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ABSTRACT 
Background: Premenstrual syndrome (PMS) shows a wide variety of cyclic and recurrent physical, emotional, and 

behavioral symptoms occurring during the late luteal phase of the menstrual cycle and abating shortly following the 

beginning of menses. The present study assesses whether the activity of the autonomic nervous system is altered during 

the menstrual cycle of women with different degrees of premenstrual symptomatology  

Material & Methods: Twenty PMS cases with their mean age 20±1.5 with regular menstrual cycles participated in this 

study. The autonomic nervous system activity was noninvasively measured by HRV power spectral analysis & menstrual 

distress questionnaire was compared among normal controls & PMS cases.  

Results: has shown significant change in VHF (P=0.00), VLF (P=0.02), Sympathetic vagal balance (P=0.05) in PMS 

cases as compared to control. Significant increase in VHF (P=0.03) & VLF (P=0.00) is seen in leuteal phase as compared 

to follicular phase in PMS cases. SDNN & RR interval was also compared it was found to be significantly decreased in 

leuteal phase of PMS cases as compared to controls. 

Conclusion: we can say that there is sympathetic over activity in Late leuteal phase  of menstrual cycle in females of age 

group 20-25.This sympathetic over activity hampers in day to day routines of the subjects as dysphoric symptoms are 

increased markedly during late luteal phase in PMS cases as compared to controls. 
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INTRODUCTION 

A lot of studies have been done to see the autonomic changes during menstrual cycle this study was done as to 

observe the changes in medical students during Follicular and Late leuteal phase.  Premenstrual syndrome (PMS) 

describes a range of emotional, behavioral, and physical symptoms that occur during the leuteal phase of the ovulatory 

menstrual cycle and abate following menstruation [1]. Premenstrual syndrome (PMS) is characterized by the cyclic 

nature of a collection of psychological, physiological, and/or behavioral symptoms appearing during the late leuteal 

phase of the menstrual cycle and usually disappearing shortly after the onset of menses [2, 3]. Both severe PMS and 

premenstrual dysphoric disorder are associated with significant functional impairment and impact quality of life [1]. 

Despite findings that the autonomic function is altered in people with psychosomatic symptoms such as depression 

anxiety or chronic fatigue, a paucity of information exists regarding the potential association of PMS and autonomic 

nervous system activity [4, 5]. Measurement of heart rate variability (HRV) is a widely used noninvasive technique to 

assess the influence of sympathetic and parasympathetic activity on the heart.  Heart rate with low variability reflects 

reduced parasympathetic (vagal) activity and/or elevated sympathetic tone and is considered an important cardiovascular 

risk factor [5-10]. There are two types of HRV measurements: time domain variables and frequency domain variables. 

The RR interval is the time interval between two consecutive R-points of the QRS complex intervals. The standard 

deviation of normal RR intervals (SDNN) reflects total variability and carries the strongest prognostic information in 

heart disease [7]. The frequency domain variables are derived from power spectral analysis of long-term or short-term 

registrations and are used to distinguish between sympathetic and vagal predominance [11]. The power of the high 

frequency peak (HF) corresponds to the respiratory sinus arrythmia and reflects mainly the cardiac vagal function [7]. In 

the supine position, the vagal afferents and efferents are activated and the HF component is assumed to reflect 

parasympathetic activity only. The low frequency peak (LF) is influenced by baroreceptor mediated regulation of blood 

pressure and reflects both sympathetic and vagal activity [11-14]. The LF/HF ratio has been used to reflect the sympatho-

vagal balance and in the standing up position, when the sympathetic system is activated by an orthostatic response, it is 

assumed to be mainly an estimate of the sympathetic tone [15, 16]. 

https://ijmpr.in/
https://www.ncbi.nlm.nih.gov/nlmcatalog/474373
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One study reported that women with PMS have a higher resting heart rate than controls in the late-luteal phase 

consistent with altered autonomic nervous system function, but others have failed to replicate this effect [17-19]. As far 

as we are aware, only two studies have measured HRV in women with PMS or PMDD. Landen et al evaluated HRV in 

women diagnosed with PMDD and in controls during the follicular and late-luteal phases of the menstrual cycle [20]. 

Accordingly, the present study evaluates resting autonomic nervous system activity by means of HRV power spectral 

analysis of eumenorrheic women with different degrees of premenstrual symptoms and there comparison with controls. 

