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ABSTRACT 

Gender and Obesity Effects on Cardiovagal Baroreflex Gain in Humans

A series o f  studies focusing on the influence o f gender obesity, and body fat 

distribution on cardiovagal baroreflex gain were conducted to determine I) if  women 

would demonstrate lower cardiovagal baroreflex gain compared with men; 2) if 

cardiovagal baroreflex gain would be reduced in overweight/obese (35>body mass 

index<25 kg/m2) individuals compared to  their age-matched, non-obese peers (body 

mass index<25 kg/m2); and 3) if cardiovagal baroreflex gain would be reduced in 

men with elevated abdominal visceral fat compared to their peers with lower levels of 

abdominal visceral fat but similar levels o f  total body and abdominal subcutaneous. . 

To accomplish this, we measured cardiovagal baroreflex gain via modified Oxford 

technique in sedentary, non-obese premenopausal women and men and sedentary 

non-obese and obese men 18-40 years o f  age.

The results from these studies suggest that cardiovagal baroreflex gain is 

lower in non-obese women compared to men (13.2+1.5 vs 20.0+2.8 ms/mmHg; 

P<0.05). The lower cardiovagal baroreflex gain in the women was not related to then- 

lower aerobic fitness and was only marginally related to their higher body fat 

percentage. This may have important implications for understanding the reduced 

orthostatic tolerance observed in women.

in
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Furthermore, cardiovagal baroreflex gain is reduced in men with elevated total 

body and abdominal fat independent o f aerobic fitness level (13 .2+1.6 vs. 23 .1+3 .8 

ms/mmHg; P<0.05). These findings may have important implications regarding the 

development o f cardiovascular diseases in overweight and obese individuals.

Finally, cardiovagal baroreflex gain was -35% lower in men with elevated 

abdominal visceral fat compared with total body- and abdominal subcutaneous 

matched-men with lower levels o f abdominal visceral fat (13.0+2.0 vs. 21.4+3.6 

ms/mmHg; P<0.05). Therefore, reduced cardiovagal baroreflex gain observed in men 

with abdominal obesity may contribute to the elevated cardiovascular disease-related 

mortality associated with the metabolic syndrome. Future studies will be necessary to 

gain insight into mechanisms responsible for the reduced cardiovagal baroreflex gain 

in women compared with men, in overweight and obese men compared to non-obese 

men, and in men with elevated abdominal visceral fat compared to men with lower 

levels of abdominal visceral fat.

Stacy D. Beske 

Department of Physiology 

Colorado State University 

Fort Collins, CO 80523 

Summer 2001
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CHAPTER I 

INTRODUCTION AND SPECIFIC AIMS

The cardiovagal baroreflex is responsible for m ediating changes in R-R interval in 

response to beat-to-beat changes in arterial blood pressure. Cardiovagal baroreflex gain  

is measured by inducing rapid changes in arterial blood pressure and quantifying the 

relationship with the efferent autonomic response (i.e., changes in R-R interval length). 

This phenomenon is best illustrated by the sigm oidal relationship between R-R interval 

length and systo lic  b lood pressure (Figure 1, upper panel). Cardiovagal baroreflex gain is 

derived from the s lop e o f  the linear portion o f the sigm oid curve (Figure I. lower panel). 

Currently, it is unclear whether there are gender differences in cardiovagal baroreflex 

gain. In addition, the influence of obesity and regional body fat distribution on 

cardiovagal baroreflex gain has not been clearly established.

SPECIFIC AIMS

To determine:

1. If wom en dem onstrate reduced cardiovagal baroreflex gain compared to men

2. If the low er cardiovagal baroreflex gain in w om en compared to men, if observed, 

can be attributed to the lower aerobic fitness levels and/or higher levels o f  body  

fat in w om en

3. If overw eight and obese individuals have reduced cardiovagal baroreflex gain 

compared to their age-matched, non-obese peers

1
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4. If reduced cardiovagal baroreflex gain in overweight and obese individuals, if 

observed, was independent o f  aerobic fitness level

5. If men with elevated levels o f  abdominal visceral fat have reduced cardiovagal 

baroreflex gain compared to men with low er levels o f  abdominal visceral fat 

when total body and abdominal subcutaneous fat levels are similar between  

groups

HYPOTHESIS

1. We tested the hypothesis that wom en would demonstrate reduced cardiovagal 

baroreflex gains compared with men. If so. we further hypothesized that the 

reduced cardiovagal baroreflex gains in women would be associated with their 

lower aerobic fitness and higher body fat percentage compared with males.

2. We tested the hypothesis that cardiovagal baroreflex gain would be reduced in 

overw eight/obese (35>body mass index<25 kg/m2) individuals compared to their 

age-m atched, non-obese peers (body mass index<25 kg/m 2).

3. We tested the hypothesis that cardiovagal baroreflex gain would be reduced in 

men with elevated abdominal visceral fat compared to their peers with lower 

levels o f  abdominal visceral fat but sim ilar levels o f total body and abdominal 

subcutaneous fat.

2
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Figure 1. Sigm oidal relationship between R-R interval length and systolic blood pressure 
(upper panel). Determination o f cardiovagal baroreflex gain from the slope o f the linear 
portion o f the sigm oid curve (lower panel).
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CHAPTER II 

GENDER DIFFERENCE IN CARDIOVAGAL BAROREFLEX GAIN IN HUMANS 

ABSTRACT

We tested the hypothesis that women w ould demonstrate low er cardiovagal 

baroreflex gain com pared with men. If so. w e further hypothesized that the lower  

cardiovagal baroreflex gain in women would be associated with their lower aerobic 

fitness and higher body fat percentage com pared with males. To accomplish this, w e  

measured cardiovagal baroreflex gain (m odified  Oxford technique) in sedentary, non- 

obese (body mass index<25 kg/m 2) women (a g e= 2 6 .9 ± l .6 yrs. n=14) and men 

(age= 26 .0± 2 .1 yrs. n=I 1). R esting R-R interval and diastolic blood pressure were sim ilar  

in the two groups, but systo lic  blood pressure w as low er (P<0.05) in the women.

Cardiovagal baroreflex gain was significantly low er in the women compared with the 

men (13.3±1.5 vs. 20.Cte2.8 ms/mmHg, P <0.05). The lower cardiovagal baroreflex gain  

in the women was not related (P>0.05) to their low er aerobic fitness and was only  

marginally related to their higher body fat percentage (r=-0.34. p<0.05). There were no 

gender differences in the threshold and saturation, operating range, or operating point (all 

P>0.05), although the operating point fell significantly to left (i.e.. at a lower systo lic  

blood pressure) com pared with men. Therefore, the findings o f this study suggest that the 

gain o f  the cardiovagal baroreflex is reduced whereas other parameters were similar in
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wom en compared with men. The m echanisms responsible for the reduced cardiovagal 

baroreflex gain remain unclear.

INTRODUCTION

Abrupt decreases and increases in systolic arterial blood pressure produce 

baroreflex mediated shortening and lengthening, respectively, o f the R-R interval (13). 

This phenom enon, otherwise known as the cardiovagal baroreflex, is best described by 

the sigm oidal relationship between R-R interval length and systolic blood pressure. The 

linear portion o f this relationship is used to derive the slope or gain o f  the cardiovagal 

baroreflex. Importantly, lower levels o f  cardiovagal baroreflex gain have been associated 

with poor orthostatic tolerance (5-7) and an increased risk o f cardiovascular disease- 

related mortality (24. 25).

The influence o f  gender on cardiovagal baroreflex gain in humans is 

controversial, both similar (26, 34, 36) and lower (1 ,4 ,  21, 23, 36) levels have been 

reported in w om en compared with men. There are a number o f  factors that could  

contribute to the discrepant findings in the past. For example, age (12, 19), hypertension 

(3. 19), oral contraceptive use (28), sm oking (30), obesity (17), and physical 

activity/aerobic Fitness (6-9, 22, 29) all have an important modulatory influence on 

cardiovagal baroreflex gain. Previous studies that addressed the influence o f  gender on 

cardiovagal baroreflex gain have failed to control for these potentially confounding  

factors. Furthermore, the experimental approaches used to quantify cardiovagal 

baroreflex gain in previous studies likely differ in their ability to detect differences 

between men and women.

5
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Accordingly, we tested the hypothesis that wom en would demonstrate lower 

cardiovagal baroreflex gain compared with men. Although women generally 

demonstrate lower aerobic fitness and higher body fat levels compared with men. there is 

no information available regarding whether these factors contribute to gender differences 

in cardiovagal baroreflex gain. Therefore, w e further hypothesized that the lower 

cardiovagal baroreflex gain in wom en, if observed, would be associated with their lower 

aerobic fitness and higher body fat level compared with males. To accomplish this, we 

measured cardiovagal baroreflex gain using sequential intravenous bolus injections o f  

sodium nitroprusside follow ed by phenylephrine HCL. i.e.. the modified Oxford 

technique (11), in sedentary, non-obese men and premenopausal women. In contrast to 

other approaches, this approach produces robust linear gain estimates and full 

characterization of the sigm oid relationship between systo lic  blood pressure  and R-R 

interval length. The latter allow s the threshold, saturation, operating range, and operating 

point to be calculated. To date, no information is available regarding gender differences 

in these other cardiovagal baroreflex parameters. Importantly, to overcom e limitations of 

previous studies, we studied only  non-sm oking sedentary, non-obese and normotensive 

individuals 18-40 years o f  age and women w ho were not taking oral contraceptives. Our 

findings indicate that cardiovagal baroreflex gain is lower in sedentary, non-obese 

premenopausal women compared with men. The lower cardiovagal baroreflex gain 

observed in women was not associated with their correspondingly lower level o f aerobic 

fitness and only marginally related to their higher body fat percentage. There were no 

gender differences in the threshold and saturation, operating range, or operating point.

6
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although the operating point fell significantly to left (i.e., at a low er systo lic blood 

pressure) compared with men.

METHODS

Subjects. Fourteen premenopausal wom en and 11 men participated in the present 

study. A ll subjects were sedentary (no regular physical activity > 2 0  min on more than 2 

days/wk), non-obese (body m ass index <25 kg/m 2), and free from hypertension i< 140/90 

mmHg) or other overt cardiovascular diseases as assessed by casual blood pressure 

measurements and health history questionnaire, respectively. Subjects were further 

evaluated for the presence o f  overt cardiopulmonary disease by resting and maximal 

exercise electrocardiograms. A ll subjects were non-smokers, non-diabetic < 2-hr post 

glucose load <200 mg/dl), and none o f  the subjects were taking m edications that could 

influence autonomic-circulatory function. None o f  the women were pregnant (confirmed 

by pregnancy test) or using oral contraceptives at the time of the study. A ll the women 

were eumenorrheic and were studied during the early follicular phase (days 3-5) of their 

menstrual cycle. The nature, purpose, risks and benefits were explained to each subject 

before obtaining informed consent. The Colorado State University Human Research 

Com m ittee approved all experim ental protocols.

Experim ental P rocedures. Body mass was measured on a physician 's balance 

scale to the nearest 0.1 kg. H eight was measured using a stadiometer. Body composition  

was measured using dual energy x-ray absorptiometry (DPX-IQ, Lunar Corporation). 

Heart rate was measured from lead II o f  the electrocardiogram. Respiration was 

measured by a pneumobelt placed around the upper abdomen. Beat-to-beat arterial blood

7
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pressure w as measured using hnger photoplethysmography (Finapres model 2300. 

Ohmeda). Resting Finapres arterial blood pressures w ere "calibrated” to brachial blood 

pressure during the experiment. Maximal oxygen consum ption was measured during 

graded treadmill exercise to exhaustion. The fraction o f  expired oxygen and carbon 

dioxide, and pulmonary ventilation were measured using on-line computer assisted open- 

circuit spirometry (TrueMax 2400 . Parvomedics). The criteria for ensuring a valid 

m aximal oxygen consumption has been described previously (14). The modified Oxford 

technique w as used to quantify cardiovagal baroreflex gain (II) .

E xperim ental Protocol. All subjects were studied in the morning between 7:00 am and 

11:00 am follow ing a 12-hour overnight fast. Subjects were instructed to refrain from 

caffeine and alcohol consumption for 24 hours prior to all testing sessions. Subjects were 

also asked to avoid participation in vigorous physical activity for 24  hours prior to 

testing.

An antecubital venous catheter was placed for the injection o f vasoactive drugs. 

After at least 20  min o f quiet rest and achievement o f  steady state levels o f  heart rate, 

arterial b lood  pressure, and respiration, a bolus injection o f  sodium nitroprusside (75-100  

m eg) was given  intravenously fo llow ed 60 seconds later by a bolus injection o f  

phenylephrine HCL (150 meg). In general, these pharm acological perturbations 

decreased and increased arterial blood pressure -1 5  m m H g below  and above baseline 

levels, respectively, during a 3 minute period. During our pilot studies, we observed 

greater reductions in arterial b lood pressure in women with lower body mass and height. 

Therefore, the 75 meg dose o f  sodium  nitroprusside was used for 6 o f the "smaller"

8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



women in the present study. Three trials were performed and at least tw o acceptable 

trials were averaged for each individual (see Data A nalysis below). Each trial was 

separated by at least 15 min.

D ata Analysis. Heart rate, blood pressure, and respiration were recorded 

continuously and digitized at 500 Hz to a laboratory computer for later analysis using 

signal processing software (W indaq, Dataq Instruments). A 4-parameter sigm oid was fit 

to the data to calculate the cardiovagal baroreflex gain, saturation, threshold, operating 

point, and the operating range (33) (See Figure 1). Briefly, systolic blood pressures and 

R-R intervals were averaged across 3 mmHg systolic blood pressure bins: this averaging 

reduced variability in the measurements due to ventilation and measurement error. 

Cardiovagal baroreflex gain was calculated from the regression fitted to the linear region 

of the sigm oid after bin values in the threshold and saturation regions were excluded. R- 

R intervals were used because they are mors closely related to vagal outflow  than heart 

rate (13). W e accepted only regressions with correlation coefficients > 0 .7 0  (32). The 

average o f  the correlation coefficients for the trials was r=0.93±0.0l and r=0.94±0.01 for 

the wom en and men, respectively.

Statistica l A nalysis. A ll statistical analyses were performed using SPSS  

statistical software (SPSS v. 10.1, SPSS Inc.). Data are expressed as m ean±SE. 

Differences in the subject characteristics and dependent variables between men and 

women were assessed with independent t-tests. Bivariate correlational analysis was used 

to assess the relationship between specific subject characteristics and cardiovagal 

baroreflex gain. A nalysis o f  covariance (ANCOVA) w as used to test for differences in

9
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cardiovagal baroreflex after adjusting for body fat percentage. The significance level was 

set a priori at P <0 .05 .

RESULTS

Subject C h aracteris tics . The characteristics o f  the subjects are shown in Table 1. There 

was no sign ificant difference in age or body mass index. Body mass, height, and 

maximal oxy g en  consumption were low er in women com pared with the men. but body 

fat percentage w as higher (P<0.05). Casually determined systo lic  blood pressure (104±2 

vs. 118±3 m m H g) w as significantly low er in women, but d iastolic blood pressure <66±3 

vs. 60±2 m m H g) w as similar. In addition, resting R-R interval ( 1003±41 vs. 1012±51 

ms) was not different in the two groups.

