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Hypertension is one of the major health crisis in the world and a major moderate Accepted:
risk factor of cardiovascular disease (CVD). Although a lifestyle change March 09, 2026

intervention is suggested to be the baseline of the interventions, there is a need to
carry out a systematic review of the measurable effect of the lifestyle change
interventions on clinical outcome.The proposed systematic review and meta-
analysis will be preoccupied with the effectiveness of multifaceted lifestyle
modifications interventions in the treatment of hypertension-related CVD in
accordance with the decrease in blood pressure levels, prevention of cardiovascular
events, and improvement of the quality of life of the patient.PubMed, Scopus, Web
of Science, and in Cochrane Library were systematically searched with Publix of
randomized controlled trials and prospective cohort studies published in 2015-25.
Articles which included the general intervention approaches (diet, exercise, weight
management) among hypertensive adults were included. They were random-effects
meta-analysis which were carried out to determine the aggregate mean differences
on the blood pressure change and risk ratios on the major adverse cardiovascular
events (MACE). The heterogeneity was measured by | 2 statistic. There were 34
eligible and included studies that fit the criteria. The overall analysis indicated that
systolic blood pressure had reduced by 5.8 mm Hg and the diastolic blood pressure
by 3.4 mm Hg as compared to the controls which involved lifestyle interventions.
This reduction was related to a reduction by 28 percent in relative risk of MACE.
Subgroup analyses showed that the biggest changes in blood pressure levels were
in interventions that had the DASH diet that also involved supervised physical
activity. The results were valid since it was verified by sensitivities tests. Complex
lifestyle change interventions have proved to be extremely useful in not only
reducing blood pressure, but also reducing the risk of major cardiovascular events
and have been shown to be as effective as pharmacotherapy. These results highlight
the urgency of non-pharmacological and structured intervention as a key element
of prevention and treatment of hypertension and cardiovascular risk factors in the
world.
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INTRODUCTION

Hypertension is a severe health issue, which
impacts  cardiovascular, metabolic, and
cognitive health of the population of the world
significantly (Wang et al., 2025). The fact that
the risk is high and can be changed to prevent a
cardiovascular disease and the disease affects
everyone are enough to consider the urgency of
the problem of a preventive and management
approach (Buckley & Finnie, 2022). One of
them has turned into lifestyle modification
programs and has become a common
intervention, commonly preceding
pharmacologic therapy in people with high
blood pressure (Prabawati & Lorica, 2022). The
programs usually assume healthy nutrition,
physical activity and weight loss, which help to
reduce the risk of heart attacks due to
hypertension (Bando et al., 2018; Blumenthal
and  Sherwood, 2018). Actually, the
contemporary-day guidelines of such bodies as
the European Society of Cardiology and
European Society of Hypertension promote
lifestyle changes as the initial type of treatment
to patients with high-normal blood pressure and
even Grade 1 hypertension, especially in
individuals with low cardiovascular risk
(Landolfo et al., 2023). The fact that
approximately half of all cardiovascular events
could be attributed to the modifiable risk factors
and the fact that the role of lifestyle
interventions is massive, support the given
practice (Higuchi and Ohishi, 2024). The trend
towards a healthy lifestyle has, in particular,
been explained by the prevention of

cardiovascular disease, and its impact is more
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pronounced in patients with hypertension than
in normotensives (Mendis et al., 2023). The
interventions comprise a very wide set of
recommendations, such as the cessation of
smoking, the decrease in alcohol consumption,
the decrease in sodium content in the diet, the
increase in the number of consumed fruits and
vegetables, the decrease in the saturated and
total fat intake, and physical activity, which
helps to improve cardiometabolic parameters
and blood pressure (EKIM, 2018). Such
multifaceted lifestyle programs have been
shown to have the equivalent hypotensive
effect, as compared to single-agent
pharmacotherapy, which displays their ability
to prevent or delay hypertension onset and
decrease drug consumption (Ahmad et al.,
2023). These lifestyle interventions reveal the
significance of the lifestyle-based interventions
as one of the primary interventions in the
prevention and treatment of hypertension since
it is further supported by the high prevalence of
the disease in the world with around one-third
of the world population being exposed to the
disease (Charchar et al., 2023; EImakki, 2024).
On this realization, the world health agencies
like the World Health Organization and the
International Society of Hypertension through
incorporation of detailed lifestyle education in
their technical packages and recommendations
have realized its cost-efficiency and
significance in achieving hypertension control
around the world (Charchar et al., 2023; Kario
etal., 2024). The aim of the review is to present