 

MATERIAL AND METHODS 

Subjects: Twenty females in the age group of 20-25 yr with PMS and 20 normal controls with regular menstrual 

cycles participated in this study. The study protocol was approved in advance by the institutional ethical committee and 

was performed in accordance with the declaration of Helenski of world medical association. All subjects received an 

explanation of the nature and purpose of the study, gave their written informed consent for the study. Prior to obtaining 

any data from experiments, the subjects had medical examinations and interviews and completed a standardized health 

questionnaire regarding medical history, medical examinations, medications, current health condition, menstrual cycle 

(length of cycle, length of menstrual flow and regularity of cycle), premenstrual discomfort and lifestyle. All subjects self 

reported regular menstrual cycle for at least two cycles. None of the subjects had clinical history of diabetes mellitus, 

hypertension, cardiovascular disease, or any other endocrine or systemic disorders. 

 

Experimental procedure 

Subjects were examined on two separate occasions: once during the follicular phase (with in five days after 

completion of menstrual bleeding), and once during the late leuteal phase (with in seven days before the next 

menstruation). Cycle phase was determined by the onset of menstruation and oral temperature [16]. All measurements in 

the follicular and late leuteal phase for subjects were taken between 12:00 and 15:00. The room was temperature 

controlled at 25°C, quiet, and comfortable, with minimization of arousal stimuli. Height and body weight of each subject 

were measured to calculate body mass index (BMI) as body weight divided by height squared. After skin preparation, the 

subjects were fitted with ECG electrodes. They then rested for at least 10 minutes before the start of the experiment. 

After the resting period, the II lead ECG was continuously recorded for 15 minutes during supine rest. All subjects 

breathed in synchrony to a metronome at 15 beats·min-1 (0.25 Hz) to ensure that respiratory-linked variations in heart 

rate did not overlap with lower-frequency heart-rate fluctuations (below 0.15 Hz) from other sources. The ECG sampling 

of R-R interval variations were later analyzed via HRV power spectral analysis described above to evaluate autonomic 

nervous system activity during the menstrual cycle. Before the subjects completed ECG measurement, each filled out the 

Menstrual Distress Questionnaire (MDQ) which evaluated physical, emotional, and behavioral symptoms accompanying 

the menstrual cycle [21]. 

 

R-R interval power spectral analysis procedure. 

Periodic components of HRV tend to aggregate within several frequency bands [11, 13 & 22]. The autonomic 

nervous system activity was thus no invasively measured by HRV power spectral analysis, which decomposes the series 

of sequential R-R intervals into a sum of sinusoidal functions of different amplitudes and frequencies by the fast Fourier 

transform algorithm (FFT). Biopac MP100 with acknowledge 3.9 software machine was used for recording HRV data. 

The technique of the analysis for the present investigation has been applied in basic physiological and clinical research 

fields, and its validity and reliability has been previously confirmed [16, 23 & 24-28]. The procedure of R-R interval 

power spectral analysis used in the present study has been described in great detail elsewhere [25, 26]. The digitized ECG 

signal was differentiated, and the resultant QRS spikes and the intervals of the impulses (R-Intervals) were stored 

sequentially on a hard disk for later analyses. Spectral powers were calculated for the following respective frequency 

band: Very low frequency(VLF) power (≤0.04Hz) & low frequency (LF) power (0.04-0.15Hz), an indicator of both 

sympathetic and parasympathetic nervous system activity; high frequency (HF) power (0.15-0.4Hz), which solely reflects 

parasympathetic nerve activity; and Symaptaho /Vagal balance(Ratio LF[ms2]/HF[ms2] representing overall ANS activity 

[23-26 & 28]. 

 

Statistics 

The data obtained was analyzed using SPSS software (Version 17.0).Kolmogrov -smirnov test was used for 

checking the normality of data. Equality of variance was checked using Leven’s test. Mann- whitney U Test was used for 

comparison of control with PMS.  Wilcoxon signed rank test was used for comparison of Late Leutal phase with 

Folicular phase in PMS cases.  P value less than 0.05 is taken as significant. Results are expressed as mean±S.D. 

