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The aim of this study was to evaluate the association
between resting baroreflex sensitivity (BRS) and carotid
intima–media thickness (IMT), a putative marker of sub-
clinical atherosclerosis. Participants were 64 men and 18
women (median age, 57 years; range, 40 to 70 years), who
did not have a previous history of coronary artery disease
or treatment for hypertension. Resting BRS was measured
during a 9-min baseline period using the noninvasive
sequence technique; carotid IMT was subsequently deter-
mined using ultrasonography. Hierarchical multiple re-
gression analyses showed that greater IMT in the carotid
bulb (an area with a high density of baroreceptors) was
associated with reduced BRS. These findings remained

after adjusting BRS for resting mean arterial pressure, age,
body mass index, gender, and smoking history, R2 � 0.06,
P � .03. In contrast, IMT in the common and internal
carotid regions (areas with presumably lower baroreceptor
densities) did not account for a significant proportion of
the variance in BRS. These results suggest that subclini-
cal atherosclerosis, specifically in a region with high
baroreceptor density, is associated with a reduced sensi-
tivity of the baroreflex. Am J Hypertens 2002;15:
486–491 © 2002 American Journal of Hypertension, Ltd.
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T he baroreflex regulates short-term variations in
blood pressure (BP) through autonomic adjust-
ments in heart rate, cardiac output, and peripheral

resistance; decreased baroreflex sensitivity (BRS) occurs
when transient changes in BP are not detected adequately
and are consequently not offset effectively by these com-
pensatory autonomic adjustments. 1 Previous research in-
dicates that decreased BRS is associated with aging,2

hypertension,3,4 myocardial ischemia,5 exposure to psy-
chologic stressors,6 and cardiac mortality after myocardial
infarction.7,8 Decreased BRS may also be associated with
the structural or biochemical effects of atherosclerosis on
the carotid and aortic baroreceptors.9–13 However,
whereas relationships between atherosclerosis and BRS
have been well documented in animal models,9–11 similar
evidence in humans is both limited and indirect. Vlachakis
et al,12 for example, reported that decreased BRS was
associated with a greater number of risk factors for ath-

erosclerosis (advanced age, diabetes mellitus, hyperlipid-
emia, smoking, and familial history of vascular disease) in
both normotensive and hypertensive individuals. More
recently, Katsube et al13 reported that compared to age-
matched controls, BRS was lower in patients with stable
coronary artery disease and that BRS was inversely related
to the number of stenotic coronary vessels.

Although ultrasonographic measures of the carotid in-
tima–media thickness (IMT) are being used increasingly
to study the relation of subclinical atherosclerosis to car-
diovascular risk factors, morbidity, and mortality,14,15 no
studies to date other than one preliminary report16 have
evaluated the possible relationship between indices of
IMT and BRS. To the extent that atherosclerosis is related
to decreased BRS, then greater carotid IMT may be asso-
ciated with lower levels of BRS. Furthermore, IMT in
specific carotid regions may show a stronger relationship
with BRS, given that the baroreceptors are not uniformly
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distributed throughout the carotid arteries; that is, barore-
ceptor density is greater in the carotid bulb compared to
the common and internal carotid artery segments.1,17

The aim of the present study was to evaluate the inde-
pendent contributions of carotid IMT to the prediction of
basal BRS in an adult sample with a moderate range of
resting BP. Specifically, we examined the relationship
between BRS and measures of IMT derived from the
common, bulb, and internal regions of carotid arteries,
after statistically controlling for factors that have previ-
ously been shown to predict BRS (age, body mass index,
gender, smoking status, and resting BP).18

