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ABSTRACT
Menopause is a Greek word meaning, ‘meno’ – month, ‘pause’–ceases. Menopausal transi-
tion includes autonomic dysfunctions like somatic symptoms, vasomotor symptoms and 
mental disturbances such as mood changes, depression, irritability, forgetfulness and lack 
of concentration that decreases the quality of life. These climacteric vasomotor symptoms 
are due to alteration of autonomic hemodynamic regulation. Recently, there developed a 
concept of increased cardiovascular risk and mortality in individuals with sympathovagal 
imbalance. Sympathovagal imbalance has been observed in postmenopausal women. Car-
diovascular risk has been shown to be associated with cognitive decline in elderly post-
menopausal women. Sympathovagal imbalance with increased sympathetic and decreased 
parasympathetic activity could be linked to cognitive decline after menopause in women.
Key words: Postmenopausal women, Heart Rate Variability, Cardiac Autonomic Functions, 
Cognition, Sympathovagal imbalance.
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INTRODUCTION
Menopause refers to a point in time that follows one 
year after the cessation of menstruation.[1] Meno-
pause is a Greek word meaning, ‘meno’ – month, 
‘pause’ – ceases.[2] It is a gradual transition from the 
reproductive to the post-reproductive stage of wom-
en’s life.[3] According to the third consensus meet-
ing of Indian Menopause Society (2008), India has 
a large population, which has already crossed billion 
mark, the number of menopausal women about 43 
million. It has been projected that in 2026 the popu-
lation in India will be 1.4 billion, the menopausal 
population will be 103 million.[4] In Indian women 
the mean age of menopause is 47.5 years.[4] 
Menopausal transition includes autonomic dysfunc-
tions like somatic symptoms, vasomotor symptoms, 
sexual dysfunctions, urological symptoms, psy-
chological and mental disturbances such as mood 
changes, insomnia, depression, irritability, forget-
fulness and lack of concentration that decreases the 
quality of life.[1,5] It was reported that the prevalence 
of any one of the post-menopausal symptoms was 
88.1% and the most common was vasomotor symp-
toms (combined hot flushes and night sweats). 
These climacteric vasomotor symptoms are due to 
alteration of autonomic hemodynamic regulation 
like various cardiovascular reflexes and dysregula-
tion of cutaneous blood flow.[6] 
In Indian women the incidence of Cardiovascular 
Disease (CVD) is significantly rising. The projected 
deaths from cardiovascular diseases were estimated 
to be 42% of the total deaths by the year 2020.[4] 
Premature, surgically induced menopause has been 

shown to increase the risk for CVD.[7] CVD has 
been shown to be associated with cognitive decline 
in elderly postmenopausal women.[8] For the past 
two decades, there developed a concept of increased 
cardiovascular risk and mortality in individuals 
with Sympathovagal Imbalance (SVI) like increased 
sympathetic activity and reduced parasympathetic 
activity.[1] SVI is observed in postmenopausal wom-
en.[9] Large RCTs in older women showed decrease 
in cognitive function.[4] Thus, SVI and decline in 
cognitive function are present in postmenopausal 
women.

Sympathovagal Imbalance
Autonomic Nervous System (ANS) have two major 
divisions: sympathetic and parasympathetic, where 
the former helps in energy expenditure and the 
later helps in energy storage.[10] Both these divisions 
act in a reciprocal manner, that is, if one is stimu-
lated the other one gets inhibited and vice versa.[11] 
Sympathovagal balance is the balance between the 
sympathetic and parasympathetic activity of the 
individual at any given point of time.[12] Increased 
or decreased activity of any of the divisions of ANS 
results in SVI. ANS is also influenced by estrogen 
in postmenopausal women.[6] Recently it has been 
identified that the estrogen receptors are also pres-
ent in heart, vascular smooth muscle and Nucleus 
Tractus Solitarius (NTS) that regulates the auto-
nomic nervous system.[13] In female subjects, though 
age has an important role in cardiac autonomic 
regulation, this age related alterations are reduced 
by estrogen therapy, by promoting decreasing the 
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sympathetic hyperactivity of heart.[14] Power spectral analysis of Heart 
Rate Variability (HRV)[11] and Conventional Autonomic Function Test 
(CAFT),[15] have been documented as sensitive measures of sympathova-
gal balance. Parasympathetic dominance is favourable, whereas defective 
vagal tone is deleterious and increases the risk of cardiovascular diseases.
[16] This altered sympathovagal balance imparts an undesirable effect on 
health.[17] Sympathovagal Imbalance (SVI) is a better predictor of cardio-
vascular risk.[10]