 

RESULTS 

The mean values of age in control were 20±1.2 &PMS were 20±1.5. Normality of data was checked using 

Kolmogrov -smirnov test VLF, LF, Sympathetic vagal balance are normally distributed HF &VHF were not. 
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Levene’s test for equality of variance has shown that in controls VLF has F, 0.008 and p=0.930, LF has F, 6.723 & 

p=0.018 and sympathetic vagal balance has F, 13.158 & p=0.002) while in PMS VLF has F, 0.954 & p=0.342 LF has F, 

9.253& p=0.007, sympathetic vagal balance has F, 10.691 & p=0.004. 

 

Our data has shown significant decrease in HF& VHF in leuteal phase as compared to follicular phase (P=0.03).VLF 

is significantly increased (P=0.02) & VHF is significantly decreased in PMS cases as compared to controls (P=0.00), 

Sympathetic–vagal balance in PMS is slightly increased (P=0.05) as shown in table-1. 

 

Table-2 shows comparison of Late leuteal phase with follicular phase in PMS cases with significant changes in HF 

(P=0.03), VHF (P=0.03) & VLF (P=0.00) among two groups. 

 

Table -3 shows time domain variables i.e. RR interval & SDNN mean in PMS & Controls in follicular & Late leuteal 

phase. Significant decrease (P<0.05) in RR interval & SDNN mean is seen in PMS cases as compared to controls in both 

follicular & leuteal phases. 

 

Figure 1: shows power spectral density in normal subjects. 

Figure 2: shows power spectral density in PMS cases. 

Figure 3: Shows comparing the frequency of symptoms number of subjects reported in controls and PMS cases. 

 

Table 1: Comparison of control and Pre menstrual syndrome cases 

Parameter Control n=20 PMS n=20 P value 

HF(Hz) 1.27±1.63 1.15±1.45 0.16 

LF(Hz) 2.00±0.50 2.06±0.55 0.18 

VHF(Hz) 0.79±1.00 0.50±0.56 0.00* 

VLF(Hz) 4.25±1.00 5.87±1.03 0.02* 

Sympathetic vagal Balance 3.00±0.00.45 3.45±0.36 0.05* 

*Significant 

 

Table 2: Comparison of Follicular phase and Late Leuteal phase in Premenstural syndrome cases 

Parameter Follicular phase n=20 Late Leuteal phase n=20 P value 

HF(Hz) 1.90±2.17 1.73±1.93 0.03* 

LF(Hz) 0.79±1.00 2.81±1.58 0.95 

VHF(Hz) 1.30±1.24 0.74±0.74 0.03* 

VLF(Hz) 4.63±1.27 5.67±1.47 0.00* 

Sympathetic vagal Balance 1.15±1.45 2.82±1.24 0.22 

*Significant 

 

Table 3: Comparison of RR interval & SDNN mean in PMS & Controls in follicular & Late leuteal phase 

 Follicular Phase n=20 Late Leuteal Phase n=20 

 Control PMS Control PMS 

RR(ms) 736.2±62.4 694.6±48.3* 723.3±53.4 663.8±32.5* 

SDNN(ms) 132.5±21.3 118±26.4 112.4±23.6 96.3±16.4* 

Significant* 
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Figure 3: Frequency of Symptoms in Controls & Premenstrual cases 

 

DISCUSSION 
Previous studies have demonstrated that the autonomic regulation of the heart in normal women fluctuates during the 

menstrual cycle, HRV being lower in the leuteal phase than in the follicular phase [29, 30]. In the present study, this 

phenomenon was discernible in the control group, stressing the importance of taking menstrual cycle phase into account 

when interpreting HRV in menstruating women. The most prevalent symptoms include: irritability, mood labiality, 

depression, anxiety, impulsivity, feelings of "loss of control," fatigue, decreased concentration, abdominal bloating, fluid 

retention, breast swelling, and general aches [2, 3, 14 & 29].  HRV measurements are increasingly used in applications 

ranging from basic investigations and central regulation of autonomic state to studies of fundamental links between 

psychological processes and physiological functions and evaluations of cognitive development and clinical risk [9]. 