Methods
Subjects

Participants were 64 men and 18 women aged 40 to 70
years (median, 57 years) who were enrolled in the REAc-
tivity and Cardiovascular risk Trial (REACT), which was
designed to examine the relationship between preclinical
atherosclerosis, and cardiovascular reactivity to psycho-
logic stressors among normotensive and untreated hyper-
tensive individuals. Individuals were screened to exclude
those with (1) secondary hypertension; (2) previous cere-
brovascular accident or stroke; (3) coronary artery disease;
(4) use of any cardiovascular medication at the time of
study or medication use for more than 6 weeks in the
previous two years; (5) diabetes; (6) obesity (�20% over-
weight as defined by Metropolitan Life Insurance tables);
(7) cancer; (8) renal failure; (9) hepatitis or cirrhosis; (10)
pulmonary disease; (11) angina pectoris; (12) alcoholism;
and (13) a psychiatric disorder or current use of psycho-
tropic medication. Premenopausal women and women
who had undergone a hysterectomy or who were on single
hormone replacement therapy (estrogen only) were also
excluded. All participants provided informed consent and
all procedures were approved by the University of Pitts-
burgh Institutional Review Board.

Procedure

Participants attended two screening appointments during
which measures of height, weight, and resting BP were
obtained. After the screening sessions, eligible individuals
with BP �130/85 mm Hg (n � 65) or �140/90 mm Hg
(n � 25) subsequently underwent carotid ultrasonography
procedures for the measurement of IMT and were exposed
to a battery of cognitive, psychomotor, and interpersonal
challenges while cardiovascular measures were recorded.

Participants were instructed to refrain from drinking
alcohol and taking nonessential medication for 12 hours
before testing and to refrain from drinking beverages con-
taining caffeine, smoking, eating, and exercising for 3 h
before testing. After electrode application, the participant
was seated upright and completed a series of psychologic
stress tasks during which cardiovascular measures were
obtained. The data reported here include only the BRS

data obtained during a 9-min vanilla baseline period, dur-
ing which each participant performed a simple color iden-
tification task.19 This nonevaluative baseline task is de-
signed to reduce psychologic anticipation of upcoming
stressors by maintaining a consistent, but low, level of
mental activity; the vanilla baseline is not reported to be
unpleasant or stressful, and cardiovascular variables (BP
and heart rate) assessed during the vanilla baseline do not
differ from those obtained during a resting baseline.19

Physiologic Recording

Beat-to-beat changes in systolic (SBP) and diastolic
(DBP) BP were monitored from the third finger of the
dominant hand, positioned at the level of the heart, using
a continuous BP tracking device (FIN-A-PRES 2300,
Ohmeda; Englewood, CO, automatic servoadjustment set-
ting deactivated). The electrocardiogram (EKG) was ob-
tained from three Ag/AgCl electrodes that were positioned
in a modified lead II configuration. The EKG was digitized
(12 bit), sampled at 1000 Hz, and stored for offline pro-
cessing.

Baroreflex Sensitivity Quantification

The sequence method20 was used to derive estimates of
BRS from continuous recordings of SBP (derived from the
FIN-A-PRES) and cardiac interbeat intervals (IBI; derived
from the time in milliseconds between sequential R spikes
in the EKG). Specifically, individual IBI values were first
transformed into heart rate for compatibility with the BRS
scoring software,6 then, series of three or more successive
cardiac cycles for which there was an increase in SBP
followed by a decrease in the heart rate of the subsequent
heart beat (up sequence) or a decrease in SBP followed by
a increase in the heart rate of the subsequent heart beat
(down sequence) were identified. Only those sequences for
which SBP changed by at least 1 mm Hg and the subse-
quent heart rate changed by at least 0.3 beats/min were
evaluated. Given the range of resting heart rates in this
sample (54 to 98 beats/min), a criterion of 0.3 beats/min
corresponded to an interbeat interval criterion ranging
from 3 to 6 msec, which falls within the range of the
criteria used by previous validation studies (1 to 6
msec).4,21,22

After sequence identification, individual heart rate val-
ues were reexpressed as interbeat intervals and linear
regression functions were then fit to each sequence, which
yielded an unstandardized slope (ie, the BRS estimate) that
reflected the change in IBI (in milliseconds) per mm Hg
change in SBP. Only those sequences for which the cor-
relation between SBP and IBI exceeded r � 0.80 were
included in the calculation of BRS estimates. The average
BRS derived from up sequences (M � 11.08 � SE � 0.46
msec/mm Hg) did not differ significantly from the average
BRS derived from down sequences (11.76 � .57
msec/mm Hg), P � .10; thus, slopes were averaged across
all sequences that were identified for the entire 9-min
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baseline period (average BRS across all participants �
11.55 � 0.47 msec/mm Hg; average number of BRS
sequences � 12.46 � 1.13). Average BRS values were
approximately normally distributed.