C ardiovagal B aroreflex  Param eters. Cardiovagal baroreflex gain was approximately 

35% lower (P < 0 .05) in the women com pared with men (Figure 2). However, the 

threshold (691 ±41 vs. 772±29 ms), saturation (1295±53 vs. I217±42 ms), and operating 

range (5 6 5 ± 5 0  vs. 468±38 ms) were not significantly different in the wom en (n= 12) and 

men (n = l 1). The operating point was also not different, but fell significantly to the left in 

the in the w om en  compared with men.

Correlations. Cardiovagal baroreflex gain was significantly correlated to body fat 

percentage (r= -0 .34 , p<0.05), but not any expression o f maximal oxygen consumption  

(P>0.05). The gender difference in cardiovagal baroreflex remained significant after 

adjusting for body fat percentage (13 .3± 2 .3  vs. I9.5±2.8 m s/m m H g, P<0.05 ).

10

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DISCUSSION

There are several important findings o f  the present study. First, cardiovagal 

baroreflex gain was low er in w om en compared with men. Second, the low er cardiovagal 

baroreflex gain observed in w om en was not associated with their correspondingly lower 

level o f  aerobic fitness. In addition, only a small portion o f  the variance 10F£ i in 

cardiovagal baroreflex gain was accounted for by body fat percentage. F inally, the 

threshold, saturation, operating range, and operating point were similar, although the 

operating point fell significantly at a significantly low er systolic blood pressure in the 

women com pared with men.

Our findings are consistent with some (1. 4, 21, 23. 36), but not all (26 . 34. 36) 

previous studies. The results o f  the present study extend previous findings in at least 

three important aspects. First, w e controlled for a number a factors, including age. 

hypertension, oral contraceptive use. smoking, obesity, and physical activity, that 

potentially confounded the interpretation o f previous studies on this issue.

Second, our findings were unique from previous studies in that the results o f our 

study suggest that the low er cardiovagal baroreflex gain observed in women was not 

associated with their corresponding low er level o f  aerobic fitness and only marginally 

related to their higher body fat percentage compared with men. Therefore, the results o f  

the present study suggest that factors other than lower aerobic fitness and elevated  body 

fat percentage m ust contribute to the lower cardiovagal baroreflex gain observed in 

women com pared with men.

Finally, an important strength o f  our study was the use o f sequential intravenous 

bolus injections o f  sodium  nitroprusside followed by phenylephrine HCL to produce

1 1
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robust gain estim ates and characterization of the entire sigm oid  relationship between 

systolic blood pressure and R-R interval. In addition to quantifying cardiovagal 

baroreflex gain, the threshold and saturation regions, operating point, and operating range 

could also be derived. To our know ledge, our study is the first to use this experimental 

approach to investigate gender differences in cardiovagal baroreflex function.

The levels o f  cardiovagal baroreflex gain obtained in the present study are in the 

range o f that reported previously for healthy, young men and women using similar 

approaches (i.e, bolus injection o f  vasoactive drugs) (1, 12). However, we would like to 

emphasize caution in comparing the values obtained in the present study with those 

obtained by others. This is particularly important when other experimental approaches to 

quantifying cardiovagal baroreflex gain are utilized because the gain estimate can vary 

considerably with the technique used and analysis performed. For example, the inclusion 

o f threshold or saturation regions m ay produce smaller gain estim ates than if  they are 

excluded. Furthermore, the factors mentioned in the preceding paragraphs should also be 

considered when comparing our values for cardiovagal baroreflex gain with the values 

reported in the literature.

W e can on ly  speculate on the potential m echanism s responsible for the lower 

cardiovagal baroreflex gain in the w om en in the present study. First, it is possible that 

circulating estrogen and/or progesterone was responsible for the observed gender 

differences in the present study. H ow ever. 17-beta estradiol administration enhances 

cardiovagal baroreflex gain in animals (31) and physiological fluctuations in estrogen and 

progesterone during the menstrual cycle  do not appear to influence cardiovagal

12
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baroreflex gain in humans (27). It is possible that fem ale sex hormones exert an effect on 

cardiovagal baroreflex that is more chronic in nature.

Second, w om en have been reported to demonstrate lower carotid artery 

distensibility com pared with men (20, 35). Carotid distensibilitv has been closely  

associated with cardiovagal baroreflex gain (2). Therefore, it is possible that low er levels 

o f carotid artery distensibility in wom en would result in a smaller mechanical 

transduction o f  arterial blood pressure into barosensory stretch. This, in turn, w ould  

result in an attenuated cardiovagal baroreflex response. Future studies are necessary to 

address this issue.

There are som e important implications o f  the present study that we w ould like to 

emphasize. First, w om en have been reported to demonstrate reduced orthostatic tolerance 

compared with men (4, 15, 16). There are a number o f  factors that have been attributed 

to the reduced orthostatic tolerance observed in wom en including reduced cardiovagal 

baroreflex gain (4-6, 13). Therefore, our findings are consistent with the idea that a lower 

cardiovagal baroreflex gain in wom en may contribute to their reduced orthostatic 

tolerance compared with men. However, future studies w ill be needed to directly test this 

hypothesis.

Second, reduced cardiovagal baroreflex gain has been reported to be an important 

predictor o f  cardiovascular mortality (24. 25). Thus, the low er cardiovagal baroreflex 

gain observed in the w om en in the present study would appear to present a paradox 

because premenopausal wom en demonstrate a reduced risk o f cardiovascular d isease  

(10). Presumably, more favorable levels o f  other risk factors (e.g.. lipid and lipoprotein  

concentrations) in w om en w ould overwhelm  any risk conferred by reduced cardiovagal

13
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baroreflex gain. H owever, as has been suggested previously (21). it is possib le that the 

lower cardiovagal baroreflex gain in w om en could contribute to their poorer outcom es 

after myocardial infarction (18).

Finally, the results our study suggest that gender should be considered separately 

in future studies focused  on cardiovagal baroreflex function. However, an important 

issue not addressed in the present study is whether wom en respond differently to 

interventions directed at m odifying cardiovagal baroreflex function. Future studies 

should consider this possibility.

There are som e potential lim itations o f  the present study that should be discussed. 

W e studied on ly  sedentary, non-obese men and women 18-40 years o f age who were 

healthy and free o f  overt cardiovascular disease. As such, the influence o f  gender in 

other groups (e .g ., older or obese adults) may differ from those reported here.

In summ ary, the results o f  the present study indicate that cardiovagal baroreflex 

gain is low er in w om en compared with men. The lower level o f  cardiovagal baroreflex 

gain was not associated  with aerobic fitness and only marginally related to the body fat 

content. In addition, the threshold, saturation, operating range, and operating point were 

similar, although the operating point fell significantly to the left (i.e.. at a lower systolic  

blood pressure) in the women compared with men.

14
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Table 1. Subject Characteristics.

Variable Men (n= 11) Women (n=14)

Age (yrs) 26 .9± 1 .6 26.0+2.1

Height (cm ) 181±3 164+2*

Body Mass (kg) 73.7±2.3 59.5+1.2*

BMI kg/m :) 23±1 22+1

Body Fat (%) 18.1±1.6 29.7±1.8*

V0 2 max (m l/kg/m in) 48.0+2.5 37.0+1.6*

V02max (m l/kg FFM /min) 61.1+2.5 53.7+3.1 *

BM I=Body M ass Index; V02m ax=M axim al Oxygen Consumption. All values 
are expressed as m ean±SE. *P<0.05 vs. Men.

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Saturation
1200 i

1100 -

Operating 
Point NE 1000 -

>» Operating
RangeS 900 -

GainThreshold

700 -I
ocDoe

600
1101 0 0 120 130 150140 160

Systolic B lood Pressure (mmHg)

Figure 1. Diagram o f  the sigmoid relationship between systolic blood pressure 

and R-R interval during sequential bolus injection o f  sodium nitroprusside 

followed by phenylephrine HCL. The calculated parameters include gain, 

threshold and saturation, operating range, and operating point. Cardiovagal 

baroreflex gain is calculated from the regression fitted to the linear region o f  the 

sigmoid after the values in threshold and saturation regions were removed.

16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&£>
X
S 25
G/3

^ 20

a
X  

J J  
» .

o»

CQ

*«3

CG
>
C

'E 0
C3

u

15 -

10 -

5 -

M en W om en

Figure 2. Cardiovagal baroreflex gain in wom en compared with men. 
mean±SE. *P<0.05 vs. Men

V alues are

17

Reproduced with permission of the copyright owner Further reproduction prohibited without permission



REFERENCES

1. Abdel-Rahm an, A .R .. R.H. Merrill, and W.R. W ooles. Gender-related differences 
in the baroreceptor reflex control o f  heart rate in normotensive humans. J A ppl 
P hysiol 77: 606 -13 .. 1994.

2. Bonyhay, I., G. Jokkel. and M. K ollai. Relation between baroreflex sensitivity and 
carotid artery elasticity in healthy humans. Am J Physiol 271: H 1139-44.. 1996.

3. Bristow. J.D ., A .i. Honour, G.W . Pickering, P. Sleight, and H.S. Smyth. 
D im inished baroreflex sensitivity in high blood pressure. Circulation 39: 48-54.. 
1969.

4. Convertino. V .A . Gender differences in autonomic functions associated with 
blood pressure regulation. Am J P hysio l 275: R 1909-20.. 1998.

5. Convertino, V .A ., W.C. Adams. J.D. Shea, C.A. Thompson, and G.W. Hoffler. 
Impairment o f  carotid-cardiac vagal baroreflex in wheelchair-dependent 
quadriplegics. Am  J  Physiol 260: R 576-80., 1991.

6. Convertino, V .A .. D.F. Doerr, D.L. Eckberg, J.M. Fritsch. and J. Vernikos- 
Danellis. Carotid baroreflex response follow ing 30 days exposure to simulated 
m icrogravity. P hysio log ist 32: S67-8., 1989.

7. Convertino, V .A ., D.F. Doerr, D.L. Eckberg, J.M. Fritsch. and J. V em ikos- 
Danellis. H ead-dow n bed rest impairs vagal baroreflex responses and provokes 
orthostatic hypotension. J A pp l P hysio l 68: 1458-64., 1990.

8. Davy, K .P.. C .A . DeSouza, P.P. Jones, and D.R. Seals. Elevated heart rate 
variability in physically active young and older adult women. Clin Sci iC olch) 94: 
579-84., 1998.

9. Davy. K .P.. N .L. Miniclier, J.A. Taylor, E.T. Stevenson, and D.R. Seals. Elevated  
heart rate variability in physically active postmenopausal women: a 
cardioprotective effect? Am J  P hysio l 271: H 455-60., 1996.

10. Eaker, E .D ., J.H. Chesebro, F.M. Sacks, N.K. W enger, J.P. Whisnant. and M. 
W inston. Cardiovascular disease in wom en. Circulation  88: 1999-2009. 1993.

11. Ebert, T.J., and A .W . Cowley, Jr. Baroreflex modulation o f sympathetic outflow  
during physio log ica l increases o f  vasopressin in humans. Am J Phvsiol 262:
HI 372-8 .,'1992.

12. Ebert, T.J., B.J. M organ, J.A. Barney, T. Denahan, and J.J. Smith. Effects o f  
aging on baroreflex regulation o f  sympathetic activity in humans. Am J  P ltvsio l 
263: H 798-803 ., 1992.~

18

ssion of the copyright owner. Further reproduction prohibited without permission.



13. Eckberg, D .L ., and P. Sleight. H um an Baroreflexes in Health and D isease. 
Oxford, U .K .: Clarendon Press, 1992.

14. Evans, S .L ., K.P. Davy, E.T. Stevenson, and D.R. Seals. Physiological 
determinants o f  10 km performance in highly-trained female runners o f  different 
ages. Journal o f  Applied P hysio logy  78: 1931-1941. 1995.

15. G otshall, R .W . Gender differences in tolerance to low er body negative pressure.
A via t Space Environ M ed  71: 1104-10., 2000.

16. Gotshall, R .W ., P.F. Tsai, and M .A. Frey. Gender-based differences in the 
cardiovascular response to standing. A via t Space Environ M ed  62: 855-9.. 1 9 9 1.

17. Grassi, G.. G. Seravalle, B. Cattaneo, G. Bolla. A. Lanfranchi. M. Colombo. C. 
Giannattasio, A. Brunani. F. Cavagnini, and G. Mancia. Sympathetic activation in 
obese norm otensive subjects. H ypertension  25: 560-563. 1995.

18. Greenland, P., H. Reicher-Reiss. U . Goldbourt, and S. Behar. In-hospital and 1- 
year mortality in 1,524 women after myocardial infarction. Comparison with 
4 ,315  men. Circulation  83: 484-91 .. 1991.

19. Gribbin. B., T.G. Pickering, and P. Sleight. Decrease in baroreflex sensitivitv with 
increasing arterial pressure and with increasing age. B r H eart J  31: 792.. 1969.

20. Hayward. C ., and R. Kelly. Gender-related differences in the central arterial
pressure waveform . J  Am C oll C ard io l 30: 1863-1871, 1997.

21. Huikuri, H .V ., S.M . Pikkujamsa, K.E. Airaksinen, M.J. Ikaheimo. A.O. Rantala.
H. Kauma, M . Lilja, and Y.A. K esaniem i. Sex-related differences in autonomic 
modulation o f  heart rate in middle- aged subjects. Circulation  94: 122-5.. 1996.

22. Hunt, B.E., W .B. Farquhar, and J.A. Taylor. Does reduced vascular stiffening
fully explain preserved cardiovagal baroreflex function in older, physically active 
men? C irculation  103: 2424-2427.. 2001.

23. Laitinen, T., J. Hartikainen, E. Vanninen, L. Niskanen, G. Geelen, and E.
Lansim ies. A ge and gender dependency o f  baroreflex sensitivity in healthy
subjects. J  A p p l Physiol 84: 576-83., 1998.

24. LaRovere. M ., J.T. Bigger. F.I. Marcus, and P.J. Schwartz for ATRAMI 
Investigators. Baroreflex sensitivity and heart-rate variability in prediction o f  total 
cardiac mortality after myocardial infarction. Lancet 351: 478-484, 1998.

19

of the copyright owner. Further reproduction prohibited without permission.



25. LaRovere. M .. G. Sp ecch ia . A. Mortara. and P.J. Schwartz. Baroreflex sensitivity, 
clinical correlates and cardiovascular mortality am ong patients with a first 
myocardial infarction: A  prospective study. C irculation  78: 816-824. 1988.

26. Luzier. A .B .. J.J. N awarskas. J. Anonuevo, M.F. W ilson, and D.J. fCazierad. The 
effects o f  gender on adrenergic receptor responsiveness. J  Clin Pharm acol 38: 
618-24., 1998.

27. M inson. C .T.. J.R. H alliw ill. T.M . Young, and M.J. Joyner. Influence o f the 
menstrual cycle on sym pathetic activity, baroreflex sensitivity, and vascular 
transduction in young w om en . Circulation  101: 862-8.. 2000.