Heart Rate Variability
Heart Rate Variability (HRV) was first identified by Hon and Lee, who 
appreciated a fluctuation in RR interval which antecedes fetal distress, in 
the year 1965.[10] HRV mainly concentrates on the fluctuations in the RR 
interval between the successive heart rates.[18] HRV analysis is an inex-
pensive, non-invasive and quantitative tool to assess the sympathovagal 
imbalance.[11,19,20] One of the most sensitive tool to assess sympathovagal 
imbalance is by performing power spectral analysis of HRV which as-
sesses both the amount and nature of dysregulation in the autonomic 
control over heart by time domain and frequency domain parameters.
[11,19-21] Both sympathetic and parasympathetic system has an influence 
on heart rate and its variability with parasympathetic overhand.[20] Re-
duced HRV is associated with various cardiovascular risk and increased 
risk of mortality.[20] Among all the time domain parameters RMSSD and 
SDNN have high sensitivity.[20] Short term vagal control of heart rate is 
solely demonstrated by changes in RMSSD. In a recent study, diabetics 
were found to have decreased RMSSD.[20] SDNN, which is the standard 
deviation of normal to normal intervals in milliseconds indicates the va-
gal tone over heart.[19] LF/HF ratio is a marker of sympathovagal imbal-
ance. One of the best indicator of diminished cardiac function is heart 
rate variability.[22] 

Measurement of HRV
HRV is measured by three methods

oo Time domain methods
•• SDNN 
•• RMSSD 
•• NN50 
•• pNN50 
•• HRV triangular index 
•• Triangular interpolation of NN (TINN) 

oo Frequency domain methods
•• Very Low Frequency (VLF)≤0.04Hz
•• Low Frequency (LF) - represents the sympathetic modulation 

– 0.04-0.15 Hz (9,12)and in particular of the RR period (heart 
rate variability, HRV.

•• High Frequency (HF) – represents the parasympathetic mod-
ulation – 0.15-0.4 Hz (9,12)and in particular of the RR period 
(heart rate variability, HRV.

•• Total Power (TP) - ≤ 0.4Hz
•• LF nu – LF/ (Total power-VLF) ˟ 100
•• HF nu – HF/ (Total power-VLF) ˟ 100
•• LF/HF – Ratio of balance of sympathetic and parasympathet-

ic arm of the ANS.[18,11]

Heart Rate Variability and Menopause
Immediately after menopause there occurs a decline in heart rate vari-
ability. Though the decline in estrogen level occurs after six months of 
the last menstrual period, the decrease in HRV can be demonstrated only 
after a year of Last Menstrual Period (LMP).[22] LF nu was significantly 

increased in women taking hormone replacement therapy.[13] Increased 
high frequency component among young women may be responsible for 
decreased risk of cardiovascular diseases compared to men of same age.
[20]

SDNN and RMSSD, believed to be expression of vagal tone were reduced 
in postmenopausal women.[18] Estrogen therapy increases HRV in post-
menopausal group and addition of progestin in hormone replacement 
therapy was found to decrease HRV in a recent study.[20] HRV was also 
found to be altered in early postmenopausal women with increased Low 
frequency, decreased high frequency component and decreased LF/HF 
ratio.[9] 

Cardiac Autonomic Function Test (CAFT)
The cardiac autonomic functions tests involve the following
30:15 ratio – assessed by lying to standing test (heart rate and BP re-
sponse from lying to standing).

