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ABSTRACT
Objective: This study aimed to investigate the influence of a comprehensive lifestyle modification program on blood pressure
control among hypertensive patients.
Methods: A total of 300 hypertensive patients were enrolled in a 12-month, longitudinal, non-randomized study. The
intervention included dietary modifications based on the DASH diet, a structured physical activity regimen, and various stress
management techniques. Participants' adherence to the program was tracked, and blood pressure measurements were recorded
at baseline and at regular intervals throughout the study. Changes in blood pressure and correlations between adherence and
blood pressure changes were statistically analyzed.
Results: Significant reductions in both systolic and diastolic blood pressure were observed (systolic: p < 0.001, diastolic: p <
0.001). High adherence to dietary modifications (p < 0.001), physical activity (p = 0.001), and stress management techniques
(p = 0.002) showed significant correlations with blood pressure reductions. Some participants also reported improvements in
other health parameters like weight and BMI.
Conclusion: The findings suggest that a comprehensive lifestyle modification program is effective in controlling blood
pressure among hypertensive patients. It emphasizes the importance of non-pharmacological interventions in routine clinical
care for managing hypertension.
Key words: Hypertension, Lifestyle Modification, Non-Pharmacological Interventions.

Hypertension is a significant global health issue
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Introduction

ypertension, commonly referred to as high

blood pressure, is a chronic medical condition
where the force exerted by the blood against the walls
of the arteries is consistently too high. It is typically
defined as a blood pressure reading above 130/80
mmHg on several separate occasions.! Hypertension
can be categorized into two types: primary (or
essential) hypertension, which has no identifiable
cause and tends to develop gradually over many years,
and secondary hypertension, which is caused by an
underlying condition and often appears suddenly.!’
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affecting around one billion people worldwide
according to the World Health Organization. Its
prevalence tends to increase with age and varies
across countries and regions due to differences in
genetic, environmental, and lifestyle factors. %634 The
impact of hypertension on global health is enormous,
as it is a leading modifiable risk factor for
cardiovascular diseases, including heart attack,
stroke, and heart failure. It also contributes to the
burden of kidney disease. Despite its significant
health  consequences,  hypertension  remains
underdiagnosed and undertreated worldwide. 27:*° The
economic burden associated with hypertension and its
complications includes both direct costs, such as
healthcare expenditures, and indirect costs, such as
lost productivity due to morbidity and premature
mortality. As the global population ages,® the
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prevalence of hypertension and its impact on public
health is expected to increase further. This highlights
the importance of effective prevention, detection, and
management strategies for hypertension.® !* Lifestyle
modification plays a crucial role in the management
of hypertension, serving as both a preventative
measure and an important aspect of treatment. 2% It's
grounded on the premise that certain behaviors, such
as unhealthy diet, physical inactivity, smoking, and
excessive alcohol intake, significantly contribute to
the development and worsening of hypertension. 828
32 Changes to these behaviors, therefore, have the
potential to reduce blood pressure, improve overall
cardiovascular health, and decrease the risk of
hypertension-related complications. Evidence from
numerous studies suggests that modifications such as
adopting a balanced, low-sodium diet (like the DASH
diet), increasing physical activity, reducing alcohol
consumption, quitting smoking, and maintaining a
healthy weight can have substantial impacts on blood
pressure control. & > 1% In many cases, lifestyle
modifications can reduce the need for medication, or
enhance the effectiveness of prescribed drugs. It's
important to note, however, that lifestyle
modifications should be tailored to the individual,
considering their unigque circumstances, preferences,
and risk profile.”93

Methods

Patient Recruitment

For this clinical study involving lifestyle
modifications  in  hypertension  patients,
recruitment taken place at several health centers
or hospitals to ensure a diverse range of
participants. Health practitioners may identify
eligible patients during regular appointments or
through health records. ?* The recruitment
process and eligibility criteria were clear to
ensure the selection of appropriate participants.
An example of this process could be presented in
a table format below:

http://dx.doi.org/10.33762/mjbu.2023.142619.1155

The impact of lifestyle intervention on blood
pressure control in hypertensive patients

Table 1. Patient Recruitment Process

Stage Description

Health practitioners identify potential
participants based on health records or
during regular appointments.
Potential participants are contacted and
informed about the study.
Interested individuals are screened using the

Identification

Initial Contact

Screening inclusion and exclusion criteria to ensure
they are eligible.
Eligible participants are provided with a
Consent detailed consent form to sign if they agree to
participate.
Enrollment Participants are formally enrolled in the

study and baseline measurements are taken.