28. M inson, C.T.. J.R. H alliw ill. T.M . Young, and M.J. Joyner. Sympathetic activity  
and baroreflex sensitivity in young women taking oral contraceptives. C irculation  
102: 1473-6.. 2000.

29. Monahan, K .D., F.A. D inenno, H. Tanaka. C.M. C levenger. C.A. DeSouza. and 
D.R. Seals. Regular aerobic exercise modulates age-associated declines in 
cardiovagal baroreflex sen sitiv itv  in healthv men. J  P h \s io l  529 Pt 1: 263-7  i .. 
2000 .

30. Niedermaier. O.N.. M .L. Sm ith, L.A. Beightol, Z. Zukowska-Grojec. D .S. 
Goldstein, and D.L. Eckberg. Influence o f cigarette sm oking on human autonomic 
function. Circulation  88: 5 6 2 -7 1 .. 1993.

31. Saleh, T.M .. B.J. C onnell, and M .C. Saleh. Acute injection o f 17beta-estradiol 
enhances cardiovascular reflexes and autonomic tone in ovariectomized fem ale 
rats. Auton N eurosci 84: 7 8 -8 8 ., 2000.

32. Smyth, H.S., P. Sleight, and G .W . Pickering. Reflex regulation of arterial pressure 
during sleep in man. A  quantitative method o f  assessing baroreflex sensitivitv.
C irc Res 24: 109-21., 1969.

33. Sprenkle, J.M., D.L. Eckberg, R.L. Goble. J.J. Schelhom . and H.C. Halliday. 
D evice for rapid quantification o f  human carotid baroreceptor-cardiac reflex 
responses. J  A ppl P hysio l 60: 727-32 ., 1986.

34. Tank, J., R.M. Baevski, A . Fender, A.R. Baevski, K.F. Graves, K. Ploewka. and 
M. W eek. Reference values o f  indices o f spontaneous baroreceptor reflex 
sensitivity. A m  J H y p erten s  13: 268-75., 2000.

35. VanMerode, T., P. H ickes, A . Hoeks, F. Smeets, and R. Reneman. D ifferences in 
carotid artery wall properties betw een presumed healthy men and women. 
U ltrasound M ed Biol 14: 5 7 1 -5 7 4 . 1988.

20

of the copyright owner. Further reproduction prohibited without permission.



36. Y litalo, A ., K.E. Airaksinen. A. Hautanen. M. Kupari. M. Carson. J. V irolainen. 
M. Savolainen . H. Kauma. Y .A . K esaniem i, P.C. W hite, and H.V. Huikuri. 
Baroreflex sensitivity and variants o f  the renin angiotensin system aene.s. J  Am  
C oll C a rd io l 35: 194-200.. 2000.

21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER III 

REDUCED CARDIOVAGAL BAROREFLEX GAIN IN OVERWEIGHT AND 

OBESE MEN

ABSTRACT

W e tested the hypothesis that cardiovagal baroreflex gain would be reduced in 

overweight/obese (35>body mass index<25 kg/m 2) individuals compared to their age- 

matched, non-obese peers (body mass index<25 kg/m 2). To accomplish this, we 

measured cardiovagal baroreflex gain (modified Oxford Technique) in non-obese < BMI. 

20.9+0.9kg/m 2, NO) and overweight/obese (28.8+0.7 kg/m 2. OW /OB) sedentary men. 

Cardiovagal baroreflex gain was significantly lower in OW /OB compared to NO 

(13.2+1.6 vs. 23.1+3.8, respectively). In addition, cardiovagal baroreflex was reduced in 

overweight as well as obese men (OW = 14.3+2.0, O B =l 1.3+2.6. both P<0.05 vs. NO). 

The lower cardiovagal baroreflex gain was observed in a subgroup o f OW/OB with 

aerobic fitness levels similar to their non-obese peers (24.9+3.9 vs. 16.3+2.1. 

respectively; P<0.05). Thus, the results o f the present study indicate that cardiovagal 

baroreflex gain is reduced in men with elevated total body and abdominal fat independent 

o f  aerobic fitness. These findings may have important implications regarding the 

development o f cardiovascular diseases in overweight and obese individuals.

Key Words: Obesity, Baroreflex Gain, Vagal
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INTRODUCTION

The accumulation o f  excess body fat is a major public health problem (5. 30).

The prevalence o f overw eight and obesity has increased dramatically in the last decade 

(20. 30). Approxim ately 25% o f  adults are obese and greater than 50%  are overweight in 

the United States (20). Several epidem iological studies have indicated that obesity is an 

independent risk factor for sudden cardiac death (17, 24. 35) and cardiovascular disease- 

related morbidity and mortality (17, 24, 49).

Basal cardiac vagal outflow  is reduced in obese compared with non-obese humans 

(2, 3, 41). However, the influence o f  obesity on arterial baroreflex control o f  cardiac 

vagal outflow  (i.e.. cardiovagal baroreflex gain) is controversial: both sim ilar (41. 46) and 

lower (22, 40) levels have been reported. There are a number o f factors that could 

contribute to the discrepant findings observed in the past. For exam ple, hypertension i23 . 

27) and coronary heart disease (32 , 33), both o f  which are more prevalent in obesity (6.

24, 28. 44), are associated with a reduction in cardiovagal baroreflex gain. Thus, the 

failure to screen and/or exclude individuals with hypertension and/or coronary heart 

disease w ould  confound the interpretation o f  any study focused on determ ining the 

influence o f  obesity on cardiovagal baroreflex function.

Accordingly, w e tested the hypothesis that cardiovagal baroreflex gain would be 

reduced in overw eight/obese individuals compared to their age-matched, non-obese 

peers. To accom plish this, we measured cardiovagal baroreflex gain (m odified  Oxford 

technique) in sedentary, norm otensive overw eight/obese and non-obese men. Our 

findings indicate that elevated total body and abdominal fat is associated with a reduction 

in cardiovagal baroreflex gain independent o f  aerobic fitness.
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METHODS

Su bjects. Seven non-obese (NO, body mass index<24.9 kg/m :) and 14 

overw eight/obese (OW /OB. 25 .0<body mass index<34.9 kg/m:) men volunteered to 

participate in the study. W e excluded  subjects with a body mass>35.0 kg/m" because 1) 

severe obesity  is associated with greater number o f co-m orbidities (48) and 2) the 

prevalence o f  severe obesity is less than 10% in the general population (20 , 30). Thus, 

our findings should be more generalizable to the majority o f overw eight/obese aduits. To 

determine whether a reduction in cardiovagal baroreflex gain is observed in both 

overw eight and obese individuals w e further divided the OW/OB group according to 

body mass index W HO criteria (48). Overweight and obesity were defined as a body 

mass index 2 5 -2 9 .9  and 30-34.9 kg/m" , respectively. In addition, only men were studied 

in the present investigation because gender has an important influence on cardiovagal 

baroreflex gain (1, 11, 25, 31, 50. B eske et al. unpublished observations). A ll subjects 

were norm otensive (arterial blood pressure <140/90 m m Hg) as determined by casual 

blood pressure measurements and free from other overt cardiovascular d iseases as 

determined from individual health histories. Subjects w ere further evaluated for the 

presences o f  overt cardiopulmonary disease by resting and maximal exercise  

electrocardiograms. Subjects were nonsm okers and non-diabetic (2-hr post glucose load 

<200 m g/dL). Subjects were not taking any medications that could influence autonomic 

circulatory function. A ll subjects were sedentary and were not participating in any 

regular physical activity (<20 min on < 2 days/wk). The nature, purpose, risks and 

benefits were explained  to the subject before obtaining informed consent (See Appendix
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A). The Colorado State University Institutional R eview  Board approved all experimental 

protocols.

E xperim ental Procedures. Body mass was measured on a physician’s balance to 

the nearest 0.1 kg. H eight was measured using a stadiometer. Waist and hip 

circumference w ere measured at the level of the umbilicus and the widest portion of the 

hip, respectively. B ody com position was measured using dual energy x-ray 

absorptiometry (D PX -IQ , Lunar Corp.). Computed tomography scans were performed to 

quantify abdominal visceral and subcutaneous fat levels as previously described (38. 47). 

Briefly, a cross-sectional scan 10 mm thick, centered at the L4-L5 intervertebral disk 

space, was obtained using 170 mA with a scanning time o f 2 s and a 512 X 5 12 matrix. 

Heart rate was m easured from lead II o f  an electrocardiogram. Respiration was 

measured by placing a pnuemobelt around the upper abdomen. Beat-to-beat arterial 

blood pressure w as measured using finger photopiesthmography (Finapres model 2300. 

Ohmeda). R esting Finapres arterial blood pressures were "calibrated” to brachial blood 

pressures with an automated device (Dinamap, Critikon Co) prior to the injection of 

vasoactive drugs (see  below ). Because aerobic fitness has been reported to exert an 

important influence on cardiovagal baroreflex gain (12-16 . 26. 36). maximal oxygen  

consumption was measured during graded treadmill exercise to exhaustion using open 

circuit spirometry (TrueM ax 2400, ParvoMedics). Criteria for achievement o f a valid 

maximal oxygen consum ption was based on achieving at least three o f  the following: 1) a 

plateau in m aximal oxygen  consumption, 2) a respiratory quotient value o f  >1.10. 3) 

rating o f  perceived exertion >18: and/or 4) achievement o f  age-predicted maximal heart 

rate. To determine whether the reduction in cardiovagal baroreflex gain, if  observed, was
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independent o f  aerobic fitness, we compared a subgroup o f  N O  and OW /OB with similar 

levels o f  aerobic fitness. Cardiac baroreflex gain was quantified using the m odified  

Oxford technique (18).

E xperim ental Protocol. All subjects were studied in the m om ing between 7:00 

am and 11:00 am follow ing a 12-hour overnight fast. Subjects were instructed to refrain 

from caffeine and alcohol consumption 24 hours prior to all testing sessions. Subjects 

were also asked to withstand from participating in any vigorous activity 24 hours prior to 

testing.

An antecubital venous catheter was placed in the subject’s left arm for the 

injection o f  vasoactive drugs. After a 20-m inute rest period and stabilization o f baseline 

arterial blood pressure, heart rate, and respiration, a bolus injection o f sodium  

nitroprusside (75 -100  p.g) was given intravenously followed 60 seconds later by a bolus 

injection o f  phenylephrine HCL (100-150  jag). These pharmacological perturbations 

decreased and increased arterial blood pressure -1 5  mmHg from baseline levels during a 

3 minute period. Three trials were com pleted and each separated by a minimum o f  15 

minutes quiet rest.

D ata A nalysis. Abdominal visceral and subcutaneous fat regions were 

determined using com m ercially available medical imaging software (SliceO m atic. 

Tom ovision) (See Appendix C). A dipose tissue was identified by Hounsfeld units (HU) 

in the range o f - 3 0  to -1 9 0  HU (38, 47). Abdominal visceral fat was calculated as the 

area o f pixels in the appropriate HU range within the abdominal wall. Abdominal 

subcutaneous fat was calculated as the p ixel area in the appropriate HU range outside the
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abdominal wall. B linded  repeat measurements o f abdominal visceral and subcutaneous 

fat in a random sam ple (n=10) were highly correlated (r=0. 99. P<0.05).

Heart rate, b lood  pressure, and respiration were recorded continuously and 

digitized at 500 H z to a laboratory computer for later analysis using signal processing  

software (W indaq, Dataq Instruments). A 4-parameter sigm oid was fit to the data to 

calculate the cardiovagal baroreflex gain and operating range (43) (See Appendix Bi. R- 

R intervals were used because they are more closely related to vagal outflow  than heart 

rate (19). Briefly, systo lic  blood pressures and R-R intervals were averaged across 3 

mmHg systolic b lood  pressure bins. This averaging was performed to reduce variability 

and error associated with respiration and measurement, respectively. Cardiac baroreflex 

gain was estim ated by calculating the linear gain o f the pressure-R-R interval baroreflex 

responses after the bin values in the threshold and saturation regions were excluded. The 

average o f  the three trials was used to determine the average cardiovagal baroreflex gain. 

W e accepted only regressions with correlation coefficients (r)>0.70 (42). The operating 

range was calculated as the change in R-R interval between the saturation and threshold  

regions o f  the fitted sigm oid  curve.

Statistical A n alysis. Differences in subject characteristics and dependent 

variables between N O  and OW /OB men were assessed with independent Student’s t- 

tests’. Analysis o f  covariance was used to gain insight into the potential role o f  total 

body fat and abdominal visceral and subcutaneous fat (covariates) in mediating the lower 

cardiovagal baroreflex gain in OW/OB compared with NO. A one-way analysis o f  

variance with T u k ey’s post hoc test was used to test for differences in the dependent 

variables in the non-obese, overweight, and obese groups. Relationships am ong variables
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were assessed using Pearson Product M om ent correlations. S tepw ise multiple regression 

analyses were com puted to sort out the contribution o f  total body fat. abdominal visceral 

and subcutaneous fat mass. Data are expressed as mean +SE. The significance level 

was set a priori at P < 0.05. All statistical analyses were performed using SPSS statistical 

software (.SPSS v .1 0 .1, SPSS Inc.).

RESULTS

Subject C h aracteris tics  f o r  N on-O bese and O verw eigh t/O bese Men. Subject 

characteristics for N O  vs. OW /OB are shown in Table 1. N o differences in age. height, 

systolic or diastolic blood pressures were observed in the NO and OW/OB groups 

(P>0.05). Body m ass, body mass index, body fat percentage, w aist and hip 

circumferences, abdom inal visceral and subcutaneous fat were higher (all P<0.05 ) in 

OW/OB com pared with NO. but V 0 2max was lower. In addition, resting heart rate 

(60+4 vs. 57+ 2  bpm ) and R-R interval (1030+66 vs. 1064+39 ms) were not different 

between the two groups.

C ardiovagal B aroreflex  Gain an d  O perating Range. Cardiovagal baroreflex gain was 

significantly low er in OW /OB compared with NO (P<0.05. Figure 1). The operating 

range was also  not different in these two groups (N O =486+42 vs.

O W /O B=467+48, P >0.05).

Subject C h aracteris tics  f o r  N on-O bese, Overweight, and O bese Men. Subject 

characteristics for N O , OW . and OB are shown in Table 2. There was no difference in
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age, height, or diastolic blood pressures observed in the three groups (P>0.05). Body  

mass, body mass index, body fat percentage, waist and hip circumferences. W HR. and 

abdominal visceral and subcutaneous fat were higher (all P<0.05) in OW and OB 

compared with NO. All o f  these variables were significantly higher in the OB compared  

with OW. Systolic blood pressure was higher (P<0.05) in the OW  compared with NO. 

but the difference between OW  and OB was not significant. In addition, resting heart 

rate (60+ 4 vs. 57+3 vs. 57+3 bpm) and R-R interval (1030+66 vs. 1068+55 vs. 1055+33  

ms) were not different between the NO, OW . OB. respectively.

C ardiovagal Baroreflex Gain and O perating Range. Both OW and OB individuals 

demonstrated lower (Figure 2) cardiovagal baroreflex gain compared with NO.

