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Abstract

Menopause is a significant period characterized by physiological change. Hormonal changes are largely related
to estrogen depletion and subsequent cessation of ovarian function. This study analyzed vegetative modulation,
expressed as heart rate variability (HRV) power spectral analysis, resting energy expenditure, and body composition
in women in post-menopause with and without hormone-replacement therapy (HRT). 87 Sedentary women were
enrolled, 41 (age: 53-54) women with BMI of 21.6 ± 2.6 kg/m2 were on HRT and 46 (age: 52-63) with BMI of 22.4 ±
1.8 kg/m2 were not. This experiment marks aspects regarding the relationship between the autonomic nervous
system and body weight in HRT and menopause.
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Introduction
Menopause is a significant period characterized by important

physiological changes. Hormonal changes are largely related to
estrogen depletion and subsequent cessation of ovarian function [1-4].

Many women that enter menopause are worried about weight gain
and for this reason assume hormone-replacement therapy (HRT) to be
a causal factor. Evidence from cross-sectional studies suggests that
declines in resting metabolic rate and physical activity may be
accelerated in the postmenopausal years [5-8]. An acceleration in the
loss of fat-free mass and increased central adiposity may indicate a
worsening cardiovascular risk profile [9-12].

Many women are worried about weight gain and the use of HRT is
often assumed to be a causal factor. With longer term use (1 year),
Reubinoff et al. [13] found a similar increase in body weight and fat
mass among women taking HRT and those who declined its use
[14-17]. They observed that there was a significant shift from gynoid to
android fat distribution in women not taking HRT but not in those
women taking the treatment.

Resting energy expenditure (REE) accounts for 60-75% of total daily
energy expenditure and decreases with age and physical inactivity. It is
well known that fat-free mass (FFM) accounts for the majority of inter-
individual variability in REE [18-21], but other physiological factors

also have a role, such as sympathetic nervous system (SNS) activity and
endocrine status [22-25].

The SNS is an important control mechanisms for the body [26-29].
The SNS shows physiological fluctuations with age which are related
also to differences in the REE [1,30-33].

The aim of this study was to determine whether healthy, not obese,
menopausal women submitted to a long-term HRT treatment (>2
year) had changed of the REE and autonomic asset respect at not obese
menopausal women.

Methods
87 Sedentary women were enrolled at the Clinical Dietetic Service

of the Second University of Naples, Italy; 41 (age: 53-54) women with
BMI of 21.6 ± 2.6 kg/m2 were on HRT and 46 (age: 52-63) with BMI of
22.4 ± 1.8 kg/m2 were not taking HRT.

Informed consent was provided by all participants, they had to be
healthy and meet the following inclusion criteria: no serious physical
incapacity; not smoker; moderate drinker; stable weight during the
preceding 6 months; 20<BMI<24.9 kg/m2; no medications, or
nutritional supplements that could influence metabolism or autonomic
functions, with the exception of HRT, vitamins, and minerals; absence
of menses for the preceding 12 months at least. At the time of the
study, women were on HRT since at least 2 years (group 1) or were not
on HRT. HRT treatment consisted of estrogen 0.625 mg/day plus
progesterone 2.5 mg/day).
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Autonomic nervous system was measured by the HRV-power
spectrum that was evaluated on a 5-min long ECG recording. The R-R-
intervals sequence was re-sampled to obtain a constant-time based
signal (10 samples/sec). The Fast Fourier Transform was applied to this
signal and visualized in the form of power spectrum. The absolute
values of this spectrum were summed in the low frequency (0.04-0.15
Hz; LF), and high frequency (0.15-0.40; HF) range. LF, HF were the
values used to estimate the sympathetic and parasympathetic activity
[34].

REE was measured by breath-by-breath respiratory gas exchange
with an indirect calorimetric device (V Max 29, Sensor Medics, USA).

Body composition was calculated by bioelectric impedance (Akern
BIA-101, Italy).