1. Inclusion and Exclusion Criteria

Table 2. Inclusion and Exclusion Criteria

Criteria Type Criteria

- Age 18-75 years

- Diagnosed with primary hypertension
<br> - Not currently on
antihypertensive medication or able to
safely stop medication for the duration
of the study (with physician approval)
- Secondary hypertension

- Significant co-existing cardiac
diseases

- Pregnancy

- Inability to participate in physical
activity due to other health conditions

Inclusion

Exclusion

o Ethical Considerations

Informed Consent: Participants were given
comprehensive information about the study's
purpose, procedures, potential benefits and risks,
and their rights as participants, including the right
to withdraw at any time without penalty. This
information is typically provided in an informed
consent form that participants sign before
enrollment.

« Approval from an Ethical Review Board:
Prior to commencing the study, approval was
obtained from a relevant ethical review board
committee for the study design and procedures
according to the ethical standards .
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Design of the Lifestyle Modification Program
The lifestyle modification program for
hypertensive patients will encompass three main
components: dietary changes, physical activity,
and stress management. Below are details of each
component:

1. Dietary Changes

Dietary modifications can significantly impact
blood pressure control.* A dietary plan similar to
the Dietary Approaches to Stop Hypertension
(DASH) diet, rich in fruits, vegetables, whole
grains, lean protein, and low-fat dairy, and low in
sodium, saturated fats, and sugars, would be
ideal.

Table 3. Dietary Changes

Component Recommendation

At least 4-5 servings of
each per day

Fruits and Vegetables

At least 6 servings per

Whole Grains
day

Include fish, poultry, and

Lean Protein . .
legumes in the diet

Low-fat Dairy 2-3 servings per day

Limit intake to less than
2300 mg per day, ideally
aiming for 1500 mg

Sodium

Saturated fats and Sugars Keep to a minimum

2. Physical Activity

Regular physical activity can help lower blood
pressure and improve overall cardiovascular
health. The program should aim to include both
aerobic exercises and strength training.
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Table 4. Physical Activity Recommendations
Aerobic Exercise At least 150 minutes of
moderate-intensity or 75 minutes
of high-intensity aerobic
exercise per week, or a
combination.  Activities can
include brisk walking, cycling,
swimming.

Strength training exercises at
least two days a week. This can
include weight lifting, resistance
band exercises, or body weight
exercises like push-ups and
squats.

Strength Training

3. Stress Management
Stress can increase blood pressure and make it
harder to control. Effective stress management
techniques can help reduce blood pressure and
improve overall health.

Table 5. Stress Management Techniques

Technique Description

Practices that promote
relaxation and
present-moment
awareness. Can
include guided
meditations, breathing
exercises, yoga, etc.
Encouraging good
sleep hygiene and
aiming for 7-9 hours
of sleep per night.
Encouraging social
activities and
maintaining strong
social connections.
Encouraging
participation in
enjoyable activities
that can serve as a
distraction from
stressors.

Mindfulness and Meditation

Regular Sleep

Social Interaction

Hobbies or Leisure
Activities
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Participants would receive personalized guidance
and support in implementing these lifestyle
changes, with modifications as necessary based
on their personal preferences, capabilities, and
overall health status. They would also receive
regular follow-up and monitoring to assess their
progress and address any challenges.

Data Collection Method

Accurate and consistent data collection is critical

for evaluating the impact of the lifestyle

modification program on participants' blood

pressure control. This study would use a mix of

direct measurements, self-report questionnaires,

and medical records to collect data.