H owever, cardiovagal baroreflex gain was not different (P>0.05) in OB compared with 

OW  men. The operating range was also not different in the three groups (N O =486+42. 

O W =478+53, O B =452±96, P>0.05).

Subject Characteristics f o r  N on-O bese an d  O verw eight/O bese Men with Sim ilar L evels o f  

M axim al Oxygen Consum ption. Subject characteristics for NO vs. OW /OB are show n in 

Table 3. No differences in age, height, systolic or diastolic blood pressures were 

observed in the NO and OW /OB groups (P>0.05). Body mass, body mass index, body 

fat percentage, waist and hip circum ferences, abdominal visceral and subcutaneous fat 

were higher (all P<0.05) in OW /OB com pared with NO, but VO^max was similar. In 

addition, resting heart rate (61+3 vs. 55+ 2 bpm) and R-R interval (1012+50 vs. 1096+40  

ms) were not different between the tw o groups.
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Cardiovagal B aroreflex  G ain an d  O perating Range. Cardiovagal baroreflex gain was 

lower (P<0.05) in the OW /O B compared with NO with similar levels o f  maximal oxygen  

consumption (Figure 3). There was no significant difference in the cardiovagal 

baroreflex operating range in the two groups (501+46 vs. 479+47. P>0.05).

C orrelational A n a lysis . Body mass (r=-.40. P<0.05), body mass index (r=-0.66. P < 0 .0 5 1. 

waist circum ference (r=-0.46, P<0.05), W H R  (r=-0.46. P<0.05), body fat percentage <r=- 

0.37, P<0.05), abdom inal visceral fat (r=-0.40. P<0.05). abdominal subcutaneous fat (r=-

0.39. P<0.05), and systo lic  blood pressure (r=-0.47. P<0.05) were correlated to 

cardiovagal baroreflex gain. Neither m axim al oxygen consumption (r=0.28. P > 0 .0 5 1. 

diastolic blood pressure (r=-0.28. P>0.05) nor hip circumference (r=-0.33, P>0.05) were 

correlated to cardiovagal baroreflex gain.

The difference in cardiovagal baroreflex gain between NO and OW/OB was 

unchanged after adjusting for body fat percentage, fat mass, abdominal visceral and 

subcutaneous fat, and systo lic blood pressure (data not shown ). The results o f  the 

stepwise m ultiple linear regression indicate that there were no independent predictors o f  

cardiovagal baroreflex gain in the present study.

DISCUSSION

There are tw o new findings from the present study. First, cardiovagal baroreflex 

gain is reduced in overw eight/obese men compared with their non-obese peers. Second, 

the reduction in cardiac baroreflex gain w as observed in overweight as well as clinically
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obese men. Finally, the reduction in cardiovagal baroreflex gain in overw eight/obese  

men appears to be independent o f their low er level o f  aerobic fitness.

The results from  several previous studies suggest that obesity is associated with  

reduced cardiovagal baroreflex gain (3. 22. 29. 40, 41). Our findings extend these 

observations in at least two important w ays. First, we have shown for the first time that 

overweight as w ell as mild-to-moderate levels of obesity are associated with reduced 

cardiovagal baroreflex gain.

Second, the reduced cardiovagal baroreflex gain observed in the overw eight/obese  

men in the present study was independent o f  their correspondingly lower level o f  aerobic 

fitness. This suggestion  is supported by two observations. First, we observed no 

significant correlation between maximal oxygen consum ption and cardiovagal baroreflex 

gain in the pooled sam ple o f  men in the present study. Second, we observed a lower 

cardiovagal baroreflex gain in OW /OB compared with N O  with similar aerobic fitness 

levels. Taken together, these observations suggest that the lower cardiovagal baroreflex 

gain observed in overw eight/obese men cannot be attributed to their lower level o f 

aerobic fitness.

Total body and abdominal visceral and subcutaneous fat were correlated with 

cardiovagal baroreflex gain in the present study. Our findings suggest that neither total 

body fat nor abdom inal visceral or subcutaneous fat independently contribute to the inter­

individual variation in cardiovagal baroreflex gain. H ow ever, we should emphasize that 

our study w as not designed  to specifically  address the contribution o f total or regional 

body fat to the reduced cardiovagal baroreflex gain observed in overweight and obese  

men. Further studies w ill be necessary to gain insight into this issue.
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We can only speculate on the m echanism s responsible for the lower cardiovagal 

baroreflex gain in the O W /O B men in the present investigation. First, arterial stiffness 

has been reported to be increased with increasing levels o f  total body and abdominal fat 

(21. 39, 45). Additionally, reduced cardiovagal baroreflex gains have been associated  

with increased arterial stiffness (7, 8). Therefore, arterial stiffening may decrease  

barosensory transduction o f  the afferent signal in response to changes in arterial blood 

pressure and alter cardiovagal baroreflex responses in overweight and obese individuals. 

This possibility is currently being explored in our laboratory.

Second, impaired muscarinic receptor function has been demonstrated in animal 

models o f diet-induced obesity (9, 37). Thus, it is possible the reduction in cardiovagal 

baroreflex gain observed in the OW/OB in the present study was due. in part, to reduced 

cardiac muscarinic receptor number and/or sensitivity.

There are som e important im plications o f  our findings that should be discussed. 

Obesity is an important independent risk factor for sudden cardiac death, hypertension, 

and cardiovascular disease-related mortality (6, 17, 24, 28, 35. 44). Reductions in 

cardiovagal baroreflex gain have been sim ilarly related to these adverse health outcomes 

(4, 10, 33, 34). Therefore, the lower cardiovagal baroreflex gain observed in overweight 

and obese men may contribute to their greater overall risk.

There are som e potential limitations o f  the present study that should be 

addressed. First, only sedentary norm otensive men 18-40 years o f age who were healthy 

and free from overt cardiovascular disease were included in the study. Thus, these 

findings may not be applicable to other groups (i.e., women, older individuals, etc.).
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Second, it is possible that the difference in cardiovagal baroreflex gain observed  

in NO and O W /O B  w ould  be eliminated if  the rise in systolic blood pressure were 

sustained (i.e.. there was adaptation o f central neural pathways). We do not believe this 

is likely because G rassi et al. (22) have reported that cardiovagal baroreflex gain is 

reduced in obese, albeit severely obese, compared with non-obese humans using the 

graded, steady state infusion technique.

Third, it is p ossib le  that genetic factors contributed to the reduced cardiovagal 

baroreflex gains observed  in overweight and obese men. Reduced cardiovagal baroreflex 

gain has been associated  with the -344C  polymorphism in the aldosterone synthase gene 

(50). It is possible that the overweight and obese men in the present study m ay have had 

a higher frequency o f  the -3 4 4 C  allele. However, at this time there is no evidence to 

support a higher a lle le  frequency in overw eight and obese men. It is also possib le the 

other D N A  sequence variations may have differed in frequency or interacted with obesity  

to contribute to low er cardiovagal baroreflex gain observed in the OW/OB men in the 

present study.

In summ ary, the results o f  the present study indicate that cardiovagal baroreflex 

gains are reduced in men with elevated total body and abdominal fat independent o f  

aerobic fitness. Furthermore, the cardiovagal baroreflex operating range was not altered 

in men with elevated  total body and abdominal fat. This may have important 

implications regarding the development o f  hypertension and cardiovascular d isease in 

overweight and o b ese  individuals. Whether these changes in cardiovagal baroreflex 

sensitivity are present in women or older populations remains to be determined.
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Table 1. Subject Characteristics in Non-Obese and Overweight/Obese Men.

NO
(n=7)

OW/OB  
(n= 14 i

Age (yrs) 24.7+2.6 28.1 + 1.8

Height (cm ) 183.5+4.2 180.0+2.0

W eight (kg) 70.2+2.8 93.4+3.4*

Body M ass Index (kg/m2) 20.9+0.9 28.8+0.7*

Waist C ircum ference (mm) 79.0+1.7 99.3+2.6*

Hip C ircum lSerence (mm) 9 6 .3 ± 2 .1 109.2±I .7*

Waist-to Hip Ratio (units) 0.82+0.01 0.91+0.02

Body Fat (%) 15.9+1.9 27.0+1.7*

Fat Mass (kg) 1 1.4+1.8 25.6+2.2*

Abdom inal Visceral Fat (cm") 53.4+9.4 124.2+16.0*

Abdom inal Subcutaneous Fat (cm 2) 123.9+18.2 293.7+25.0*

SBP (m m H g) 114+3.1 121+2.1

DBP (m m H g) 63+2.8 66+2.3

Heart Rate (bpm) 59.7+3.7 57.5+2.3

VO im ax (m l/kg/m in) 49.4+3.2 40.5+2.2*

VOamax ( ml/lbm/min) 61.1+2.5 57.0+2.7

A ll values are mean+SE. * P<0.05 vs. N O .
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Table 2. Subject Characteristics Non-Obese, Overweight, and Obese Men.

Variable NO
(n=7)

OW
(n=9)

OB
(n=5 i

A ge (yrs) 24.7+2.6 27.4+2.2 29.4+3.5

Height (cm) 183.5+4.2 181.2+2.4 177.8+3.7

W eight (kg) 70.2+2.8 89.6+4.2* 100.3+5.1*A

BMI (kg.iTf) 20 .9+0.9 27.2+0.61* 3 1,6+0.64*A

Waist Circumference (mm) 79.0+1.7 95.8+3.0* 105.5+3.6*A

Hip Circumference (mm) 9 6 .3 ± 2 .1 107.4+2.1* 1 12.2+2.8*

WHR (mm) 0.82+0.01 0.89+0.02* 0.94+0.04A

Body Fat (% ) 15.9+1.9 24.2+1.7* 32.0+2.6*A

Abdominal Visceral Fat (cm2) 1 1.4+1.8 114.6+16.5* 141.4+35.1*

Abdominal Subcutaneous Fat (cm2) 53.4+9.4 251.4+27.8* 369.9+25.4*A

SBP (mmHg) 123.9+18.2 126+3.5* 120+2.3

DBP (mmHg) 114+3.1 67+2.6 65+2.5

Heart Rate (bpm) 59.7+3.7 57.5+3.3 57.4+2.7

VOamax (ml/kg/min) 49.4+3.2 44.0+2.6 34.1+ 1,7*A

VOamax (ml/lbm/min) 61.1+2.5 60.6+2.7 53.1+3.6

All values are presented as mean+SE. ^Significant difference versus lean, ASignificant 
difference versus overweight subjects, P<0.05.
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Table 3. Subjects Characteristics o f  Non-O bese and O verw eight/O bese Men with Similar 

Levels o f  M axim al Oxygen Consum ption.

Variable NO
(n=6)

OW/OB
(n=8)

Age (yrs) 25.3±3.0 26.5+1.9

Height (cm) 184.0+4.9 178.2+2.9

Weight (kg) 69.9±3.3 88.4+4.1 *

Body Mass Index (kg/m ') 20.7+1.0 27.8+0.9*

Waist C ircum ference (mm) 78.8±l .9 96.3+3.4*

Hip C ircum ference (mm) 96.2±2.4 107.2+2.0*

Waist-to Hip R atio (units) 0.82±0.01 0.90±0.02

Body Fat (%) 15.6±2.2 25.9+2.5

Fat Mass (kg) 11.2±2.0 23.2+2.9*

Abdominal V isceral Fat (cm2) 47.8±8.9 98.3+14.4*

Abdominal Subcutaneous Fat (cm 2) 120 .9± 21.3 287.9+36.4*

SBP (m m Hg) 114+3.6 121+2.4

DBP (m m Hg) 64+3.0 6 5 ± 2 .1

Heart Rate (bpm ) 60.9+4.1 58.2±3.5

VO:max (m l/kg/m in) 47.2±2.8 44.4+2.0

All values are presented as mean+SE. * P<0.05 vs. NO.
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CHAPTER IV 

REDUCED CARDIOVAGAL BAROREFLEX GAIN IN VISCERAL OBESITY: 

IM PLICATIONS FOR THE METABOLIC SYNDROME

ABSTRACT

W e tested the hypothesis that cardiovagal baroreflex gain would be reduced in men 

with elevated abdominal visceral fat compared to their peers with lower levels o f  

abdominal visceral fat but sim ilar levels o f total body and abdominal subcutaneous fat. 

To test this hypothesis, we measured cardiovagal baroreflex gain (m odified Oxford 

technique) in two groups o f  sedentary, normotensive (<140/90), non-obese (BM I<30 

kg/m -) men with lower (LVF. n=8) and higher (HVF, n=9) levels o f abdominal visceral 

fat (66.2+9.8 vs. 121.7+ 19.6 cm - , P<0.05) matched for total body (20 .4+ 2 .4  vs. 23.6+2.4  

%, P>0.05) and abdominal subcutaneous fat (215.1+39.1 vs. 219.9+34.8  cm 2. P>0.05). 

Cardiovagal baroreflex gain w as -35%  lower in HVF compared with LVF (13.1+ 1.7 vs. 

20.4+3.2, P<0.05), but cardiovagal baroreflex operating range did not differ between the 

two groups (512+48 vs. 477+ 46  ms, P>0.05). Therefore, reduced cardiovagal baroreflex 

gain observed in men with abdominal obesity may contribute to the elevated  

cardiovascular disease-related mortality associated with the metabolic syndrome. 

Whether reductions in abdominal visceral fat will result in improvements in cardiovagal 

baroreflex gain remains unclear.

Key Words: Visceral Fat; M etabolic Syndrome; Baroreflex Gain
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INTRODUCTION

Elevated abdominal visceral fat is associated with a clustering o f  several 

cardiovascular and metabolic risk factors for coronary heart disease including  

hypertension, dyslipidemia, g lucose intolerance and insulin resistance, impaired 

hem ostatic function, and low-grade chronic inflammation (4. 13. 21). Importantly, 

several prospective studies have demonstrated that abdominal obesity is an independent 

risk factor for coronary heart d isease and total mortality in men and wom en (14. 23. 26 ).

R educed cardiovagal baroreflex gain has been associated with electrical 

instability o f  the heart and increased cardiovascular mortality (3. 12, 24. 25). Obesity is 

associated with reduced cardiovagal baroreflex gain (17. 34). Although previous studies 

suggest that abdominal obesity is associated with reduced cardiovagal baroreflex gain 

(37), we are aware of no study that has directly tested this hypothesis.

R ecently, Pikkujamsa et al. reported that cardiovagal baroreflex gain was reduced 

in individuals with components o f  the metabolic syndrome (30). Insulin resistance and 

other com ponents o f the metabolic syndrome are more closely related to abdominal 

visceral fat than obesity p er  se  (4, 13, 21). Therefore, we hypothesized that cardiovagal 

baroreflex gain would be reduced in men with elevated  abdominal visceral fat compared 

to their peers with lower levels o f  abdominal visceral fat but similar levels o f  total body 

and abdominal subcutaneous fat. T o address this issue, we measured cardiovagal 

baroreflex gain (modified Oxford technique) in tw o groups of sedentary, men age 18-40 

years o f  age w ho differed dramatically in their level o f  abdominal visceral fat but 

possessed  sim ilar levels o f  total body and abdominal subcutaneous fat.
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METHODS

Subjects. Seventeen non-obese men (body mass index<30 kg/m') were included in the 

present investigation. O bese subjects (body mass index >30 kg/m2) w ere excluded in 

attempt to better isolate the effects o f  abdominal visceral obesity p e r  se. All subjects 

were sedentary (<20 min <2 tim es/w k), normotensive (<  140/90) as determ ined by casual 

blood pressure measurements, and free from other overt cardiovascular diseases as 

determined from health history. Subjects were further evaluated for the presence o f overt 

cardiopulmonary disease by resting and maximal exercise electrocardiograms. Subjects 

were not taking any m edications that could influence autonomic-circulatory function. 

