someone abruptly shifts from a supine to a standing position, there is a peripheral 

pooling of blood in the dependent areas of the body; this reduces venous return and cardiac 

output, thereby lowering the systolic blood pressure. The sinoaortic reflex, which works in 

seconds, helps steady the blood pressure. [15]  The follicular phase dominates parasympathetic 

activity, which reduces baroreflexes brought on by postural alterations. Moreover, in the 

premenstrual phase, baroreflex regulation of the sympathetic component rises. Thus, we 

determined that postural variation throughout the menstrual cycle alters baroreflex control of 

autonomic activities. [16] Our investigation revealed statistically significant (p < 0.05) 

differences in the systolic and diastolic blood pressure response to the cold pressor test 

between the luteal phase and the menstrual and follicular phases. Cold water stress's 

increased sympathetic activity results in norepinephrine release and blood pressure raising. 

The release of endothelins, prostaglandins, and angiotensin II could potentially explain blood 

pressure increases. [17] The second part of the menstrual cycle marked a much higher pain 

threshold for women, suggesting higher ovarian steroid and endorphin levels. [18-20] During 

isometric handgrip activity, nerve endings that are sensitive to metabolites in the interstitium 

of skeletal muscle usually pick up on rising levels of metabolites such as adenosine and lactic 
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acid. These medicines increase the discharge of group IV (metaboreceptor) afferent fibers. 

This sets off a strong reflex that makes the sympathetic nerves work harder. This causes 

vasoconstriction, which fuels the increase in blood pressure.[19] Oestrogen clearly affects the 

blood flow via the hand and forearm, particularly on the venous tone, although the effects of 

progesterone on peripheral blood flow are dubious. [20-22] 

 

Conclusion 

This study used the lying-to-standing, cold pressor, and handgrip tests to test the autonomic 

function of young, healthy women at various points throughout their menstrual cycles. The 

results showed that there were changes based on phase, with parasympathetic activity being 

more prevalent in the follicular phase and sympathetic dominance during the luteal phase. 

These results highlight the significant role of the menstrual cycle in autonomic regulation, 

which is important for both physiological evaluations and therapeutic uses. Menstrual phase 

consideration enhances the precision of autonomic function studies in women. 
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