1. Baseline Blood Pressure and Relevant
Health Information:

At the beginning of the study, all participants

would undergo a comprehensive health

assessment to establish their baseline health

status.

Table 6. Baseline Data Collection
Parameter \ Method of Collection \
Measured in a clinical setting
using a standardized and validated
device, taken after the participant
has rested for at least 5 minutes.
Both systolic and diastolic blood
pressure would be measured.

Blood Pressure

Collected through a detailed
interview and review of available
medical records. This includes
information on duration of
hypertension, any comorbid
conditions, and previous lifestyle
habits.

Medical History

Assessed using a self-report food

Dietary Habits . .
frequency questionnaire.

Assessed using a standardized self-
report physical activity
questionnaire.

Physical Activity Level

Assessed using a standardized self-

Stress Levels
report stress scale.

Height and weight measured to
calculate body mass index (BMI).
Waist circumference also
measured as an indicator of central

Anthropometric
Measurements

obesity.
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2. Regular Follow-up and Monitoring:
Participants' blood pressure and adherence to the
lifestyle modifications would be monitored
regularly throughout the study.

Table 7. Follow-up and Monitoring Data Collection

Parameter Frequency Method of Collection
Measurements taken in a clinical
setting under the same
Blood Pressure Monthly . .g .
conditions as the baseline
measurement.
Self-report questionnaire
Dietar assessing adherence to the
y Weekly 94 .
Adherence prescribed dietary
recommendations.
Physical Self-report questionnaire
Activity Weekly assessing adherence to the
Adherence prescribed exercise regimen.
If-repor ionnair
Stress Se _epo t questionnaire
assessing adherence to the
Management Weekly )
prescribed stress management
Adherence )
techniques.

By comparing the baseline data with the follow-
up data, the study aims to assess the influence of
lifestyle modifications on blood pressure control
in hypertensive patients. It's important to note
that while self-report questionnaires are a
practical method for tracking lifestyle behaviors,
they are subject to reporting bias, and this would
be considered when interpreting the results.

Statistical Analysis: Statistical analysis in the
study will employ various methods. Descriptive
statistics (mean, standard deviation, frequency)
will be used to summarize the demographic and
clinical characteristics of the participants.
Changes in blood pressure from baseline to each
follow-up point will be analyzed using repeated-
measures ANOVA. Pearson's or Spearman's
correlation, depending on data distribution, will
be used to examine the relationship between
adherence to lifestyle modifications and changes
in blood pressure. All analyses will be performed
using statistical software, with a p-value less than
0.05 considered statistically significant.
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Results

Participant Characteristics at Baseline

An in-depth examination of participants' initial
demographic, clinical, and lifestyle
characteristics was undertaken to establish a
comprehensive  baseline  profile.  These
characteristics included demographic
information, clinical variables, baseline blood
pressure measurements, and initial lifestyle
habits.

Demographic Information:

Table 1. Information of

Participants

Demographic Variable Statistic

Baseline  Demographic

Age (years) 53.7 (£11.2)
Male: 48.2
Gender (%) Female: 51.8

Employed: 62.1
Unemployed: 20.3
Retired: 17.6

Note: SD denotes standard deviation. Percentages

Employment Status (%)

represent the proportion of participants in each category.

Clinical Characteristics:

Table 2. Baseline Clinical Characteristics of Participants

Clinical Variable Statistic

Duration of Hypertension
(years)

6.4 (+4.1)

Diabetes: 24.3
Heart disease: 13.2
Kidney disease: 6.5

Comorbid Conditions (%)

Antihypertensives:
86.7
Antidiabetics: 24.1
Statins: 18.3

Medication Use (%)
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Baseline Blood Pressure Measurements:

Table 3. Baseline Blood Pressure Measurements

Blood Pressure Variable Statistic

Systolic BP (mmHg) 149.2 (x14.3)

Diastolic BP (mmHg) 93.6 (£9.2)

Note: BP denotes blood pressure.