Subjects were w eight stable for at least 6 months prior to any testing. A ll subjects were 

non-sm okers and non-diabetic (2-hr post glucose load < 200 mg/dL). The nature, 

purpose, risks and benefits were explained to the subject before obtaining informed 

consent (See Appendix A). The Colorado State University Institutional R eview  Board 

approved all experimental protocols.

To address the stated hypothesis, we compared cardiovagal baroreflex gain in 

subjects with an abdominal visceral-to-subcutaneous fat ratio <0.40 (V /S  ratio. LVF. 

n=8) and a V/S ratio>0.40 (HVF, n=9). A V/S ratio >  0 .40  is considered viscerally obese 

(27). The V /S ratio was determined by dividing abdominal visceral fat area by 

abdominal subcutaneous fat area (see below). The V /S ratio allowed us to identify two 

groups o f  individuals with dramatically (and statistically) different levels  o f  abdominal 

visceral fat but similar levels o f  total body and abdominal subcutaneous fat.
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Experim ental P rocedu res. B ody mass and height were measured using a physicians 

balance with a stadiometer. W aist (at the level o f  the level o f  the um bilicus) and hip (at 

the w idest part o f  the hips) circum ferences were measured to calculate waist-to-hip 

(WHR) mm. B ody com position  was measured using dual energy x-ray absorptiometery 

(DPX-IQ. Lunar Corp.). Com puted tomography scans (GE H ighspeed CTi) were 

performed to quantify abdominal visceral and subcutaneous fat levels as previously 

described (31, 42 ). Fasting plasm a glucose values were determined using the glucose 

oxidase m ethod on a glucose analyzer (Y S I 2300 STAT Plus, YSI Inc.). Fasting plasma 

insulin values were determined using an ELISA (D SL Laboratories). Insulin sensitivity 

was estimated using the H om eostasis Model Assessm ent (HOM A, 7) and the 

Quantitative Insulin Sensitivity Check Index (QUICKI, 18) as previously described. 

Heart rate was determ ined from Lead II o f  the electrocardiogram. Respiration was 

measured by p lacing a pnuem obelt around the upper abdomen. Finger 

photoplesthmography (Finapres model 2300, Ohmeda) was used to measure beat-to-beat 

arterial pressure. R esting Finapres arterial blood pressures were “calibrated” to brachial 

blood pressures w ith an automated device (Dinamap, Critikon Co.) prior to the injection 

o f vasoacvtive drugs (see below ). Maximal oxygen consumption was measured using 

open circuit spirom etry during graded treadmill exercise to exhaustion (TrueMax 2400. 

ParvoM edics). Cardiovagal baroreflex gain was quantified using the m odified Oxford 

technique (15).

Experim ental P ro toco l. AH experim ental procedures were performed in the morning 

between 7:00 and 11:00 am. Subjects reported to the laboratory follow ing a 12-hour
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overnight fast. Subjects were instructed to refrain form caffeine and alcohol consumption  

for 24 hours prior to all testing sessions. Subjects were also asked to withstand from 

participating in any vigorous physical activity 24  hours prior to any testing.

For the injection o f  the vasoactive drugs, an antecubital venous catheter was 

placed in the subject’s left arm. After a 20-m inute rest period to ensure that baseline 

values o f  arterial blood pressure, heart rate, and respiration were stable, a bolus injection 

o f  sodium nitroprusside (75-100 pg) was given intravenously followed I minute later by 

a bolus injection o f  phenyephrine HCL (100-150  pg). These pharmacological 

perturbations decreased and increased arterial b lood pressure -1 5  mmHg from baseline 

levels during a 3 minute period. The three trials were completed and each separated by a 

minimum o f 15 minutes quiet rest.

Data Analysis. Abdominal visceral and subcutaneous fat regions were determined using 

com m ercially available medical imaging software (SliceOmatic. Tom ovision) (See 

Appendix C). A dipose tissue was identified by H ounsfeld units (HU) in the range o f  -3 0  

to -1 9 0  (32, 42). Abdominal visceral fat was calculated as the area o f  p ixels in the 

appropriate HU range within the abdominal wall. Abdominal subcutaneous fat was 

calculated as the pixel area in the appropriate H U  range outside the abdominal wall. 

Blinded repeat measurements o f  abdominal visceral and subcutaneous fat in a random 

sample (n=10) w ere highly correlated (r=0.99, P<0.05).

Arterial blood pressure, electrocardiogram, and respiration were digitized at 500 

Hz for subsequent off-line analysis using signal processing software (W indaq. Dataq 

Instruments). Cardiovagal baroreflex gain and operating range was calculated by fitting a
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4-parameter sigm oid to the data (39) (See Appendix B). Briefly, systolic blood pressure 

and R-R intervals were averaged across 3 m m Hg systolic blood pressure bins: this 

averaging reduced variability in the m easurements due to ventilation and measurement 

error. Cardiovagal baroreflex gain w as calculated from the regression line fitted to the 

linear portion o f  the sigm oid curve after bin values in the threshold and saturation regions 

were excluded. R-R intervals were used because they are more closely related to vagal 

outflow  than heart rate (16). Only regressions with correlation coefficients (r) >0.70  

were accepted. The operating range was calculated as the difference in R-R interval i in 

m illiseconds) between the saturation and threshold regions o f  the sigm oid curve.

S ta tis tica l A nalysis. Data are expressed as m ean+SE. Differences in subject 

characteristics and dependent variables between the LVF and HVF were assessed with 

independent Student’s t-tests’. A  P level < 0 .05  was considered significant. Bivariate 

correlational analysis was used to assess the relationship between specific subject 

characteristics and cardiovagal baroreflex gain.

RESULTS

Subject Characteristics. Subject characteristics are shown in Table 1. A ge. height, body 

mass, body mass index, waist and hip circum ference, waist-to-hip ratio, body fat 

percentage, body fat mass, systolic and diastolic b lood pressure, heart rate, and maximal 

oxygen consum ption were not significantly different between the two groups. As 

expected, abdominal visceral fat and the V/S ratio were significantly higher in the HVF 

compared with LVF. In addition, fasting plasm a insulin concentration was higher
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(5 l.4 0 ± 9 .3  vs. 30 .4 6 ± 3 .8 4  pm ol/L) and fasting plasm a glucose concentration was sim ilar 

(4 .0 7 ± 0 .18 vs. 4 .6 5 ± 0 .3 5  m m ol/L) in HVF com pared with LVF. respectively. HO M A  

(1 .71+0.4 vs. 1.05+ 0.2 , P<0.05) was higher and Q UICK I (0.36+0.01 vs. 0 .39+0.01 . 

P<0.05) w as low er in H V F compared with LVH. respectively. Both are consistent with a 

greater degree o f  insulin resistance in HVF.

C ardiovagal B aroreflex  Gain an d  O perating Range. Cardiovagal baroreflex gain was 

-35%  low er in H V F compared with LVF (Figure 1, upper panel). However, the 

operating range for the cardiovagal baroreflex w as not different in the two groups < Figure 

1, lower panel).

C orrelational A n alysis. Cardiovagal baroreflex gain was correlated with the fo llow ing  

variables: height (r= 0.54 , P<0.05), body mass (r=-0.41. P<0.05), body fat percentage 

(r=-0.30, P <0.05), body fat m ass (r=-0.36, P <0.05), body mass index (r=-0.68. P <0.05 ). 

waist circum ference (r=-0.42, P<0.05), W HR (r=-0.41, P<0.05), abdominal visceral fat 

(r=-0.45, P < 0 .05), abdominal subcutaneous fat (r=-0.34, P<0.05), systolic blood pressure 

(r=-0.55, P <0.05). Hip circum ference (r=-0.32, P >0.05), maximal oxygen consum ption  

(r=0.16, P > 0.05) and diastolic blood pressure (r = -0 .3 1, P>0.05) were not correlated w ith 

cardiovagal baroreflex gain.

DISCUSSION

The main new finding o f  the present study is that men with elevated abdominal 

visceral fat dem onstrate reduced cardiovagal baroreflex gain compared with their total
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body- and abdominal subcutaneous fat-matched peers with lower levels. Importantly, 

these observations were made in men who were non-obese according to the clinical 

guidelines.

Abdominal obesity has been hypothesized to be a neuroendocrine disorder 

characterized by dysregulation o f  the hypothalamic-pituitary-adrenal axis and parallel 

sym pathetic nervous system activation (5. 6, 29, 35). The results o f  our investigation 

indicate that abdominal obesity is also associated with reduced cardiovagal baroreflex 

gain. This finding is consistent with previous reports suggesting that cardiac vagal tone 

is reduced in obesity (1 .2 ,  37). Therefore, altered regulation o f both the parasympathetic 

and sympathetic nervous system s may be a common feature o f the neuroendocrine 

disorder, which is characteristic o f  abdominal obesity. Future studies w ill be necessary to 

confirm  this theory.

The mechanisms responsible for the lower cardiovagal baroreflex gain in the men 

with elevated abdominal visceral fat are unclear. H ow ever, several possibilities exist. 

First, elevated abdominal fat is associated with increased arterial stiffness (33. 40). In 

addition, arterial stiffening is associated  with reduced cardiovagal baroreflex gain (8. 10). 

Therefore, arterial stiffening m ay impair the ability o f  arterial blood pressure to deform 

the barorosensorv regions and, in turn, result in reduced cardiovagal baroreflex response 

as previously reported in older adults (19, 38).

Second, it is possible that central integration o f afferent vagal nerve traffic is altered 

in men with elevated abdominal visceral fat and this, in turn, would result in a 

proportionally smaller increase in efferent vagal nerve traffic compared with men with
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lower levels o f abdominal visceral fat. W e have no information to support this 

possibility.

Finally, obese dogs demonstrate a reduction in the number and sensitiv ity  o f  cardiac 

muscarinic receptors (11, 28). If this is also observed in obese humans, it is possible that 

the reduction in cardiovagal baroreflex gain observed in the men with elevated  abdominal 

visceral fat in the present study was due, in part, to reduced muscarinic receptor number 

and/or sensitivity. Future studies will be necessary to gain insight into m echanism s 

responsible for the reduced cardiovagal baroreflex gain in men with elevated  abdominal 

visceral fat.

There are important physiological and clinical implications o f  the present study.

First, cardiovagal baroreflex gain is an important physiological determinant o f  cardiac 

vagal tone in humans. Therefore, the low er cardiovagal baroreflex gain observed in men 

with abdominal obesity in the present study may contribute to a reduction in cardiac 

vagai tone (22) as has been previously reported in obese humans (1 ,2 .  37).

Second, reduced cardiovagal baroreflex gain is associated with an increased risk of 

cardiovascular disease-related mortality (3 . 12, 24, 25). Thus, the low er cardiovagal 

baroreflex gain observed in the men with abdominal obesity in the present study may 

contribute to their higher risk o f  CVD-related mortality risk. Importantly, the elevated 

CVD-related risk associated with reduced cardiovagal baroreflex gain is observed in men 

who are clinically non-obese (i.e., body m ass index < 30 kg/m:).

Last, reductions in total body and abdominal obesity result in im provem ents in 

cardiovascular and m etabolic risk factors associated with the m etabolic syndrome (9. 18. 

36, 41). Accordingly, it is possible that w eight loss may improve cardiovagal baroreflex
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gain in individuals with abdominal visceral obesity. Future intervention studies are 

needed to address this possibility.

In sum m ary, the results o f  the present investigation indicate that men with elevated 

abdominal visceral fat demonstrate reduced cardiovagal baroreflex gain compared to their 

total body- and abdominal subcutaneous fat-matched peers with low er levels of 

abdominal visceral fat. Therefore, reduced cardiovagal baroreflex gain observed in men 

with abdominal obesity may contribute to the elevated cardiovascular disease-related  

mortality associated  with the m etabolic syndrome. Whether reductions in abdominal 

visceral fat w ill result in im provem ents in cardiovagal baroreflex gain remains unclear.
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Table 1. Subject Characteristics for LVF and VHF groups.

Variable LVF
(n=10)

HVF
(n=8)

Age (yr) 24.4+1.6 29.0+2.9

Height (cm) 183.5+3.4 181.5± 1.4

Body Mass (kg) 80.8+5.7 89.2+5.2

Body Mass Index (kg/m2) 24.0+1.5 27.0+1.3

Waist C ircum ference ( mm) 87.9+4.1 93.7+4.2

Hip Circumference (mm) 102.9+3.4 106.3+2.5

W aist-to-Hip Ratio ( units) 0 .85±0.02 0.88+0.02

Body Fat (% ) 20.4+2.4 23.6+2.4

Body Fat M ass 17.5+3.1 21.7+3.5

Visceral Abdom inal Fat (cm 2) 66.2+9.8 121.7+19.6*

Subcutaneous Abdominal Fat (cm 2) 2 1 5 .1± 39 .1 219.9+34.8

V/S Ratio (units) 0.33+0.02 0.57+0.06*

Systolic B lood  Pressure (m m Hg) 117.5+2.7 121.5±3.4

Diastolic B lood  Pressure (m m Hg) 63 .2± 1 .3 68.1+4.3

Heart Rate (bpm) 59+3 58+4

V 0 2max (m l/kg/m in) 44.9+2.3 44.3+4.2

V 0 2max (m l/lbm /m in) 58.8+1.8 61.5±4.3

All values are represented as m ean+SE. :*P<0.05 vs. LVF.
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Figure 1. Cardiovagal baroreflex gain (upper panel) and operating range (low er panel) 
in men with elevated abdominal visceral fat (H FV) compared to men with lower levels o f  

abdom inal visceral fat (LVF), but similar levels o f  total body and abdominal
subcutaneous fat. *P<0.05.
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CHAPTER V 

OVERALL CONCLUSIONS

C ardiovagal baroreflex gain is reduced in young, non-obese women compared to 

men. This reduction in cardiovagal baroreflex gain observed in women is independent of 

aerobic fitness levels and only marginally associated with total body fat. The cardiovagai 

operating range w as sim ilar in both non-obese women and men. The mechanisms 

responsible for reduced cardiovagal baroreflex gain in women remain unclear. The 

findings o f  the present study may have important implications for understanding the 

reduced orthostatic tolerance observed in women.

A reduction in cardiovagal baroreflex gain is also observed in overweight and 

obese men com pared to non-obese men. Overweight and obese men typically have lower 

levels o f aerobic fitness, which has been shown to influence cardiovagal baroreflex gain. 

