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Abstract

Background—-Brachial blood pressure (BP) reactivity to stress predicts large artery damage and
future cardiovascular (CV) events. Central BP is an emerging risk factor associated with target
organ damage (TOD). Currently, little is known about the central BP response to mental stress and
its association to TOD.

Methods and Results—Twenty-five healthy, non-obese adults completed a computerized
mental stress test. Brachial and carotid systolic (S)BP reactivity to stress were calculated as SBP
during stress minus resting SBP. Resting carotid intima-media thickness (IMT) was also
measured. Carotid SBP reactivity to stress was significantly associated with carotid IMT,
independent of age, sex, body mass index, non-high density lipoprotein cholesterol and brachial
SBP reactivity to stress (r=0.386, p<0.05).

Conclusion—The relationship between carotid SBP reactivity and carotid IMT suggests that the

central BP response to stress may prove to be an early risk marker for potential subclinical TOD.
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1. Introduction

The brachial systolic blood pressure (SBP) response to mental stress (SBP reactivity) is
associated with an increased risk for future cardiovascular (CV) events, independent of
resting BP level (1). Repeated episodes of stress-induced elevations in SBP over an

© 2014 Elsevier Ireland Ltd. All rights reserved

Corresponding Author: Nicole L. Spartano, Ph.D. The Human Performance Laboratory Department of Exercise Science Syracuse
University Syracuse NY, 13244 nisparta@syr.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest
None.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Spartano et al.

Page 2

individual’s lifetime may contribute to target organ damage (TOD), mediated by damage to
the large central arteries such as the aorta or carotid arteries (2, 3).

Carotid intima-media thickness (IMT) is an established measure of subclinical
atherosclerosis and TOD (4, 5). Although there is an association between brachial BP and
carotid IMT (6), mounting evidence suggests that central BP is more tightly coupled
pathophysiologically to regional TOD (6, 7), and as such may be a stronger predictor of CV
outcomes than brachial BP (8, 9). This raises the intriguing possibility that the carotid SBP
response to stress may be a stronger correlate of regional vascular TOD than traditional
measures of CV reactivity to stress such as brachial SBP reactivity. The aim of the present
study was to examine the relationship between carotid SBP stress reactivity and carotid
IMT, independent of brachial SBP reactivity.

2. Methods

Twenty five healthy, non-obese (body mass index [BMI] < 30 kg/m?) men and women
between the ages of 18-58 years participated in this study. Subjects were excluded if they
self-reported daily cigarette smoking, history of hyperlipidemia, cardiovascular disease
(CVD), diabetes mellitus, or if taking vasoactive medications. All subjects signed a written
informed consent approved by the Institutional Review Board of Syracuse University.

This study required 2 laboratory visits. For the first visit, participants arrived after a 12 hour
(overnight) fast to provide a fasting blood sample and complete questionnaires. For the
second visit, participants were instructed to arrive at least 3 hours after their last meal for
CV data acquisition at rest and during the mental stress protocol. For both study visits,
participants refrained from caffeine or alcohol ingestion and strenuous physical activity at
least 12 hours prior to testing. Blood samples were obtained via finger lancet for
measurement of blood lipids and glucose using a validated point-of-care device (Alere
Cholestech LDX, San Diego, CA) (10).

2.1. Brachial and Carotid Blood Pressure

Brachial SBP was measured in duplicate at baseline (after 10 minutes rest in the supine
position) and in triplicate during the mental stress protocol using a validated, oscillometric
cuff (EW3109, Panasonic Electric Works, Secaucus NJ). Carotid pressure waveforms were
obtained from a 10 second epoch using applanation tonometry (SphygmoCor, AtCor
Medical, Syndey, Australia) and calibrated to brachial mean arterial pressure and diastolic
(D)BP at baseline and during mental stress. Brachial and carotid BP were measured
simultaneously.

2.2. Carotid Doppler Ultrasonography

Images of the common carotid artery were obtained using Doppler ultrasound (ProSound
a7, Aloka, Tokyo, Japan) and 7.5-10.0 mHz linear-array probe. The carotid artery was
imaged using a longitudinal view of the near wall, distal to the carotid bulb as the distance
from the lumenintima interface to the media-adventitia interface across a 5 mm region of
interest via semiautomated digital calipers (11).
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2.3. Mental Stress Protocol

Following acquisition of resting measures, participants remained in a supine position and
completed a 4-minute customized incongruent Stroop color-word interference task (12) (E-
Prime, Psychology Software Tools Inc, Sharpsburg PA). Target words were identified using
a remote response clicker so that participants did not speak during carotid measures.