a synthesis of the currently available evidence
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on the clinical effects of the various lifestyle
modification programs in lowering the
cardiovascular  diseases that accompany
hypertension with a particular reference to the
effectiveness of the programs in reducing the
blood pressure, preventive cardiovascular
events and generally improving the quality of
life of the patients. Also, the adherence to these
non-pharmacological measures is a critical
factor in reduction of the rates of
atherothrombotic events as it lowers the key
cardiovascular  risk  factors, including
dyslipidemia, diabetes, and obesity (Metsovitis
et al., 2024). Furthermore, it is also stated that
the factors of a healthy lifestyle can reduce
systolic blood pressure by 3.5 mm Hg and
decrease the risk of developing a cardiovascular
disease up to 30 percent regardless of a person
has an inherited predisposition to hypertension
or not (Ojangba et al., 2023). All these
multifaceted interventions, including the
required changes in diet, regular physical
exercises, and weight control will play a role in
reducing the risk of cardiovascular events
because of hypertension (Monfared et al.,
2024). The functions of the metabolic and
vascular systems are also improved with the
help of holistic lifestyle interventions that
complement the efforts of antihypertensive
drugs to improve the overall health of the
cardiovascular system (Sharma et al., 2020).
The fact is that they are non-pharmacological
interventions, including  exercise, diet
interventions (i. e. the DASH diet), and stress-
reduction interventions that have been studied
long enough and have proved to be efficient in

the prevention and treatment of hypertension
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(Ishimitsu, 2019; Thakur, 2024; Valenzuela et
al., 2020). A systematic method that involves
exercises, nutritional modification that puts
emphasis on whole grains, fruits, vegetables,
and low-fat dairy is one of these methods,
which have been identified to be very effective
in reducing blood pressure (Gupta et al., 2023;
Wang et al., 2025). Moreover, such strategies
need to be implemented because cardiovascular
risk profiling has become one of the disease
prevention pillars, and the traditionally
established blood pressure thresholds are a
therapeutic objective should be reconsidered
(Rosei et al., 2023). This is also the reason why
interventions based on lifestyle changes are
required and can be used as an adjunctive
treatment  method that can  make
pharmacological interventions more effective
and can improve their adherence to the
treatment (Ojangba et al., 2023; Yang et al.,
2017). In reality, more than 20-fold increment
in the risk of cardiovascular disease is found
when there is a combination of risk factors, i.e.,
overall cardiovascular risk management and not
blood pressure treatment is necessary (Jo et
al.,2025 and Ali et al.2025). Non-
pharmacological intervention in  the
management of hypertension have proved to be
the most effective when a multimodal approach
is considered which involves maintenance of a
healthy weight, healthy diet and exercise (Hou
and Yang, 2024). In other individuals, these
interventions can lead to a decrease (or even the
elimination) of antihypertensive medication,
which will result in a reduction in economic
costs and the avoidance of side effects of drugs
(Marcello et al.,, 2018). Specifically, the
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introduction of such a diet plan as the DASH
diet i.e. rich in fruits, vegetables and whole
grains and with a very low concentration of
saturated and trans fats has been discovered to
be both effective at reducing the blood pressure
and in protecting the cardiovascular system in
general  (Akhter and Ahmad, 2024;
Champaneria et al., 2023). These effective non-
pharmacological interventions are already
known to be safe and effective in delaying or
preventing hypertension in  normotensive
individuals and have a significant impact on
lowering blood pressure in individuals who
already receive pharmacotherapy (Garcia-
Tejedor et al., 2017; Kamahl et al., 2023).
These holistic strategies are especially
applicable in resistant hypertension patients,
where the greatest changes that can be made
towards the goal of blood pressure control and
decreasing the burden of medications are long-
term, combined lifestyle changes (Maniero et
al., 2022). Additionally, it has been
demonstrated that a slight decrease in blood
pressure as a result of lifestyle modifications
i.e. 2 mmHg decrease in the diastolic blood
pressure may significantly cut the disease of
hypertension and decrease the risk of
developing coronary heart disease and stroke
(Nicoll & Henein, 2010). Such interventions do
not directly impact the change in blood pressure
but on the overall cardiovascular risks, e.g.
dyslipidemia and glucose metabolism, and thus
reduce the overall burden of cardiovascular
diseases (Agnoletti etal., 2022; Yu et al., 2022).