However, cardiovagal baroreflex gain was lower in overw eight/obese men compared  

with aerobic fitness-m atched non-obese men. The findings from this study suggest that 

neither total body fat nor abdominal visceral or subcutaneous fat independently 

contribute to the inter-individual variation in cardiovagal baroreflex gain. H owever, this 

study was not designed  to specifically address the contribution o f  total or regional body 

fat to the reduced cardiovagal baroreflex gain observed in overweight and obese men.

To address this issue, at least in part, we compared cardiovagal baroreflex gain in 

men with elevated  levels o f  abdominal visceral fat with total body- and abdominal
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subcutaneous fat-matched men with lower levels o f abdominal visceral fat. T hese are the 

first experimental data to demonstrate reduced cardiovagal baroreflex gain in men with 

elevated levels o f  abdominal visceral fat. independent o f  total body and abdominal 

subcutaneous fat. The reduced cardiovagal baroreflex gain observed in men with  

abdominal obesity may contribute to the elevated cardiovascular disease-related mortality 

associated with the metabolic syndrome.

Follow up studies are needed to determine the mechanisms responsible for 

reduced cardiovagal baroreflex gain observed in men with mild to moderate form s o f  

obesity and abdominal visceral obesity. In addition, intervention studies are needed to 

determine if reductions in total obesity and abdominal visceral fat will result in 

improvements in cardiovagal baroreflex gain.
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APPENDIX A: 
INFORM ED CONSENT
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COLORADO STATE UNIVERSITY 
INFORM ED CONSENT TO  PARTICIPATE IN A RESEARCH PR O JEC T

Project Title: Abdominal Fat and Autonomic-Circulatory Control in Humans
Principal Investigator: Kevin P. D avy, Ph.D.
Co-investigators: Christopher L. M elby, Dr.P.H.

Brenda M. D avy, M .S.
Stacy Beske, M .S.
Guy Alvarez, M .S.
Tasha Phillips. B .S.
Colleen C ooke, M .S.

Contact person and  phone num ber for questions/problems: Kevin P. D a w . Ph.D.. 
Tel: 491-5871

Purpose of the research: To determine how body com position  (amount o f  fat and lean 
tissue) and fat distribution pattern (apple vs. pear shape) influence the cardiovascular 
system in humans.

Procedures / M ethods to be used: If you agree to participate in this study you w ill first 
be required to com plete a personal health history questionnaire. Based on our evaluation  
o f the questionnaire you may then be eligib le to becom e a study subject. E ligible  
candidates w ill be non-smoking m ales or females between the ages of 18 and 40  years 
who are norm otensive (blood pressure <140/90), free o f  dyslipidem ia (cholesterol 
problems], and diabetes as assessed by a medical history or the glucose tolerance test in 
the case o f  d iabetes (see below for glucose tolerance test). If you have a fam ily history of 
cardiac sudden death or premature coronary heart disease (heart disease in brother or 
sister or parent prior to the age o f  55 years), you w ill be required to undergo a physician  
supervised resting and maximal exercise electrocardiogram to screen for the presence of 
coronary heart d isease. You w ill not be eligible to participate in the study if  you use any 
medications that could  potentially influence your cardiovascular system.

You may be asked or choose to participate in only one com ponent of this study. There 
are two com ponents: 1) a comparison o f  subjects with high vs. lower levels o f  total body 
fat and abdominal fat and 2) an intervention consisting o f  underfeeding/weight loss (or 
control). In addition, you may be asked to or choose to participate in som e or ail o f  the 
sessions which m ake up this study. For each of these session s, a check next to yes will 
indicate that you  are being asked to participate in that session . A check next to no will 
indicate that you  are not being asked to participate in that session . If no choice is 
provided, then participation is a required part o f the study.

You will be d iv ided  into one o f  two groups according to your body mass index 
(calculated from your height and weight): a group w hose body mass index is less than 25 
or a group w hose body mass index is greater than 30 but less than 35. If your body mass 
index is greater than 30, you may be asked to be randomized to an underfeeding (weight 
loss) group or a control group w ho is asked not to change any o f  their dietary or physical
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activity habits. If you are assigned to one the w eight loss groups, you w ill be instructed 
on how to m odify your diet to reduce the amount o f  fat and calories so that you lose 10ac 
of your initial body weight over a 12-week period. You will be asked to com e to the 
CSU cam pus (M oby Complex or Gifford Building) weekly to have your body weight 
measured and to discuss with a dietitian any problems you may be experiencing with 
your w eight loss program.
For a one month period (regardless o f  which group you are in) before and after the weight 
loss or control group, you will be asked to eat food  provided to you and/or your own food 
so that your body weight remains stable.

Page 1 o f  9 Subject Initials_______ D ate_______
You will be asked to come to the C SU campus (either Moby Complex or Gifford 
Building) every 1-3 days to have your body w eight measured.

All of the following sessions and procedures will be performed once for the 
individuals with a body mass index less than 25 or both before and a fte r the 
underfeeding (or control) interventions for individuals with a body mass index 
greater than  30.

Session 1 - M oby Complex, Colorado State University.
(1) M edical History-you will be asked to com plete a medical history questionnaire. This 
procedure is used to screen for pre-existing disease or other reasons you should not 
participate in this study. Your height and w eight w ill also be measured at this time. Your 
body w eight w ill be measured on a standard balance scale, and will include the weight of 
light indoor clothing minus shoes. Your waist, hip, and neck circumference will be 
measured using a measuring tape.

(2) Cholesterol L evels. A small plastic tube or catheter w ill be inserted into an arm vein 
to draw blood (approximately 2 tablespoons) to measure the levels o f cholesterol.

(3) Pregnancy Test. If you are female you will be required to have a sample of your urine 
tested for the presence o f  human chronic gonadotropin (HCG), a hormone which 
indicates whether you may be pregnant. This w ill require approximately i cup o f  your 
urine. If you are pregnant or the test indicates that you are pregnant you w ill not be able 
to participate in this study.

(4) Oral G lucose Tolerance Test. For this procedure you will be asked to drink a very 
sweet sugar solution (75 grams glucose). Additional blood samples (2 blood samples) to 
those described above will be taken both before and after you drink this solution. The 
purpose o f  this procedure is to determine whether you have a normal glucose response to 
drinking this sw eet tasting drink (your oral g lucose tolerance). If your glucose response is 
abnormal you m ay not be able to continue participation and you will be referred to your 
personal physician. Approximately 3-4 teaspoons o f  blood will be required for this 
procedure. This procedure will take approximately an additional 2 hours o f  your time.
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(5) Sodium  Excretion. You will collect all o f  your urine for a 24-hr period in containers 
that we give you and bring those containers in to the laboratory at the end o f  the 24-hour 
period so that the amount o f  salt in your urine can be measured. You w ill be asked to 
return the container provided to you on the fo llow ing  day. This will take approximately 
10 min o f  your tim e over the course o f  a day.

Approximate tim e required: 2.5-3.0 hours

Session 2 -  Poudre Valley Hospital. Sleep Laboratory

(1) Sleep Study. You may be asked to have a sleep  study to determine whether you have 
abnormal breathing activity (sleep apnea) w hile you sleep. If you have this study done, 
you will be asked to go either to Poudre V alley Hospital (directions w ill be provided) in 
the evening c lo se  to the time you usually go to sleep  and/or to take a portable monitoring 
system hom e with you. If the study is performed at the hospital, you w ill be required to 
sleep there over night. In either case, you w ill have the electrical activity in your brain, 
electrical activity o f  the muscles in your face, and eye movement, monitored with 
electrodes attached to your scalp/skin. A  sensor attached to your ear or finger will 
monitor the oxygen  level in your blood. A sensor placed just under your nose

Page 2 o f  9 Subject In itia ls________ D a te_______
and mouth w ill monitor the airflow. Your breathing will be monitored with a plastic belt 
placed around your chest and abdomen. Your heart rate will be measured from 
electrodes p laces on your chest. A  physician w ill determine if the results o f  your sleep 
study indicate whether you have sleep apnea. If so, you will be referred to your personal 
physician or one w ill be recommended to you. H e/she will want to determ ine whether 
further tests are needed and if  you need m edical treatment. If your sleep  study is 
abnormal, you m ay still be able to participate in this study but we will need written 
approval from your doctor.
Approximate Tim e Required: One night o r 7-10 hours Yes_______  No_______

Session 3 - M oby Complex, Colorado State U niversity.

(1) Body C om position. To measure your body fat. you will lie on a hospital-tvpe bed and 
a small amount o f  x-ray will be passed through your body to determine the amount of 
bone, m uscle and fat in your body. This test takes approximately 45 min and there is no 
pain associated with the procedure. This procedure will be performed on ce at the 
beginning o f  the study, and a second time at end o f  your weight loss program. These tests 
will be performed at the Moby Com plex at C SU .

(2) Graded E xercise Test-This procedure involves walking or running on a motorized  
treadmill w hile the electrical activity o f  your heart (electrocardiogram) and blood  
pressure is monitored. The grade o f  the treadmill w ill increase every 2 m inutes, and the 
test w ill end w hen you are too exhausted to continue (usually 8-12 minutes). The
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procedure is used to determine your aerobic fitness level and as a screening test for 
coronary artery disease.

(3) D iet and Physical A ctivity Questionnaires. You will be asked to com plete three 
questionnaires. The first tw o are food intake questionnaires, w hich w ill be used to 
determine your average intake o f calories, fat, protein, carbohydrate, fiber, fruits and 
vegetables during the previous month. You w ill be asked to rem ember everything you ate 
on the previous day. This should take approximately 15-20 m inutes. For the second food 
questionnaire, you will be asked to write down everything you eat for a 4  day period.
This should require approximately 10-20 minutes o f your tim e each day. The third 
questionnaire is to estimate your usual physical activity level, which will require about 15 
minutes to com plete.

Approximate tim e required: 1 hr (w ithout Graded Exercise Test): 2 hr (with Graded 
Exercise T est).

Session 4 - M oby Complex, Colorado State University

(1) Arterial B lood  Pressure. Heart Rate, and Breathing. A continuous recording o f  the 
blood pressure in your arteries will be made by placing a small c u ff around your middle 
finger w hile your hand is maintained at
heart level. Heart rate will be measured by placing three electrodes on your chest and 
reading the electrocardiographic (EC G ) signal. You will be asked to pace your breathing 
to a clock  at a rate o f  15 breaths per m inute. A loose fitting plastic belt w ill be placed 
around the upper abdomen to measure your breathing m ovem ents.

(2) Sym pathetic Nervous System  A ctivity . The measurement o f  sym pathetic nervous 
system activ ity  involves measuring the activity o f  one o f  your nerves on the side o f  knee 
or arm. T w o  sm all microelectrodes (sm all needles) will be placed through your skin on 
the side o f  your knee or arm. The position  o f  one o f  the electrodes w ill be moved back 
and forth through your skin while a very small electrical impulse (1 -2 vo lts)

Page 3 o f  9 Subject In itia ls_________ D a te_________
is passed through the electrode. This search procedure will continue until the electrode 
being m oved  causes your foot or hand to twitch. This procedure w ill take between 5-60  
minutes. W hen a foot or hand twitch is observed, measurement o f  the activity of the 
sympathetic nervous system w ill begin and continue during the procedure described 
below.

(3) Catheter and Blood Draw. A small plastic tube will be inserted in your arm to draw 
blood

(approximately 1/3 cup). Norepinephrine, angiotensin n, angiotensinogen. aldosterone, 
all horm ones that influence your cardiovascular system will be measured. We will also  
measure grow th hormone and cortisol, horm ones that influence your metabolism and 
cardiovascular system . The plastic tube (catheter) will be left in your arm for study 
described b elow .
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(4) Arterial Baroreflex Study. To measure the relationship between changes in biood 
pressure and change in heart rate and sym pathetic nervous activity, you will be given an 
injection o f  a drug (sodium  nitroprusside 100 to 150 micrograms)-a drug which causes 
your blood vessels to dilate) into antecubital vein (large forearm vein) which will lower 
your blood pressure. S ixty seconds later, you w ill be given an injection o f  a second drug 
(phenylephrine HCL (100  to l5 0  micrograms)-a drug which causes your blood vessels to 
constrict) to raise your blood pressure. This series o f  injections will be repeated two more 
times after at least thirty minutes o f passed each time. The amount o f  each drug to be 
injected w ill begin with 100 micrograms. The amount may be increased to 150 
micrograms if  your blood pressure did not drop or increase at least 15 points. In addition, 
a sm all, pencil shaped blood pressure m easuring device will also be pressed gently 
against your neck for a short time.

(5) B lood  Flow  in Heart and Arteries. B lood  flow  and diameter in your the arteries in 
your neck, arm, and leg w ill be measured with an ultrasound machine. The probe used 
w ill be pressed gently against an artery in your neck. arm. and leg. You will be asked to 
squeeze a handgrip device for two-one minute periods at less than half o f  your maximum  
ability w hile the diameter o f  your neck artery is measured. Your heart rate and blood 
pressure will also be measured during this tim e. This will be used to measure the 
flexibility o f  your artery. Your maximum handgrip strength will be measured with this 
handgrip device just before these measurements by having your squeeze this device as 
hard as you can. The amount o f  blood that your heart pumps in one beat and in one 
minute w ill also be measured with another ultrasound probe. For these measurements, the 
probe w ill be pressed gently against tw o different places on your chest.

(6) Cold Pressor Test. You w ill be asked to im m erse your hand up to wrist level in a 
bucket o f  ice cold water for 2 minutes. This w ill provide additional information about 
your sym pathetic nervous system  and circulation not provided by the arterial baroreflex 
study.

Approximate time required: 3 .0  hours

Session 5-Poudre Valley Hospital, Department o f  Radiology, Fort C ollins, CO
(1) Computed Tomography Scan. The amount o f  total fat, fat around your internal 
organs, and fat under the skin in the abdominal area will be measured by computed  
tomography (CT scan). The CT imaging w ill be performed at Poudre V alley Hospital in 
Fort C ollins. For this procedure, you w ill be asked to lie very still on a table. An x-ray 
machine (the CT scanner) w ill rotate around you. and the table will m oved back and forth 
slightly m aking it possible to take x-rays from several angles. The actual x-rav time is 
approximately less than 2 min. You w ill be lying on the table for approximately 15 to 30  
min.

Page 4  o f  9 Subject In itia ls________ D ate_________
Approximate time required: 1 hour (Note: a longer period may be necessary due to heavy 
scheduling and/or em ergency use o f the CT scan at Poudre Valley Hospital).
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Session 6  - M oby Complex, C olorado State University
(1) Resting Energy Expenditure. A fter fasting for 12 hours you will com e to the Moby 
building Rm. 212C
between 7:00 and 8:00 a.m. Y ou w ill then lie quietly on a hospital-type bed and after a 
15-minute period o f
quiet rest a clear bubble-type hood w ill be placed over your head in order to collect all o f  
the air that you expire. This hood w ill not disturb your natural breathing pattern.

(2) Intravenous Glucose Tolerance Test. After the completion o f  the above measurement, 
two sm all plastic tubes (catheters) w ill be placed in each o f two arm veins (different 
arms). The test involves injecting sm all amounts o f  glucose (0.3 mg/kg o f body weight) 
and insulin (0.03 unit/kg body w eight) into your veins (insulin is a hormone which helps 
your body's cells metabolize g lucose). W e will draw blood approximately 28 times.
The total amount o f  blood drawn is equal to about one-half cup or 100 cc. The catheters 
will remain in your arms throughout the entire test. This test measures your insulin 
sensitivity.