•• HR response and BP response to standing evaluates the para-
sympathetic branch and sympathetic branch of autonomic 
nervous system respectively.[23]

E: I ratio – assessed by deep breathing test (Heart rate response to deep 
breathing exercise).

•• Heart rate response to deep breathing test is a non-invasive, 
most sensitive and specific, reproducible marker for vagal 
function over heart.[24]

∆DBPIHG – Isometric handgrip exercise test (blood pressure response to 
sustained isometric hand grip).

•• Isometric Hand Grip (IHG) test is a simple, sensitive, specific, 
non-invasive and reproducible test for assessing sympathetic 
function.[25]

CAFT and Menopause
Studies demonstrated that in postmenopausal women there occured a 
decrease in both sympathetic and parasympathetic reactivity.[6] Surgi-
cal menopause increased sympathetic reactivity and reduced vagal tone.
[6] E: I ratio and 30:15 ratio, which assess the parasympathetic function 
were significantly low in postmenopausal compared to premenopausal 
women.[13,17] Autonomic function tests also vary during menstrual cycle. 
E: I and 30:15 ratio were significantly higher in secretory phase com-
pared to proliferative phase of menstrual cycle, which is due to para-
sympathetic dominance in secretory and increased sympathetic activity 
in proliferative phase.[13] E: I ratio and 30:15 ratio were significantly low 
in postmenopausal women on hormone replacement therapy compared 
to postmenopausal women without hormone replacement therapy.[13] 
The sympathetic function test like orthostatic tolerance test, cold pressor 
test, sustained isometric handgrip exercise test (DBP), was also found to 
be increased in postmenopausal group.[17] Study has shown an increased 
sympathetic tone in postmenopausal women.[13] In contrast, the deep 
breathing test and Valsalva maneuver test did not show any significant 
difference in the postmenopausal group compared to the premenopausal 
group.[18] There is shift of autonomic balance to the side of sympathetic 
system after menopause, which is attributed to decreased estrogen pro-
duction.[17] 

Cognition
Cognition is evoked response to stored stimuli. It is a thinking process 
of brain, using both the sensory input and memory.[26] Cognitive process 
involves various neurotransmitters and involves signals originating in 
different regions of brain.[26] Other than ageing there are other pathologi-
cal factors that also cause a decline in cognition, which includes socio- 
economic status, vascular disease like hypertension, diabetes mellitus, 
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dyslipidemia, altered fibrinogen levels and adverse lifestyle habits.[27] The 
incidence and prevalence of dementia and Alzheimer’s disease is increas-
ing tremendously. So it is a promising task to diagnose memory impair-
ment at the earliest to treat the condition. Event related brain potentials, 
such as P300, Mini Mental Status Exam (MMSE) and Wechsler Memory 
Scale (WMS-III) are the various tools to assess the cognitive functions.
[28] Recent study shows a reduction in amplitude and increase in latency 
of P300 wave with ageing, in dementia patients and in patients with vari-
ous neurological problems[29] like schizhophrenia, major depression.[30] 
As in the year 2003, the ratio of number of people more than 60 years was 
found to be 1 in 10 and the projected figure in the year 2050 will increase 
to 1 in 6.[29] Not only ageing but also menopause which is an inevitable 
event in a women life also causes a decline in cognition.[28]