According to Kim et al. as an ancillary study of the Women's Health Initiative Observational Study, women with 

symptoms of depression had significant reductions in HRV and higher heart rate, suggestive of increased sympathetic 

tone [32]. Recent study with this method has revealed that patients with climacteric disorders possessed altered 

sympathovagal balance [28]. It should be mentioned that the widely fluctuated R-R interval and the corresponding power 

spectrum in the Control group were frequently observed in healthy individuals in previous research [23, 25-27]. In the 

PMS group, however, Total power and HF power were significantly decreased in the late luteal phase from the follicular 

phase. As to the PMS group suffering more severe negative emotional symptoms, heart-rate fluctuations as well as all 

components of the power spectrum were markedly more reduced regardless of the menstrual cycle. These findings 

demonstrated that power spectral analysis of HRV not only can evaluate the activities of both branches of the autonomic 

nervous system but also have potential capacity to scrutinize an intricate relationship between psycho-behavioral and 

physiological processes. In addition, age is an important factor influencing autonomic nervous system activity that’s why 

we have kept narrow band of mean ages of the subjects [28, 33]. This study, however, indicates that parasympathetic 

nervous system activity decreased in the symptomatic late luteal phase compared to the follicular phase in women who 

experienced a substantial increase (> 20%) in diverse, but not unbearable, psychosomatic symptoms premenstrually. The 

study also suggests that physiological function in both branches of the autonomic nervous system might be more 

depressed during the entire menstrual cycle when premenstrual symptoms become more severe as seen in women 

suffering from PMDD. Kondo et al. measured the coefficient of variation of R-R interval during the menstrual cycle and 

demonstrated that the parasympathetic nerve activity was lower in the late luteal phase than in the follicular phase in 

women with PMS [34]. Recent clinical studies have revealed that women with PMS had elevated norepinephrine and 

total peripheral resistance at rest and during mental stressors compared with control subjects [35, 29]. These phenomena 

occurred in both the follicular and luteal phases. Recent research by Landen et al. with time and frequency domain of 

HRV measurement has shown an interesting finding, which suggests that women with PMDD have reduced vagal tone 

compared to controls and that this difference is more apparent in the non-symptomatic follicular phase [36]. We have 

also compared time domain variables, which in this study reveals RR interval and SDNN is significant lower in PMS 

cases as compared to controls and hence adds further support to the notion that reduced HRV is a feature shared by a 

number of related psychiatric disorders that are characterized by symptoms such as depressed mood, tension, and/or 

irritability and anger. The study of B grrishma et al has also shown decreased HRV & increase in DBP in leuteal phase 

[37]. The results are consistent with the Meta analysis study of Katja M. Schmalenberger eta al which indicates the 

presence of CVA fluctuations across the menstrual cycle. Menstrual Distress Questionnaire (MDQ) which evaluated 

physical, emotional, and behavioral symptoms accompanying the menstrual cycle has also shown increased distressing 

symptoms in PMS cases as compared to controls [38]. 

 

In conclusion we can say there is increased sympathetic activity in Late leuteal phase of menstrual Cycle in females 

of age group 20-25. This study also shows sympaththetic over activity in Pre menstrual syndrome cases in Late leuteal 

phase as compared to normal controls and in Follicular phase of PMS cases. The Symptoms of distress also increases 

which affects day to day activity in Premenstural syndrome cases. 



Dr Puneet Kumar et al.: Heart Rate Variability & Behavioral Changes in Normal & Premenstural Syndrome Cases in 
Follicular and Late Leuteal Phase in Medical Students 

332 

 

 

REFRENCES 
1. Freeman EW. (2003). Premenstrual syndrome and premenstrual dysphoric disorder: definitions and diagnosis. 

Psychoneuroendocrinology. 28(Suppl 3):25–37. 

2. Futterman LA, Rapkin AJ: (2006). Diagnosis of premenstrual disorders. J Reprod Med. 51(4 Suppl):349-358. 

3. Campagne DM, Campagne G: (2007). The premenstrual syndrome revisited. Eur J Obstet Gynecol Reprod Biol. 

130:4-17. 

4. Hughes JW, Stoney CM: (2000). Depressed mood is related to high frequency heart rate variability during stressors. 

Psychosom Med. 62:796-803. 

5. Gorman JM, Sloan RP: (2000). Heart rate variability in depressive and anxiety disorders. Am Heart J. 140(4 

Suppl):77-83. 

6. Glass JM, Lyden AK, Petzke F, Stein P, Whalen G, Ambrose K, Chrousos G, Clauw DJ: (2004). The effect of brief 

exercise cessation on pain, fatigue, and mood symptom development in healthy, fit individuals. J Psychosom Res. 

57:391-398. 

7. Task Force of the European Society of Cardiology and the North American Society of Pacing Electrophysiology.. 

Heart rate variability: standards of measurement, physiological interpretation, and clinical use. Circulation (1996); 

93: 1043–1065. 