IMT Measurement

B-mode ultrasonographic scans of the right and left com-
mon carotid artery, carotid bifurcation, and the first cen-
timeter of the internal carotid artery were performed using
a Toshiba SSA-270 scanner (Tustin, CA), which was
equipped with a 5-Mhz linear array imaging probe. The
right and left carotid arteries were imaged in multiple
planes until the best image of the echogenic lumen–intima
and media–adventitia interface was found. These images
were then digitized for later offline IMT scoring. From the
digitized images, the average IMT across 1-cm segments
of the near and far walls of the right and left distal
common carotid artery (1 cm proximal to the carotid bulb),
the far wall of the carotid bulb (starting at the point at
which the near and far walls of the common carotid artery
are no longer parallel and ending at the flow divider), and
the far wall of the internal carotid artery (from the flow
divider to the first centimeter distal to this point) were
derived. The IMT measures were then averaged across the
right and left sides for each region, yielding an average
IMT for the common (IMTCCA), bulb (IMTBulb), and
internal (IMTICA) carotid regions. For reliability of RE-
ACT IMT estimates, see Thompson et al.23

Statistical Analysis

Consistent with population-based norms,24 the distribu-
tions of all IMT measures were skewed. To compare BRS
between individuals in the upper and lower halves of the
IMT distributions, we divided the sample at the median
IMT for each carotid region (IMTCCA median � 0.81 mm;
IMTBulb median � 0.90 mm; IMTICA median � 0.72

mm). This procedure yielded a dichotomous IMT status
measure for each region (1 � low IMT, 2 � high IMT).
Using t tests and �2 analyses, we first evaluated univariate
differences between individuals with high and low levels
of IMT in the following variables: age, body mass index
(in kilogram/squaremeter), smoking status (1 � current
smoker, 2 � nonsmoker), gender (1 � male, 2 � female),
SBP, DBP, and mean arterial pressure (MAP � DBP �
(SBP � DBP)/3).

Hierarchical linear regression analyses25 were then
used to predict BRS from dichotomous IMT measures
after controlling for these covariates. For these analyses,
BRS was regressed hierarchically on three sets of inde-
pendent variables, which were entered in the following
order: step 1 � age, body mass index, gender, and smok-
ing status; step 2 � MAP; and step 3 � IMT status. A
separate hierarchical regression was performed for each
carotid IMT measure (IMTCCA, IMTBulb, IMTICA). We
evaluated the proportion of variance in BRS accounted for
by the first set of predictors (R2), and the increment in the
proportion of unique variance accounted for by the second
and third set of predictors (�R2). We also examined the
standardized regression coefficient (�) and zero order (r)
and partial (pr) correlation coefficients for each variable.
The partial correlation reflects the correlation between a
dependent measure and a given predictor after removing
the linear relationship between the dependent measure and
other predictors in the model.25 Point-biserial correlations
(rpb) were used when one variable was dichotomous and
one was continuous.

Eight individuals had an insufficient number of cardiac
cycles for which BRS could be determined; these individ-
uals did not differ significantly from those with complete
data in age, body mass index, SBP, DBP, MAP, or IMT at
any of the carotid regions. A type I error rate of � � 0.05
was adopted.