The R Project for Statistical Computing software (version 3.1.0) was
used for statistical analyses. Means and SD were calculated for each of

the analyzed variables and statistical significance was set at p<0.05. The
Shapiro-Wilk test was used to verify the normal distribution of
variables.

Results
Figure 1a shows that the REE of HRT-treated women was higher

than that of non HRT-treated women (p<0.01). Figure 1b shows that
FFM of HRT-treated women were higher than that of non HRT-treated
women. Menopause induced a decrease in percentage of the FFM in
subjects not HRT (p<0.01). Figure 1c reports the values of LF in HRT
and HRT not women. LF values of menopause women are lower than
values of HRT women. The menopause induced a same decrease in LF
values in HRT not but not in subjects HRT (p<0.01). Figure 1d reports
the values of HF in HRT and HRT not women. HF values of
menopause women are similar than values of HRT women (p=0.16).

Figure 1: Means ± Standard Error of hormone-replacement therapy (HRT) women and not HRT women: a. Resting energy expenditure (Kcal/
day); b. Free fat mass (%); c. Low Frequency (sec2/Hz) of HRV-power spectrum; d. High Frequency of HRV-power spectrum (*p<0.01).

Discussion
The present experiment demonstrated a modification of vegetative

modulation in HRT-treated women with an increase of the
sympathetic component [35-38], which is an important factor in
maintaining the highest REE in women in HRT compared to women
in menopause [39-41].

In this experiment, the autonomic activity of menopausal women
was lower than that of HRT subject [42-44].

The age-related decline in the vegetative control can be an
important factor in the reduction of resting energy expenditure in both

groups. Indeed, it has been shown that the lack of sex hormones due to
menopause reduces resting energy expenditure in young healthy
women, through a reduction of the autonomic nervous activity
[24,40,45].

The originality of this experiment is to emphasize the changes in
sympathetic activity induced by HRT and on the relationship between
the sympathetic nervous system and REE [46,47].

Other literature data have demonstrated a significant influence of
the sympathetic activity on eating behavior also through an increase in
thermogenesis [12,35,48].
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The results of this experiment are consistent with the hypothesis
that a reduction in the autonomic activity could play a determinant
role producing an excess in food intake relative to the energy
expenditure and resulting in weight gain in menopausal women
[49-52]. It emphasizes aspects about the complex relationship between
the autonomic nervous system and body weight in HRT and
menopause. These results could be useful in the explanation of the
pathologic mechanisms of feminine obesity.

References
1. Day DS, Gozansky WS, Van Pelt RE, Schwartz RS, Kohrt WM (2005) Sex

hormone suppression reduces resting energy expenditure and {beta}-
adrenergic support of resting energy expenditure. J Clin Endocrinol
Metab 90: 3312–3317.

2. Messina G, Dalia C, Tafuri D, Monda V, Palmieri F, et al. (2014) Orexin-A
controls sympathetic activity and eating behavior. Front Psychol 5: 997.

3. Viggiano A, Chieffi S, Tafuri D, Messina G, Monda M, et al. (2014)
Laterality of a second player position affects lateral deviation of basketball
shooting. J Sports Sci 32: 46-52.

4. Chieffi S, Iavarone A, Iaccarino L, La Marra M, Messina G, et al. (2014)
Age-related differences in distractor interference on line bisection. Exp
Brain Res 232: 3659-3664.

5. Monda M, Messina G, Scognamiglio I, Lombardi A, Martin GA, et al.
(2014) Short-Term Diet and Moderate Exercise in Young Overweight
Men Modulate Cardiocyte and Hepatocarcinoma Survival by Oxidative
Stress. Oxid Med Cell Longev 7.

6. Messina G, Viggiano A, Tafuri D, Palmieri F, De Blasio S, et al. (2014)
Role of orexin in obese patients in the intensive care unit. J Anesth Clin
Res 5: 395.