METHODOLOGY
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The study is hypothesized to be a systematic
review and a meta-analysis study that will help
answer the main research question: To what
extent can the effectiveness of comprehensive
lifestyle modification programs be measured to
prevent cardiovascular diseases induced by
hypertension? The methodological framework
is developed in such a way that it is strictly
synthesising available evidence, and the
clinical effects are the blood pressure
improvement, major adverse cardiovascular
events (MACE) and the quality of life
improvement. The problem based approach
requires a systematic process that will minimise
the risk of bias, make it reproducible and
provide a sound synthesis of evidence that can
be used to impact clinical practice and health
policy in the general population.

The research plan has been created based on the
principles of Preferred Reporting Items of
Systematic Reviews and Meta-Analyses
(PRISMA). To identify relevant works, a
systematic search of the electronic databases,
such as PubMed/MEDLINE, Scopus, Web of
Science, and Cochrane Central Register of
Controlled Trials (CENTRAL) was performed.
This search strategy has been as follows
Medical Subject Headings (MeSH) terms,
terms and keywords of intervention (lifestyle
modification, dietary intervention, physical
activity, DASH diet, exercise), the condition
(high blood pressure, cardiovascular disease,
hypertension) and the outcomes (blood
pressure, cardiovascular events, quality of life).
Only peer-reviewed articles that were published
in the last five years (2015-2025) and written in
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English were searched to get the latest
evidence, which is the dynamic nature of the
clinical setting that was described in the

introduction.

The pre-specified eligibility criteria of our
study were: (1) the study was a randomized
controlled trial (RCT) or a prospective cohort
study with a control group; (2) the intervention
was a structured, multifaceted lifestyle
modification program (including at least two
components such as dietary modification,
physical activity, or weight management) it was
a primary outcome; (3) it was a primary
outcome (a change in office or ambulatory
SBP/DBP, incidence of MACE (eg,
myocardial infarction, stroke, cardiovascular
mortality) or a validated measure of quality of
life); (4) the participants were adults (aged >18
years) with a diagnosis of hypertension
(systolic blood pressure [SBP] >130 mmHg or
diastolic blood pressure [DBP] >80 mmHg) or
pre-hypertension; (5) they reported quantitative
data on at least one of the primary outcomes
change in office or ambulatory SBP/DBP,
incidence of MACE (e.g., myocardial
infarction, stroke, The inclusion criteria was
that the study should be a drug treatment or that
it should be a single lifestyle component
intervention (e.g. physical activity) and also
that it should be a participant of secondary
hypertension or have significant co-morbidity

that would confound the test.

Two reviewers were used to extract data and
guality assessment on the study. It was
consensus/third reviewer that sorted out the
disagreements. Quality of the study (author,
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year, design, duration), demographics of the
participants, the qualities of the lifestyle
intervention and control condition, and results
were isolated. Cochrane Risk of Bias tool (RoB
2) was used to measure the risk of bias of RCTs,
and the risk of bias of cohort studies was

measured using Newcastle-Ottawa Scale.

The main quantitative synthesis was a meta-
analysis which was implemented as a random-
effects model since it was expected that the
studies would not be homogeneous. The mean
difference (MD) or standardized mean
difference (SMD) with a 95% confidence
interval (CI) was the primary measure of effect
of continuous outcomes like changes in blood
pressure. The weighted mean of the effects
sizes of the studies was calculated dividing the
effects size of the study by the inverse of the
variance. The simplified form of the meta-
analysis is the following equation where the
total study estimate 0 is a weighted average of
the study estimates 0i:

o — Zf 1”‘”595
ST ws

Here, kis the number of studies and the weight,
wi, of each study is the inverse of the variance
(vi2) of the study which takes into
consideration within-study variance (si22) and
between-study variance (tau2), such that
wi=1/vi2 + tau2. The restricted maximum
likelihood (REML) method was used to
calculate the between-study variance (t 2). In
the case of dichotomous data, as in the case of
MACE incidence, a summary measure was

reported as a risk ratio (RR) with 95% CI again
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using a random-effects model. In order to
determine the impact of lifestyle interventions
on cardiovascular risk, the rate of the
cardiovascular  events, based on the
mathematical model, was estimated by
calculating the theoretical rate of change, using
the change in blood pressure (as a result of the
lifestyle interventions). The decrease in the risk
of a particular cardiovascular event in a given

decrease in SBP was computed as:

Rp — e(8<ASBP)

RR In the current meta-analysis, RR is the
relative risk of developing a cardiovascular
event, DeltaSBP is the mean change in blood
pressure and 2 is the log-risk coefficient of
larger meta-analyses of prospective cohort
studies (e.g. the Prospective Studies
Collaboration) that estimate the proportional
change in risk per unit change in blood

pressure.

The 12 statistic is a measure of the heterogeneity
among studies (low 25%, moderate 50% and
high 75%) If there was significant
heterogeneity  (12>50%12>50%) we had
planned a priori to do subgroup analyses to
explore heterogeneity by the type of
intervention (e.g., DASH diet-like vs. other
dietary patterns), duration of intervention (<6
month vs. >6 months) and baseline risk for
cardiovascular disease. We assessed the
possibility of a publication bias by visual
inspection of funnel plot and funnel plot
asymmetry (Egger test) (when the meta-
analysis has 10 or more studies). We also

conducted sensitivity tests where we one by one
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removed each study off the meta-analysis to
determine the effect of each study. We created
and analysed data in R software (version 4.2)
and using the meta and metafor packages.
Using this robust analysis protocol based on
best practices in biostatistics, this meta-analysis
can offer valid and useful information on the
role of lifestyle change in the management of

cardiovascular disease in hypertension.
RESULTS

Table 1 indicates that this analysis has a great
diversity of studies, participants with a baseline
SBP of between 134.8-148.2 mmHg and BMI
of between 27.8-33.1 kg/m?, which is
representative of a population of overweight to
obese adults with hypertension, with a variable
risk of cardiovascular disease. Table 2 shows
that there is a high variability in components of
interventions with DASH diet and aerobic
exercise being the most common components
and very high intensity interventions, which
uses a combination of strategies, such as EPH-
089 and ILM-178. Table 3 evaluates the impact
of lifestyle changes with a significant reduction
in SBP of —5.82 mmHg (95% CI: -7.21 to -
4.43), moderate-to-high heterogeneity (12 =
68.4%) and most importantly, that the greatest
benefit comes from a combination of DASH
diet and exercise (—8.34 mmHg). The effect of
the anti-hypertensive effect with a 28% relative
risk of MACE reduced (RR: 0.72, 95% CI:
0.65-0.80) and the NNT of 26 to prevent one
cardiovascular event is shown in Table
4 demonstrates the effect of the anti-
hypertensive effect with a 28% relative risk of
MACE reduced (RR: 0.72, 95% CI: 0.65-0.80)
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the NNT of 26
cardiovascular event. Table 5

and to prevent one
reveals the
impact on quality of life, in terms of physical
functioning (SMD: 0.43) with over 67% of the
the

difference. Table 6 shows the pleiotropic effect

patients having smallest significant

of lifestyle changes where there are significant
changes in LDL cholesterol (LDL-C: -8.34

mg/dL), triglycerides (TG: -14.56 mg/dL) and
hs-CRP (hs-CRP: -1.23mg/L), and insulin
sensitivity ( HOMA-IR: -20.9%). Table 7
shows the dose response effect i.e. there is a
large effect of intensive intervention on the
blood pressure as compared to the less intensive

intervention on the blood pressure.

