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Abstract

African-Americans (AA) have increased carotid artery intima-media thickness and decreased
vascular function compared to their Caucasian (CA) peers. Aerobic exercise prevents and
potentially reverses arterial dysfunction.

Purpose—The purpose of this study was to examine the effect of 8 weeks of moderate-high
intensity aerobic training in young healthy sedentary AA and CA men and women.

Methods—Sixty-four healthy volunteers (men = 28, women = 36) with mean age = 24
underwent measures of arterial structure, function and blood pressure variables at baseline, post-4
week control period and 8 weeks post-training.

Results—There was a significant increase in VO,peak amongst both groups post exercise
training. Brachial systolic blood pressure decreased significantly following control period in both
groups but not following exercise training. Carotid pulse pressure decreased significantly in both
groups post exercise training as compared to baseline. There was no change in any of the other
blood pressure variables. AAs had a higher intima-media thickness at baseline and post-control
period, but significantly decreased following exercise training compared to CAs. AAs had
significantly lower baseline forearm blood flow and RH compared to CAs, but exercise training
had no effect on these variables. There was no significant difference in arterial stiffness (cPWV)
and wave-reflection (Alx) between the two groups at any time point.

Conclusions—This is the first study to show that, 8 weeks of aerobic exercise training causes
significant improvement in the arterial structure in young, healthy AAs, making it comparable to
the CAs and with minimal effects on blood pressure variables.
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Introduction

African-Americans (AA) have the highest prevalence of hypertension in the world, and
develop hypertension and higher rate of other heart diseases at an earlier age compared to
Caucasians (CA)(15, 20). Pathophysiological factors of the increased cardiovascular disease
burden even in young AA adults include increased vascular resistance, reduced
microvascular vasodilatory capacity (38), increased arterial stiffness (14), increased carotid
intima-media thickness (IMT) (35) and decreased endothelial dependent and independent
vasodilatation (9). This may contribute or cause the higher blood pressure (BP) reported
even in young AA adults (47). Furthermore, young otherwise healthy AA men exhibit
higher central BP compared to their CA peers even though brachial BP were similar (24).
This is important as central BP is a better predictor of clinical outcomes and target organ
damage (36). Young AA men have higher aortic stiffness compared to age and fitness
matched CA men (46). Conversely, Arena et. al. found that differences in the aortic stiffness
between AA and Caucasian participants were partially related to differences in aerobic
fitness (2). Thus, whether or not improving aerobic fitness may help attenuate these racial
differences in vascular function in young men and women is still not clear.

Endurance exercise can reduce both blood pressure and arterial stiffness coupled with an
increase in endothelial function in healthy CA adults (8, 13). Short term (3 months or less)
regular aerobic exercise can increase endothelial function by 30% (13), and central arterial
compliance by 25% while producing a ~ 20% decrease in the carotid p-stiffness index (39)
in healthy previously sedentary CA adults. In addition, recent studies have reported an
improvement in both arterial stiffness and endothelial function following endurance exercise
training in young healthy adults (3, 4, 12, 33, 37). | Hence, there is general agreement that
aerobic training is beneficial for arterial health in young, middle-aged and older CA;
however, AA young adults may exhibit differential responses. Information on the effect of
endurance exercise training is notably lacking in the AA population, and data regarding
exercise training in younger AA women are particularly sparse in existing literature due to
small sample sizes and a lack of control groups or control periods (6, 7, 21). Nevertheless,
there is also no information suggesting that AA women would exhibit differential changes in
response to training compared to AA men.

Hence, our aim was to examine the effect of 8 weeks of moderate-high intensity aerobic
training on young healthy sedentary AA men and women compared to their CA peers. We
hypothesized that AA would show significantly greater improvement in blood pressure,
arterial stiffness, resting forearm blood flow, reactive hyperemia and IMT measures
compared to CA.
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Healthy volunteers (men and women) between 18 - 35 years of age (mean age = 24 years)
were recruited and screened via phone interview. 62 participants completed the study
(Figure 1 — CONSORT diagram). All subjects were free of acute cardiovascular or
respiratory disease and non-smoking. Exclusion criteria included participants with
hypertension, stroke, or myocardial infarction, metabolic disease (diabetes mellitus),
inflammatory diseases (rheumatoid arthritis and systemic lupus erythematosus), bleeding
disorders, or were taking any medications on a regular basis other than oral contraceptives.
Participants taking allergy medications, and participants who were taking over the counter
pain/anti-inflammatory medications were asked to come in for testing only 72 hours after
their last dose. Participants who had suffered from the common cold, influenza or upper
respiratory tract infection 2 months preceding enroliment were also excluded. All subjects
were recruited from the local community and provided written informed consent prior to
participation. This study was approved by the Institutional Review Board of the University
of Illinois at Urbana-Champaign. The clinical trials identifier for the study is NCT01024634.