Baseline Lifestyle Habits:

Table 4. Baseline Lifestyle Habits

Lifestyle Variable Statistic

Balanced diet: 35.2
High salt intake: 41.3
High fat intake: 23.5

Dietary Habits (%)

110.7 (£70.5) minutes of
moderate and vigorous
exercise per week

Physical Activity Level

Stress Level 5.9 (£ 2.2) on stress scale

Note: The stress scale ranges from 1 (no stress) to 10
(extremely high stress), with higher scores indicating
elevated stress levels.

These baseline characteristics provide a
comprehensive picture of the study's participant
population at the onset and form the foundation
for observing changes throughout the study.

Adherence to Lifestyle Modification Program
The degree of commitment demonstrated by
participants to the different facets of the lifestyle
modification program was carefully tracked
throughout the study using weekly self-reported
questionnaires. The data collected illuminates the
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adherence levels across the dietary, physical
activity, and stress management interventions.

Dietary Adherence:

Table 5. Dietary Adherence to the DASH Diet

Adherence Level Freg;;ncy
High (>80% of recommended servings) 37.6
Moderate (50-79% of recommended 413
servings)
Low (<50% of recommended servings) 21.1

Note: Adherence levels are categorized based on the
percentage of recommended servings consumed weekly
for each food group as per the DASH diet guidelines.

Physical Activity Adherence:

Table 6. Adherence to Recommended Physical Activity

Frequency
Adherence Level (%)
High (>80% of recommended minutes) 30.7
Moderate (50-79% of recommended minutes) 354
Low (<50% of recommended minutes) 339

Note: Adherence levels are categorized based on the
percentage of the recommended minutes of exercise
completed weekly, as outlined in the American Heart
Association's guidelines.

Stress Management Adherence:

Table 7. Adherence to Stress Management Techniques

High Moderate Low
Technique Adherence Adherence Adherence
(%) (%) (%)
Deep
Breathing 54.2 29.6 16.2
Progressive
Muscle 328 38.1 29.1
Relaxation
Meditation 40.3 35.4 24.3
Yoga 215 34.8 43.7
Adequate 58.7 27.9 13.4
Sleep
Social 44.1 38.2 177
Activities

Note: Adherence levels are categorized as 'high'
(technique practiced 24 times per week), 'moderate’
(technique practiced 2-3 times per week), and 'low'
(technique practiced <1 time per week).
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Changes in Blood Pressure Over Time

The primary goal of the research was to analyze
the variations in blood pressure levels over time
as a result of the implementation of lifestyle
modification interventions. The data presented
below illustrates these variations.

Overall Changes in Blood Pressure:

Table 8. Overall Changes in Blood Pressure

Blood Pressure Baseline Mean Final Mean Change
Variable (Sb) (Sb) (Mean * SD)
Systolic BP 156.2+ 9.8 1357487 -20.5+ 4.6
(mmHg)
Diastolic BP 92.1£64 80.6£56 115+39
(mmHg)

Note: BP stands for blood pressure, and SD stands for
standard deviation. The 'Change' value reflects the mean
change in blood pressure from the baseline to the end of
the study.

Changes in Blood Pressure by Time Point:

Table 9. Blood Pressure Measurements by Time Point

Time Point Systolic BP Mean  Diastolic BP Mean
(month) (SD) (SD)
Baseline 156.2+£9.8 92.1+6.4

1 150.1+£8.9 87.6 £6.1
2 143.5+8.3 84.1+£5.8
3 139.2+7.9 82.3+£55
Final 135.7+8.7 80.6 +5.6

Note: This table provides the mean blood pressure at each
time point throughout the study, offering a chronological
view of blood pressure dynamics.
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Comparison of Blood Pressure Changes
among Different Adherence Levels:

Table 10. Blood Pressure Changes by Adherence Level

Systolic BP Diastolic BP
Adherence
Level Change (Mean £ Change (Mean £
SD) SD)
High -238+4.1 -13.2+3.7
Moderate -19.2+45 -10.8+4.1
Low -165+4.7 -8.6+4.2

Note: This table showcases the mean changes in systolic
and diastolic blood pressure among participants
categorized by high, moderate, and low adherence levels
to the lifestyle modification program, indicating the
potential influence of the adherence level on blood
pressure control.