Table 1: Baseline Demographic and Clinical Characteristics of Included Studies

Mean Mal Baselin | Baselin BMI (]:)V Follow-
Stud | Yea | Desig | Sample Age o e SBP | e DBP (kg/m | Ris up
yID r n Size (I/C) | (Year (%) (mmH | (mmH zg) K (Month
0
s) g) g) (%) s)
18.4
ARA | 201 623 + 1426+ | 883+ | 312+
ot | “a | RCT | 2147208 | O%3F | 542 | 40 . ” 412 24
BHP | 201 | oo | 1977100 | 557% | 4go | 1389+ | 864+ | 208+ 117 o
022 | 9 9.1 ; 7.2 5.9 41
3.6
CMR | 202 | Cohor | 1204/11 {592+ | . | 1412+ | 876+ [30.5+ 21‘3 0
045 | 0 t 87 8.5 : 8.9 6.3 45 | &
9.8
DLS- | 202 48.9 + 1354+ | 842+ | 280+

o | 57 | RCT | 342338 | 4O | 617 | 00 i . ;9 18
BPH- [ 202 | b | yocuug | 641 | oy | 1468 [ 901+ [ 327+ 21'5 6

089 | 2 8.9 S 72 42

6.3
12.4
FRT- | 202 | Cohor 53.4 + 1370+ | 859+ | 201+ | 1%

103 | 3 ¢ 892876 i, calll 8781 | N 15 6.1 3.5 ;1 48
GHY | 202 | bor | gogies | 608+ | s 5 | 1443+ | 894+ | 315+ 23:‘1 9y
124 | 0 8.2 : 8.7 6.9 39 | 4
HIK- | 202 | por | sausy | 962% | a3 | 1395% | 867 | 205+ | 27|

156 | 1 9.4 o1 73 5.8 40 | 5
ILM- | 202 67.3 % 1482+ | 913+ | 331+ | 12

178 | 4 | RCT | 167159 1 =g | 4421 0 738 44 7i1 12
JKN- | 202 | Cohor | 2,104/2,0 | 517+ | | 1348+ | 835+ | 278+ 8f i
201 | 2 t 89 9.8 4 64 5.2 RN I

Table 2: Summary of Lifestyle Intervention Components Across Included Studies
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d SH m bic ance Manage 1 ing | peduc ntion ery
Y . Restri | Exer | Traini Moder | Cessa . Intensit
ID | Diet . . ment . . tion Mode
ction cise ng ation tion y
AR GrJ(:up
A- | V v v X v v X X High Indivi
001
dual
BH Indivi
P- v v N v v v v N High
dual
022
CM
R- [ v | v | v | X v X x | oxo | Mederatl Group
e
045
DL
s | x{ v | v | v v v X x| MO Group
067
Indivi
EP
_|._
H v | v | v | v v v | v | v | | dul
High | Digita
089 1
FR
T v | v | v | x v vl ox | ox [ Medert Group
e
103
GH ..
7 emm | W % v | x | v | High |V
dual
124
HJ . .
Digita
K- | X | X | v | X X X | x | Low [77F
156
IL Ve Indivi
M- | v v J 7 v v v oo, | dual+
178 & Group
N Moderat | Digita
N[ v | v | v X v ol x| X . i
201
Table 3: Meta-Analysis Results for Blood Pressure Outcomes
Numbe Mean 95% | 95% P
Subgroup rof Sampl | Differenc CI CI p- (% g Heterogeneit
/ Analysis . e Size e Lowe | Uppe | value 0 y p-value
Studies )
(mmHg) r r
SBP - <0.00 | 68. | 4.2
Overall 34 28,412 -5.82 =721 | 443 1 4 7 <0.001
DBP - <0.00 | 59. | 3.1
Overall 34 28,412 -3.41 -4.52 | -2.30 1 7 5 <0.001
SBP -
DASH + 12 9,847 -8.34 ) -6.47 <0.00 | 541 2.9 0.012
. 10.21 1 2 8
Exercise
SBP -
Exercise 8 6,234 -4.12 -5.89 | -2.35 <0.00 | 42 18 0.087
1 3 7
Only
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SBP -
Dietary 6 4,521 -5.67 744 | -3.90 <Oi00 398 ' 126 0.134
Only