Approximate tim e required: 4 -5  hours.

Session 7 - M oby Complex, C olorado State University

(1) Arterial B lood Pressure, Heart Rate, and Breathing. A continuous recording o f the 
blood pressure in your arteries w ill be made by placing a small cuff around your middle 
finger or wrist while you hand is maintained at heart level. Heart rate w ill be measured 
by placing electrodes on your chest and reading the electrocardiographic (ECG ) signal. 
You w ill be asked to pace your breathing to a clock at a rate o f 15 breaths per minute. A 
loose fitting plastic belt w ill be placed around the upper abdomen to measure your 
breathing movements.

(2) Sympathetic Nervous System  A ctivity. The measurement o f sympathetic nervous 
system activity involves m easuring the activity o f  one o f  your nerves on the side o f  your 
knee or arm. T w o small m icroelectrodes (small needles) will be placed through your 
skin. The position of one o f  the electrodes will be moved back and forth through your 
skin w hile a very small electrical im pulse (1-2 volts) is passed through the electrode.
This search procedure w ill continue until the electrode being moved causes your foot or 
hand to twitch. This procedure w ill take between 5-60 minutes. When a foot or hand 
twitch is observed, measurement o f  the activity o f  the sympathetic nervous system  will 
begin and continue during the procedure described below.

(3) Forearm B lood Flow. The amount o f  blood flow  to your arm will be measured in two 
ways. First, w e w ill place a sm all flexib le piece o f  plastic around your forearm and blood 
pressure cuffs around upper and low er arm. The cuffs will be inflated and deflated  
periodically. Second, we w ill use an ultrasound machine, which produces sound waves
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to measure your forearm blood flow. The two techniques will be used together to ensure 
the most accurate measurement.

(4) Lower B ody N egative Pressure. Your lower body (up to your waist) w ill be sealed  in 
an air tight box which is attached to a vacuum cleaner. When the vacuum cleaner is 
turned on a negative pressure is created inside the box and this causes som e o f the blood  
in your circulation to m ove to your legs. This procedure will be performed at 3 to 4  
different levels (not to exceed  —20 mmHg) to increase your sympathetic activity. W e will 
then measure your sympathetic activity and how the blood flow in your forearm and/or 
leg changes.

Page 5 o f  9 Subject In itia ls________ D a te________

(5) Plasma Norepinephrine Concentrations. A sm all plastic tube (catheter) w ill be 
inserted into an arm vein to draw blood (approximately 2 tablespoons) to measure the 
levels o f  norepinephrine in your circulation. Norepinephrine is a substance secreted by 
your sym pathetic nerves and causes your blood vessels  to constrict.

Approximate tim e required: 2.5 hours Yes________

No________

RISKS INHERENT IN THE PROCEDURES:

Catheters: Som e pain or discom fort may be experienced when the catheter is inserted in 
the vein, but this persists for only a short time. In about 1 in 10 cases, a small amount o f  
bleeding under the skin w ill cause a bruise. The risk o f  a blood clot forming in the vein is 
about 1 in 200, w hile the risk o f  infection or significant blood loss is 1 in 1000. Having  
only people experienced in phlebotomy placing the needle or catheter will m inim ize these 
risks.

Oral G lucose Tolerance Test: Because this procedure requires the placement o f a catheter 
in a vein in each arm, the risks here are identical to those stated above. In addition, there 
is a small risk o f  low  blood sugar occurring during or after the test. If this happens, 
orange ju ice (with table sugar) or some other simple-carbohydrate containing food will be 
given to you.

Sleep Study: There are no known risks associated with sleep studies. However, you may 
not sleep very w ell the night o f  study.

Intravenous G lucose Tolerance Test: Because this procedure requires the placement o f  a 
catheter in an arm vein, the risks here are identical to that stated above. In addition, there 
is a small risk o f  low  blood  sugar occurring during or after the test. If this happens, 
orange ju ice (w ith table sugar) or some other simple-carbohydrate containing food w ill be 
given to you. A  registered nurse will be with you during this test.
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Graded Exercise Test: M axim al exercise testing may cause fatigue, m uscle strains, an 
irregular heart beat (arrhythmia's), and a change in blood pressure. There is a 0.01 % 
chance o f  death, and a 0.02%  risk o f  cardiac arrhythmias requiring hospitalization.

D E X A  Scan: The amount o f  radiation that you w ill receive in the D E X A  exam  
(com bined with the CT scan) is less than the amount permitted by the Food and Drug 
Administration (FD A ) per year. The amount you w ill receive is equal to 1/20 of a chest 
x-ray. The more radiation received  over the course o f  your life, the more is the risk o f  
developing cancerous tumors. The radiation in this study is not expected to greatly 
increase these risks, but the exact increase in such risk is not known.

CT Scan: The amount o f  radiation that you will receive in the CT scan ( combined with 
the D E X A  exam) is less than the amount permitted by the Food and Drug Administration 
(FD A ) per year. The amount you will receive is equal to that produced by a dental x-ray. 
The more radiation received over the course o f  your life, the more is the risk of 
developing cancerous tumors. The radiation in this study is not expected to greatly 
increase these risks, but the exact increase in such risk is not known.

Page 6 o f  9  Subject In itials_________D a te_________

Sympathetic Nervous System  Activity: Some subjects experience a temporary (seconds) 
pain and discomfort while the microelectrodes are being inserted. After the procedure 
there is a  small risk o f  num bness, pins and needles type sensations, or pain which lasts 
1-3 days. In very rare cases, num bness, pins and needles type sensations, or pain in the 
leg or arm has lasted several w eeks or months (1 -3 in 1000). These problems can be 
m inim ized by only having experienced  individuals perform this technique. In addition, by 
m inim izing the time to find the nerve to less than 60  minutes, the risk o f  unpleasant 
after-effects is reduced even more.

Drug Infusions: Because this procedure requires the insertion of a catheter, the risks here 
are identical to those described above under catheters. In addition, the infusion of 
nitroprusside could cause low  blood pressure and nausea, sweating, or a sudden elevation 
in heart rate. These feelings should  pass within 1-2 minutes. The 
infusion o f  phenylephrine m ay result in a headache, restlessness, a sudden decrease in 
heart rate, and/or rarely an irregular heart beat. These feelings or sym ptom s, if they occur, 
usually pass within a few m inutes. There is also a sm all risk that som e phenylephrine will 
leak out from the catheter site causing severe constriction o f  the surrounding small blood 
vessels. This may result in an inadequate blood supply to the surrounding tissues and 
eventual death o f that tissue if  untreated. This risk is prevented by using a large vein in 
your arm. However, if this problem  occurs you w ill be referred to a physician for 
im m ediate treatment. T hese risks are slightly increased because we w ill repeat both drug 
infusions two times. It should be emphasized that the amount o f these drugs you will be 
receiving is very small and they are rapidly m etabolized by your body. This lowers the
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risk o f  any adverse reactions to the drugs. In addition, a registered nurse w ill supervise 
this aspect o f  the study.

Handgrip: Your heart rate and blood pressure will increase only slightly. You will feel 
som e fatigue and discomfort in your hand and forearm w hile you squeeze the handgrip 
device but this w ill pass as soon as you stop.

Lower B ody N egative Pressure: There is a very sm all risk o f feeling nausea or fainting. 
The protocol w ill be stopped if you begin to feel nauseous, like you may faint, if your 
heart rate suddenly drops by 15 beats per minute or more, or if your blood pressure 
suddenly drops by 15 mmHg or more. You will be monitored continuously by 
investigators to avoid any fainting.

It is not possible to identify all potential risks in an experimental procedure, but the 
researcher(s) have taken reasonable safeguards to m inim ize any known and potential, but 
unknown, risks.

BENEFITS: You w ill benefit from being informed o f  your body mass and composition  
(how much fat and muscle tissue you have), your fitness level, serum lipid and 
lipoprotein concentrations, your estim ated insulin
sensitivity and how  many calories your body needs to maintain your body weight. If 
your BM I is greater than 30 and you are placed in the w eight-loss intervention, you will 
benefit from receiving in depth personal counseling and instruction, and you will receive 
health benefits from losing weight.

FIN AN C IA L COM PENSATION: You will receive $100 for completion o f  the Session  
#3. If your body mass index is above 30 and you are studied again after weight loss, you 
w ill receive another $100 ($200 total) for com pletion o f  the same measurements (Session 
#3).

CONFIDENTIALITY: All o f the data obtained on you w ill be kept in a separate file in a 
locked cabinet that will be accessible only to the principal and co-investigators listed 
above. Data w ill be published as group data; no publication will include any data which 
can be linked to you as an individual.

Page 7 o f 9 Subject In itia ls________ D a te _________
LIABILITY: Because Colorado State University is a publicly-funded, state institution, it 
m ay have on ly  lim ited legal responsibility for injuries incurred as a result o f  participation 
in this study under a Colorado law known as the Colorado Governmental Immunity Act 
(Colorado R evised  Statutes, Section 24-10-101, et seq.). In addition, under Colorado law. 
you must file any claim s against the University within 180 davs after the date o f  iniurv.

W e will attempt to secure emergency medical treatment for you if you are injured or have 
an adverse reaction or illness as a direct result o f  this research, but such treatment cannot 
be guaranteed. Either you or your insurance company w ill have to pay the costs o f the 
medical treatment. No funds are available from the University. You will need to check
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with your insurance company to see if they w ill cover medical expenses arising from  
participation in a research project, because som etim es they will not cover them. The 
University cannot pay you
for lost w ages, pain, or suffering. Because the U niversity is a state entity, it m ay have 
governmental im m unity, which may prevent you from recovering damages in a lawsuit. 
If you think you have been injured because o f  this research, please contact C elia  Walker. 
CSU Regulatory Com pliance Office at (970) 491 -1563 .

Any other questions concerning treatment o f  subject's rights also should be directed to 
Celia S. W alker at (970) 491-1563.

PARTICIPATION: Your participation in this research project is voluntary. If you decide  
to participate in the study, you may withdraw your consent and stop participating at any 
time without penalty or loss o f benefits to w hich you are otherwise entitled. Your 
signature acknow ledges that you have read the information stated and w illingly signed  
this consent form. Your signature also acknow ledges that you have received, on the date 
signed, a cop y  o f  this document containing 8 pages.

Participant N am e (printed) Date

Participant Signature Date

Investigator or C o-investigator Signature Date

Page 8 o f  9 Subject In itia ls__________ Date

During your Session  1 visit described above w e w ould like to draw an extra 5-6  
tablespoons o f  your blood. Part of this sam ple w ill be used for genetic testing. This 
blood sample w ill be used to make a permanent bank o f  your white blood cells . D N A  or 
deoxyribonucleic acid (the principle chem ical com ponent responsible for your genetic  
characteristics [for exam ple, hair color] w ill be extracted from these cells for analysis o f  
genetic factors. T hese genetic factors may help explain why different people have 
different levels o f  heart rate, blood pressure, sym pathetic activity, or other variables 
measured as part o f  your participation in the above study. The results o f the analysis o f  
these genetic factors and any linking to other information measured will be com pletely  
anonymous. There w ill be no way o f  connecting this information to your name or 
identity and the results w ill only be available to the investigators. The D NA extracted  
from your blood during this project w ill be done in the strictest confidentiality.

I agree to having m y blood drawn for genetic analysis YES n  NO

80

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Participant Signature Date

W e would also like to store som e o f your blood for future related research. This blood  
may be used to m easure other variables that may be thought to be important to this 
project or another new  project or to do more genetic testing. Any future project using 
these samples w ould  have to undergo review  by the Colorado State University Human 
Research Com m ittee. The samples w ill be handled in a confidential and annonvmous 
way as described above.

I agree to having m y blood drawn for storage YES Q  NO Q

Subjects Signature Date

Page 9 of 9 Subject In itia ls_______ D ate__
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APPENDIX B:
CARDIOVAGAL BAROREFLEX GAIN ANALYSIS
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Cardiovagal Barorelfex Gain Analysis

This protocol will waik you through the steps to obtain the linear and sigm oid estim ates 
o f  cardiovagal baroreflex gain during infusion o f  phenylephrine and sodium  
nitroprusside. You w ill have the ability to calculate the rising and falling gains 
separately.

Items you will need for this analysis: L2 file (ECG)
L3 file (Blood Pressure)

-These files should be cut from the BRS trials 
(See BRS Windaq Analysis instructions)

Programs you will need for this analysis: M icrosoft Excel
Matlab 12 with Cardiovagal M-file
TableCurve
Sigm aPlot

Prior to beginning the analysis, the L-files should be placed in the M:\ drive. Do not 
place them in a folder.

1. Open Matlab 12
2. Open the Cardiovagal M file 

Go to File
-Open, the follow ing screen will appear:

wmmmsBeSzbh 
~3 £} ef E3-

decapp 
decapp 
cd c: \ 
cd c: \ 
cd decapp 
decapp

^rrna

_m*a2

*J« ioc
Aitocmsrdtg9*( 

■̂ batchCaenv*
BRSmc

♦ mwftnd 
— Peawsmta

>SA

(CaoacVaga

Fieeoftwa: matlab r « i

Command Hlamiv f̂ utraw Directory

Help" tzo m  Oie Help aenu.

p̂an |

Reedy

After opening the Cardiovagal M -file, the M -file will appear on your screen. Do 
not make any changes to this file or your program will not work. This is the 
working code that com m ands the processor to run the analysis.
To run the analysis for falling pressures open the Cvfall M -file instead of  
Cardiovagal.
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T o initiate the program, press the run k e y ^  or in the command w indow  type run 
cardiacvagai after the »  prompt.
You will need to work in the command w indow  from here on out.
You w ill be prompted for user inputs:

Subject ID: subjectDDbrs (Ex. AAOlbrs)
Trial Number: 1, 2. or 3

-ItfI *1

m -» cfc

To $«c s ta c c td ,  i c l c c c  * HATLAfl Help" Scorn
»— I aiea I 8rt«j

cnac «ccay

< 1 ► I Launch P«a~~ wwni«o«c«

poacpc44

< I ► I C om m and  1 C u n a n t Oicactoiy j
_3

Enccc s u b je c t  id  P09C&C44
C n u c  che ic  1 e l  numbec

After entering user inputs, hit enter.

First, the minimum systo lic  blood pressure (m insbp l) and m axim um  systolic 
blood (m axsbpl) pressure w ill appear. You will need to record these in the excel
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sheet titled C VBR S Trials (Mrdrive, Datafiles ). You can directly enter them into 
the spreadsheet or you can record them on paper and enter them after you are 
finished.____________________________________________
*•» Cm MPW \W\4m I *++
Q  G ? it 3 ;  0  ^  C-* ^  io«T—  o r n m tm t  |  avmr* • j  ..j

a  a u To ?ec scacced. se ie c c  "TtATlAB Help" scon cne Help menu.
■ a * Sice 1 »*-d j

3 § b »

M dbp

S u t l l t

lx l
2541X1
1x16

a "

2032
32

Cncec xutnecc id  
poecbc44
Cncec vie c c ie i  nuabec 
l

U i l J g l i e
f f ll t lP

1x46
254x4

32
203: j

aaxsbpi •

W iw i 253X1 202- 153.95 t

S rh 253x4

1

202- . 