7. Chieffi S, Iachini T, Iavarone A, Messina G, Viggiano A, et al. (2014)
Flanker interference effects in a line bisection task. Exp Brain Res 232:
1327-1334.

8. Chieffi S, Iavarone A, La Marra M, Messina G, Dalia C, et al. (2015)
Vulnerability to Distraction in Schizophrenia. J Psychiatry 18: 228.

9. Matsumoto T, Miyawaki C, Ue H, Yuasa T, Miyatsuji A, et al. (2000)
Effects of capsaicin-containing yellow curry sauce on sympathetic
nervous system activity and diet-induced thermogenesis in lean and
obese young women. J Nutr Sci Vitaminol 46: 309–315.

10. Di Bernardo G, Messina G, Capasso S, Del Gaudio S, Cipollaro M, et al.
(2014) Sera of overweight people promote in vitro adipocyte
differentiation of bone marrow stromal cells. Stem Cell Res Ther 5: 4.

11. Messina G, Monda V, Moscatelli F, Valenzano AA, Monda G, et al. (2015)
Role of Orexin system in obesity. Biol Med (Aligarh) 7: 248.

12. Reubinoff BE, Wurtman J, Rojansky N, Adler D, Stein P, et al. (1995)
Effects of hormone replacement therapy on weight, body composition, fat
distribution, and food intake in early postmenopausal women: a
prospective study. Fertil Steril 64: 963–968.

13. Mazzeo F, Motti ML, Messina G, Monda V, Ascione A, et al. (2013) Use of
nutritional supplements among south Italian students of physical training
and sport university. Curr Top Toxicol 9: 21–26.

14. Esposito M, Serpe FP, Diletti G, Messina G, Scortichini G, et al. (2014)
Serum levels of polychlorinated dibenzo-p-dioxins, polychlorinated
dibenzofurans and polychlorinated biphenyls in a population living in the
Naples area, southern Italy. Chemosphere 94: 62–69.

15. Monda M, Viggiano A, Viggiano A, Mondola R, Viggiano E, et al. (2008)
Olanzapine blocks the sympathetic and hyperthermic reactions due to
cerebral injection of orexin A. Peptides 29: 120–6.

16. Esposito T, Viggiano A, Viggiano A, Viggiano E, Giovane A, et al. (2006)
ICV injection of orexin A induces synthesis of total RNA and mRNA
encoding preorexin in various cerebral regions of the rat. J Therm Biol 31:
527–532.

17. Ferrannini E (1988) The theoretical bases of indirect calorimetry: a
review. Metabolism 37: 287-301.

18. Savastano S, Belfiore A, Di Somma C, Mauriello C,Rossi A, et al. (2010)
Validity of bioelectrical impedance analysis to estimate body composition
changes after bariatric surgery in premenopausal morbidly women. Obes
Surg 20: 332–339.

19. Messina G, Chieffi S, Viggiano A, Tafuri D, Gibelli G, et al. (2016)
Parachute Jumping Induces More Sympathetic Activation Than Cortisol
Secretion In First-Time Parachutists. Asian J Sport Med 7: e26841.

20. Monda M, Viggiano A, Viggiano A, Viggiano E, Messina G, et al. (2006)
Quetiapine lowers sympathetic and hyperthermic reactions due to
cerebral injection of orexin A. Neuropeptides 40: 357-363.

21. Naruse R, Suetsugu M, Terasawa T, Ito K, Hara K, et al. (2013) Oxidative
stress and antioxidative potency are closely associated with diabetic
retinopathy and nephropathy in patients with type 2 diabetes. Saudi Med
J 34: 135–141.

22. Tentolouris N, Liatis S, Katsilambros N (2006) Sympathetic system
activity in obesity and metabolic syndrome. Ann N Y Acad Sci 1083:
129-152.

23. Monda M, Messina G, Vicidomini C, Viggiano A, Mangoni C, et al.
(2006) Activity of autonomic nervous system is related to body weight in
pre-menopausal, but not in post-menopausal women. Nutr Neurosci 9:
141-145.