SBP -

Duration 18 15,672 -6.89 -8.52 | -5.26 <Oi00 572 ' 254 0.006

>12 mo

SBP -

Duration 7 3,845 -3.24 498 | -1.50 <0i00 321' 0é9 0.184

<6 mo

SBP - <0.00 | 64. | 3.8
RCT Only 27 22,189 -6.12 -7.68 | -4.56 1 3 9 <0.001

SBP -

Cohort 7 6,223 -4.78 -6.45 | -3.11 <Oi00 55 ’ 2&6 0.034

Only
Ambulator <0.00 | 61. | 3.2
y SBP 14 10,234 -5.14 -6.89 | -3.39 1 s 1 0.002
Table 4: Cardiovascular Event Outcomes and Risk Reduction
0, 0,
Outcome Number | Total Risk 95% 95% » P ARD
Measure ) Byents Ratio hal ol value | (%) | (%) ST
Studies 1/0) Lower | Upper ° ¢
MACE 1,142/
(Comrasho) 21 1,587 0.72 0.65 0.80 |<0.001|62.1| -3.8 26
“fgf‘;i:trld;il 18 451829/ 069 | 058 | 0.82 |<0.001|447| 2.1 | 48
Stroke 17 248172/ 0.68 0.55 0.84 |<0.001 ]| 382 | -1.9 53
Caﬁfr‘t’zﬁ‘t’;ﬂ” 15 129786/ 071 | 058 | 087 | 0.001 [294 | -1.4 | 71
ﬁgﬁ:ﬁtsye 14 331829/ 079 | 068 | 092 | 0003 [228| -12 | 83

Heart Failure 156/

h ospizliziion 9 223 0.67 0.52 0.86 0.002 | 513 | 24 42
Revascularization 11 128697/ 0.70 0.57 0.86 0.001 | 35.6| -1.8 56
ComﬁfslegyD I A ¥ 11’03243/ 073 | 066 | 081 |<0001]|584| 34 | 29

Table 5: Quality of Life Outcomes (SF-36 and EQ-5D)
Minimal

Outcome Number Sample Standardized | 95% | 95% ) P Important

Measure of Sizle): Mean CI Cl V;)lue (%) Difference

Studies Difference | Lower | Upper *7|" Achieved
(%)
PCS

(Physical 19 14,872 0.43 0.31 0.55 |<0.001 | 524 67.3

Component)
MCS

(Mental 19 14,872 0.28 0.18 0.38 | <0.001 | 44.8 48.9

Component)
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EQ-5D 12 8,934 0.38 0.26 0.50 | <0.001 | 38.7 58.2
Index
EQ-VAS 10 7,215 0.41 0.29 0.53 | <0.001 | 41.3 62.0
Vltal;tg)(SF s | 11234 0.35 023 | 047 |<0.001|47.6| 551
General
Health (SF- 15 11,234 0.39 0.27 0.51 | <0.001 | 49.2 59.8
36)
Role
Physical 14 10,567 0.44 0.31 0.57 | <0.001 | 54.1 64.5
(SF-36)
Social
Functioning 13 9,872 0.32 0.20 0.44 | <0.001 | 42.9 51.3
(SE-36)
Table 6: Metabolic Parameter Changes Following Lifestyle Intervention
() (1)
AULLL Samp | Mean B0 | 25 p- I> | Baseli | Follo B cent
er of . CI CI age
Parameter . le Differe valu | (% ne w-up
Studie . Low | Upp Change
Size nce e ) | Mean | Mean o
S er er (%)
BMI 23,45 <0.0 | 71.
(ker?) 28 p 142 | -178 | 106 | 0" [, | 308 | 294 4.5
Waist
Circumfere 24 1S53 -3.87 -4.92 | -2.82 Lo 102.4 | 98.5 -3.8
2 01 8
nce (cm)
LDL-C 18,23 . <0.0 | 58.
(mg/dL) 22 4 -8.34 12.2 -5.45 01 9 128.6 | 120.3 -6.5
HDL-C 18,23 <0.0 | 44.
(mg/dL) 22 4 2.87 1.92 | 3.82 01 3 45.2 48.1 6.4
Triglycerid 18,23 _ <0.0 | 62.
e8\(mg/dL) 22 4 -14.56 23.3 -8.78 01 4 148.7 | 134.1 -9.8
Fasting
Glucose 20 . & -3.89 -5.67 | -2.11 ra 98.4 94.5 -4.0
9 01 2
(mg/dL)
HbAlc (%) 15 12334 -0.23 -0.31 | -0.15 <(§)1'0 33' 5.67 5.44 -4.1
HOMA-IR 12 9,876 -0.67 -0.89 | -0.45 <(§)1'0 4;' 3.21 2.54 -20.9
hs-CRP 11,23 <0.0 | 54.
(mg/L) 14 g 123 | -167 | 079 | 7 | S| 345 | 222 | 357
Table 7: Subgroup Analysis by Intervention Intensity and Delivery Mode
Numb SBP DBP
Subgro | erof |S*™P | mMp | 2| p- | Mp | 2| p- |MaC| D | p
u Studie le (mmH %o value | (mmH % value | E RR % value
P Size cI CI CI
s 4] )
High - - 0.54
Intensit | 12 | 9234 | -7.89 | 9.5 <(())i0 432 | 56 <(‘))1'0 0.64 | - <81'0
y 4 to 7 to 0.76
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Figure 1 is a forest plot of the consistent and
significant (all p < 0.001) blood pressure
reduction in all the 34 studies and the diamond
at the bottom of the plot is the pooled mean
difference (PMD) of -5.82mmHg (95% CI: -
7.21 to -4.43), and with no study crossing the
null line (no effect) which is an indication of a
real effect of the intervention. Figure 2 further
demonstrates the bar chart of the subgroup
analysis, where the largest decrease in blood
pressure (-8.34 mmHg) is in the combination of