•J
a inafip l •

4  I » I Launcn p m  wtbrtnmc* I 2 0 9 . 16
1

■  r l x l »

c d  c : \ 4
c d  c: \
cd decapp
decapp

------ ' ; . . .
po*Cbc44

1̂
4  !► ! CommandHletnrv 1 CurrantOtracsJ 1 . .  i * t ^Raadr

From this point you will need to switch back and forth between excel and Matlab. 
In Excel: Open a new excel sheet.
In Matlab: Type msbp after the promt ( » )  . The mean sbp for each bin will 
appear on screen.
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1 2 8 . 6 1 3 5 3 3 3 3 3 3 3 3  
1 3 1 .3 4 4 6 6 6 6 6 6 6 6 7

1 3 4 .4 4  
1 3 7 . 2 9 0 2 9 4 1 4 7 6 4 7  
1 4 0 . 3 9 3 4 8 4 8 1 0 1 8 2  
1 4 3 . 0 6 1 0 3 2 6 3 4 5 7 9

1 4 5 .7 0 5
1 3 0 . 5 3

1 5 3 . 2 9 7 5

JjJ

Highlight all the msbp values and copy them (control c or right mouse click copy ) 
Paste them  in colum n 1 o f the new excel sheet you previously created.
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Return to Matlab and type mrr following the prompt ( » ) .  The mean RR interval 
values will appear on screen. Highlight and copy these values and paste them into 
the second column o f the excel sheet with the msbp values. _

S j  a .  & *  *■>• Irs a t Fgw *  I o *  B *«  jtfidow B»*> _ _ _

S? B  t^' S  1 0  5) - 41
81 - 5S1
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131 3467 

134 41 
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140.5932 
143 0611 
145 705 

15055
■W5

561

506.4206 
5666667 

501 
576 

601.3333 
749.0667 
75B5185 
786.5294 
838.9091 
878.8421 
7786667 

845 
RJ3LS

I
H « '» M\Sheet I X She«t2 / 9 m * 3  / T il iur
Ready Sum =10600.S5194 NUM SOU.

In Excel: You need to alter the excel sheet you just created:
1. Make sure that the b lood  pressure values are increasing with each advancing 

row. If this is not the case, then your current file has overlapped your 
previous file in Matlab. You will need to erase the SBP and RR values from 
the point that SBP stops increasing to the end o f  the colum ns.

2. If any rows have the value -1  in them. Clear these values and leave them 
blank.

3. Make sure that for every SB P you have an RR interval.
4. In column 3. type in the follow ing formula in row I :

= 60 /AI * 1000
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Then highlight the rem aining rows and fill the column (ctri-D) with the formula 
you just entered. You should now have three columns: SBP. HR. RR)
O nce you have checked the file, you can save it as subiectlD brs# lex. AAOlbrsl 
For falling pressures, save the file as subjectIDbrs3f (ex. A A O lbrslf)
You can save these to the Documents folder in the C:/drive temporarily.
C lose the excel sheet.
Open Table curve.

(S3 £?CVBftttMli'Ol

KJeeSAr

■t*
•  lbc

I • •  i

File-Open the excel sheet you just created.
The Select Columns for X -Y  Data Table will appear. You w ill need to click on 
ALA (SBP) for the X colum n and AIB (RR interval) for the Y colum n.
*AIC is HR is you need to calculate the BRS gains using heart rate. Select AIC in 
place o f  ALA for the X -colum n and proceed as normal.
C lick on OK.
£SS **ni*
l± l* |S b lM T|l -I I •IMjEL;! F  l-I' 1-1 1iBISBBMlBBBWEBllSIBlanW B!

> IW W a lta  S a U M i l .

las
The data description and variable names table will appear. You do not need to 
make any adjustments here. C lick OK.
The following screen w ill appear:
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From here you will Fit tw o curve to the data. A linear curve and a sigm oid  curve. 
Lets begin with the sigm oid  curve analysis:

aSelect the sigmoid curve Fit button m  The following screen will appear. Select 
on ly  the sigmoid equation. None for Robust minimization, and C o ef o f  Det r .  
Select OK.

...j ma.~ j .jjt— ««*•... |h g T* h r ^  ». ^  u a m

The follow ing screen w ill appear as it is processing. When com plete select. 
Graph Stan.
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The fitted curve w ill appear. Now you need to inspect the curve for fit. For the 
sigm oid analysis, it should be fairly straight forward. Only outliers (red in color) 
may be eliminated. Otherwise, all values should be included in the analysis.
-To delete a value, use the cursor to click on value. A circle will appear around 
the data point.
-Then press OK in the top left comer o f  the screen and rerun the S igm oid Curve 
fit analysis. See notes below.

IlSSnBH IH BEBIG H SQ EEinB:
V 3 R G  Trial file*. G roup  l\CV6iO O r p  1' a n " u i6 o r s 2  *ls

*1 . I d  ^  S 3  « e ~ .  |  W jC m + * m * -  - )

-Once you are satisfied with your curve fit, you need to record the r". a. b. c. and d 
values in the Cvoperatingrange spreadsheet located in the M:\drive. Data Files 
Folder.
This step is not done for falling pressures.
-Press OK and return to the main TableCurve screen. Now you are ready to do 
the linear analysis.
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-Select the linear analysis key !sJs. The 2D  Automated Fitting screen will appear. 
-Once analysis is complete, select Graph Start. The linear fitted curve wiil appear 
as below:

- 1 -I -X***-•-Jl g a ^ .  >4 .*«
-For the linear analysis you will need to check  the saturation and threshold 
regions for a clear plateau.
-For linear fits with r >  0.9, no adjustments should be made to the linear fit. This 
should be done with caution as you could easily bias the data by trying to get a 
good fit. It is always best to delete few er or no points that to begin to eliminate 
data points. Data points that are clear outliers (w ill appear red) may be eliminated 
from the analysis.
-A  plateau is defined as 3 or more data points in a horizontal row. If you observe 
three or m ore data points in a horizontal row, you can delete all data points in that 
row with the exception o f  the initial data point o f  the plateau. This should be the 
point c lo sest or on the linear portion o f the curve.
-Select OK and re-run the linear curve fit. Check the r2 before and after, you 
elim inate the points.
-If the r2 im proves with the deletion o f the data points then you are justified  in 
deleting these points.
-If the r' w orsens, then you need to undelete the points and include them in the 
analysis.
-To undelete the data points, select OK to return to the main TableCurve screen. 
Select V iew . V iew  Data (or Ctrl-V). The follow ing screen w ill appear.
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The data points that have been deleted w ill have a check mark in the colum n  
labeled Ex. In the exam ple below  the first data point has been deleted. To 
undelete the data point, click  in the check mark to remove it.
-Then select OK and re-run the linear analysis. See Notes B elow .
-O nce you are satisfied with your linear fit, recorded the r2 and b value (slope) in 
the exce l sheet labeled: C V B B R ST rials located in the M:\drive, Data Files Folder. 
The falling CV Gain data is entered in the CVBRStrialsfalling excel *heet.
-O nce you have com pleted both the sigm oid  and linear curve fits, c lose  
TableCurve. You do not need to save any data.
-U se the Explorer to m ove the excel sheet that you created into the appropriate 
Cvbindata folder located in the BRS Trials Group# folder. This is a good check  
to m ake sure you have com pleted  the analysis.

N otes:
-If there are several points that fall on a separate curve, go to the excel sheet and 
m ake sure that your blood pressures are increasing with each advancing row.
-If the data points fall on a horizontal line that is not consistent with the saturation 
or threshold regions, go the windaq file and check to see if the Servo Adjust 
(Finam eter) was on. If so, then you are justified in deleting these points.

91

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX C:
COMPUTED TOM OGRAPHY SCAN ANALYSIS OF ABDOMINAL FAT

REGIONS
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Computed Tom ography Scan Analysis of Abdominal Fat Regions

Open Slice-O-M atic

File O pen: Select Appropriate File (The files  are currently on CD) 
When opening the file, double c lick  on patient #. then on 
study 1, then on the last series (either 2 or 3), then select the 
.dcm file

~3
■K&SU'i 
^ (E) o  EJ-

JJJSl

(wODDi 
[Acrtar *i

□

Check to ensure that the proper tools are activated 
Tools

Image Info , Pixel Info, and Color Scheme should all be highlighted
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Before entering any o f  the M odes you must alter the im age so  that you can view  it on the 
screen and contract the different regions:

-Change S ca le  from 3 to 1 by click ing on the
-Change the color scheme: C lick  on M ix, slide the black cursor to —429 and the 
white cursor to -261  (This should allow you to see  all o f  the regions in scan. You 
may need to  adjust these values slightly, but they work for most of the scans to 
date.)

UtLSl

N ow  you are ready to begin the analysis procedure!
Modes

Segm entation
1. Threshold 1: -1024 this should turn the entire scan red. this will 

a llow  you to remove the background and the bowel regions from the 
analysis

2. Threshold 2: — 194, this value w ill vary slightly (-184 t o -1 9 7 )  
ch oose  the value closest to -1 9 0 , if  you have to make a decision  
betw een a hi an lo value, choose the value above -1 9 0 , this w ill be the 
upper threshold for adipose tissue and w ill appear green (visceral fat)

3. Threshold 3: Betw een -5 2  to -2 7 , this value w ill vary depending on 
the scan, you will need to select the value that includes all o f  the 
adipose tissue, as it is the lower threshold for adipose tissue, this w ill 
appear blue (bone, m uscle). To check the tissue regions for inclusion  
o f  adipose tissue you can toggle between FI and F2 to view the scan 
w ith and without segmentation.
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Once you have applied the segm entation regions you must save or “load” the values by 
clicking on Com pute Segmentation

Next you are ready to make the distinction between subQ and visceral fat regions. 
Modes

M orpho
1. Press Compute All -th is  will compute your watershed levels 1-4(1 

being the m ost sensitive, a watershed is a line that is created by
discriminating between pixel densities)
i — — — gpg

J za »  g» !: ... . . . .
2. Select Color # 4  (purple) this will be the color assigned to subQ fat and 

Select a sm aller paintbrush (you can choose any size that w ill allow  
you to select the appropriate subQ regions)

3. Select the watershed level that delineates between subQ and visceral 
fat— usually 2 or 3 and then using your purple paintbrush click  on the 
regions that are to be assigned to subQ fat. You can increase your 
watershed sensitiv ity  to help with precision o f  the pixel measurements. 
Include everything outside o f the intra-abdominal muscle wall. Do not 
click  on any regions that contain blue and green pixels. You will be 
able to include these green pixels in the next process. Load these 
measurements.

4. Select the color blue (#3) and a medium size paintbrush. Rem ove any 
green pixels that are located within the muscle or bone. You do not 
want to include these pixels as visceral fat. Only green pixels inside 
the abdominal cavity should be included as visceral fat.
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5. Once you are selected all the p ixels you can with the different 
watershed levels, load the measurements.

Next you w ill enter the Edit mode to clean up the measurements and include the pixels
that could not be selected from the watershed delineations
Modes

Edit
1. First, select the color red and erase all o f the blue and green p ixels that 

fall outside the CT slice, ie. the scan table. Load measurements
2. Select Color #4  (purple) and the appropriate size paintbrush that will 

allow you to select pixels with a high degree of precision. You will 
usually use the smallest two paintbrushes for this. N ow manually 
highlight (purple) any green p ixels that are outside the abdominal 
muscle wall. If you click on a p ixel that you do not want to highlight, 
use the right m ouse click to unhighlight the pixei(s). This is the most 
tedious o f  the steps, but it is very important for accurate measurement 
o f  both visceral and subQ fat regions. Once you have selected all o f  
the green pixels outside o f the abdominal wall, load the measurements.

3. Select the blue paintbrush and do the same for the intramuscular and 
bone regions o f  the CT scan. Rem em ber you do not want to include 
any green pixels within the m uscle or bone. Load the measurements.

4 . Select the red paintbrush. You may have to clean up the edges o f  the 
CT scan where the purple extends beyond the CT slice itself. Or you 
can select color #4  (purple) and press the erosion button. This w ill 
retract the purple pixels by one p ixel and usually corrects most o f  the 
overlap. Load the measurements.
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eig-ii La» sa g j g r ...,_
Once you are satisfied  with the selected  regions, all you have to do is record the values 
and save your work.
Modes

Surfaces A  olumes
1. Record the area (cm ') for the following regions:

a. Visceral Fat (green)
b. SubQ Fat (purple)
c. Other M uscle/bone (blue)

*i—«l La S3 •.»•»
2. Save these values to an ASCII file by press the ASCII key at the 

bottom of the page. You cannot save these values to the C D  so you 
w ill have to select the appropriate destination for the file  to be saved. 
There is a folder in the C: drive labeled CT scans where these files 
may be saved. The files should be named with the subject ID.

Lastly, you need to save the TAG files so that you can return to the CT scan to make 
further m easurements or to recheck your work without starting from the beginning o f the 
analysis procedure.
File

Save TAG files
N ow  you are ready to delineate between the deep and superficial layers o f  the 
subcutaneous fat region.
You will use the Snakes mode for this portion o f the analysis.
Enter the Snakes m ode. You should see the following.
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Select Y ellow  (color #5) and the sm all paintbrush.
Select "Create New Snake '.
With the cursor click on the line that separates the two layers of subcutaneous fat. I 
recommend that you toggle the ex isting  TAG colors o ff  using the F l. This w ill aliow  
you to visualize the layers more clearly.
Do not connect or overlap the vellow  outline that vou have iust created.

Now select orange (color #6) and the small paintbrush. (The color layers must increase 
in number as you m ove toward the center o f the image if  you choose other colors)
With the cursor click  on the inner boarder o f the subcutaneous fat region (or outer 
abdominal wall). Again do not connect or overlap the outline.

< M « » i  1 U 3  « 0  X 3  w . . -  I f ^ i f O i i x i i c  ii— mm
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Once you have places both "snakes”, select Minimize Energy. Do this only once. You
w ill see the snakes attached to areas o f  greatest contrast.

A Xf 1 CT W  »... j | mn  a . u ~
N ow  you need to smooth out the snakes and place them on the appropriate boarders.
Stan with the yellow  snake. Select the color yellow  and the largest paintbrush. With the 
cursor you can push/iron out the line and place it where you want it.
-The best way to get the snake in the m ost accurate position is to push it out so that you 
can see the layer and then use the cursor to set it down on the line.
For tighter turns, use a smaller Daintbrush

Repeat the same process for the orange snake. Select the color orange and the largest 
paintbrush. Sm ooth out the boarder with the cursor and place the snake where you want 
it.
You final image should look like the fo llow ing  image:
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Now select “Snake To TAG”. You w ill probablv have to Dress F2 to show the colors
^ _________________ - 191 *1

N ow  go into the Surface/Volume M ode. You will need to record the surf (cm : l values
for the yellow  and orange regions.

When you are finished, you will need to exit the program to start a new scan.
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