24. Monda M, Viggiano A, Viggiano A, Viggiano E, Messina G, et al. (2007)
Sympathetic and hyperthermic reactions by orexin A: Role of cerebral
catecholaminergic neurons. Regul Pept 139: 39–44.

25. Hirsch J, Mackintosh RM (2003) Measuring activity of the autonomic
nervous system in humans. Obes Res 11: 2-4.

26. Monda M, Amaro S, De Luca B (1994) Non-shivering thermogenesis
during prostaglandin E1 fever in rats: role of the cerebral cortex. Brain
Res 651: 148–154.

27. Mondola P, Ruggiero G, Seru R, Damiano S, Grimaldi S, et al. (2003) The
Cu, Zn superoxide dismutase in neuroblastoma SK-N-BE cells is exported
by a microvesicles dependent pathway. Brain Res Mol Brain Res 110: 45–
51.

28. Monda M, Viggiano A, Viggiano A, Fuccio E, De Luca V (2004)
Clozapine blocks sympathetic and thermogenic reactions induced by
orexin A in rat. Physiol Res 53: 507–13.

29. Antelmi I, de Paula RS, Shinzato AR, Peres CA, Mansur AJ, et al. (2004)
Influence of age, gender, body mass index, and functional capacity on
heart rate variability in a cohort of subjects without heart disease. Am J
Cardiol 93: 381–385.

30. Triggiani AI, Valenzano A, Ciliberti MA, Moscatelli F, Villani S, et al.
(2015) Heart rate variability is reduced in underweight and overweight
healthy adult women. Clin Physiol Funct Imaging.

31. Valenzano A, Moscatelli F, Triggiani AI, Capranica L, De Ioannon G, et
al. (2016) Heart-Rate Changes After an Ultraendurance Swim From Italy
to Albania: A Case Report. Int J Sports Physiol Perform 11: 407-409.

32. Messina G, De Luca V, Viggiano A, Ascione A, Iannaccone T, et al. (2013)
Autonomic nervous system in the control of energy balance and body
weight: personal contributions. Neurol Res Int 2013: 639280.

33. No authors listed (1996) 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 17: 354–81.

34. Bray GA (2000) Reciprocal relation of food intake and sympathetic
activity: experimental observations and clinical implications. Int J Obes
24: S8–S17.

35. Messina G, Vicidomini C, Viggiano A, Tafuri D, Cozza V, et al. (2012)
Enhanced parasympathetic activity of sportive women is paradoxically
associated to enhanced resting energy expenditure, Auton. Neurosci.
Basic Clin 169: 102–106.

36. Viggiano A, Viggiano A, Monda M, Turco I, Incarnato L, et al. (2006)
Annurca apple-rich diet restores long-term potentiation and induces
behavioral modifications in aged rats. Exp Neurol 199: 354-361.

Citation: Monda V, Valenzano A, Moscatelli F, Messina A, Piombino L, et al. (2016) Modifications of Activity of Autonomic Nervous System, and
Resting Energy Expenditure in Women Using Hormone-Replacement Therapy. Biol Med (Aligarh) 8: 306. doi:
10.4172/0974-8369.1000306

