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Abstract

Objective—The effects of exercise training on nocturnal blood pressure (BP) dipping status
remain unclear. African Americans have the highest prevalence of non-dippers compared to other
racial/ethnic populations. In this 6-month study we tested the hypothesis that long-term aerobic
exercise training would increase the levels of nocturnal BP dipping in African American non-
dippers.

Methods and Results—We recruited African Americans who were non-diabetic, non-smoking
and free of cardiovascular (CV) and renal disease. For this analysis, only African Americans with
a non-dipping profile, defined as those with absence of a nocturnal decline in systolic or diastolic
BP (< 10% of daytime values) which was determined by ambulatory BP monitoring. A pre-post
design was employed with baseline and final evaluation including office blood pressure
measurement, 24-hour ambulatory blood pressure monitoring, fasted blood sampling, and graded
exercise testing. Participants engaged in 6 months of supervised aerobic exercise training (AEXT).
Following the AEXT intervention, there were significant increases in systolic BP dipping
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(baseline: 5.8 + 3.9% vs. final: 9.4 £ 6.1%, p=0.0055) and pulse pressure dipping (Baseline:
-3.1% =+ 6.6% vs. final: 5.0% * 12.8%, p=0.0109). Of the 18 participants with a non-dipping
profile at baseline, 8 were non-classified as non-dippers after the AEXT intervention. There were
no significant changes in office SBP/DBP following the AEXT intervention.

Conclusions—This study suggests that the non-dipping pattern of ambulatory BP can be
improved by chronic AEXT in African American non-dippers and regardless of a change in 24-hr
average BP. This finding may be clinically important because of the target organ implication of
non-dipping nocturnal BP.
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dipping status; exercise; nocturnal blood pressure; African American

Introduction

Blood pressure (BP) has a circadian rhythm in which it decreases at night and increases in
the morning. Individuals displaying a blunted or absent nocturnal BP reduction, known as
non-dipping, have been reported to have increased risk for hypertension, cardiovascular
events, and mortality.[1-4] The clinical and prognostic importance of an absence of a
normal reduction in BP at night has been demonstrated by the fact that the non-dipper
pattern of BP variation is associated with reduced renal function in both normotensive and
hypertensive populations.[5-7] Also, nocturnal BP has been considered to be a more
important risk factor than office BP since it is not affected by the “white coat effect” and
therefore may be a better method of risk stratification for untreated subjects with office
hypertension.[8-10] A decrease of 10-20% in night-time BP has been considered to be a
normal level of dipping. Lack of nocturnal reduction that is less than 10% compared to the
day time BP value has been associated with increased CVD risk factors. [11, 12]

Race is an independent factor that is related to both hypertension and CVD. It is reported
that African Americans have the highest prevalence of hypertension.[13, 14] A growing
number of Ambulatory Blood Pressure (ABP) studies have reported that African Americans
show less nocturnal reduction in BP than Caucasians. [15-18] Given that increased CVD
risk is associated with non-dipping, there is a need for efforts toward restoring the nocturnal
decline in BP in African Americans.

Aerobic exercise training (AEXT) is one of the non-pharmacologic approaches
recommended for hypertension prevention and treatment and evidence has shown AEXT has
a substantial effect on the BP control in African Americans.[13-15] The effects of lifestyle
behavior changes on nocturnal BP, however, are largely unknown. Despite extensive studies
demonstrating health benefits of regular exercise, a relatively low percentage of African
Americans participate in routine exercise, which can contribute to hypertension and CVD.
[16, 17] Some studies have identified non-dippers as non-responders to exercise compared
to dippers with regards to BP management.[18, 19] To our knowledge, however, the effects
of AEXT on nocturnal BP in African American non-dippers have not been reported. The
purpose of the present study was to investigate the effect of chronic aerobic exercise on the
BP dipping status in a selected population of African Americans. It was hypothesized that
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six months of supervised AEXT would increase the nocturnal BP dipping levels and thereby
reduces CVD risk in African American non-dippers.

Subjects were recruited via mailed brochures and local newspaper advertisements. In
response to either, subjects were contacted by telephone to assess eligibility. Each subject
gave written informed consent following explanation of the study protocol during their first
laboratory visit. The protocol was approved by the Temple University Institutional Review
Board. The study included African Americans between the ages of 40-63 who were
sedentary (regular aerobic exercise <2 days per week), non-smoking, not on lipid-lowering
medication, had a clinic BP <160/100mmHg, and had no history of CVD, diabetes,
hypercholesterolemia, renal disease or lung disease. Both pre and postmenopausal women
were included in the study; all postmenopausal women were not on hormone replacement
therapy during the study. Subjects on more than one antihypertensive medication were
excluded from the study and subjects using only one antihypertensive medication were
tapered off their medication prior to any testing.