Study Design

We used a longitudinal experimental design, with all subjects undergoing all the conditions.
The first 4 weeks of the study following the baseline visit (T1) served as a reference/control
time period for each participant. During this control period all the participants were asked to
continue their regular lifestyle and refrain from making changes to their diet. They were also
asked to refrain from starting any exercise protocols on their own. Following the 4-week
control period, subjects visited the laboratory for a follow-up visit (T2). After that visit, all
subjects were enrolled in an 8 week endurance exercise program. They then returned for a
final visit after completion of the 8 week exercise program (T3). Subjects were asked to
maintain their normal lifestyle and diet during the entire study period. All participants
underwent 3 testing sessions and 24 exercise training sessions. The study design and visit
details are represented in Figure 2.

To control for diurnal variation, all the measurements were performed during the same time
of the day for each participant, with the exception of fasting blood draws, which were
obtained on a separate day. Women were tested during the early follicular phase of their
menstrual cycle or during the placebo phase if they were taking oral contraceptives. Prior to
each testing session all participants were asked to fast for minimum of 4 hours. They were
also asked to refrain from heavy physical activity for 24 hours prior to the testing session
and anti-inflammatory medication for at least 3 days.

Anthropometric—Height and weight was measured using a stadiometer and a beam
balance platform scale, respectively. BMI was calculated as weight (kg) divided by height
(m) squared.

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ranadive et al.

Page 4

Assessment of hemodynamics and vascular structure and, function

Resting blood pressure: Resting blood pressure was measured in the supine position using
an automated oscillometric cuff (HEM-907XL, Omron Corporation, Japan) following 15
minutes of rest period. The coefficient of variation (CV) for blood pressure measurements in
our lab is between 2-3.3%.

Pulse Wave Analysis. Radial artery pressure waveforms were attained in the supine
position from a 10-second epoch using applanation tonometry and using a generalized
validated transfer function (10) the augmentation index (Alx) and Alx normalized to a heart
rate of 75 bpm (AIx@75) were calculated. The augmentation index (Alx) which typically
expressed in percent and used as an index of systemic arterial stiffness was calculated as the
ratio of amplitude of the pressure wave above its systolic shoulder (i.e. the difference
between the early and late systolic peaks of the arterial waveform), to the total PP. Because
Alx is influenced by heart rate (HR), Alx values were normalized to a HR of 75 bpm
(AlIx@75). Only high-quality recordings i.e. recordings with a quality index > 80% were
included in the analysis (44). All measurements were made in duplicate, and the mean value
used for subsequent analysis. Reproducibility of measures attained from this technique has
previously been shown to be high (45). The CV for Alx is <5.5% in our lab.

Pulse Wave Velocity: A high-fidelity strain gauge transducer (Millar Instruments, Houston,
TX) was used to obtain the pressure waveform from: 1) the left common carotid artery and
the left femoral artery, and 2) the left femoral artery and the ipsilateral superior dorsalis
pedis artery. All measurements were conducted following guidelines of the Clinical
Application of Arterial Stiffness Task Force 111 (42). This value was used as an index of
central stiffness. Only those PWV values with a standard deviation < 10% as assessed by the
integral software (SphygmoCor, AtCor Medical, Sydney, Australia) are included in
subsequent analysis. All measurements were made in duplicate, and the mean value used for
subsequent analysis. This technique is highly reproducible (45). The CV for PWV is 3.2% in
our lab.