Cognition and Menopause
Study shows a reduction in amplitude and increase in latency of P300 
wave in menopausal women.[28] Perimenopausal women show atrophy of 
different regions of brain that are involved in memory like hippocampus 
and parietal lobe and it has been related to the decreased estrogen level 
during this period.[26] One of the target organs of estrogen is brain. Some 
specific regions of brain express estrogen receptors.[31] Estrogen is found 
to have influence on the neuronal growth and its plasticity, hippocam-
pal neurogenesis and long-term potentiation responsible for episodic 
memories.[28,31] Estrogen protects against apoptosis and neural injury by 
excitatory neurotransmitters, β-amyloid, oxidative stress and ischemia. 
Estrogen has an influence on many neurotransmitter systems like acetyl-
choline, serotonin, noradrenalin and glutamate. Cholinergic neurons re-
leasing acetylcholine has a very important role in the process of memory 
and neurons in the basal forebrain express estrogen receptors and estro-
gen supplementation after ovariectomy increases cholinergic function.
[31] Functional brain imaging studies demonstrate that estrogen modu-
lates neural activity during performance of cognitive tasks. Around the 
time of the menopausal transition, many women report problems with 
memory, perhaps suggesting that hormonal changes associated with 
menopause are linked to memory complaints. In contrast to the natu-
ral menopausal transition, estrogen could impact memory when ovar-
ian estrogen production is abruptly curtailed.[31] Estrogen Therapy (ET) 
/Hormonal Therapy (HT) seems to reduce the risk and delay the onset of 
Alzheimer’s disease and seems to increase verbal memory and attention 
in younger postmenopausal women[4] Hormone replacement therapy is 
found to decrease the latency and increase the amplitude of P300 wave in 
postmenopausal women with dementia.[28] In contrast, estrogen replace-
ment therapy in some studies have led to cognitive decline or no associa-
tion with cognitive performance.[26]

Association of Sympathovagal Imbalance with 
Cognition
There is shift of autonomic balance to the side of sympathetic system 
after menopause, which is attributed to decreased estrogen production.
[18] Menopause is associated with cognitive change.[4] Children with in-
creased resting heart rate variability demonstrated better working mem-
ory and reduced reaction times.[32] Low frequency was negatively corre-
lated with various cognitive domains like memory, phonemic, semantic 
fluency and the Mill Hill Vocabulary Test.[33] In subjects with Alzheimer’s 
disease and mild cognitive impairment, reduced HRV was found to be 
correlated with cognitive deterioration.[34] Studies have also demonstrat-
ed that reduced high frequency of HRV was associated with increased 
risk of cognitive impairment.[35] Cholinergic system has an important 
role in cognitive processing and its dysfunction is found to impair vari-
ous domains of cognition.[28] Thus cognitive changes in menopausal 
women could be linked to autonomic dysfunction. 

CONCLUSION
Sympathovagal imbalance is reported to be associated with cardiovascu-
lar risk and cardiovascular disease is associated with decline in cognitive 
function in postmenopausal women. There is increased risk of cognitive 
decline in postmenopausal women compared to women in reproduc-
tive phase. Sympathovagal imbalance with increased sympathetic and 
decreased parasympathetic activity could be linked to cognitive decline 
after menopause in women. As yoga has been shown to improve sym-
pathovagal balance, further study should be conducted to explore the 
possibility of improving cognitive functions in postmenopausal women 
by lifestyle intervention such as yoga.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ABBREVIATIONS
SVI: Sympathovagal Imbalance; CVD: Cardiovascular Disease; ANS: 
Autonomic Nervous System; HRV: Heart Rate Variability; CAFT: Car-
diac Autonomic Function Test.

REFERENCES
1.  Hoffman B, Schorge J, Schaffer J, Halvorson L, Bradshaw K, Cunningham F. 

Menopausal transition. In: Williams Gynaecology. 2nd ed. McGraw Hill Compa-
nies. 2012;21:554.

2.  Cyriac SL, Viswanath L, Philip AT. Menopausal Problems among Postmeno-
pausal Women. J South Asian Fed Menopause Soc. 2016;4(2):88-92. 

3.  Dutta R, Dcruze L, Anuradha R, Rao S, Rashmi MR.  VA population based study 
on the menopausal symptoms in a rural area of Tamil Nadu, India. J Clin Diagn 
Res. 2012;6(4):597-601. 