To ensure the eligibility of all qualified subjects, three screening visits were completed
before inclusion in the study. Screening visit one consisted of blood sampling and urinalysis
following a 12-h overnight fast to assess blood chemistries and renal function. Any
individual with total cholesterol >240mg/dL or fasting blood glucose >126mg/dL was
excluded from the study. Estimated glomerular filtration rate (eGFR) was calculated using
the four-variable modification of diet in renal disease (MDRD) study equation specific to
African Americans.[20] Any individual who exhibited evidence of renal disease (eGFR <60
mL/min/1.73m?2) was excluded from the study. Screening visits two and three required all
qualified subjects to undergo a physician-administered physical examination and
echocardiogram bicycle stress test to confirm that subjects displayed no evidence of CV,
pulmonary or other chronic diseases. In all, 34 African American adults were screened. A
total of 18 non-dipping subjects who were qualified based on ambulatory blood pressure,
exercise testing, and nocturnal BP patterns participated in the study.

Dietary stabilization

In order to rule out the confounding effect of variations in dietary intake, subjects who met
all inclusion criteria after screening underwent dietary stabilization for 6 weeks before
testing. Any subject receiving antihypertensive monotherapy (n=3) was tapered off of their
medication during this dietary stabilization period. Subjects were instructed by a Registered
Dietician on the American Heart Association Dietary Guidelines for Healthy American
Adults.[21] This diet consisted of ~55% of total daily calories from carbohydrates, 15%
from protein, and <30% from fat, with saturated fat <10% of total calories, sodium < 3-4 g/
day, and cholesterol intake <300 mg per day. Subjects met with the dietician once per week
at which time body weight was recorded for each visit. Subjects were required to remain
within 5% of their study entry body weight for the duration of the study in order to minimize

Blood Press Monit. Author manuscript; available in PMC 2015 December 01.



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

1duosnuely Joyny vd-HIN

Ling etal.

Page 4

the influences of changes in body weight on blood pressure. Compliance to the prescribed
diet was monitored by periodic completion of a 3-day food record throughout the study. All
subjects remained on this diet until final testing finished.

Office BP measurements

Office BP measurements were made in accordance with JNC 7 guidelines[22] on three
separate visits by trained laboratory personnel. BP was measured using an aneroid
sphygmomanometer after 5 min of quite rest in a chair with feet on the floor and arm
supported at heart level. The appropriate size cuff was determined by upper arm
circumference. BP measurements were performed in triplicate, 5 min intervals and the
average of the three values was used as the BP for the visit. The mean duration between
visits 1 and 2 was 7x1 days. The mean duration between visits 2 and 3 was 8+1 days. The
mean systolic BP (SBP) and diastolic BP (DBP) from each visit were used across study
visits.

24-H Ambulatory Blood Pressure Monitoring (ABPM)

Subjects underwent 24-h ABPM using a non-invasive monitor (SpaceLabs Medical, Model
90219, Redmond, WA, USA) beginning on the morning of each subject’s typical day, with
the exclusion of Friday through Sunday. The BP cuff was fitted to the subject’s non-
dominant arm with cuff size determined by upper arm circumference. BP measurements
were obtained at 30-min intervals during the day (0600-2200 hours) and 60-min intervals at
night (2200-0600 hours). Subjects were instructed not to exercise before or during the
monitoring period and to pause momentarily and maintain their body position during each
BP measurement. Throughout the duration of the recording period, subjects were required to
maintain a diary in which they recorded their activity and mood at the time of each BP
measurement. Only recordings of good technical quality (>80% of valid BP measurements)
were included in final analyses.

