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BACKGROUND: Cardiovascular disease (CVD) remains a leading cause of death both
within the United States as well as worldwide. Hypertension (HTN), or high blood pressure, is a
primary yet modifiable risk factor for cardiovascular disease. Exercise (EX) is considered the
gold-standard lifestyle intervention for improving blood pressure, but many people are unable or
unwilling to engage in traditional exercise training. Heat therapy (HT) represents a potential
alternative to exercise for its ability to improve blood pressure and reduce cardiovascular disease
risk. PURPOSE: This study was completed to compare the efficacy of heat water immersion
(HWI) to the gold-standard EX in improving high blood pressure in adults with untreated
hypertension. METHODS: Forty-one adults with HTN were block randomized between two
intervention groups; HWI and EX. Subjects completed 24-hour ambulatory blood pressure
monitoring before intervention, after 15 sessions, and at the conclusion of 30 sessions of their
given intervention. Statistical analysis included a series of two-way repeated measures analysis
of variance with main effects of group and time (alpha=0.05). RESULTS: Total 24-hour
ambulatory blood pressure was not significantly different between or within groups over time
(p>0.05) Despite no significant main or interaction effects, these interventions appear to have

disparate effects on nighttime blood pressure. SBP was reduced to a lesser extent from waking to
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sleeping following EX in post measurements in comparison to mid-point measurements
(p<0.05). The mid-point awake SBP of dippers in the EX intervention were higher than the mid-
point measurements of the HWI group. Asleep SBP of non-dippers were significantly higher in
post measurements in comparison to pre-measurements (p<0.01). Similarly, Asleep DBP of non-
dippers were significantly higher in post measurements in comparison to pre-measurements
(p<0.05). CONCLUSION: Neither EX nor HWI proved to be statistically significant

interventions for lowering blood pressure in adults with untreated hypertension.
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Introduction

Cardiovascular disease (CVD) continues to be one of the leading causes of death
worldwide. Researching ways to control risk factors of cardiovascular disease is crucial in order
to alleviate the mortality rate of CVD. One primary modifiable risk factor for cardiovascular
disease is hypertension (HTN), also known as high blood pressure. Clinically significant
methods of reducing high blood pressure include lifestyle changes such as physical activity and
nutrition, and blood pressure-lowering medication. Specifically, exercise training is considered
the gold standard intervention for those willing and able to make this lifestyle change. Despite a
plethora of research on interventions for improving blood pressure and cardiovascular disease
risk, increasing prevalence of CVD demonstrates the need for different methods of lowering
hypertension (1, 2). Although not a novel lifestyle modification, there has been renewed interest
within cardiovascular disease research in using hot water immersion as an alternative lifestyle
intervention, especially for those who are unable or unwilling to commit to other methods of

relieving high blood pressure.

Purpose and Hypothesis

The purpose of this study is to compare the efficacy of the gold standard exercise training
and hot water immersion on improving 24-hour ambulatory blood pressure. We hypothesize that
hot water immersion will be more effective than aerobic exercise training for lowering

ambulatory blood pressure in adults with untreated hypertension.



Research Question

Is passive heat therapy in the form of hot water immersion more effective than the gold
standard exercise training for improving ambulatory blood pressure? Is exercise training or heat
therapy more effective at expanding the physiological reduction in nighttime blood pressure of

adults with hypertension?



Literature Review
Hypertension
Based on data from 2015 to 2018, about 121.5 million or 47% of US adults have
hypertension, with high blood pressure being attributed to 11.7% of cardiovascular deaths in
2019 (3). Hypertension (HTN) is a primary yet modifiable risk factor for cardiovascular disease
(CVD), heart failure, and strokes (3). Overall, data has shown an 18.7% increase in deaths

attributed to CVD since 2010 and about 19 million deaths in 2020 globally (3).
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s

heart.org/bplevels
Figure 1: Current thresholds for hypertension set by the American Heart Association (4)

There are two types of hypertension, primary and secondary, that are diagnosed based on
cause. Primary hypertension refers to high blood pressure with no known or underlying cause
whereas secondary hypertension has a defined cause related to another medical condition (5).
Diagnosis related to pathologies in the renal (kidney), cardiovascular, endocrine, and neurogenic
systems can lead to secondary hypertension (which is beyond the scope of this study) (5). Causes
of primary hypertension vary extensively including salt sensitivity related to lower salt

production in urine which can be related to abnormalities in electrochemical gradients across
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plasma membrane, overconsumption of salt, underconsumption of foods high in potassium and
calcium, impaired ability to vasodilate, and malfunctioning of the hypothalamus (5).

