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Supplementary Introduction

Since Dutoit et al' reported that sympathetic BRS was positively correlated with cardiovagal
BRS in healthy young women, we further tested whether there is a significant relationship
between sympathetic and cardiovagal BRS in elderly women.

Carotid-femoral pulse wave velocity (CFPWV) was used as an index of the stiffness of central
arteries.? We compared the relationships between CFPWV and sympathetic/cardiovagal BRS
with the relationships between arterial stiffness of each baroreflex segment and
sympathetic/cardiovagal BRS.

Supplementary Data Analysis

Sympathetic baroreflex sensitivity

Baroreflex control of MSNA was assessed using the slope of the linear correlation between
MSNA and DBP during spontaneous breathing in the supine position.>®> To perform a linear
regression, values for burst incidence and total MSNA were calculated over a 2-mmHg DBP bin
increment covering the lowest to highest DBP, respectively*” after appropriately accounting for
baroreflex delay; 1.3 sec. This pooling procedure reduces the statistical impact of inherent beat-
by-beat variability in nerve activity attributable to non-baroreflex influence (e.g., respiration).?
Moreover, a statistical weighting was adopted to minimize the effect of minor variation of bin
width and bin position on the slope with respect to the number of cardiac cycle in the bins.® The
sensitivity was determined from the slope in each subject after confirming that r value was >0.5
as described previously.’

Cardiovagal baroreflex sensitivity

We assessed cardiovagal BRS using the slope of the linear correlation between RRI and SBP
during the Valsalva maneuver. To perform a linear regression, values for SBP were linearly
regressed against corresponding RRI (lag 1)° on the beat-by-beat basis during early phase I1 (i.e.,
a hypotensive stimulus; from the point of the highest SBP value to the lowest value within
continuous reduction) and phase IV (i.e., a hypertensive stimulus; from the point where RRI
began to lengthen to maximal SBP value within continuous increase), respectively.® The
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sensitivity was determined from the slope in each subject after confirming r value was > 0.8 as
described previously.®

Carotid artery stiffness

The stiffness of the carotid artery was determined using a combination of ultrasound image and
carotid artery pressure measured with tonometory. The operator identified and traced the vessel
wall boundary, corresponding to the interface between the lumen and intima to detect luminal
area at maximal systolic expansion and at minimal diastolic relaxation with image-analysis
software (QLAB, Philips, Andover, MA). In the cross-sectional view of the image for this
analysis, we did not identify any plaque in all subjects while longitudinal view of the image
showed non-calcified plaque in 2 subjects, which was found not to affect arterial stiffness in the
previous Study.10 Diastolic and systolic areas were averaged over 4 continuous beats. Then -
stiffness index was calculated to provide an index of arterial stiffness adjusted for distending
pressure using the following equation:™*

In (cSBP/cDBP)
(Areag — Areap)/Areap

B — Stiffness =

where ¢cSBP and cDBP are systolic and diastolic carotid artery pressure, Areas and Areap are
cross-sectional areas at maximal systolic and minimal diastolic points of the carotid artery. The
denominator of the equation expresses the strain of the carotid artery.

Aortic arch stiffness

The stiffness of the aortic arch was determined using a combination of MRI; repetition time 3.70
ms, echo time 1.77 ms, flip angle 15°, slice thickness 8 mm, field of view 36.0x30.5 cm, matrix
size 288x288 and velocity encoding 300 cm-sec™, and aortic pressure from the waveform
generated by validated transfer function using radial pressure wave.'? The operator manually
traced wall boundary of the descending part of the aorta arch to draw contours on the modulus
images of all cardiac phases. The luminal areas at maximal systolic expansion and minimal
diastolic relaxation were identified, and then, B-stiffness index and strain of the aorta were
calculated as described previously.™ In addition to the aortic pressure derived from transfer
function analysis, we also used directly measured carotid artery pressure (calibrated by the
brachial blood pressure) to assess aortic arch stiffness in all subjects.