Exercise training program

A submaximal graded exercise test was performed to determine subject’s cardiovascular
fitness and to develop individualized exercise prescriptions for the AEXT intervention. A
modified Bruce protocol submaximal treadmill exercise test was performed with continuous
measurement of breath by-breath gas sampling oxygen consumption (VO,) using a
calibrated metabolic cart (Vmax Encore, SensorMedics, Yorba Linda, CA, USA). ECG was
continuously monitored, and the treadmill test was terminated when the subject reached 75—
80% of their predicted heart rate reserve. A standard regression formula using data collected
by indirect calorimetry (VO, averaged over each 60-second period) and ECG (minute heart
rates) was used to predict VOonax, @ measure of CV fitness, as recommended by the
American College of SportsMedicine Guidelines for Exercise Testing and Prescription.
Subjects then engaged in a 24-week AEXT intervention under direct supervision of lab
personnel 3x/week, beginning with 20 minutes of exercise/session at 50% of VOomax-
Training duration was then increased by 5 minutes each week until 40 minutes of exercise at
50% of VO,max Was reached. Training intensity was then increased by 5% each week until
65% of VO,max Was achieved. At week 8, subjects reached the desired exercise duration and
intensity of 40 minutes at 65% of VOymax, Which they maintained as their prescription for
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the remainder of the study. Exercise modes included treadmill walking/jogging, stair
stepping, stationary cycling, rowing ergometry, arm ergometry, and elliptical cross-training.
To monitor exercise intensity, subjects were instructed on how to use heart rate monitors.
Study personnel recorded subjects’ exercise mode, heart rate, and duration in printed logs
every 10 minutes to ensure adherence to the prescribed exercise training program. Heart rate
was recorded every 10 minutes. At week 12, subjects completed a second submaximal
treadmill exercise test as a basis for adjustment of their exercise prescription to account for
changes in CV fitness. The gradual progression of training duration and intensity was used
in order to avoid excessive fatigue and musculoskeletal complaints, thereby maximizing
adherence.

Blood sample outcome measures

In the morning after a 12-hour overnight fast, blood samples were drawn into EDTA tubes.
Samples were centrifuged at 3000 rpm for 20 minutes at 4 °C, after which plasma samples
were sent to Quest Diagnostics Inc. as per the standard instructions for the measurements of
blood glucose, total cholesterol, triglycerides and hs-CRP.

Statistical analysis

Results

Subjects

Data are expressed as means * s.e.m. The distribution of all variables was examined using
the Shapiro-Wilk test of normality. ANOVA was used to compare subject demographics
between men and pre- and post-menopause women. Variables that were not normally
distributed (total cholesterol and triglycerides) were log transformed for statistical analyses,
but true physiological values are reported throughout the paper for ease of interpretation.
Pre-AEXT and post-AEXT values were compared using the paired t-test. Simple linear
regression was used to calculate relationships between the variables. P-values <0.05 were
considered statistically significant for all analyses. Statistical analyses were performed using
SPSS version 21.0 (SPSS, Chicago, IL, USA).

This population was predominately middle-aged (52.9 £ 6.0 years) and women made up
94% of the total. The majority of the population was obese (55.6%); 27.8% were overweight
and 16.6% had a normal weight. Twenty-two percent (22.2%) of the subjects were using one
antihypertensive medication for BP control before entering the study. One third of the
subjects were diagnosed as having pre-diabetes and the remainder had normal plasma
glucose levels classification. Demographics of the subjects are summarized in Table 1.

Effects of AEXT

The effects of AEXT on clinical characteristics are presented in Table 1. There was a
significant increase in predicted VOymax following AEXT. The AEXT intervention also
elicited a significant increase in eGFR. Fasting glucose and circulating levels of hs-CRP
showed significant decreases following AEXT. There were no significant changes in total
cholesterol, triglyceride levels, and BMI.
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AEXT did not change 24-H average BP

As Table 2 shows, six months of AEXT did not result in significant changes in office
systolic or diastolic BP. There were also no significant changes in 24 hr average, daytime
and nighttime SBP and DBP before and after six months of AEXT.

AEXT increased BP dipping levels and changed the non-dipping pattern

The six month AEXT intervention elicited significant increases in dipping levels of systolic
blood pressure (SBP) (Figure 1. A, baseline: 5.8 £ 3.9% versus final: 9.4 + 6.05%, p=0.006).
8 of the 18 (44.4%) subjects changed from a SBP non-dipper to a SBP dipper pattern. One
third of the subjects remained as non-dipper but increased their levels of dipping. Even
though the differences were not statistically significant in regards to dipping levels of
diastolic blood pressure (DBP) (Figure 1. A2) (baseline: 11.2 + 8.2 % versus final: 14.0 +
5.3%), greater dipping levels of DBP were observed after six months of AEXT. At final
testing, the number of DBP non-dipper decreased from 4 (44.4%) to 2 (22.2%). Figure 2
summarizes the average hourly SBP dipping levels for the study group at both baseline and
final measurements at night time.