2.4. Statistical Analysis

Results are reported as mean + standard deviation (SD). The CV response to the mental
stress task and comparisons by sex were examined using paired t tests. Absolute changes in
SBP were calculated as reactivity scores. Pearson’s correlation coefficients were used to
examine associations of interest between baseline measures and SBP reactivity scores.
Partial correlations were used to adjust for possible confounders including age, sex, BMI
and non-high density lipoprotein-cholesterol (HDL-C). All statistical analyses were
performed using Statistical Package for the Social Sciences (SPSS, version 20, IBM,
Chicago, IL).

3. Results

Descriptive subject characteristics are presented in Table 1. Brachial SBP increased from
116 (x9) mmHg to 126 (x11) mmHg in response to stress (p<0.001). The increase in carotid
SBP from 109 (£8) to 115 (£9) mmHg (p<0.001), was lower than the brachial SBP response
by an average difference of 4 mmHg (p=0.001). Brachial and carotid SBP reactivity were
not significantly different between men and women (p=0.476 and p=0.664, respectively).
Age was associated with carotid IMT (r=0.661, p<0.001), brachial SBP reactivity (r=0.480,
p=0.008) and carotid SBP reactivity (r=0.499, p=0.006). Common CVD risk factors, such as
sex, BMI, total cholesterol (TC), HDL-C, non-HDL-C, and fasting glucose were not
associated with brachial or carotid BP reactivity to stress or carotid IMT (data not shown).

Before adjustment for covariates, carotid IMT was associated with brachial (r=0.457,
p=0.011) and carotid (r=0.605, p=0.001) SBP reactivity to stress, but not with resting
brachial SBP (r=—0.042, p=0.422) or carotid SBP (r=—0.107, p=0.306) (Table 2). After
adjustment for age, sex, BMI and non-HDL-C, carotid SBP reactivity to stress remained
strongly associated with carotid IMT (r=0.528, p=0.007), but brachial SBP reactivity to
stress was not associated with carotid IMT (r=0.194, p=0.200) (Table 2). Although brachial
and carotid SBP reactivity are strongly associated (r=0.726, p<0.001), the association
between the carotid SBP response to stress and carotid IMT remained significant after
additional adjustment for brachial BP reactivity (r=0.386, p=0.046). In contrast, after
adjustment for age, sex, BMI, non-HDL-C and carotid SBP reactivity, there was no
association between brachial SBP reactivity and carotid IMT (r=—0.103, p=0.333).

4. Discussion

This study revealed an association between carotid SBP reactivity to stress and carotid IMT,
which was independent of age, sex, BMI, non-HDL-C and brachial SBP reactivity. Over
time, an exaggerated CV response to stress increases the hemodynamic load on the
vasculature and may contribute to subclinical vascular damage, manifesting as an increase in
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arterial wall IMT (2). The present study confirmed the established associations between
traditional measurements of brachial SBP reactivity to stress and carotid IMT (2). However,
this relationship did not retain significance after standard adjustments for confounders such
as age, sex, BMI, and non-HDL-C which may be attributed to our healthy study population,
as discussed later. These results support the concept that brachial BP may not offer a
complete picture of the hemodynamic load on the vasculature and target organs.

Central arteries, such as the carotid, naturally have a buffering capacity which dissipates
pressure and prevents damage to sensitive high-flow target organs (13). Despite our finding
that the carotid SBP response to stress was more blunted than the brachial SBP response,
change in pressure in central arteries may still have more damaging consequences to target
organs. Our findings on the relationship between carotid SBP reactivity and carotid IMT
suggest that carotid SBP reactivity may be a more robust predictor of carotid TOD than
brachial SBP reactivity. Additionally, these results support the concept that the relationship
between brachial SBP reactivity and carotid TOD may be due to its association with carotid
SBP reactivity. In older adults, brachial pressures are more predictive of cardiovascular
outcomes because, with aging, the amplification of BP from central to peripheral arteries
diminishes, such that brachial pressures begin to approximate central pressures more closely
(14). In contrast, in young, healthy adults with more elastic arteries, there can be large
differences in central and brachial pressures, which may explain our finding that the central
SBP response to stress is more predictive of carotid TOD in this setting.