Pulse wave velocity

Arterial pressure waveforms were obtained at the carotid artery and femoral artery to assess the
stiffness of central arteries by using tonometry and were synchronized with ECG. A foot-to-foot
methodology was employed to determine pressure wave transit time in relation to the R-wave.
Pulse transit length was estimated by subtracting the distance between sterna notch and the
measuring point at the carotid artery from the distance between sterna notch and the measuring
point at the femoral artery. CFPWV was calculated from the transit length divided by the transit
time (SphygmoCor)."

Statistical analysis
Values are expressed as meanstSEM. Linear regression analysis was used to evaluate the
correlation between cardiovagal and sympathetic BRS, and between CFPWV and
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sympathetic/cardiovagal BRS. The effects of sex on other variables were evaluated with
unpaired t-tests.

Supplementary Results and Discussion

Relationship between sympathetic and cardiovagal baroreflex sensitivity

Sympathetic BRS was weakly correlated with cardiovagal BRS in elderly women (r =-0.37, P =
0.045) but not in men (r = -0.12, P = 0.573) (Figure S1). This correlation was reported to be
stronger in young women (r = —0.54; P < 0.01)" than elderly women. The weakened relationship
in elderly women may be because that aging differently affected sympathetic and cardiovagal
BRS. On the other hand, we evaluated sympathetic BRS with changes in DBP and cardiovagal
BRS with changes in SBP. Increases in the stiffness of the arteries may accentuate SBP and
pulse pressure rise but not DBP rise. Therefore, it is also possible that the difference of age-
related changes in SBP and DBP due to the arterial stiffening would have caused the weakened
correlation in elderly women. We compared sympathetic BRS assessed by DBP and that
assessed by SBP, and found a significant correlation between them (i.e., sympathetic BRS
expressed with total MSNA: r = 0.63, P < 0.001 in men; r = 0.53, P = 0.002 in women; and r =
0.57, P < 0.001 in all; sympathetic BRS expressed with burst incidence: r = 0.54, P = 0.002 in
men; r = 0.45, P = 0.011 in women; and r = 0.49, P < 0.001 in all). These results suggest that the
weakened relationship between sympathetic and cardiovagal BRS in elderly women was not
attributed to the different changes in SBP and DBP with advancing age.

References
1. Dutoit AP, Hart EC, Charkoudian N, Wallin BG, Curry TB, Joyner MJ. Cardiac

baroreflex sensitivity is not correlated to sympathetic baroreflex sensitivity within healthy,
young humans. Hypertension. 2010;56:1118-1123.

2. Tanaka H, DeSouza CA, Seals DR. Absence of age-related increase in central arterial
stiffness in physically active women. Arterioscler Thromb Vasc Biol. 1998;18:127-132.
3. Sundlof G, Wallin BG. Human muscle nerve sympathetic activity at rest. Relationship to

blood pressure and age. J Physiol. 1978;274:621-637.

4, Fu Q, Okazaki K, Shibata S, Shook RP, VanGundy TB, Galbreath MM, Reelick MF,
Levine BD. Menstrual cycle effects on sympathetic neural responses to upright tilt. J
Physiol. 2009;587:2019-2031.

5. Ichinose M, Saito M, Fujii N, Ogawa T, Hayashi K, Kondo N, Nishiyasu T. Modulation
of the control of muscle sympathetic nerve activity during incremental leg cycling. J
Physiol. 2008;586:2753-2766.

6. Halliwill JR. Segregated signal averaging of sympathetic baroreflex responses in humans.
J Appl Physiol. 2000;88:767-773.

7. Rudas L, Crossman AA, Morillo CA, Halliwill JR, Tahvanainen KU, Kuusela TA,
Eckberg DL. Human sympathetic and vagal baroreflex responses to sequential
nitroprusside and phenylephrine. Am J Physiol. 1999;276:H1691-1698.

8. Kienbaum P, Karlssonn T, Sverrisdottir YB, Elam M, Wallin BG. Two sites for
modulation of human sympathetic activity by arterial baroreceptors? J Physiol.
2001;531:861-869.



10.

11.

12.

13.

4

Monahan KD, Dinenno FA, Seals DR, Clevenger CM, Desouza CA, Tanaka H. Age-
associated changes in cardiovagal baroreflex sensitivity are related to central arterial
compliance. Am J Physiol Heart Circ Physiol. 2001;281:H284-289.