No matter the type of hypertension, increased blood pressure or the inability of the body
to control blood pressure contributes to blood vessel damage. This is an indicator for multitude
of cardiovascular diseases such as coronary or peripheral artery disease, congestive heart failure,
atrial fibrillation (an irregular heart rhythm), and chronic kidney disease (6). Overall,
hypertension places an unhealthy amount of stress on the heart and its related blood vessels.

Extensive research on lifestyle changes and pharmaceutical treatment for hypertension
aim to identify methods for mitigating the long-term effects of high blood pressure.
Pharmaceutical treatments (the mechanisms of which are beyond the scope of this review)
include diuretics, beta-blockers, ACE inhibitors, angiotensin II receptor blockers, calcium
channel blockers, alpha blockers, alpha-2receptor blockers, and vasodilators (7, 8). For those
who prefer to mitigate, avoid, or delay intaking antihypertensive drugs, there are a multitude of
lifestyle changes that can be made to combat high blood pressure such as exercise training,
weight reduction, and lowering salt intake. Out of these three lifestyle changes, physical activity
is considered the gold standard lifestyle change, making it the optimal intervention to compare to

new methods.

Exercise Training

The American Heart Association and American College of Sports Medicine recommend
150 minutes of moderate-intensity aerobic activity or 75 minutes of vigorous aerobic activity per
week for good health in adults but finds that only about one in five adults and teens meet this

recommendation (9). Many studies have found that in both medicated and non-medicated
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populations aged > 18 who live relatively sedentary lifestyles, exercise training is a safe and
effective method of lowering blood pressure (10, 11).

Repeated bouts of exercise are associated with several beneficial physiological
adaptations, primarily related to a reduction in systemic vascular resistance which leads to a
decrease in blood pressure (12). Although the specific physiological adaptations that occur from
exercise are still being explored, chronic exercise most notably increases shear stress, endothelial
nitric oxide synthase (eNOS) expression, and nitric oxide (NO) availability within blood vessels
which is associated with improved vessel health and beneficial vascular remodeling, reducing
CVD risk (12). Shear stress is a longitudinal force created from blood flowing along endothelial
cells (5). An increase in shear stress will increase NO release from the endothelial cells leading
to vasodilation which can lower blood pressure over time. Overall, there is a wealth of evidence
that physical activity can improve other physiological factors associated with reduced CVD risk
such as improving endothelial function, mediated by transient increases in cardiac output, blood
flow, and shear stress during exercise (13—16).

Despite the vast benefits of exercise therapy on adults with hypertension, many adults are
unwilling or unable to participate in this lifestyle intervention. In 2020, the CDC reported that
46.3% of adults aged 18 and over did not meet either the aerobic nor muscle strengthening
guidelines as mentioned above (17). People may be unable to meet these guidelines due to
several reasons including a disability, acute or chronic pain, or lack of access to exercise
equipment that would allow them to complete these guidelines safety. Knowing that many adults
are not achieving the recommended amount of physical activity a week, research should and has
been looking into alternative interventions that will elicit the same benefits seen from exercise

therapy.
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Passive Heat Therapy — Hot Water Immersion

Passive heat therapy has been used for spirituality, healing, and as a social outlet for
centuries. Common examples include Japanese Onsens, Finnish sauna bathing, and Korean
jjimjilbang which all aim to promote good health and improve quality of life (18). Due to the
extensive history of reported healing and benefits of passive heat therapy, research on the effects
of this type of treatment has increased in recent years. Specifically, a large prospective cohort
study from Laukkanen et al, reports that individuals that engage in sauna bathing with the
greatest frequency and duration experience the greatest reduction in the risk for sudden cardiac
death and all-cause mortality (19).