Exposure of the regional carotid artery to high levels of BP may contribute to endothelial
damage, leading to fibrosis and scarring (15). It has been posited that at lower levels of
carotid IMT, as observed in the present study, gradation in IMT size may reflect medial
vessel hypertrophy (15), rather than being representative of atherosclerosis development.
Our observations support the hypothesis that below the level at which IMT interferes with
lumen diameter, carotid IMT may be an adaptive response to exposure to changes in local
transmural pressure (16). Our results suggest that individuals who exhibit an elevated central
SBP response to stress may be at greater risk for carotid TOD. Regardless of whether carotid
IMT represents atherosclerosis, IMT measurement may still reflect total burden of
atherosclerosis at other sites in the arterial system (17) and remains a marker for
cardiovascular risk (4, 5).

The discrepancies between results from this study compared to prior studies may be
explained by the low range/variability of carotid IMT in our healthy study population.
Another limitation of this study is our inability to identify the directionality of the observed
cross-sectional relationship between carotid BP reactivity and carotid IMT. An alternative
interpretation exists, that increased carotid IMT may directly impact the carotid BP response
to stress via alterations in regional baroreceptor sensitivity (18).

In conclusion, this study demonstrated that carotid SBP reactivity is significantly associated
with carotid IMT after adjustment for age, sex, BMI, non-HDL-C and brachial SBP
reactivity. Several studies have identified a relationship between exaggerated CV response
to stress and increased risk of CVD using the more traditional assessment of brachial BP (1).
The central BP response to stress may prove to be an earlier or more sensitive predictor of
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future subclinical TOD. This notion requires further investigation. Future studies should
examine whether interventions that target central pressure reactivity to stress, such as
physical activity, have a favorable effect on vascular TOD.
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Figure 1. The association between systolic blood pressure (BP) reactivity and carotid intima-
media thickness (IMT)

(——@-) represents the correlation between brachial systolic BP reactivity and carotid IMT
(r=0.457, p=0.011). (— »<) represents the correlation between carotid systolic BP and
carotid IMT (r=0.605, p=0.001).
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Table 1

Baseline Characteristics and Systolic Blood Pressure Reactivity in Men and Women (mean £SD)

All Men Women p-value
n=25 n=12 n=13
Age (years) 38 (x13) 39 (£13) 37 (x13) 0.617
Body Mass Index (kg/m?) 23.6 (+2.8) 24.4(+2.8) 22.8(+2.6) 0.138
Total Cholesterol (mg/dL) 186 (+34) 182 (£37) 190 (+32) 0.613
HDL-Cholesterol (mg/dL) 69 (+21) 61 (+20) 77 (£20) 0.048
Non-HDL-Cholesterol (mg/dL) 117 (+28) 122 (£33) 112 (+23) 0.422
Glucose (mg/dL) 88.3(x9.1) 91.8(+9.5) 85.1(x7.8) 0.066
Carotid-IMT (mm) 048 (+0.09) .49 (+.10) .46 (+.09)  0.494
Resting Brachial SBP (mmHg) 116 (£9) 119 (+11) 113 (£5) 0.170
Resting Brachial DBP (mmHg) 73 (£5) 73 (£5) 74 (£4) 0.778
Resting Carotid SBP (mmHg) 109 (+8) 112 (+9) 106 (+5) 0.052
Brachial SBP Reactivity (mmHg) 10 (£7) 11 (£5) 9 (8) 0.476
Carotid SBP Reactivity (mmHg) 6 (6) 6 (£5) 5 (7) 0.664

HDL.: high density lipoprotein, IMT: intima-media thickness; SBP: systolic blood pressure, DBP: diastolic blood pressure. p<0.05 indicates
significant difference between men and women.
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Univariate and partial correlations between systolic blood pressure and carotid intima-media thickness

Table 2

Carotid IMT

Adjusted for age, sex, BMI,
Adjusted for age, sex, non-HDL-C and brachial SBP

Zero-order non-HDL-C and BMI reactivity
Variables r p r p r p
Resting Brachial SBP -0.042 0.422 -0.176 0.222 -0.170 0.237
Resting Carotid SBP -0.107  0.306 -0.212 0.178 —-0.220 0.176
Brachial SBP reactivity ~ 0.457  0.011 0.194 0.200 - --
Carotid SBP reactivity 0.605 0.001 0.528 0.007 0.386 0.046

Significant correlations (p < 0.05) are highlighted in bold font.
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SBP: systolic blood pressure, DBP: diastolic blood pressure, IMT: intima-media thickness, BMI: body mass index, non-high density lipoprotein-

cholesterol (non-HDL-C).
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