Carotid Artery Compliance and B-stiffness: The cephalic portion of carotid artery was
imaged in longitudinal section, 1-2 cm proximal to the bifurcation, via ultrasonography
(Aloka alpha-10, Tokyo, Japan), using a high frequency (7.5 MHz) linear array probe.
Simultaneous blood pressure of the contralateral carotid artery was determined using
applantion tonometry. Image analysis and calculation of arterial compliance (AC) and -
stiffness index (j3) were carried out using an automated wall detection echo-tracking
software system. The CV for p-stiffness in our lab is ~5%.

Carotid artery Intima-media Thickness (IMT): All measurements were made at end
diastole measured via ultrasonography (Aloka alpha-10, Tokyo, Japan). The IMT of the
common carotid artery was determined from an average of 5 measurements obtained 20 mm
proximal to the carotid bifurcation. The CV for IMT in our lab is ~1.4%.

Forearm resistance artery vasodilatory capacity: With participant in supine position,
vasodilatory function of forearm resistance arteries was assessed using reactive hyperemia
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(RH) and strain-gauge plethysmography (EC-6, DE Hokonson, Inc, Bellevue, Wash). A
wrist cuff was placed right at the wrist level to exclude hand circulation. Upper arm cuff was
placed above the elbow on the upper arm, while strain gauge was placed on the widest area
of the forearm. Forearm Blood Flow (FBF) was measured using strain-gauge
plethysmography (EC-4, D.D. Hokanson, Inc., Bellevue, Wash.). Reactive hyperemia of the
forearm vessels was evaluated immediately following FBF. Following 5 minutes of upper
arm occlusion and last minute of wrist cuff occlusion, changes in the forearm volume was
measured using rapid release of the upper arm cuff. 13 readings (3 minutes) were taken with
a 15 seconds cycle. Peak forearm blood flow was recorded as the highest reading. Area
under the curve was used as a measure of total RH by plotting all 13 measurements against
time. The CV for RH in our lab is ~9%. FBF was expressed as ml-min-1.100-1 ml of
forearm tissue and also as flow per unit pressure (conductance) using the following
equation:

Conductance=(FBFMAP) x 100

Forearm vascular resistance was calculated using the equation:

Vascular Resistance=MAP /FBF

Maximal Exercise—Peak oxygen consumption was evaluated using cycle ergometry to
exhaustion as we have previously described (23). We used a graded protocol, starting at 50
watts followed by 30 watt increments every 2 minutes until exhaustion. The test was
terminated when the subject could no longer continue and peak effort was determined based
on meeting 3 of the following criteria: 1) Inability to maintain a 60 rpm pedal rate; 2) A
respiratory exchange ratio of 1.1; 3) Achievement of + 10 beats per min of predicted
maximal HR; 4) A plateau in HR with an increase in work rate; 5) A plateau in VO2 with an
increase in work rate (an increase of less than 150 ml/min); 6) A final rating of perceived
exertion of = 17 on the Borg scale (6-20).

Endurance Training I ntervention: Both groups underwent a supervised endurance
training program in accordance with established guidelines (1). Sessions were carried out 3
times per week. During each session, participants completed a 5 min warm-up followed by
30-45 min of endurance exercise. During the first 2 weeks, exercise was performed at an
initial intensity equivalent to 65-75% of VO,peak measured from the peak cycle ergometry
test. After the initial two weeks, intensity was increased to 75-85% of VO,peak in order to
increase the training stimulus. This intensity range is considered moderate to high intensity
and is designed to improve VO2peak and produce changes in arterial function. Intensity was
monitored using heart rate monitors during each exercise session, and each participant
received an exercise prescription with a heart range equivalent to 65-85% of their VO2peak.
Participants were asked to complete 30 min of exercise during each session in week 1, 35
min in week 2 and 40-45 min from week 3 through week 8. Each exercise session was
concluded with a 5 min cool down period.
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Blood analysis: Following an overnight fast, on a separate day, venous blood samples were
collected and analyzed for plasma concentrations of C-reactive protein (CRP) and
Interleukin-6 (IL-6). Samples were collected into 10 ml tubes containing EDTA
(anticoagulant and chelating agent). Samples were separated by centrifugation at 4° C for 15
min at 1100g and were stored at -80° C until analyzed. were measured to assess systemic
inflammation. Separate Quantikine enzyme-linked immunosorbent assay (ELISA) kits
(R&D systems, Minneapolis, MN) were used to measure plasma IL-6 and CRP. Sensitivities
for the ELISA kits were 0.010ng/mL and 0.039pg/mL for CRP and IL-6, respectively.

