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4. Rationale:

Research has demonstrated that low heart rate variability (HRV), a measure of cardiac autonomic
balance, predicts clinical coronary heart disease (CHD) events and all-cause mortality in the
population (1-4).  Women have higher HRV as compared to men, indicating better autonomic
balance (5-9), and variation in HRV among young women in different menstrual phases suggests
that autonomic balance may be hormonally mediated (10, 11).  Given this, differences in HRV by
menopausal status in older women may be detectable, and changes in autonomic balance may be
one mechanism by which the menopause is associated with an increase in CHD risk.

Previous research has correlated menopausal status and hormone replacement therapy with
autonomic balance, but the direction of this association is not consistent.  These inconclusive
findings may be due to a combination of factors including small sample sizes (n < 80), cross-
sectional designs, limited measures of autonomic balance, and the use of non-randomized trials with
short follow-up times (12-14).  A study of the relationship between the menopause and autonomic
balance, measured by HRV, in ARIC could overcome many of the limitations of prior research.  Most
importantly, the direction of the proposed association could be identified using the prospective
design in ARIC and approximately 9-12 years of longitudinal data among participants.  Further,
effect estimates based on the large number of women in ARIC are likely to be robust.  Equally
important, members of this writing group designed the HRV Ancillary Study that collected and
processed HRV measures in this cohort, and these investigators are experienced using these
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measures to estimate autonomic balance.  Finally, using comprehensive information on medication
use and CHD risk factors in the cohort, the investigators can study the effects of these covariates on
the relationship between the menopause and autonomic balance.

5. Main Hypothesis/Study Questions:

This study will address the following questions:

1) Is there a cross-sectional association between menopause status and autonomic balance (as
measured by HRV)?

2) Does HRV differ as the result of menopause status and changes in menopause status
(prospective design)?

3) Is there a relationship between the duration spent post-menopausal and HRV?
4) Among post-menopausal women, does HRV differ between women using hormone replacement

therapy and those who are not?
5) Among hormone replacement therapy users, does HRV differ by the type therapy, estrogen only

or combined estrogen plus progestin?
6) Is there a relationship between the type of menopause (natural or surgical) and HRV?

We hypothesize that pre-menopausal women will have higher HRV (better autonomic balance) than
post-menopausal women, and that the duration of time spent post menopausal will be inversely
associated with HRV.  We expect hormone replacement therapy to modify this relationship; hormone
users will have higher HRV than their non-using counterparts.  Further, estrogen therapy may be
better at modifying HRV than combined estrogen plus progestin therapy.  We do not expect to
observe differences in HRV between naturally and surgically post-menopausal women once
important covariates and age have been accounted for.

6. Data (variables, time window, source, inclusions/exclusions):

This study will include cross-sectional and prospective components.  The study will be restricted to
women in ARIC who are free of prevalent CHD, with complete information on menopausal status,
medication use, and HRV.  Women with available baseline HRV data will be included in the cross-
sectional analysis, but HRV data must be available at the baseline and visit 4 examination in order
for women to be included in the prospective analysis.

The following variables will be included:

Visit 1 Visits 2 and 3 Visit 4
Menopause Status Menopause Status Menopause status
Age Age Age
Medication Use Medication Use Medication use
Supine HRV HRV
Diabetes Diabetes
Prevalent CHD Incident CHD
Cigarette Smoking Cigarette Smoking
Hypertension Hypertension
Cholesterol (Total,
HDL, LDL, TG)

Cholesterol (Total,
HDL, LDL, TG)

Race Physical Activity
Physical Activity

Additional covariates may be later added as the study question develops.



7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    _XX_ No

b. If Yes, is the author aware that the file ICTDER02 must be used to exclude persons
with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA
analysis RES_DNA = “CVD Research” would be used? ____ Yes    ____ No
(This file ICTDER02 has been distributed to ARIC PIs, and contains the responses to
consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? ____ Yes    _XX_ No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the file ICTDER01 must be used to exclude those with value
RES_DNA = “No use/storage DNA”? ____ Yes    ____ No

References

1. Dekker JM, Crow RS, Folsom AR, et al. Low Heart Rate Variability in a 2-Minute Rhythm Strip
Predicts Risk of Coronary Heart Disease and Mortality from Several Causes. The ARIC Study.
Circulation 2000;102:1239-1244.

2. Liao D, Cai J, Rosamond WD, et al. Cardiac Autonomic Function and Incident Coronary Heart
Disease: A Population-Based Case-Cohort Study: The ARIC Study. American Journal of
Epidemiology 1997;145:696-706.

3. Tsuji H, Larson MG, Venditti FJ, Jr., et al. Impact of Reduced Heart Rate Variability on Risk for
Cardiac Events: The Framingham Heart Study. Circulation 1996;94:2850-2855.

4. Tsuji H, Venditti F, Jr., Manders E, et al. Reduced Heart Rate Variability and Mortality Risk in an
Elderly Cohort: The Framingham Heart Study. Circulation 1994;90:878-83.

5. Barnett SR, Morin RJ, Kiely DK, et al. Effects of Age and Gender on Autonomic Control of Blood
Pressure Dynamics. Hypertension 1999;33:1195-1200.

6. Huikuri HV, Pikkujamsa SM, Airaksinen KEJ, et al. Sex-Related Differences in Autonomic
Modulation of Heart Rate in Middle-aged Subjects. Circulation 1996;94:122-125.

7. Kuo TBJ, Lin T, Yang CCH, Li C-L, Chen C-F, Chou P. Effect of aging on gender differences in
neural control of heart rate. Am. J. Physiol. 1999;277:H2233-2239.