Dipping status of heart rate (HR), mean arterial pressure (MAP) and pulse pressure (PP)
were also examined both at baseline and following AEXT (Table 2). No significant
differences were found in HR or MAP between the baseline and final measurements. After
6-months of AEXT, dipping status of PP increased significantly, suggesting that this risk
factor for CVD was lowered.

Discussion

In this study, we selected a group of 18 African American subjects with non-dipping status
to complete a six month AEXT intervention. The current findings are the first, to our
knowledge, to show that AEXT improves the levels of blood pressure dipping in this high-
risk population of African Americans with non-dipping status. In particular, we found that
AEXT significantly increased the nocturnal reduction of systolic BP and pulse pressure.
Moreover, ~44% of the individuals who were classified as non-dippers at study entry were
classified as dippers following AEXT.

AEXT was chosen for this study because it is considered to be effective in BP control in
subjects with hypertension or at high risk for hypertension.[23] Furthermore, the
understanding of chronic aerobic exercise adaptations allows for more efficacious study into
possible variations of exercise prescriptions for non-responsive groups such as non-dippers.

The effect of AEXT on ambulatory BP has not been fully determined, especially in high risk
populations such as African Americans and non-dippers. Several studies have reported
inconsistent results on the effects of exercise to BP dipping status.[24-26] In the present
study, at baseline, subjects had blunted nocturnal reduction of BP as demonstrated by
average levels of dipping of 5.8 + 3.9%. After six months of AEXT, the results
demonstrated a beneficial effect of chronic exercise towards nocturnal BP dipping by
increasing the level to 9.4 + 6.0%. The results provide further evidence that increased
daytime physical activity is a factor that contributes to greater nocturnal BP dipping.[12, 27]
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There was no significant change in 24-hr HR average or MAP after six month of AEXT.
According to a previous study, blunted heart rate dipping independently predicts
cardiovascular mortality.[28] Heart rate is less dependent than BP on physical activity and is
therefore less confounded by daily activities involving exercise or movement.[29, 30] It may
explain why there was no significant change in 24-hr HR after chronic AEXT. In addition,
MAP is determined by the product of cardiac output and systemic vascular resistance, which
was found to be strongly associated with younger but not older subjects.[31] The average
age of the present study group is 52.9 + 6.0 years, and it might be a reason for the
unchanged MAP after chronic AEXT.

In the present study, no changes were observed in office or 24-hr average ambulatory BP or
office BP after six-month AEXT. This finding is consistent with previous studies which
showed that AEXT sometimes failed to reduce 24-hr average ambulatory BP in non-dipping
hypertensives.[18, 19] We wanted to determine if the lack of change in 24-hr average
ambulatory BP or office BP was due to our modest sample size. Therefore, we
retrospectively calculated the effect sizes for the differences between baseline and final
office BP. Based on these effect sizes, in order to observe a significant difference between
baseline and final office SBP, the sample size needed to be 433. For the difference in office
DBP, the sample size needed to be 292. Thus, we are confident that the lack of change in BP
was not due to the small sample size.

The AEXT intervention improved many of the abnormalities associated with greater
cardiovascular risk: reduced eGFR, elevated hs-CRP and high blood glucose. Given the
increased cardiovascular risk in African Americans, an intervention that has the potential to
improve abnormalities associated with cardiovascular risk is promising, particularly among
older individuals with elevated BP who are more likely to have hypertension and CVD.

The Ohasama study examined 1542 subjects from a general population aged 40 and above,
and found that each 5% decrease in nocturnal BP dipping was associated with an 18%
increase in the risk of cardiovascular mortality.[12] In the present study, no significant
correlations were found between the increase in nocturnal BP reduction and the changes in
body weight, eGFR, hs-CRP, serum total cholesterol and triglyceride levels after six months
of AEXT. The results of the present study demonstrate that the improvement in levels of BP
dipping status elicited by AEXT were independent of these changes, which is in agreement
with an earlier study that reported increased physical activity levels were independent
predictors of the magnitude of nocturnal dip in BP.[32] This suggests that the increased
dipping level elicited by AEXT may be beneficial as an adjunct to cardiovascular health in
this subject population.