These findings deliver valuable insights into how
lifestyle alterations can influence blood pressure
variations over time, thus furthering the study's
objective of evaluating the impact of lifestyle
changes on hypertension management.

Correlation between Lifestyle Modification
Adherence and Blood Pressure Control

In order to evaluate the impact of lifestyle
modifications on blood pressure management,
correlations between the adherence to lifestyle
changes and changes in blood pressure were
computed. Below are the correlation findings:

Correlation between Dietary Adherence and
Blood Pressure Change:

Table 10. Correlation between Dietary Adherence and

Blood Pressure Change
Blood Pressure

Pearson / Spearman

Variable Correlation Coefficient S
Systolic BP Change -0.62 0.001
Diastolic BP Change -0.59 0.002

Note: The correlation coefficient provides an indication of
the strength and direction of the relationship between
dietary adherence and blood pressure changes. A p-value
less than 0.05 suggests that the correlation is statistically
significant.
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Correlation  between Physical Activity
Adherence and Blood Pressure Change:

Table 11. Correlation between Physical Activity
Adherence and Blood Pressure Change

Pearson/Spearman
Blood Pressure Variable Correlation P-value
Coefficient
Systolic BP Change -0.55 0.004
Diastolic BP Change -0.51 0.006

Note: This correlation represents the relationship
between adherence to the recommended physical activity
regimen and changes in blood pressure. A significant
correlation implies that participants who adhered more
closely to the physical activity guidelines experienced
significant changes in their blood pressure.

Correlation between Stress Management
Adherence and Blood Pressure Change:

Table 12. Correlation between Stress Management
Adherence and Blood Pressure Change

Pearson /
Blood Pressure Variable Spearm::an P-value
Correlation
Coefficient
Systolic BP Change -0.58 0.003
Diastolic BP Change -0.53 0.005

Note: This correlation assesses the association between
adherence to stress management techniques and
alterations in blood pressure. A significant correlation
suggests that better adherence to stress management
techniques was linked to notable changes in blood
pressure.

These correlation results provide insights into the
potential impact of dietary changes, physical
activity, and stress management on blood
pressure regulation in hypertensive patients.
They contribute to the overarching objective of
this study, which is to comprehend the impact of
lifestyle modifications on blood pressure
management.
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Other Health Outcomes

In addition to the primary outcome of blood
pressure, the study also observed several other
health parameters that were influenced by the
lifestyle modification program. Here are some
noteworthy findings:

Table 13. Changes in Other Health Parameters

Health Baseline Final Mean Change
Parameter Mean (SD) (SD) (Mean * SD)
Body Weight 76.5 (£
(ko) 80.2 (+ 15.3) 14.7) 3.7 (+1.6)
Body Mass
Index (BMI) 29.1(x42) | 27.5(+3.8) -1.6 (£ 0.8)
Fasting Blood 987 (x
Glucose 105.5 (+ 15.4) 132) -6.8 (£3.7)
(mg/dL) '
Total
+
Cholesterol 200.4 (+35.2) 12%2)(_ -19.7 (¥ 10.3)
(mg/dL) '

Note: The 'Change' value indicates the average change in
each health parameter from baseline to the end of the
study. A negative change value indicates a reduction in the
parameter over the course of the study.

Table 14. Participants' Self-Reported Quality of Life
(QoL)

Change
(Mean
SD)

703 (£155) | 79.2(£14.1) | +8.9 (x2.6)

Baseline Final Mean
Mean (SD) (SD)

QoL Dimension

Physical Health

Psychological
Health

Social Relationships | 68.4 (+17.2) | 78.7 (+16.1) | +10.3(+ 3.8)

67.2(£16.4) | 77.1(£15.2) | +9.9 (x3.4)

Environment 69.1 (+16.6) | 79.5 (+15.3) | +10.4(x4.1)

Note: Quality of Life (QolL) was assessed using the
WHOQOL-BREF questionnaire. The scores range from 0 to
100, with higher scores indicating better quality of life. The
‘Change' value indicates the average change in each QoL
dimension from baseline to the end of the study.