8. Rich, M.W., Saini, J.S., Kleiger, R.E., Carney, R.M., te Velde, A., Freedland, K.E. (1988). Correlation of heart rate 

variability with clinical and angiographic variables and late mortality after coronary angiography. Am J Cardiol. 62: 

714–717. 

9. Ewing, D.J. (1991). Heart rate variability: an important new risk factor in patients following myocardial infarction. 

Clin Cardiol. 14: 683–685. 

10. La Rovere, M.T., Bigger, Jr.., J.T., Marcus, F.I., Mortara, A., Schwartz, P.J. (1998). Baroreflex sensitivity and heart-

rate variability in prediction of total cardiac mortality after myocardial infarction. ATRAMI (Autonomic Tone and 

Reflexes After Myocardial Infarction) Investigators. Lancet. 351: 478–484. 

11. Akselrod, S., Gordon, D., Ubel, F.A., Shannon, D.C., Berger, A.C., Cohen, R.J. (1981). Power spectrum analysis of 

heart rate fluctuation: a quantitative probe of beat-to-beat cardiovascular control. Science. 213: 220–222. 

12. Akselrod, S., Gordon, D., Madwed, J.B., Snidman, N.C., Shannon, D.C., Cohen, R.J., (1985). Hemodynamic 

regulation: investigation by spectral analysis. Am J Physiol. 249: 867–875. 

13. Pomeranz, B., Macaulay, R.J., Caudill, M.A., Kutz, I., Adam, D., Gordon, D., Kilborn, K.M., Barger, A.C., 

Shannon, D.C., Cohen, R.J., Benson, H. (1985). Assessment of autonomic function in humans by heart rate spectral 

analysis. Am J Physiol. 248:151–153. 

14. Lindqvist, A., (1990). Noninvasive methods to study autonomic nervous control of circulation. Acta Physiol Scand. 

588: 1–107. 

15. Malliani, A., Pagani, M., Lombardi, F., Cerutti, S., (1991). Cardiovascular neural regulation explored in the 

frequency domain. Circulation. 84: 482–492. 

16. Matsumoto T, Ushiroyama T, Morimura M, Moritani T, Hayashi T, Suzuki T, Tatsumi N: (2006). Autonomic 

nervous system activity in the late luteal phase of eumenorrheic women with premenstrual symptomatology. J 

Psychosom Obstet Gynaecol. 27:131-139. 

17. Palmero F, Choliz M. (1991). Resting heart rate (HR) in women with and without premenstrual symptoms (PMS). J 

Behav Med. 14:125–39.  

18. Girdler SS, Pedersen CA, Stern RA, Light KC. (1993). Menstrual cycle and premenstrual syndrome: modifiers of 

cardiovascular reactivity in women. Health Psychol. 12:180–92. 

19. Van den Akker O, Steptoe A. (1987). Psychophysiological responses in women with premenstrual and menstrual 

symptoms. J Psychophysiol. 1:149–58. 

20. Landén M, Wennerblom B, Tygesen H, Modigh K, Sörvik K, Ysander C, Ekman A, Nissbrandt H, Olsson M, 

Eriksson E: (2004). Heart rate variability in premenstrual dysphoric disorder. Psychoneuroendocrinology. 29:733-

740. 

21. Moos RH: (1968). The Development of a menstrual distress questionnaire. Psychosom Med. 30:853-867. 

22. Pagani M, Lombardi F, Guzzetti S, Rimoldi O, Furlan R, Pizzinelli P, Sandrone G, Malfatto G, Dell'Orto S, 

Piccaluga E, Turiel M, Baselli G, Cerutti S, Malliani A: (1986). Power spectral analysis of heart rate and arterial 

pressure variabilities as a marker of sympatho-vagal interaction in man and conscious dog. Circ Res. 59:178-193. 

23. Moritani T, Kimura T, Hamada T, Nagai N: (2005). Electrophysiology and kinesiology for health and disease. J 

Electromyogr Kinesiol. 15:240-255. 

24. Kimura T, Matsumoto T, Akiyoshi M, Owa Y, Miyasaka N, Aso T, Moritani T: (2006). Body fat and blood lipids in 

postmenopausal women are related to resting autonomic nervous system activity. Eur J Appl Physiol. 97:542-547. 