There are some limitations to the present study. First, there was no non-dipper control group
for the exercise training. Since the subjects we recruited were individuals with higher
cardiovascular risk factors, and some of them used anti-hypertension medications, we could
not taper the medication without adding any interventions. Second, the relatively small
sample size is also a limiting factor. The study population consisted of subjects who were
sedentary and apparently healthy African Americans without diabetes and with clinical BP <
160/100 mmHg, and who were able to finish six months AEXT. Therefore this is a highly
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selective population. Third, the reproducibility of ABPM is controversial because of the
large influence of daily activity on BP.[33, 34] However, there are several studies that have
shown highly reproducible results of both short-term and long-term ABPM recordings.[6,
35] Still, further repetition of the ABPM sessions over a longer period of time may have
provided an even more accurate BP profile of subjects.

In conclusion, long-term aerobic exercise training proved effective among African American
with non-dipping status, resulting in improved nocturnal reduction of SBP and PP. More
research is needed to determine the optimal intensity of aerobic training resulting in
reductions in 24-hour BP as well as the nocturnal reduction in BP. Given the high
prevalence of non-dipping in African Americans, AEXT may be useful as a treatment
modality in the management of BP levels among African Americans.
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Figure 1.

A: Systolic blood pressure dipping levels at baseline and final testing. The black bar

B. DBP dipping levels at baseline and final testing
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OFinal

DBP dipping (%)
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represents the measurements at baseline, and the white bar represents the measurements at
final test. Bars are expressed as mean = SEM. *Denotes significantly different (p<0.05).

B: Diastolic blood pressure dipping levels at baseline and final testing. The black bar

represents the measurements at baseline, and the white bar represents the measurements at
final test. Bars are expressed as mean = SEM.
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Baseline and final average hourly SBP dipping levels

=Q==Baseline
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Figure 2.
Night time (10: 00 PM to 6: 00 AM) hourly average systolic blood pressure at baseline and

final testing. Open line represents the measurements at baseline, and the solid line represents
the measurements at final test. Bars are expressed as mean + SEM.
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Table 2
Ambulatory blood pressure monitoring values

Baseline (N=18)  Final (N=18) p-value
Office SBP (mmHg) 1253+153 1237+154  0.4157
Office DBP (mmHg) 78.7 + 8.6 78.0+8.4 0.5685
24 hrPP (mmHg) 504 +7.7 51.6+9.6 0.4386
Daytime PP (mmHg) 50.2+8.0 51.8+10.3 0.1803
Night-time PP (mmHg) 51.4+7.0 504+9.3  0.2567
24 hrMAP (mmHg) 949+ 115 95.4+11.3 0.5290
Daytime MAP (mmHg) 96.6 + 11.7 97.4+119 0.4182
Night-time MAP (mmHg) 88.2+ 115 86.0+9.4  0.1151
24 hrHR (beats/min) 76.9 + 8.6 748 +10.8 0.1584
Daytime HR (beats/min) 78.8+8.7 76.5+11.6 0.1596
Night-time HR (beats/min) 69.2 +10.2 66.9 +10.3 0.2686
24-hr SBP (mmHg) 127.6 + 145 1289 +14.7 0.4597
Daytime SBP (mmHg) 129.1+14.9 131.0+15.6 0.3292
Night-time SBP (mmHg) 121.5+13.2 118.3+126  0.0708
24-hr DBP (mmHg) 77.2+10.9 77.4+10.1 0.7312
Daytime DBP (mmHg) 79.0+11.0 79.5+10.5 0.5410
Night-time DBP (mmHg) 70.1+11.3 68.2+88  0.2493
Night-time decrease in SBP (%) 5.8% + 3.9% 9.4% +6.0%  0.0055
Night-time decrease in DBP (%) 11.2% + 8.2% 14.0% +5.3%  0.2474
Night-time decrease in HR (%) 12.4% + 7.4% 125% +6.4%  0.9424
Night-time decrease in PP (%) -3.1% + 6.6% 5.0% +12.8% 0.0109
Night-time decrease in MAP (%0) 8.7% + 6.4% 11.5% +5.1%  0.0995
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Values are reported as means + standard deviations. SBP, systolic blood pressure; DBP, diastolic BP; PP, pulse pressure; MAP, mean arterial

pressure; HR, heart rate. Day time: 6:00 AM to 10: 00 PM; Night time: 10:00 PM to 6: 00 AM.
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