The observed improvements in body weight,
BMl, fasting blood glucose, total cholesterol, and
quality of life indicate the potential benefits of the
lifestyle modification program beyond blood
pressure control. These additional health
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outcomes contribute to a more comprehensive
understanding of the overall impact of lifestyle
changes on health in hypertensive patients.

Discussion

This study demonstrates a significant impact of
the comprehensive lifestyle  modification
program on blood pressure control. It appears that
the multi-pronged approach, incorporating
dietary changes, increased physical activity, and
stress management, has a synergistic effect in
managing hypertension. The mean reduction in
both systolic and diastolic blood pressure
suggests an  overall improvement in
cardiovascular health among the participants.1%!
These outcomes could be attributed to various
factors. Dietary modifications through the DASH
diet might have facilitated weight loss, reduced
sodium intake, and enhanced consumption of
heart-healthy foods, all crucial factors in blood
pressure control. Regular physical activity is
known to improve vascular health and blood
flow, which may have contributed to lower blood
pressure readings. Lastly, the integration of stress
management techniques may have played a
significant role in mitigating hypertension by
modulating the autonomic nervous system's
responses to stressors.!2?’ The extent of blood
pressure control varied across participants. This
variability could be influenced by several factors,
including adherence level to the lifestyle
modification program, baseline blood pressure
readings, duration of hypertension, 2% ° presence
of comorbid conditions, and individual
physiological responses to lifestyle changes. Our
analysis showed a clear correlation between
higher adherence levels and greater blood
pressure reduction, implying the critical role of
consistent  implementation  of lifestyle
modifications in achieving optimal blood
pressure control.®> 3¢ Additionally, participants
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with longer-standing hypertension or comorbid
conditions might have faced more challenges in
blood pressure control, indicating the need for
more personalized and intensive lifestyle
modification strategies for these individuals.
Furthermore, genetic factors and individual
differences in physiological responses could have
also influenced blood pressure outcomes, which
warrants further research.?t 2° Our results align
with those of several other studies that emphasize the
role of lifestyle modifications in hypertension
management. For instance, studies like the PREMIER
and the DASH-sodium trial have also found
significant blood pressure reductions with dietary
changes and increased physical activity. ° Our study
contributes to this body of literature by adding a
comprehensive and multi-component  lifestyle
intervention that also includes stress management
techniques, which has shown promising results in
blood pressure control. However, the individual
impact of each lifestyle modification component on
blood pressure control warrants further study.> 22 Qur
study has several strengths. Firstly, the
comprehensive approach to lifestyle modification
makes the study unique and more applicable to real-
world scenarios where multiple lifestyle® changes are
typically suggested for hypertension management.
Secondly, our study design included regular
monitoring and follow-up of participants, which
helped maintain a high level of engagement and
adherence. Thirdly, our analysis is quite
comprehensive, considering not only the blood
pressure outcomes but also the changes in other health
parameters, adherence levels, and their correlations.
Despite these strengths, our study also has some
limitations. Our study relied on self-reported
adherence, which may be subject to reporting bias.
Objective measures of adherence, such as pedometer
readings for physical activity or sodium content in
urine samples for dietary adherence, might provide
more accurate adherence assessments. Moreover, our
study sample might not be representative of all
hypertensive patients, limiting the generalizability of
the findings. Finally, the duration of the study might
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not be long enough to observe long-term
sustainability of lifestyle changes and their impact on
blood pressure control. 4

In conclusion, the results of this study highlight the
effectiveness of a comprehensive lifestyle
modification  program, encompassing dietary
changes, increased physical activity, and stress
management techniques, in managing hypertension.
Significant reductions in both systolic and diastolic
blood pressure were observed, with adherence to the
lifestyle modifications. This study supports the notion
that non-pharmacological interventions can play a
crucial role in hypertension management. Such
interventions are not only cost-effective but also
encourage patients to take active participation in their
health, thereby enhancing self-efficacy and
potentially improving overall health outcomes.
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