Statistical analysis

Results

All inferential statistics were conducted using Stata IC (12.0) statistical software and
employed two-tail alpha to reject the null hypothesis of no-effect at 0.05. Each of our
dependent variables were analyzed separately. All analyses were conducted in concert with
our mixed-effects experimental design consisting of one independent measures factor (race:
African American vs. not) and one longitudinal/repeated-measures factors (Time: pre
control, post control, and after training). We analyzed our outcomes with mixed-effects
linear regression models, also known as multilevel modeling (MLM). These are recent
extensions of OLS regressionf/ANOVA methods that are particularly favorable for repeated-
measures studies like ours because they enable us to incorporate each subjects' unique Y-
intercept term (random effect for subject) to accommodate the within-subject correlation
structure, yet not having the strict ANOVA requirement that all subjects have all data from
all time points. That is, each subject contributes data from all available time periods for
which they remained a participant, but occasional missed data acquisitions will not eliminate
the participant from the entire analysis. Due to unplanned attrition, some subjects dropped
out of the study prior to some data acquisitions, however their available observations remain
in our analyses and helped inform our statistical models where possible. Each of our models
included dummy-coded Time indicators comparing times 2 and 3 to the pre-control period,
and thus forced no assumptions of linearity or non-linear change over time.

All the values are reported as means £ SEM. AA had a significantly higher BMI (p<0.05) as
compared to CA at all the three time points (Table 1). There was no significant difference
between VO, peak at baseline (T1) and the end of the control period (T2) for either group.
There was a significant increase in VO, peak (p<0.05) from and the end of the control
period (T2) to end of exercise training (T3).

Blood pressure

Baseline (T1)—There was no significant difference in brachial SBP, DBP and MAP
between CA and AA at baseline (Table 2). PP was significantly higher in CA as compared
to AA (p<0.05). However, aortic and carotid SBP, DBP, MAP or PP and aortic DBP or PP
were not significantly different between CAs and AAs at baseline.

Control period (T2)—There was a decrease in brachial SBP (p<0.05), but no change in
DBP following the control period in both groups (Table 2). There were also no significant
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changes in carotid SBP, DBP and aortic SBP and DBP during the control period. There was
a significant group by time interaction (p<0.05) in aortic PP at T2 (4-week control time
period). This was attributed to the rise in aortic PP in AA by ~2 mmHg at T2 while it
decreased by ~2mmHg in CA. Similarly, there was a significant interaction (p<0.05) in
carotid PP at T2 (4-week control time period). Again, this is due to a drop in carotid PP by
~3mmHg in CA while there was no change in the AA group.

Post-training period (T3)—There was a significant decrease in brachial SBP (p<0.05)
following the aerobic exercise training period, compared to baseline, across groups (Table
2). Also, carotid PP decreased significantly following exercise training compared to baseline
across groups. There was no exercise effect on any of the other blood pressure variables.

Blood variables—There were no differences in the levels of IL-6 and CRP between the
two groups. There were no exercise effects for IL-6 or CRP in CAs or AAs.

Forearm blood flow—AA had significantly lower baseline FBF (P<0.05) compared to
CA. Also, AA had significantly lower RH and AUC than CA (Table 3). However, there was
no main-effect of exercise training and no interaction effects on resting forearm blood flow,
RH or AUC. In addition, there were no differences at baseline, main-effect of exercise
training and no interaction effects in forearm vascular conductance or resistance between
AA and CA groups.