8. Liao D, Barnes RW, Chambless LE, Simpson RJ, Sorlie P, Heiss G. Age, Race, and Sex
Differences in Autonomic Cardiac Function Measured by Spectral Analysis of Heart Rate
Variability--The ARIC Study. American Journal of Cardiology 1995;76:906-912.

9. Tsuji H, Ferdinand J Venditti J, Manders ES, et al. Determinants of Heart Rate Variability. Journal
of the American College of Cardiology 1996;28:1539-1546.

10. Sato N, Miyake S, Akatsu Ji, Kumashiro M. Power Spectral Analysis of Heart Rate Variability in
Healthy Young Women During the Menstrual Cycle. Psychosomatic Medicine 1995;57:331-335.

11. Minson CT, Halliwill JR, Young TM, Joyner MJ. Influence of the menstrual cycle on sympathetic
activity, baroreflex sensitivity, and vascular transduction in young women. Circulation
2000;101:862-868.

12. Christ M, Seyffart K, Wehling M. Attenuation of heart-rate variability in postmenopausal women on
progestin-containing hormone replacement therapy. Lancet 1999;353:1939-1940.

13. Brockbank CL, Chatterjee F, Bruce SA, Woledge RC. Heart rate and its variability change after the
menopause. Experimental Physiology 2000;85:327-330.

14. Rosano GMC, Patrizi R, Leonardo F, et al. Effect of Estrogen Replacement Therapy on Heart Rate
Variability and Heart Rate in Healthy Postmenopausal Women. American Journal of Cardiology
1997;80:815-817.


	ARIC Manuscript Proposal # 754 (REVISED)
	"The primary modification is that the analysis has been changed to include a prospective analysis instead of the previous cross-sectional relationship that was indicated in the title of the proposal."  (Carnethon email 1/8/01)
	PC Reviewed:  01/ 16/ 01			Status: _____			Priority: _____
	SC Reviewed: _________			Status: _____			Priority: _____
	1.a.	Full Title:
	The Association between Menopausal Status, the Menopausal Transition, Hormone Replacement Therapy and Cardiac Autonomic Balance
	b.	Abbreviated Title (Length 26 characters):
	Menopause and Autonomic Tone
	2.	Writing Group (list individual with lead responsibility first):
	Lead:  	 Mercedes Carnethon
	Address:	Stanford Center for Research in Disease Prevention
	Stanford University School of Medicine
	1000 Welch Road
	Palo Alto, CA 94304-1825
	Phone:  (650) 723-1085			Fax:  (650) 725-6906
	E-mail:  carnethon@stanford.edu
	E-mail:  carnethon@stanford.edu
	Writing group members:
	Gerardo Heiss, Duanping Liao, Aaron Folsom, Greg Evans, Wayne Cascio, Mary Anthony
	3.	Timeline:
	Data preparation and analysis (1 month), Manuscript preparation (3 months)
	4.	Rationale:
	Research has demonstrated that low heart rate variability (HRV), a measure of cardiac autonomic balance, predicts clinical coronary heart disease (CHD) events and all-cause mortality in the population (1-4).  Women have higher HRV as compared to men, ind
	Previous research has correlated menopausal status and hormone replacement therapy with autonomic balance, but the direction of this association is not consistent.  These inconclusive findings may be due to a combination of factors including small sample
	5.	Main Hypothesis/Study Questions:
	This study will address the following questions:
	Is there a cross-sectional association between menopause status and autonomic balance (as measured by HRV)?
	Does HRV differ as the result of menopause status and changes in menopause status (prospective design)?
	Is there a relationship between the duration spent post-menopausal and HRV?
	Among post-menopausal women, does HRV differ between women using hormone replacement therapy and those who are not?
	Among hormone replacement therapy users, does HRV differ by the type therapy, estrogen only or combined estrogen plus progestin?
	Is there a relationship between the type of menopause (natural or surgical) and HRV?
	We hypothesize that pre-menopausal women will have higher HRV (better autonomic balance) than post-menopausal women, and that the duration of time spent post menopausal will be inversely associated with HRV.  We expect hormone replacement therapy to modi
	6.	Data (variables, time window, source, inclusions/exclusions):
	This study will include cross-sectional and prospective components.  The study will be restricted to women in ARIC who are free of prevalent CHD, with complete information on menopausal status, medication use, and HRV.  Women with available baseline HRV
	The following variables will be included:
	Visit 1
	Additional covariates may be later added as the study question develops.
	7.a.	Will the data be used for non-CVD analysis in this manuscript?	____ Yes    _XX_ No
	b.	If Yes, is the author aware that the file ICTDER02 must be used to exclude persons with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA analysis RES_DNA = “CVD Research” would be used?		____ Yes    ____ No
	(This file ICTDER02 has been distributed to ARIC PIs, and contains the responses to consent updates related to stored sample use for research.)
	8.a.	Will the DNA data be used in this manuscript?			____ Yes    _XX_ No
	8.b.	If yes, is the author aware that either DNA data distributed by the Coordinating Center must be used, or the file ICTDER01 must be used to exclude those with value RES_DNA = “No use/storage DNA”?					____ Yes    ____ No
	
	References


	1.	Dekker JM, Crow RS, Folsom AR, et al. Low Heart Rate Variability in a 2-Minute Rhythm Strip Predicts Risk of Coronary Heart Disease and Mortality from Several Causes. The ARIC Study. Circulation 2000;102:1239-1244.