Table 1. Comparison of individuals with higher and lower levels of intima-media thickness (IMT) at the
common (CCA), bulb, and internal (ICA) carotid artery regions

IMTCCA IMTBulb IMTICA

<0.81 mm >0.81 mm <0.90 mm >0.90 mm <0.72 mm >0.72 mm
(n � 45) (n � 45) (n � 45) (n � 45) (n � 45) (n � 45)

Age (y) 51.8 (8.5) 57.8 (8.3)* 52.4 (8.5) 57.2 (8.7)* 53.1 (8.4) 56.5 (9.1)†
BMI (kg/m2) 26.4 (3.1) 27.9 (3.5)* 26.4 (3.2) 28.0 (3.4)* 27.1 (3.0) 27.3 (3.8)
Smokers (n) 10 9 11 8 9 10
Gender (M/F) 36/9 35/10 34/11 37/8 36/9 35/10
SBP (mm Hg) 125.8 (12.4) 132.2 (15.7)* 127.9 (15.6) 130.2 (13.3) 129.2 (14.3) 128.9 (14.7)
DBP (mm Hg) 84.4 (8.5) 81.6 (9.9) 83.5 (9.7) 82.5 (8.9) 84.3 (10.6) 81.7 (7.6)
MAP (mm Hg) 98.2 (9.2) 98.5 (10.8) 98.3 (10.8) 98.4 (9.1) 99.3 (10.8) 97.4 (9.0)
BRS (msec/mm Hg) 12.1 (4.4) 11.0 (4.1) 12.7 (4.3) 10.2 (4.0)* 11.9 (4.9) 11.2 (3.4)
BRS sequences 14.43 (12.0) 10.63 (8.0) 13.63 (12.4) 11.31 (7.6) 13.24 (10.7) 11.69 (9.9)

BMI � body mass index; M/F � male/female; SBP � systolic blood pressure; DBP � diastolic blood pressure; MAP � mean arterial pressure;
BRS � baroreflex sensitivity.

Values in parentheses indicate standard deviation.
* P � .05; † P � .07.
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Results
IMT Group Comparisons

Table 1 shows descriptive characteristics of individuals
classified as having low and high levels of IMT in the
common, bulb, and internal carotid regions. Overall, indi-

viduals with higher IMT at each carotid region were older
than those individuals with lower levels of IMT; however,
this difference was marginal between IMTICA groups (P �
.07). Individuals with higher levels of IMT across the
carotid regions also had a higher body mass index com-
pared to individuals with lower levels of IMT, but this
difference did not reach statistical significance when
IMTICA groups were compared (P � .50). Although indi-
viduals with higher IMT at the common carotid artery had
a higher resting SBP than individuals with lower levels of
IMT at this region, no statistically significant differences
between the remaining IMT groups were found for gender
or smoking frequencies, nor were group differences found
for DBP or MAP (P � .30).

Baroreflex Sensitivity and Carotid IMT

Table 2 shows the hierarchical regression results predict-
ing BRS from three sets of predictors. Within the first set,
no statistically significant relationships were observed be-
tween BRS and age, gender, smoking status, or body mass
index, step 1 R2 � 0.04, F (4, 74) � 1. In the second step,
however, MAP accounted for a significant proportion of
the remaining variance in BRS, step 2 �R2 � 0.08, F (1,
73) � 6.31, P � .01. Specifically, replicating prior find-
ings,2–4 increased MAP was associated with decreased
BRS. After controlling for age, gender, smoking status,
body mass index, and MAP in the first two steps of the

Table 2. Hierarchical regression analysis predict-
ing baroreflex sensitivity

Variable � pr
r

(rpb) t

Step 1
Age �0.16 �0.15 �0.14 1.26
Sex 0.04 0.04 �0.02 0.35
BMI �0.11 �0.11 0.11 0.96
Smoking status �0.11 �0.10 �0.05 0.89

Step 2
MAP �0.28 �0.28 �0.28 2.51*

Step 3
IMTCCA �0.07 �0.07 �0.13 0.56
IMTBulb �0.25 �0.26 �0.27 2.24*
IMTICA �0.05 �0.05 �0.07 0.46

Step 1 R2 � 0.04, P � .5; step 2 �R2 � 0.08, P � .01; step 3 IMTCCA
�R2 � 0.004, P � .5; step 3 IMTBulb �R2 � 0.06, P � .03; step 3
IMTICA �R2 � 0.003, P � .7.

A separate regression analysis was performed with each IMT
measure for step 3.