Arterial function and structure—There was no significant baseline difference in central
arterial stiffness (CPWV), wave-reflection (Alx) or carotid p-stiffness between the two
groups (Table 3). Exercise training had no effect of cPWV, Alx or B-stiffness in either
group. AAs had a higher IMT at baseline (p<0.05) compared to CAs (Figure 3). While both
groups decreased IMT from T2 to T3, we observed a significant race by time interaction
effect, with greater decreases in the AA group. In addition, there was no significant
difference in the carotid diastolic diameter (D-min) at baseline between CAs and AAs,
however, exercise training increased carotid diameter in CAs, but not in AAs (p=0.048).
Because changes in IMT can be influenced by changes in arterial lumen diameter, we also
conducted a follow-up mixed effects analysis controlling for the change in arterial diameter.
This analysis showed a significant race by training interaction, where AA exhibited a
significant decrease in IMT after controlling for changes in arterial diameter, whereas CA
did not (Adjusted means + SE of 0.421 £+ 0.011 to 0.401 + 0.011 mm for AA vs 0.407 £ 0.01
to 0.400 £ 0.01 mm for CA).

Discussion

This is the first study to examine the effects of race on vascular and hemodynamic
adaptations following aerobic training in young men and women. Our primary finding was
that 8 weeks of aerobic exercise training improved IMT profile in AA, and blood pressure
changes do not explain the changes in IMT. While endurance exercise training did not
influence FBF and RH in AA or CA our findings corroborate previous data (28) that even
healthy young AAs have lower FBF and RH as compared to their CA counterparts.
Interestingly, carotid PP decreased with exercise training across groups, suggesting exercise
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training affected carotid PP similarly in both AA and CA. While brachial SBP decreased
following the control period and remained lower than baseline following exercise training,
exercise training did not significantly affect SBP in either group, consistent with previous
findings in young healthy adults (18, 19).

Intima-media thickness

Similar to previous work, we found AAs have an increased carotid-IMT as compared to
their CA peers (14, 35). Even a 0.1mm increase in the carotid-IMT has been associated with
increased risk of myocardial infarction after adjusting for age and sex (30). In addition,
carotid-IMT provided risk stratification similar to that of Framingham Risk Score (31), and
low physical fitness independently correlates with increased carotid-IMT in middle aged and
older adults (34). In contrast to our study in younger (18-35 years) adults, longitudinal
studies evaluating the effects of aerobic exercise training (8-12 weeks) on IMT in middle-
aged and older adults found that training was unable to alter the carotid artery IMT (40).
Conversely, Thijssen et. al. observed a significant reduction in wall thickness in the carotid
and femoral artery following 8 weeks of exercise training in healthy young adults (41),
consistent with our findings. Others have also found structural changes following a brief
intervention period (8-12 weeks) in peripheral arteries (17). To our knowledge, the present
study is the first to show a reduction in IMT with exercise training in young healthy AA.
Furthermore, our time-control study design ascertained that our findings were not a result of
potential pre-existing differences between groups. One of the potential reasons for this
beneficial change in carotid artery IMT in AA may be due to the positive effect of exercise
training on carotid PP. Increased PP has been associated with increased carotid artery wall
thickness (16). Additionally, increased pressure also causes a shift in arterial endothelial cell
phenotype by reducing eNOS and increasing VCAM-1, ICAM-1 and ET-1, which promote
atherosclerotic process (29). In addition, vascular wall hypertrophy may depend more on the
PP rather than mean pressure or wall tension (26). Hence, the reduction in PP seems to be
consistent with the reduction in carotid artery IMT in AA, although similar changes in PP in
CA had no effect on IMT when controlled for changes in carotid artery diameter. Thus,
endurance exercise training seems to affect carotid artery remodeling differently in AA and
CA young healthy adults.

Interestingly, internal carotid artery diameter increased significantly in CAs but not in AA
following exercise training, even though there was no significant difference in the carotid
diastolic diameter (D-min) at baseline between CAs and AAs. It is possible that a decrease
in wall thickness is accompanied by lumen dilation, thus the change in IMT may simply be
function of changes in lumen diameter. Our data support this notion in CAs as the change in
IMT was not significant when controlled for changes in carotid diameter, whereas the
training induced change in IMT was unaffected by carotid diameter changes in AAs. Since
reductions in IMT with exercise training has more commonly been observed in obese
populations (43)(32), it is possible that the higher BMI in our AA participants may have
contributed to the greater reduction in IMT controlled for changes in arterial size in our AA

group.
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Blood flow and vascular responsiveness

Young healthy normotensive AAs have lower vascular responsiveness to nitric oxide (NO)
compared to CA (9). Our current findings suggest that AAs not only have a reduced baseline
blood flow in the forearm microvasculature but also exhibit significantly reduced reactivity
of this vasculature compared to CAs. Contrary to our hypothesis, 8 weeks of aerobic training
did not abolish the difference in microvascular circulation between AAs and CAs.