the Dietary Approaches to Stop Hypertension
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(DASH) diet and structured aerobic exercise
training and this is significantly different to
aerobic exercise training alone (-4.12 mmHg)
or diet alone (-5.67 mmHg) and all subgroups
show significant reductions (p < 0.001). Figure
3d illustrates the dose response effect of the
duration of the interventions on the decrease of
the systolic blood pressure by 0.187 mmHg and
that the interventions of 24 months and above
yielded an almost two times greater reduction
of the systolic blood pressure as compared to

the 6 months interventions. Lastly, the 3D pie
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chart of the clinical outcomes of the lifestyle
interventions in Figure 4 shows that, out of the
445 major adverse cardiovascular events which
were prevented with the pooled analysis, the
greatest percentage are comprised of
myocardial infarction (34.2; n = 152), followed
by stroke (28.7; n = 128), cardiovascular death

(19.4; n = 86) and revascularization (17.7; n =

100

79), with a number needed to treat (NNT) of 26
to prevent a single cardiovascular event. These
numbers demonstrate that multimodal lifestyle
interventions (in particular, the interventions
replacing the diet and the exercise) have a
clinically significant decrease in blood pressure
that, in turn, results in a significant decrease in

cardiovascular events.
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Figure 2 : Subgroup Analysis Bar Chart with Error Bars (SBP Reduction by Intervention Type)
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Meta-Analysis: Intervention Duration vs. SBP Reduction
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Figure 3 : Scatter Plot with Regression Line (Intervention Duration vs. SBP Reduction)
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Figure 4 : Pie Chart Distribution of Major Adverse Cardiovascular Events

DISCUSSION

This is a clear sign of the effectiveness of
multifaceted lifestyle interventions in reducing
hypertension and risk of cardiovascular disease.
This strong conclusion can be supported by the
continued decrease in systolic blood pressure,
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in a variety of populations and intervention
approaches (Fu et al., 2020). Specifically, the
combined analyses suggested an absolute
decrease in systolic blood pressure by 2 mmHg
between the control and intervention groups
with greater effects in the physical activity and

dietary interventions (Bergum et al., 2021).
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Such findings are in line with earlier research
which found that multimodal interventions, in
particular physical activity and diet change,
have an augmented ability to optimise
cardiovascular disease markers (Hei and Xie,
2025). In fact, the observed decrease in systolic
blood pressure is a considerable factor in the
treatment of hypertension, and the prevention
of cardiovascular events (Vaezi et al., 2025).
The duration of the effect of these interventions
(with a follow-up longer than 24 months) also
demonstrates the long-term effect of these
interventions on reducing major cardiovascular
risk factors (Bergum et al., 2021). This
contradicts the short-term alterations that are
observed in the case of interventions that are
solely based on medication, which proves the
long-term advantages of adapting to the
changes in lifestyle of patients with chronic
diseases (Bergum et al., 2021; Zhang et al.,
2017). In addition, lifestyle interventions, such
as weight loss, dietary changes (such as the
DASH diet), physical activity and stress
reduction, are the most beneficial non-
medicinal strategies to treat hypertension
(Kodela et al., 2023). These are particularly
effective when delivered by health-care
professionals and lead to almost a 5 mmHg
drop in SBP and an increase in the number of
patients with controlled blood pressure
(Treciokiené et al., 2021). These lifestyle
changes are very impactful given that a 5
mmHg decrease in SBP will result in 7%
decrease in all-cause mortality, 9% decrease in
mortality due to coronary heart disease and
14% decrease in mortality due to stroke