While exercise training is commonly recommended for improving cardiovascular health,
studies have found that heat therapy, in the form of saunas or hot water immersion, can be
effective at reducing blood pressure (20, 21). Hot water immersion has been associated with
reduced mean arterial and systolic pressure, and improved measurements associated with
reduced cardiovascular disease risk such as improved endothelial lining, arterial stiffness, and
blood pressure (22—-25). Previous research demonstrates that hot water immersion, similar to
exercise training, is correlated with improved endothelial function, blood flow, and shear stress
in young, sedentary subjects and women with polycystic ovary syndrome (23, 24). Others report
that hot spring bathing and feet soaking in warm water is associated with lowering the
prevalence of hypertension in older adults and the elderly (20, 26). Overall, hot water immersion
has been found to improve symptoms related to high blood pressure and cardiovascular disease
in a similar manner as exercise training. Further research needs to be done to compare the two

interventions and their effects on ambulatory blood pressure.
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Ambulatory Blood Pressure Monitoring

Ambulatory blood pressure monitoring (ABPM) has been demonstrated to be an accurate
and useful tool for diagnosing high blood pressure (27, 28). ABPM is recognized as a superior
tool for diagnosing hypertension because it takes into account normal stress levels, average
daytime BP, average nighttime BP, and the possible effects of other external factors on BP
within a 24 hour period (27). For instance, ABPM is a practical method for identifying
individuals with white coat hypertension (29-32). White coat hypertension describes a person
with an elevated blood pressure in clinic and a normal blood pressure at home (33). Indeed,
ABPM allows researchers to see an accurate representation of a person’s BP throughout their
daily lives. Therefore, it enables researchers to identify individuals with masked hypertension, or

a normal BP in clinic and an elevated BP out of clinic (34).

Dipper and Non-Dipper

A helpful feature of ABPM is that it is capable of measuring the circadian changes in
blood pressure. In healthy individuals, nocturnal blood pressure is > 10% lower than their
waking BP values. Broadly, individuals can be classified as a “dipper” or a “non-dipper”
depending on if they experience the nighttime reduction in BP > 10% (35). Studies have found
that there is a higher cardiovascular morbidity rate in people diagnosed with non-dipper
hypertension in comparison to those with dipper hypertension (36).

Using ABPM, Park et al. found that non-dipper and dipper BP respond to exercise
differently depending on the time of day they exercise (37). They had three key findings: 1) non-
dippers will respond to exercise despite time of day 2) non-dippers had a greater reduction in
SBP with evening exercise compared to dippers 3) exercise at any time of the day exhibited

similar 24-hour SBP reduction in dippers and non-dippers (37). According to the study, non-
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dippers seemed to benefit most from exercise therapy. Overall, there has been a depth of research
on improving the ABP of dippers and non-dippers using the gold standard EX intervention, but

more research needs to be done regarding nighttime reduction following heat therapy.
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Methods

Participants

Forty-one subjects participated in this study (19 EX & 21 HT; age range: 35-60).
Volunteers were pre-screened to confirm eligibility for the study. Elevated or high blood
pressure was confirmed by averaging the values of >2 blood pressure measurements on >2
separate days. Measurements were taken following 5 minutes of seated rest, with one
measurement per arm separate by one minute, as set forth by American Heart Association
guidelines. Participants presented with primary hypertension but were free from other
cardiorespiratory or metabolic diseases and were not currently taking any variation of blood

pressure medication. Female participants were not pregnant or breast-feeding during the

intervention.
Age Height Weight BMI
Exercise 48 +£7 172+9 90+9 30£2
Heat Therapy 47 +7 175+ 8 94 + 18 30£3

Table 1: Subject Demographics. Data are presented as means + SD.

Study Design

This study was a block randomized controlled trial. After pre-screening to confirm
eligibility for the study and a battery of pre-intervention baseline testing, volunteers were
randomly assigned to either heat therapy or exercise training using a randomized module within
our data capture system (REDCap, Nashville, TN, USA). All procedures in this study were
approved by the Institutional Review Board at the University of Oregon. All subjects have
provided their written and verbal consent to participate in the study as set forth by the

Declaration of Helsinki.
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24 Hour Blood Pressure Monitoring Procedure

24-hour ambulatory blood pressure monitoring (ABPM) was completed prior to
randomization, after 15 sessions of either hot water immersion or exercise, and after the
completion of all 30 sessions of assigned intervention. Each ABPM measurement was initiated at
the same time of day within participants. Volunteers were fitted with a portable blood pressure
cuff on the upper portion of their non-dominant arm and an ambulatory blood pressure monitor
(Oscar 2, SunTech Medical, Morrisville, NC, USA).