25. Hayashi T, Masuda I, Shinohara M, Moritani T, Nakao K: (1994). Autonomic nerve activity during physical exercise 

and postural change: investigations by power spectral analysis of heart rate variability. Jpn J Biochem Exerc. 6:30-

37. (in Japanese). 



Dr Puneet Kumar et al.: Heart Rate Variability & Behavioral Changes in Normal & Premenstural Syndrome Cases in 
Follicular and Late Leuteal Phase in Medical Students 

333 

 

26. Moritani T, Hayashi T, Shinohara M, Mimasa F, Masuda I, Nakao K: (1995). Sympatho-vagal activities of NIDDM 

patients during exercise as determined by heart rate spectral analysis. In Glucose fluxes, exercise and diabetes Edited 

by: Kawamori R, Vranic M, Horton ES, Kubota M. Smith-Gordon: Great Britain. 91-96. 

27. Matsumoto T, Miyawaki T, Ue H, Kanda T, Zenji C, Moritani T: (1999). Autonomic responsiveness to acute cold 

exposure in obese and non-obese young women. Int J Obes Relat Metab Disord. 23:793-800. 

28. Matsumoto T, Ushiroyama T, Kimura T, Sakuma K, Moritani T: (2007). Therapeutic effects of psychological 

treatment in the outpatient climacteric clinic evaluated with an index of autonomic nervous system activity. J Jpn 

Menopause Soc. 15:135-145. (In Japanese). 

29. Girdler SS, Pedersen CA, Straneva PA, Leserman J, Stanwyck CL, Benjamin S, Light KC: (1998). Dysregulation of 

cardiovascular and neuroendocrine responses to stress in premenstrual dysphoric disorder. Psychiatry Res. 81:163-

178. 

30. Sato, N., Miyake, S., Akatsu, J., Kumashiro, M. (1995). Power spectral analysis of heart rate variability in healthy 

young women during the normal menstrual cycle. Psychosom Med. 57:331–335. 

31. Saeki, Y., Atogami, F., Takahashi, K., Yoshizawa, T. (1997). Reflex control of autonomic function induced by 

posture change during the menstrual cycle. J Auton Nerv Syst. 66:69–74. 

32. Kim CK, Mc Gorray SP, Bartholomew BA, Marsh M, Dicken T, Wassertheil-Smoller S, Curb JD, Oberman A, Hsia 

J, Gardin J, Wong ND, Barton B, McMahon RP, Sheps DS: (2005). Depressive symptoms and heart rate variability 

in postmenopausal women. Arch Intern Med. 165:1239-1244. 

33. Vallejo M, Márquez MF, Borja-Aburto VH, Cárdenas M, Hermosillo AG: (2005). Age, body mass index, and 

menstrual cycle influence young women's heart rate variability – a multivariable analysis. Clin Auton Res. 15:292-

298. 

34. Kondo M, Hirano T, Okamura Y: (1989). Changes in autonomic nervefunction during the normal menstrual cycle 

measured by the coefficient of variation of R-R intervals. Nippon Sanka Fujinka Gakkai Zasshi. 41:513-518. (In 

Japanese). 

35. Kimura Y, Takamatsu K, Fujii A, Suzuki M, Chikada N, Tanada R, Kume Y, Sato H: (2007). Kampo therapy for 

premenstrual syndrome: efficacy of Kamishoyosan quantified using the second derivative of the fingertip 

photoplethysmogram. J Obstet Gynaecol Res. 33:325-332. 

36. Landén M, Wennerblom B, Tygesen H, Modigh K, Sörvik K, Ysander C, Ekman A, Nissbrandt H, Olsson M, 

Eriksson E: (2004). Heart rate variability in premenstrual dysphoric disorder. Psychoneuroendocrinology. 29:733-

740. 

37. B. Grrishma, G. S. Gaur, Latha Chaturvedula et al: (2015). Assessment of Cardiovascular Autonomic Functions and 

Baroreceptor Reactivity in Women with Premenstrual Syndrome; IJPP. 59 (2):148-154. 

38. Katja M. Schmalenberger, Tory A. Eisenlohr-Moul, Lena Würth et al: (2019). A Systematic Review and Meta-

Analysis of Within- Person Changes in Cardiac Vagal Activity across the Menstrual Cycle: Implications for Female 

Health and Future Studies: J. Clinic. Medicine. (8):1946. 