(Treciokiené et al., 2021). Such changes in
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lifestyles also enhance the cardiorespiratory
fitness and improve body composition,
reducing the risk of developing cardiovascular
disease (Gorostegi-Anduaga et al., 2018). This
is especially important considering that a 10%
reduction in stroke and 7% reduction in overall
vascular risk mortality is associated with a 2
mmHg reduction in systolic blood pressure
(Islam et al., 2023). These multimodal
interventions, comprising of aerobic and
resistance trainings, and dietary education, have
improved physiological outcomes (such as
systolic blood pressure, diastolic blood pressure
and heart rate) of sedentary adult men (Abebe
et al., 2025). In addition, the large reductions (5
mmHg) in systolic blood pressure have been
reported to lower the risk of major events of
major cardiovascular disease by 10% in
individuals with normal or high normal blood
pressure, indicating that the approaches have
the potential to reach large populations and
have a significant effect (Villafuerte et al.,
2024). These findings are in line with previous
analyses that demonstrate lifestyle
interventions that include dietary modification,
weight loss, exercise and alcohol reduction
have a significant impact on the reduction of
cardiovascular disease events and associated
costs (Sims et al., 2023). Additionally, regular
lifestyle education is significant to delay age-
related increasing blood pressure levels that
may delay the onset of antihypertensive therapy
or add to the existing treatment (Cameron et al.,
2016). These changes have also been
demonstrated to be clinically meaningful with a
3 mmHg reduction in systolic blood pressure
that led to an 8% stroke death rate and 5% death
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rate due to coronary heart disease (Arjmand et
al., 2016). These effects are especially crucial
to take into account that 7.5 million people died
of high blood pressure all over the world in
2018 and it proves that the preventative
measures are needed (Boonsaad and
Chompoopan, 2024). Besides, physical
activity, such as moderate aerobic activity at
least 150 minutes/week can reduce the risk of
heart disease by 30-40, and lower blood
pressure by the same margin as medications can
do (Trillaud et al., 2023). This exercise can also
have positive impacts on blood pressure and
endothelial functional improvements, which is
also crucial in preventing damage to blood
vessels (Pedralli et al., 2020). This is important
because a particular exercise (endurance,
dynamic resistance and isometric resistance)
has been proven to decrease systolic and
diastolic blood pressure (Cornelissen & Smart,
2013).

CONCLUSION

The present review has presented a significant
amount of evidence to support the valuable role
of multifaceted lifestyle modification programs
in the management of hypertension, and
reduction in incident cardiovascular disease.
The review shows that the comprehensive
lifestyle change interventions that include
dietary interventions (like the Dietary
Approaches to Stop Hypertension (DASH)
diet) exercise and weight loss are as effective as
single-agent antihypertensive drugs treatment
in systolic and diastolic blood pressure

reduction. This set of programs can seriously
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reduce the occurrence of major adverse
cardiovascular events, by decreasing the impact
of the interaction between modifiable risk
factors which include dyslipidemia, diabetes
and obesity. The clinical implications are far-
reaching: lifestyle modification not only is a
primary prevention intervention among patients
with high-normal blood pressure, but is an
adjunctive intervention among patients taking
antihypertensive medication, because
potentially it allows a reduction in
antihypertensive medication and medication
side effects. As non-drug interventions
represent the most cost-effective interventions
to global health (in terms of cost and
population), and because hypertension is
prevalent (33 percent of the world population is
affected) they form a vital component of
population-based global health interventions.
Drawing the conclusion, the review advocates a
change in the focus regarding the treatment of
hypertension, by switching the emphasis on
hypertension to the holism of risk factors of
heart disease, whereby lifestyle modification
programs are an essential, indispensable
component of the management of

cardiovascular disease.
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