4.  Unni J. Third consensus meeting of Indian Menopause Society (2008): A sum-
mary. J Midlife Health. 2010;1(1):43-7. 

5.  Vijayalakshmi S, Chandrababu R, Eilean VL. Menopausal transition among north-
ern Indian women. Nitte University Journal of Health Sciences. 2013;3(2):73-9.

6.  Bhat AN, Sadhoo AK, Yograj S, Kaur G. Autonomic functions in postmenopausal 
women. JK Science. 2005;7:1359. 

7.  Carr MC. The Emergence of the Metabolic Syndrome with Menopause. J Clin 
Endocrinol Metab. 2003;88(6):2404-11. 

8.  Haring B, Leng X, Robinson J, Johnson KC, Jackson RD, Beyth R, et al. Car-
diovascular Disease and Cognitive Decline in Postmenopausal Women: Re-
sults from the Women’s Health Initiative Memory Study. J Am Heart Assoc. 
2013;2(6):1-12.

9.  Subhashri S, Pal P, Papa D, Nanda N, Pal GK, Packirisamy RM. Assessment of 
Heart Rate Variability in Early Post-menopausal Women. Int J Clin Exp Physiol. 
2019;6(1):4.

10.  Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic imbal-
ance, heart rate variability and cardiovascular disease risk factors. Int J Cardiol. 
2010;141(2):122-31. 

11.  Malliani A. Heart rate variability: from bench to bedside. Eur J Intern Med. 
2005;16(1):12-20. 

12.  Pal GK, Pal P, Nanda N. Heart rate variability. In: Comprehensive Textbook of 
Medical Physiology. 2nd edition. Jaypee Brothers Medical Publishers. 2019;322.

13.  Gautam S, Shankar N, Tandon OP, Goel N. Comparison Of Cardiac Autonomic 
Functions Among Postmenopausal Women With And Without Hormone Re-
placement Therapy And Premenopausal Women. Indian J Physiol Pharmacol. 
2011;55(4):297-303. 

14.  Neves VFC. Autonomic modulation of heart rate of young and postmenopausal 
women undergoing estrogen therapy. Braz J Med Biol Res. 2007;40(4):491-9. 

15.  Pal GK, Pal P. Autonomic function tests. In: Textbook of Practical Physiology. 4th 
edition. Chennai: Universities Press. 2016;304-13.

16.  Hadley DM, Dewey FE, Freeman JV, Myers JN, Froelicher VF. Prediction of 
Cardiovascular Death using a Novel Heart Rate Recovery Parameter. Med Sci 
Sports Exerc. 2008;40(6):1072-9. 

17.  Joshi P, Shinde P. A comparative study of autonomic function tests in normo-
tensive premenopausal and postmenopausal women. Natl J Physiol Pharm 
Pharmacol. 2015;5(5):386. 

18.  Heart rate variability. Standards of measurement, physiological interpretation 
and clinical use. Task Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology. Eur Heart J. 1996;17:354-81.

19.  Lee JO, Kang SG, Kim SH, Park SJ, Song SW. The Relationship between Meno-
pausal Symptoms and Heart Rate Variability in Middle Aged Women. Korean J 



Subhashri, et al.: Menopause on Sympathovagal Imbalance and Cognition

International Journal of Clinical and Experimental Physiology, Vol 6, Issue 2, Apr-Jun, 2019� 41

Cite this article: Subhashri S, Pal P, Pal GK. Sympathovagal Imbalance and Cognitive Deficit in Postmenopausal Women: A Mini 
Review. Int J Clin Exp Physiol. 2019;6(2):38-41.

Fam Med. 2011;32(5):299. 
20.  Ribeiro TF, Azevedo GD, Crescêncio JC, Marães VRFS, Papa V, Catai AM, et al. 

Heart rate variability under resting conditions in postmenopausal and young 
women. Braz J Med Biol Res. 2001;34(7):871-7. 