The blood pressure monitor was calibrated in clinic and programmed with each subject’s
self-reported awake and sleep time for the 24 hours of ABPM. These times were replicated for
mid- and post-intervention assessments. Blood pressure (BP) was measured every 20 minutes
during waking hours and every 60 minutes when asleep for the 24-hour period. The subject was
asked to go about their normal daily activities and keep their arm relaxed when their BP was
being monitored. Volunteers completed an hourly log with their activities and meals throughout
the 24-hour period. Subjects refrained from all over the counter medication, alcohol, caffeine,
exercise or heat therapy, and prolonged time in a motorized vehicle during their 24-hour

monitoring period.

15 HT Sessions

* | | * | 15 HT Sessions | %
| 15 Aerobic EX Sessions | I 15 Aerobic EX Sessions |
0 6

Time (weeks)

“ 24 Hr Blood Pressure Monitoring

Figure 2: Schematic of timing of 24-hour ambulatory blood pressure monitoring in the study

Exercise Training Intervention
Subjects completed 30 exercise training sessions in total, at a frequency of 3-4 sessions

per week. Each session totaled 50 minutes, consisting of a 5-minute warm-up, 40 minutes at a
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suggested workload, and a 5-minute cool-down. Suggested workload and target intensities were
calculated using the Karvonen method. Warm-up and cool-down were completed at a target
intensity at 30% of each subjects’ heart rate reserve (HRR).

% HRR = [(MHR — RHR) X Training %] + RHR
Resistance was adjusted to elicit 30% of HRR during warm-up and cool-down, and 60% of HRR
during 40 minutes at target workload. Participants were equipped with a Polar Heart Rate
Monitor (Polar Team Pro, Polar Electro, Lake Success, NY, USA). Heart rate was recorded at
baseline and then every 5 minutes during the session. For the first and last session only, core

temperature via a rectal thermistor or core temp pill was recorded every 5 minutes.
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& Core temperature measured sessions 1 and 30

Figure 3: Schematic of the aerobic exercise protocol for one session

Hot Water Immersion

Most subjects completed 30 sessions in total at about 3-4 sessions a week. The sessions
consisted of 45 minutes of immersion to mid-sternum in a hot tub at 104°F (40°C) followed by 5
minutes of recovery seated outside of the hot tub. Volunteers were equipped with a polar Heart
Rate Monitor (Polar Team Pro, Polar Electro, Lake Success, NY, USA) for all sessions. Heart
rate was measured at baseline (0 minutes) and every 5 minutes throughout the 50-minute session.
In sessions 1-5 and 30, subjects were also provided a core temp pill (HQ Inc., palmetto, FL,

USA) for the measurement of body core temperature or if contraindicated they were provided
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with a rectal thermistor (Y'SI Model 800, Yellow Springs Instruments, Yellow Springs, OH,
USA). Core temperature was recorded every 5 minutes for only sessions 1-5 and 30. When core
temperature reaches 38.5°C, a fan was turned on if requested by the volunteer and subjects

remained immersed to mid-sternum.

L4 @ L4 v L4 ¢ Q L/ L4 ® v
§ & 4 4 4 4 4 4 $ 4 )
| Immersion (to mid-sternum) in 104°F (40°C) hot tub | Rest out of hot tub ‘
Time (min)
[ I \ [ \ [ I [ [ |
0 15 30 45 50

@ HR measured

Core temperature measured for sessions 1-5 and 30

Figure 4: Schematic of the heat therapy protocol for one session

Data and Statistical Analysis

Subject SBP and DBP characteristics were compared using an unpaired two-tailed
student’s t-test (alpha=0.05). Mean data for all ambulatory blood pressure variables of interest
were analyzed using a two-way repeated measures analysis of variance with main effects of
group and time. Significance was accepted at p<0.05. In the event of a significant main effect,
pairwise comparisons were conducted using the Sidak analysis.