Cecelja M, Jiang B, Bevan L, Frost ML, Spector TD, Chowienczyk PJ. Arterial stiffening
relates to arterial calcification but not to noncalcified atheroma in women. A twin study. J
Am Coll Cardiol. 2011;57:1480-1486.

Hirai T, Sasayama S, Kawasaki T, Yagi S. Stiffness of systemic arteries in patients with
myocardial infarction. A noninvasive method to predict severity of coronary
atherosclerosis. Circulation. 1989;80:78-86.

Pauca AL, O'Rourke MF, Kon ND. Prospective evaluation of a method for estimating
ascending aortic pressure from the radial artery pressure waveform. Hypertension.
2001;38:932-937.

Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D, Pannier B,
Vlachopoulos C, Wilkinson I, Struijker-Boudier H. Expert consensus document on
arterial stiffness: Methodological issues and clinical applications. Eur Heart J.
2006;27:2588-2605.



5

Table S1. Association of the arterial stiffness and baroreflex sensitivity

Variables

Men

Women

CFPWV, m sec™
B-stiffness of the carotid artery
B-stiffness of the aorta (GTF AP)

B-stiffness of the aorta (CAP)

CFPWV, m sec™
B-stiffness of the carotid artery
B-stiffness of the aorta (GTFAP)

B-stiffness of the aorta (CAP)

Sympathetic BRS, bursts 100beats™ mmHg™

0.54 (0.003)
0.49 (0.006)
0.19 (0.339)

0.33 (0.088)

Cardiovagal BRS (phase V), msec mmHg™

0.27 (0.185)
0.15 (0.465)
0.36 (0.067)

0.40 (0.041)

0.43 (0.018)
0.50 (0.005)
0.03 (0.875)

0.32 (0.089)

0.35 (0.058)
0.40 (0.033)
0.15 (0.459)

0.19 (0.348)

CFPWV indicates carotid-femoral pulse wave velocity;

GTFAP, general transferred

functional aortic pressure; CAP, carotid artery pressure; BRS, baroreflex sensitivity. Values

are correlation coefficients (P-values).



Table S2. Supine resting blood pressure at different measurement sites

Variables Men Women All Subjects

(n=30) (n=31) (n=61)
Finger SBP, mmHg 125+4 117+4 121+3
Finger DBP, mmHg 6712 63+2 6512
Finger MBP, mmHg 86+3 81+2 83+2
Finger PP, mmHg 5943 54+4 56+2
Arm Cuff SBP, mmHg 121+3 115+3 11842
Arm Cuff DBP, mmHg 70%2 64+2* 67+1
Arm Cuff MBP, mmHg 87+2 81+2* 84+1
Arm Cuff PP, mmHg 51+2 51+2 51+1
Carotid artery SBP, mmHg 118+3 114+3 116+2
Carotid artery DBP, mmHg 70+2 64+2* 67+1
Carotid artery MBP, mmHg 86+2 81+2 831
Carotid artery PP, mmHg 4942 5142 50+2
Aortic SBP, mmHg 118+3 116£3 11742
Aortic DBP, mmHg 74+2 67+2* 70+1
Aortic MBP, mmHg 89+2 83+2 86+1
Aortic PP, mmHg 4542 49+2 47+1

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood
pressure; PP, pulse pressure. Values are means+SEM. *, P<0.05 vs. men.



Table S3. Cross-sectional area and strain of carotid artery and aorta

Variables Men Women All Subjects
Carotid artery area (diastole), cm? 0.47+0.02 0.43+0.01 0.45+0.11
Strain of the carotid artery 12+1 10+1 11+1
Aortic area (diastole), mm? 483+17 432+16 * 457112
Strain of the aorta 0.25+0.02 0.18+0.02 * 0.22+0.01
Values are means=SEM. *, P<0.05 vs. men.
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Figure S1: Linear regression analysis of the inter-individual relationship
between sympathetic baroreflex sensitivity (BRS) and cardiovascular BRS

in elderly men (0) and women (®), separately.
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Figure S2. Summary of sympathetic baroreflex components