Page 3 of 4

Biol Med (Aligarh), an Open access journal
ISSN:0974-8369

Volume 8 • Issue 5 • 1000306

http://www.ncbi.nlm.nih.gov/pubmed/25250003
http://www.ncbi.nlm.nih.gov/pubmed/25250003
http://www.ncbi.nlm.nih.gov/pubmed/23876006
http://www.ncbi.nlm.nih.gov/pubmed/23876006
http://www.ncbi.nlm.nih.gov/pubmed/23876006
http://www.ncbi.nlm.nih.gov/pubmed/25092273
http://www.ncbi.nlm.nih.gov/pubmed/25092273
http://www.ncbi.nlm.nih.gov/pubmed/25092273
http://www.ncbi.nlm.nih.gov/pubmed/24496492
http://www.ncbi.nlm.nih.gov/pubmed/24496492
http://www.ncbi.nlm.nih.gov/pubmed/24496492
http://www.ncbi.nlm.nih.gov/pubmed/24405848
http://www.ncbi.nlm.nih.gov/pubmed/24405848
http://www.ncbi.nlm.nih.gov/pubmed/24405848
http://www.ncbi.nlm.nih.gov/pubmed/3278194
http://www.ncbi.nlm.nih.gov/pubmed/3278194
http://www.ncbi.nlm.nih.gov/pubmed/17010428
http://www.ncbi.nlm.nih.gov/pubmed/17010428
http://www.ncbi.nlm.nih.gov/pubmed/17010428
http://www.ncbi.nlm.nih.gov/pubmed/17148737
http://www.ncbi.nlm.nih.gov/pubmed/17148737
http://www.ncbi.nlm.nih.gov/pubmed/17148737
http://www.ncbi.nlm.nih.gov/pubmed/17176636
http://www.ncbi.nlm.nih.gov/pubmed/17176636
http://www.ncbi.nlm.nih.gov/pubmed/17176636
http://www.ncbi.nlm.nih.gov/pubmed/17176636
http://www.ncbi.nlm.nih.gov/pubmed/12529478
http://www.ncbi.nlm.nih.gov/pubmed/12529478
http://www.ncbi.nlm.nih.gov/pubmed/26211739
http://www.ncbi.nlm.nih.gov/pubmed/26211739
http://www.ncbi.nlm.nih.gov/pubmed/26211739
http://www.ncbi.nlm.nih.gov/pubmed/26263484
http://www.ncbi.nlm.nih.gov/pubmed/26263484
http://www.ncbi.nlm.nih.gov/pubmed/26263484
http://www.ncbi.nlm.nih.gov/pubmed/23691314
http://www.ncbi.nlm.nih.gov/pubmed/23691314
http://www.ncbi.nlm.nih.gov/pubmed/23691314
http://www.ncbi.nlm.nih.gov/pubmed/16480716
http://www.ncbi.nlm.nih.gov/pubmed/16480716
http://www.ncbi.nlm.nih.gov/pubmed/16480716
http://dx.doi.org/10.4172/0974-8369.1000306


37. Monda M, Amaro S, De LB (1993) The influence of exercise on energy
balance changes induced by ventromedial hypothalamic lesion in the rat.
Physiol Behav 54: 1057–1061.

38. Hulley S, Grady D, Bush T, Furberg C, Herrington D, et al. (1998)
Randomized trial of estrogen plus progestin for secondary prevention of
coronary heart disease in postmenopausal women. Heart and Estrogen/
progestin Replacement Study (HERS) Research Group. JAMA 280: 605–
13.

39. Monda M, Messina G, Mangoni C, De Luca B (2008) Resting energy
expenditure and fat-free mass do not decline during aging in severely
obese women. Clin Nutr 27: 657-659.

40. Monda M, Viggiano A, Viggiano A, Fuccio F, De Luca V (2004) Injection
of orexin A into the diagonal band of Broca induces sympathetic and
hyperthermic reactions. Brain Res 1018: 265-271.

41. De Luca V, Viggiano E, Messina G, Viggiano A, Borlido C, Viggiano A, et
al. (2008) Peripheral amino acid levels in schizophrenia and antipsychotic
treatment. Psychiatry Investig 5: 203–208.

42. Viggiano A, Vicidomini C, Monda M, Carleo D, Carleo R, et al. (2009)
Fast and low-cost analysis of heart rate variability reveals vegetative
alterations in noncomplicated diabetic patients. J Diabetes Complications
23: 119–123.

43. De Luca B, Monda M, Amaro S, Pellicano MP (1989) Thermogenetic
changes following frontal neocortex stimulation. Brain Res Bull 22: 1003–
1007.

