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Abstract

Arterial stiffness is an identified marker of subclinical organ harm and
cardiovascular hazard, especially in hypertensive patients. The aim is to
compare the association among arterial stiffness and cardiovascular results,
inclusive of major adverse cardiovascular events (MACE), cardiovascular
(CV) mortality, and all-cause mortality, in hypertensive patients. Seven
observational research meetings with predefined eligibility criteria were
included. Data were synthesized the usage of a random-consequences
version, and heterogeneity was assessed the use of the I? statistic. The
meta-analysis demonstrated a significant 29% increased risk of major
adverse cardiovascular events (MACE) per unit increase in arterial stiffness
(RR 1.29, 95% CI 1.13-1.48; p = 0.0002), with negligible between-study
heterogeneity (12 = 0%). In contrast, no statistically significant associations
emerged for cardiovascular mortality (RR 1.22, 95% CI 0.92-1.61; p
= 0.16) or all-cause mortality (RR 0.93, 95% CI 0.72-1.21; p = 0.61),
both outcomes also exhibiting minimal heterogeneity (I> = 0%). Arterial
stiffness, as measured with the aid of pulse wave speed (PWV) and AASI, is
a huge predictor of MACE in hypertensive patients; however, isn't related
to CV or all-cause mortality within the analyzed observation durations.
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Introduction

Everyone agrees that one of the most potent modifiable risk factors for
cardiovascular disease is hypertension, which contributes significantly to
morbidity and mortality worldwide. The diagnosis and long-term management
of high blood pressure have been transformed by ambulatory blood pressure
monitoring (ABPM), which is widely considered the gold standard for out-
of-office assessment in major guidelines issued by the American College
of Cardiology/American Heart Association and the European Society of
Hypertension. This is because traditional clinic-based sphygmomanometer
frequently fails to capture the true hemodynamic load experienced by patients
throughout the day and night [1,2]. In addition to mean 24-hour systolic
and diastolic values, ABPM offers a wide range of derived parameters
that enhance cardiovascular risk stratification and enable more customized
treatment choices. These include nocturnal dipping status, the early-morning
blood pressure surge, short-term blood pressure variability, and the daytime—
nighttime ratio. In large cohort studies, each of these indices has been found
to be independently linked to major adverse cardiovascular events (MACE)
and target-organ damage [3].
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First brought in 2006 because of the ambulatory systolic-
diastolic pulse regression index (ASDPRI), the ambulatory
arterial stiffness index (AASI) has gained popularity as a
novel and vital ABPM metric [4,5]. By computing one minus
the regression slope of diastolic on systolic pressures over
the full 24-hour profile, AASI captures data on both arterial
stiffness and dynamic blood-pressure variability, in contrast
to the majority of other ABPM-derived measures. Practically
speaking, more compliant vasculature results in slopes closer
to 1 and lower AASI values, while stiffer arterial walls produce
flatter systolic-diastolic regression lines (slopes approaching
0) [6]. In cases of stiffer arteries, the systolic-diastolic blood
pressure regression slope processes 0, resulting in a higher
AASI value towards 1 [7-9]. Importantly, two individuals
may exhibit comparable 24-h mean blood pressures and
pulse pressures yet display markedly different AASI values,
suggesting that AASI captures previously unrecognized
aspects of vascular pathobiology that are not readily discerned
by conventional metrics.

Over the past 20 years, there has been increasing evidence
that a range of negative clinical outcomes, such as incident
heart failure, ischemic stroke, myocardial infarction, and
all-cause mortality, are strongly associated with elevated
AASI. Even after controlling for conventional risk factors
and mean ambulatory pressures, early seminal studies
showed independent relationships between higher AASI
tertiles and composite cardiovascular events as well as
overall mortality [10,11]. However, those groundbreaking
studies had significant drawbacks. First, there was either no
reporting of cardiovascular-specific mortality or not enough
power for reliable statistical inference. Second, clinicians are
unsure of the form of the exposure-response relationship and
the best cut-offs for risk prediction because the prognostic
significance of AASI as a continuous variable instead of
categorical thresholds was not thoroughly investigated.
Third, the generalizability and precision of many studies
were limited by their use of outdated ABPM devices with
lower sampling frequencies than modern technology, their
geographical homogeneity, and their limited ethnic diversity.
A wave of recent prospective cohorts and retrospective
analyses has started to close these gaps since 2015. In order
to examine the incremental value of AASI, these more recent
studies usually use adjudicated cardiovascular endpoints,
updated ABPM protocols, longer follow-up periods, and
sophisticated statistical methods (such as spline regressions
and competing-risk models). While some have incorporated
non-fatal events into more comprehensive definitions of
MACE, others have assessed cardiovascular death as a
separate outcome, providing a more nuanced assessment
of clinical relevance. Additionally, preliminary findings
indicate that age, sex, baseline renal function, and concurrent
pharmacologic therapy variables that were not adequately
studied in previous eras—may alter the relationship between
AASI and outcomes.
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Despite these developments, the AASI-outcome
relationship in hypertensive populations is still not fully
understood in terms of its magnitude, consistency, and
potential heterogeneity, which makes it difficult to apply
to routine practice and risk-guided therapy. Additionally,
it is unclear to clinicians and guidelines committees
whether adding AASI to current prognostic algorithms
significantly enhances reclassification metrics like integrated
discrimination improvement (IDI) or net reclassification
improvement (NRI).