Comparisons between subject nighttime blood pressure reduction and ambulatory blood
pressure were compared using two-way repeated measures analysis of variance with main effects
of group and time (alpha=0.05). Subject nighttime blood pressure reduction was used to split
them into groups of dipper and non-dippers for analysis. Female and male comparisons were
made with combined HT and EX groups due to limited sample size allowing us to find sex-wise
comparisons despite the intervention. Significance was accepted at p<0.05. In the event of a

significant main effect, pairwise comparisons were conducted using the Sidak analysis.
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Results

24 Hour Ambulatory Blood Pressure

There were no significant differences between the mean 24-hour ambulatory blood
pressure measurements across time and interventions. Total 24-hour SBP and DBP were not
significantly different between intervention groups or compared to different time points
throughout the study (p>0.05) (Figures 5.1A and 5.1B). Awake 24-hour SBP and DBP were not
significantly different between intervention groups or compared to different time points
throughout the study (p>0.05) (Figures 5.2A and 5.2B). Asleep 24-hour SBP and DBP were not
significantly different between intervention groups or compared to different time points
throughout the study (p>0.05) (Figures 5.3A and 5.3B).

Also, we were interested in sex wise comparisons regardless of the intervention. Male
and female participants did not experience any significant changes in 24-hour total ambulatory

blood pressure throughout the study (p>0.05) (Figure 5.4A and 5.4B).
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SBP and DBP Data is represented as mean = SD of 24-hour total ambulatory blood pressure.
Dotted lines represent current thresholds for hypertension as shown in Figure 1.
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Male and female comparisons were made for 24-hour total ambulatory blood pressure. Exercise
and hot tub groups were combined for the sex-wise comparisons. Data is represented as mean +
SD of total 24-hour ambulatory blood pressure. Dotted lines represent current thresholds for

hypertension.
PRE SBP/DBP MID SBP/DBP POST SBP/DBP
139+ 12 139+ 13 140 + 13
Total EX
ota 8549 86+ 9 86+ 9
134+ 13 132+12 134+ 13
Total HT 81+9 81+ 10 81+ 10
wake EX 145+ 12 146 + 13 145+ 13
W 90+ 9 9l =8 90 + 8
141+ 11 138 + n
Awake HT 38+ 11 140 + 12
87+9 86+ 9 86 = 10
128 + 13 128+ 15 31+ 14
Asleep EX
Sieep 76+ 9 76+ 11 79+ 10
122+ 17 121+ 14 124+ 15
Asleep HT 71+ 11 72+ 11 73+ 10

Table 2: Mean values of SBP and DBP over Time

Data is shown as the mean + SD of the raw SBP and DBP. Total data is from the 24-hour total
ABPM (Figure 5.1A & 5.1B), awake is from the total awake ABPM (Figure 5.2A & 5.3B),
asleep is from the total asleep ABPM (Figure 5.3A & 5.3B).
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Total ABP Awake Asleep

EX SBP 1+7 0+8 4+£9
DBP 1+4 0+6 3+6

+ -1+ +

HT SBP 0+9 1+9 2+11
DBP 05 -1+6 1+6

Table 3: Change in SBP and DBP over Time
Data is shown as the mean =+ SD of the change from Pre to Post for both SBP and DBP.

Total ABP Awake Asleep
EX SBP 6/19 9/19 4/19
DBP 4/19 7/19 5/19
HT SBP 9/21 10/21 7/21
DBP 6/21 9/21 6/21

Table 4: Number of volunteers with clinically significant change (> 2 mmHg)

Data is shown as number of subjects of the specific intervention and BP measurement. A threshold
of 2 mmHg was considered clinically meaningful by Makai, et al. (38) and Hess et al., (39) .

Total Awake Asleep
EX SBP 1/19 2/19 2/19
DBP 1/19 1/19 0/19
HT SBP 2/21 3/21 3/21
DBP 1/21 2/21 0/21

Table 5: Number of volunteers with clinically significant change (> 10 mmHg)

Data is shown as number of subjects of the specific intervention and BP measurement. The
clinically significant criteria of a change > 10 mmHg was investigated by Canoy et al., (40) and
Guzman et al., (41).