Bulb � carotid bulb; other abbreviations as in Table 1.
* P � .05.

FIG. 1. Baroreflex sensitivity (BRS) for individuals with low (�0.90 mm) and high (�0.90 mm) levels of carotid bulb intima–media thickness
(IMT). In this plot, bolded horizontal lines represent the median BRS for each group; each box represents the interquartile range,
containing 50% of the BRS values for each group. Bars extend from the upper and lower quartiles to the highest and lowest observed BRS
values, excluding one outlier value shown as a circle; exclusion of this outlier, which was defined as any value falling between 1.5 and 3 times
the interquartile range, did not alter the observed results.
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hierarchical regression analysis, the IMTBulb measure ac-
counted for a unique proportion of the remaining variance
in BRS, step 3 �R2 � 0.06, F (1, 72) � 5.01, P � .03. As
shown in Table 1 and Fig. 1, BRS was lower among those
individuals with higher IMTBulb levels compared to indi-
viduals with lower IMTBulb levels. In contrast to the find-
ings for the IMTBulb measure, IMTCCA(�R2 � 0.004) and
IMTICA (�R2 � 0.003) did not account for a significant
proportion of the variance in BRS, step 3 F (1, 72) � 1.

Discussion
The primary finding of the present study was that greater
IMT in the carotid bulb—a region with a high density of
baroreceptors—was associated with reduced BRS. This
association remained after adjusting BRS for resting BP
and other factors that have also been shown to predict
BRS. In contrast, IMT in the common and internal carotid
regions—areas with presumably lower densities of barore-
ceptors—were not associated with BRS. Similarly, no
statistically significant correlations were found between
BRS and gender, body mass index, smoking status, or age;
however, these particular findings are not atypical.18,26

Given that we studied a relatively healthy sample of indi-
viduals with a restricted age range and few women and
smokers, and because body mass index accounts for a
small percentage of the variance in BRS (�1%),18 a larger
sample with fewer exclusionary criteria would likely be
required to observe relationships between these variables
and BRS.

To the extent that IMT is a valid marker of early,
subclinical atherosclerosis,27 there may be several expla-
nations for an inverse relationship between carotid bulb
IMT and BRS. First, atherogenesis may reduce BRS by
structural changes in vessel wall composition, which may
contribute to increased vascular stiffness. Such structural
changes may affect BRS because a higher pressure thresh-
old would be required to distend the arterial wall, and thus
activate the stretch-sensitive baroreceptors.9,28,29 Second,
so-called functional mechanisms related to the progression
of atherosclerosis (eg, paracrine factors) have also been
shown to affect BRS in animal models.10 Most notably,
accumulation of oxygen-derived free radicals during the
development of atherosclerosis has been shown to reduce
baroreceptor activity.11,30 However, because carotid IMT
was used as an estimate of subclinical atherosclerosis in
the present study, inferences regarding the relationship
between these structural (ie, compliance/distensibility) or
functional mechanisms and BRS are necessarily limited.
For instance, increased arterial wall thickness, as indicated
by greater IMT, may not necessarily reflect decreased
arterial distensibility. Furthermore, because carotid bulb
IMT explained a relatively moderate amount of the vari-
ance in BRS, it is likely that other factors that were not
assessed in the present study (eg, estimates of autonomic
cardiac control, myocardial ischemia) may account for a
significant percentage of the remaining variance in BRS.

Finally, because correlational methods were used to eval-
uate the relationship between BRS and IMT, the issue of
whether changes in BRS precede or follow changes in
IMT cannot be resolved adequately. Indeed, a number of
studies indicate that BRS provides a stable index of indi-
vidual differences in autonomic function, and that these
individual differences are important predictors of future
cardiac arrhythmias and mortality.7,8 On the other hand,
previous animal studies have shown that the development
of atherosclerosis precedes alterations in BRS.10 Taken
together, these findings suggest the possibility that the
BRS–cardiovascular disease relationship may be bidirec-
tional. With regard to the results of the present study,
future prospective studies are needed to determine the
temporal relationship between changes in BRS and IMT.
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