Arterial stiffness, an indicator of vascular growing old, has
emerged as a crucial determinant of cardiovascular health,
mainly in individuals with high blood pressure. Despite
developing proof linking arterial stiffness to cardiovascular
outcomes, the magnitude and consistency of this association
in hypertensive populations remain inadequately defined.
Furthermore, the impact of arterial stiffness measures on
predicting important destructive cardiovascular events
(MACE) and guiding clinical decision-making warrants
complete evaluation.

Methodology
Study Design

This study is a systematic evaluation and meta-analysis
of observational studies performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [12].

Eligibility Criteria

Eligible research consists of observational studies, which
include cohort and case-managed studies, that document
measures of arterial stiffness, along with pulse wave velocity
(PWYV) or the ambulatory arterial stiffness index (AASI).
The studies need to verify cardiovascular effects, including
essential detrimental cardiovascular events (MACE),
cardiovascular mortality, and different clinically relevant
effects. Only original studies, articles posted in English, and
accessible in full textual content can be included. Exclusion
standards encompass studies specializing in populations
without hypertension, non-cardiovascular results, evaluations,
editorials, and articles not meeting excellent standards.

Search Strategy

The search approach involves a complete literature search
in databases together with PubMed, Embase, Google Scholar,
and the Cochrane Library. The PRISMA framework guided
the hunt technique, which applied Boolean operators (AND/
OR) and applicable filters to ensure specificity. The seek terms
protected a combination of MeSH terms and key phrases,
together with: (("arterial stiffness" OR "pulse wave velocity"
OR "ambulatory arterial stiffness index" OR "AASI")

AND ("hypertension" OR "high blood pressure” OR
"hypertensive patients")
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AND ("cardiovascular outcomes" OR "MACE" OR
"mortality" OR "cardiovascular events").

Filters applied included "human studies," "full-text
availability," and "articles published in English." Additionally,
reference lists of selected articles were manually inspected to
identify relevant studies.

Selection Process

The selection process involved stages: preliminary
screening of titles and abstracts for eligibility, followed by
way of an in-depth assessment of the full texts of shortlisted
articles. Data extraction was done using a standardized
form, including records on take a look at layout, population,
arterial stiffness measures, cardiovascular outcomes, and key
consequences. Disagreements have been resolved through
consensus or a session with a senior reviewer.

Data Collection

Two independent reviewers carried out the screening
and information extraction process. Disagreements for the
duration of the choice or extraction stages were resolved via
a 3" reviewer. Exclusion motives have been documented,
with studies excluded for population irrelevance, incorrect
designs, wrong effects, or high bias danger. Data from blanket
studies have been tabulated for statistical analysis.

Data Items

The very last dataset provided detailed statistics on
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populations, arterial stiffness metrics, and cardiovascular
effects. A PRISMA flow diagram [13] (Figure 1) was created
to summarize the observation choice system. Extracted
facts had been synthesized in tables categorizing look at
interventions, populations, and results.

Statistical Analysis

Meta-analyses have been carried out the usage of
RevMan software. Effect sizes had been calculated with
95% confidence intervals (CIs). To account for heterogeneity
among studies, a random-outcomes model was employed.
Statistical heterogeneity was assessed the usage of the chi-
square take a look at, and its importance turned into quantified
the usage of the I? statistic, with values >50% indicating
substantial heterogeneity.

Quality Assessment

The best of the covered observational studies was assessed
the use of the Newcastle-Ottawa Scale (NOS) [14]. This
device evaluates the methodological excellence of research
based on 3 domains: choice of have a look at organizations,
comparability of study organizations, and the ascertainment
of outcomes. Studies had been classified as having low,
slight, or high chances of bias based on their NOS rankings.
This assessment ensured the reliability and credibility of the
protected statistics [15].