Dipper and Non-dipper

The mean reduction from waking to sleeping was significantly different from mid ABPM
measurements to post ABP measurements in the exercise training group (p<0.05) (Figure 6.1A).
Awake mean SBP midpoint ABPM measurements were significantly different between
interventions for dippers (p<0.05) (Figure 6.2A). Asleep mean SBP and DBP of non-dippers in

the exercise intervention group had a significant difference between pre and post BP
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measurements (p<0.001 and p<0.05, respectively) (Figure 6.3C and 6.3D). True dippers/non-

dippers remained dippers/non-dippers throughout the study (Table 6).

Group EX HT MALE FEMALE
TRUE D 6 9 9 6
TRUE ND 3 3 5 1
ND—>D 2 2 1 3
D —>ND 5 5 8 2

Table 6: Subjects categorized as dipper and non-dippers

D denotes dipper and ND refers to non-dippers. Dippers are defined as subjects that had a greater
than 10% asleep dip in both SBP and DBP. Some subjects are not included in this table due to the
small sample size. Two of these subjects went from D to ND to D and two subjects were ND to D

to ND throughout the study.
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Figure 6.1A: SBP reduction from waking to sleeping
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Figure 6.1B: SBP reduction from waking to sleeping

Data is represented as mean + SD. Dotted lines represent current thresholds for hypertension.
*Denotes statistical significance (p<0.05)
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Figure 6.3D: Asleep Non-Dipper DBP
Comparisons Between Intervention and Time

Top row is awake blood pressure measurements and bottom row is asleep blood pressure

measurements for only non-dippers. Data is represented as mean + SD. Dotted lines represent

current thresholds for hypertension as shown in Figure 1. *Denotes statistical significance
(p<0.05) and ** denotes a strong statistical significance (p<0.01)
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Discussion

This study examined the effects of exercise therapy and hot water immersion on the
ambulatory blood pressure of hypertensive adults. Key findings of the study include: 1) No
difference for either HWI or EX for improving total, awake, and asleep ABP 2) Mean reduction
from waking to sleeping was significantly different between mid and post ABP for the EX group
3) Awake midpoint SBP of dippers was significantly different between interventions 4) Asleep
SBP and DBP in the EX group were significantly different between pre and post measurements

of non-dippers.

The Effect of Aerobic EX and HWI on Ambulatory Blood Pressure

The null hypothesis that hot water immersion would not be as effective as exercise
therapy in lowering the ambulatory blood pressure of adults with untreated hypertension was not
rejected. Furthermore, our data did not support the findings of previous investigations concerning
the viability of physical activity and hot water immersion for improving blood pressure. There is
a vast amount of evidence for aerobic exercise benefits on lowering blood pressure in both
medicated and nonmedicated adults with various degrees of hypertension (42—44). Similarly,
many studies have found heat therapy to produce similar effectiveness in lowering
cardiovascular risk and improving blood pressure (22-25, 45, 46).

However, the difference between statistically significant and clinically significant
changes following an intervention is important to consider when looking at the effectiveness of a
treatment. Clinical significance indicates dissimilarity between two different modalities whereas
statistical significance is a mathematically significant analysis between treatments (47). Both
measures are important within clinical studies but are independent of each other. In other words,

a treatment could have clinically meaningful effects but not be statistically significant. Clinical
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significance alone in our study can be related to a decrease in risk for CVD when compared to
pre-intervention. When looking at clinical studies, clinical significance can support the
hypothesis of the researchers that an intervention may be effective, but the limitations of the
study may have led to a lack of statistical significance.

Within this study, some volunteers did experience clinically significant reductions in their
blood pressure when comparing their pre and post ABP measurements. There are several clinical
studies and meta-analysis with varying definitions of clinically meaningful reductions in blood
pressure ranging from > 2 mmHg to > 10 mmHg (38—41). Table 3 and Table 4 summarizes how
many subjects within this study had clinically significant differences between their pre and post
ABP measurements. This data shows that there could have been some effectiveness of our
interventions as some volunteers did find a benefit to their blood pressure overall. Therefore, a
lack of statistical significance does not mean that our interventions did not work at all, but it can

indicate a need to reassess our methods for future research.

Dipper and Non-dipper Effects on Ambulatory Blood Pressure

One of the research questions for this study was to examine the benefits of exercise
training and heat therapy more closely on dipper and non-dipper HTN. There was an interaction
effect between EX mid and HT mid and a main effect of time within the EX group where SBP
post was significantly greater than SBP premeasurements.