44. Monda M, Amaro S, Sullo A, De Luca B (1995) Injection of muscimol in
the posterior hypothalamus reduces the PGE1-hyperthermia in the rat.
Brain Res Bull 37: 575-580.

45. Messina G, Palmieri F, Monda V, Messina V, Dalia C, et al. (2015)
Exercise Causes Muscle GLUT4 Translocation in an Insulin-Independent
Manner. Biol Med (Aligarh) S3:007.

46. Messina G, Zannella C, Monda V, Dato A, Liccardo D, et al. (2015) The
Beneficial Effects of Coffee in Human Nutrition. Biol Med (Aligarh) 7:
240.

47. Monda M, Amaro S, Sullo A, De Luca B (1994) Posterior hypothalamic
activity and cortical control during the PGE1 hyperthermia. Neuroreport
6: 135-139.

48. Moscatelli F, Messina G, Valenzano A, Petito A, Triggiani AI, et al. (2015)
Relationship between RPE and Blood Lactate after Fatiguing Handgrip
Exercise in Taekwondo and Sedentary Subjects. Biol Med (Aligarh)
S3:008.

49. Rinaldi B, Guida F, Furiano A, Donniacuo M, Luongo L, et al. (2015)
Effect of Prolonged Moderate Exercise on the Changes of Nonneuronal
Cells in Early Myocardial Infarction. Neural Plast 2015: 265967.

50. Monda M, Pittman QJ (1993) Cortical spreading depression blocks
prostaglandin E1 and endotoxin fever in rats. Am J Physiol 264:
R456-459.

51. Messina G, De Luca V, Viggiano A, Tafuri D, Messina A, et al. (2015)
Activity of Autonomic Nervous System, Energy Expenditure and
Assessment of Oxidative Stress in Menopause-women Using Hormone
Replacement Therapy. Br J Med Med Res 10: 1–13.

52. Messinaa G, Valenzano A, Moscatelli F, Triggiani AI, Capranica L, et al.
(2015) Effects of Emotional Stress on Neuroendocrine and Autonomic
Functions in Skydiving. J Psychiatry 18: 280.

 

Citation: Monda V, Valenzano A, Moscatelli F, Messina A, Piombino L, et al. (2016) Modifications of Activity of Autonomic Nervous System, and
Resting Energy Expenditure in Women Using Hormone-Replacement Therapy. Biol Med (Aligarh) 8: 306. doi:
10.4172/0974-8369.1000306

Page 4 of 4

Biol Med (Aligarh), an Open access journal
ISSN:0974-8369

Volume 8 • Issue 5 • 1000306

http://www.ncbi.nlm.nih.gov/pubmed/18514973
http://www.ncbi.nlm.nih.gov/pubmed/18514973
http://www.ncbi.nlm.nih.gov/pubmed/18514973
http://www.ncbi.nlm.nih.gov/pubmed/15276887
http://www.ncbi.nlm.nih.gov/pubmed/15276887
http://www.ncbi.nlm.nih.gov/pubmed/15276887
http://www.ncbi.nlm.nih.gov/pubmed/7670880
http://www.ncbi.nlm.nih.gov/pubmed/7670880
http://www.ncbi.nlm.nih.gov/pubmed/7670880
http://www.ncbi.nlm.nih.gov/pubmed/7703402
http://www.ncbi.nlm.nih.gov/pubmed/7703402
http://www.ncbi.nlm.nih.gov/pubmed/7703402
http://www.ncbi.nlm.nih.gov/pubmed/8447503
http://www.ncbi.nlm.nih.gov/pubmed/8447503
http://www.ncbi.nlm.nih.gov/pubmed/8447503
http://dx.doi.org/10.4172/0974-8369.1000306

	Contents
	Modifications of Activity of Autonomic Nervous System, and Resting Energy Expenditure in Women Using Hormone-Replacement Therapy
	Abstract
	Keywords:
	Introduction
	Methods
	Results
	Discussion
	References