21.  Keerthi GS, Pal P, Pal GK, Sahoo JP, Sridhar MG, Balachander J. Attenuated baro-
reflex sensitivity in normotensive prediabetes and diabetes in Indian adults. 
Endocr Res. 2016;41(2):89-97. 

22.  Brockbank CL, Chatterjee F, Bruce SA, Woledge RC. Heart Rate and its Variabil-
ity Change after the Menopause. Exp Physiol. 2000;85(3):327-30. 

23.  Mathias CJ, Bannister R. Investigations of autonomic disorders. Autonomic 
failure: A textbook of clinical disorders of the autonomic nervous system. 4th 
edition. Great Britain: Oxford University Press. 1999;169-95.

24.  Fareedabanu AB, Gorkal AR, Narsimha SKR. A simple test of one minute heart 
rate variability during deep breathing for evaluation of sympathovagal imbalance 
in patients with type 2 diabetes mellitus. Pak J Physiol. 2011;7(1):33-6.

25.  Khurana RK, Setty A. The value of the isometric hand-grip test-studies in various 
autonomic disorders. Clin Auton Res. 1996;6(4):211-8. 

26.  Khattar D, Sodhi C, Parmod J, Dutta A. Correlating estrogen levels and cognitive 
functions in regularly menstruating females of reproductive age group and post 
menopausal women of North India. J Family Reprod Health. 2015;9(2):83-8.

27.  Subathra T, Pal G, Dhanalakshmi Y, Nanda N, Swaminathan R. Association of 
level of cognition with sympathovagal imbalance and cardiovascular risks in pre-
hypertension. Int J Clin Exp Physiol. 2016;3(4):197. 

28.  Anderer P, Saletu B, Gruber D, Linzmayer L, Semlitsch HV, Saletu-Zyhlarz G, et 

al. Age-related cognitive decline in the menopause: Effects of hormone replace-
ment therapy on cognitive event-related potentials. Maturitas. 2005;51(3):254-
69.

29.  Braverman ER, Blum K. P300 (Latency) Event-Related Potential: An Accurate 
Predictor of Memory Impairment. Clin Electroencephalogr. 2003;34(3):124-39. 

30.  Himani A, Tandon OP, Bhatia MS. A study of P300-event related evoked potential 
in the patients of major depression. Indian J Physiol Pharmacol. 1999;43(3):367-
72. 

31.  Henderson VW. Cognitive Changes After Menopause: Influence of Estrogen. 
Clin Obstet Gynecol. 2008;51(3):618-26. 

32.  Auroprajna P, Naik BM, Sahoo JP, Keerthi GS, Pavanya M, Pal GK. Association 
of Sympathovagal Imbalance with Cognitive Impairment in Type 2 Diabetes in 
Adults. Can J Diabetes. 2018;42(1):44-50. 

33.  Britton A, Singh-Manoux A, Hnatkova K, Malik M, Marmot MG, Shipley M. The 
Association between Heart Rate Variability and Cognitive Impairment in Middle-
Aged Men and Women. Neuroepidemiology. 2008;31(2):115-21. 

34.  Zulli R, Nicosia F, Borroni B, Agosti C, Prometti P, Donati P, et al. QT Dispersion 
and Heart Rate Variability Abnormalities in Alzheimer’s Disease and in Mild Cog-
nitive Impairment: Cardiovascular abnormalities in alzheimer’s disease and mci. 
J Am Geriatr Soc. 2005;53(12):2135-9. 

35.  Kim DH, Lipsitz LA, Ferrucci L, Varadhan R, Guralnik JM, Carlson MC, et al. As-
sociation Between Reduced Heart Rate Variability and Cognitive Impairment in 
Older Disabled Women in the Community: Women’s Health and Aging Study I: 
Hrv and Cognitive Impairment. J Am Geriatr Soc. 2006;54(11):1751-7. 