AAs have a higher minimum forearm vascular resistance compared to age, BMI, sex and
blood pressure matched CAs (25). This reinforces our finding that the baseline measures of
FBF and RH were significantly lower in AAs. This is of particular importance because the
increase in forearm resistance can be a precursor for hypertension due to its effect on
vascular remodeling and metabolic factors (25). However, in the present study, we did not
find any significant difference in baseline forearm vascular resistance or conductance in
AAs as compared to CAs.

Blood pressure

Brachial, carotid and aortic systolic, diastolic and mean blood pressure was not significant
different between groups at baseline nor was there a significant change following exercise
training. However, it should be noted that systolic brachial pressure was significantly higher
in CA as compared to AA. Importantly, average blood pressure was in the normal range and
both the groups had almost similar baseline pressures. Unexpectedly, there was a decrease in
brachial SBP (p<0.05) following the control period in both groups. The decrease was
~2mmHg in both the groups, and it is difficult to determine the exact reason for the change
during the control period as opposed to following exercise training. Even though there was a
significant reduction following exercise training compared to baseline, there was no change
in brachial SBP at T3 as compared to the control period (T2). The lack of change in blood
pressure following exercise training could be attributed to the fact that both the groups
recruited were young healthy normotensive participants. Previous literature suggests that
even patients with average fitness and mild hypertension fail to show significant reduction in
BP following endurance exercise training without dietary changes (5).

Ceiling effect with vascular function

In the present study, we did not find any significant changes in the measures of vascular
function despite an effect of exercise training on arterial structure (IMT). Interestingly,
Green et. al. have reported that in world class athletes, there was an inverse relation between
the diameter and flow-mediated dilation (FMD) in both femoral and brachial arteries (22).
This suggests that adaptation of arterial function and arterial structure may not always
coexist. One of the primary reasons for this lack of change could be that, the values at
baseline and pre training period in our younger, healthy cohort were normal and hence there
was a little scope for improvement with 8 weeks of exercise training. This ceiling effect may
be challenged by either increasing the intensity of exercise or changing the mode or duration
of exercise.
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One of the limitations for the study was that, we did not control the mode of aerobic training
(bike, treadmill, or elliptical machine) and allowed participants to self-select intensity from
the range normally used to induce exercise training effects (65-85% max HR). While we
address this as a limitation, we also believe this improves the applicability of our study to
real-world scenarios. Secondly, we did not control for regular individual activity of an
individual by maintaining activity records. Additionally, AA have higher BMI as compared
to the CA group and there was no significant decrease in BMI post training period. Hence,
BMI one of the limitations is that BMI could have been a confounding variable for
differences in IMT at baseline. However, as BMI did not change but there were changes
seen in IMT, it is plausible that these vascular changes were not due to weight loss. Thirdly,
we acknowledge that NO has been shown to play limited role in peak vasodilation during
reactive hyperemia and other factors (endothelial dependent or independent) may be playing
arole. Lastly, the study included only young healthy individuals from both ethnicities and
hence there was lack of differences at baseline in vascular function and blood pressure.
Therefore, these results cannot necessarily be extrapolated to clinical populations. However,
as we reported in this study, even young healthy AAs have a significantly higher carotid-
IMT and lower microvascular function as compared to CAs.

Perspectives

This is the first study to show that, 8 weeks of aerobic training significantly improves
arterial structure (carotid artery IMT) in young, healthy AAs. In addition, the study shows
that young healthy AAs have lower FBF and RH as compared to CA counterparts, which
was not improved by 8 weeks of aerobic training.
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CONSORT diagram for the experimental study.
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Figure 2.
Experimental timeline for the study. All the measurements were performed in the

chronological order.
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Figure 3.

Change in carotid artery IMT over a period of 12 weeks. T1 refers to time point 1
(Baseline), T2 refers to time point 2 (time control period-pre exercise training) and T3 refers
to time point 3 (post-exercise training). * p<0.05 for AAs having a significantly higher IMT
than CAs.
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