In Figures 6.2A-6.2D, there is a trend of the dipper hot water immersion group at all time
points having generally lower SBP than exercise group. This trend means that the hot tub group
started with dippers that on average had a lower blood pressure than the exercise group
coincidentally, making the statistical difference between the midpoint data questionable in the

context of it being due to one of our interventions (Figure 6.12A). Therefore, this one
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comparison is insufficient to conclude that hot water immersion is a more beneficial modality for
those with dipper hypertension.

Unlike the hot water immersion groups for both non-dipper and dippers, there was a main
effect of time within the exercise group for SBP nighttime reduction, asleep non-dipper SBP, and
asleep non-dipper DBP. Figure 6.1A depicts a smaller nighttime reduction in SBP. In other
words, our data shows that from mid to post ABPM measurements, subjects in the exercise
group on average went from dippers (> 10% drop) to non-dippers (< 10% drop). Figure 6.3C
and Figure 6.3D display a significant difference between the pre and post SBP and DBP for
asleep non-dippers. On average, both SBP and DBP were higher than pre ABPM data which
could contribute to the results seen in Figure 6.1A.

Overall, the exercise group data for dippers and non-dippers do not support previous
research. As mentioned above there are several studies that attribute aerobic exercise to healthy
decreases in blood pressure (42—44). Our results may have occurred due to volunteers scheduling
their in-clinic visits for intervention without consideration for their status as dipper or non-
dipper. Park et al., found that dippers and non-dipper respond differently to exercise depending
on time of day (37). Similarly, Brito et al., found that evening training led to a wider reduction in
ambulatory BP in comparison to morning training in men with treated hypertension (48).
Although volunteers generally completed all 30 sessions of their intervention and ABPM at the
same time, they were able to choose any time of the day that would work for their schedules so
long as it could be consistent throughout the study. Therefore, time of day could have led to the

discrepancy between our data and previous literature.
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Limitations and Future Directions

We encountered some limitations in this study that may have contributed to our
unexpected results. The hot water immersion stimulus used in this study is informed by previous
research. Brunt et al, (2016) and Ely et al., (2019) found significant differences in their subject
groups with a longer time immersed and a similar temperature which indicates that our timing
could have been a limiting factor (22, 24). Future research should continue to assess the most
accurate temperature and time for effective usage of hot water immersion.

Another limitation could be that exercise did not match the circadian rhythms of our
volunteers. Subjects were welcomed to schedule their visits at times that were most convenient
for them so long as they completed the protocol. As spoken about above with dipper and non-
dipper hypertension, exercising at different time of the day could have an impact on how
effective exercise is on lowering blood pressure. Thus, taking into consideration circadian
rhythm may be beneficial for future research.

The AHA exercise guideline recommends both aerobic exercise and weight training to
combat raising blood pressure. In the present study, only aerobic exercise was compared to heat
therapy, but future research should include a combination of aerobic and resistance training
against different heating modalities such as hot water immersion in commercial hot tubs or
natural hot springs or various saunas.

Although estimated sodium intake was measured during the ABPM sessions, greater
nutrition interventions should be explored more to prove the viability of heat therapy. Sodium
intake in this study was calculated using the dietary logs from each volunteer and MyFitnessPal
(MyFitnessPal Inc, San Francisco, CA, USA). Therefore, our estimated dietary sodium can be

deceiving since we assume that volunteers are giving us an accurate recording of the food that

30



they consume throughout their 24-hour measurement period and that MyFitnessPal, which
database relies on its users, presents precise measurements. Future research should consider more
strict interventions for nutrition or measure urinary sodium excretion in order to assess if heat

therapy alone makes an impact or if nutrition plays a part in the results seen within this study.

Conclusion

Overall, our results suggest that HWI and EX did not have an effect on the ABP of adults
with untreated hypertension. However, we found that many of the subjects were able to achieve a
clinically significant change in their ABP in both HWI and EX. Although there were some
significant findings when comparing nighttime blood pressure reduction in dipper and non-
dippers, we were unable to make a conclusive observation that one intervention was more
effective at expanding the reduction. Future research should consider nutrition, circadian rhythm,
and length of interventions when studying the effects of HWI and EX on the ABP of adults with

untreated hypertension.
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