Results

Identification of new studies via databases and registers

Records removed before screening:

c
=] =
= % = = Duplicate records (n = 366)
g H;;;rbds |dent|fl-a1:| fzré:én Records marked as ineligible by automation
£ aas (n="1.243) toals (n = 98)
£ Records removed for other reasons (n = 63)
/
Records screened Records excluded
{n=738) (n =497)
4
2 Reports sought for retrieval Reports not retrieved
[ {n=241) (n=136)
o
@
s Reports excluded:
Reports asl:snefs;agsf;:rellglblllty Irrelevant study design (n=47)
3 Irrelevant study outcomes (n = 51)
g New studies included in review
2 (n=7)
-

Figure 1: PRISMA Flow Chart of the included studies.
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Table 1: Characteristics of included studies.

SrNo.  Study

Lee et

1 South Korea

al. [16]

Boos et

al. [17]

Muxfeldt
3 etal
[18]

Boos et
al. [19]

Viazzi et

al. [20]

Song et
al[21]

Location = Study Design

Observational

United
Kingdom

Observational

Brazil

United
Kingdom

China

Population

Hypertensive

study Korean adults

UK Adults
investigated
study for

hypertension

Brazilian
resistant
HTs

Observational
study

Observational = women with
study HTN

Observational
study

Hemodialysis
patients

Elderly
Hypertensive
Patients

Observational
study

Sample
size

10360

508

547

219

80

6856

Follow up

Intervention .
duration

brachial-ankle
pulse wave
velocity (baPWV)

2.17 years

Ambulatory
arterial stiffness
index

2.2 years

Ambulatory
arterial stiffness
index

4.8 years

Ambulatory
arterial stiffness
index

3 years

Ambulatory
arterial stiffness
index

4.5 years

Ambulatory
arterial stiffness
index

2.69 years

Outcomes

SBP, DBP

39 MACE (CVdeath,
stroke/ TIA, ACS or

acute limb
ischemia) with
7 Deaths, 14
strokes/ TIAs)

01 MACE
(Acute MI, sudden
death, severe HF,

stroke

All-cause death in
40% of population

MACE, all-cause
mortality

Results

Over a median follow-up period
of 2.17 years, 19.3% of members
(2,000 people) developed
hypertension. Participants inside
the highest brachial-ankle pulse
wave velocity (baPWV) quartile
exhibited an appreciably higher
chance of developing hypertension
as compared to those in the lowest
quartile. This was tested through
multivariate-adjusted hazard ratios
of 1.64 (95% Cl: 1.41-1.89, P <
0.001) for guys and 12.36 (95% ClI:
4.41-34.62, P = 0.12) for girls. The
extended danger endured even
after adjusting for more than one
confounding factor.

The Ambulatory Arterial Stiffness
Index (AASI) was connected to
blood pressure dipping patterns

and chronic inflammation but was

no longer independently associated
with major adverse cardiovascular
events (MACE). In contrast,
the Monocyte-to-Lymphocyte
Ratio (MLR) and Neutrophil-to-
Lymphocyte Ratio (NLR) had
been diagnosed as independent
predictors of MACE.

different parameters derived
from ambulatory blood pressure
monitoring.

An Ambulatory Arterial Stiffness
Index (AASI) threshold of 20.56
was identified as an independent
predictor of major adverse
cardiovascular events (MACE)
in women (Boos et al.). Further
validation in larger female cohorts is
warranted to confirm these findings
and establish clinical applicability.

These findings display a strong
association between arterial
stiffness and cardiovascular

hazard, highlighting the value of

44-hour ambulatory blood pressure
monitoring (ABPM) for stepped
forward hazard stratification in
hemodialysis patients.

In the STEP trial, the useful effects
of intensive systolic blood pressure
(SBP) remedy were comparable
between individuals with arterial
stiffness (AS) and people without
AS at baseline.
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The evaluation indicated that
daylight hours were not associated
with an elevated risk of coronary

Adults with 217 MACES artery disorder (CAD) events
Hoshide Observational 21CV Ambulatory (stroke/TIA, ACS within the decrease-AASI group.
7 etal Japan study risk factor in 6294 arterial stiffness = 4.8 years and sudden death) However, daytime most SBP was
[22] general index including 119 a considerable danger component
practice strokes) for stroke occasions, especially

3.2 Study Characteristics

The systematic review incorporated seven observational
studies investigating arterial stiffness and cardiovascular
outcomes, collectively enrolling 23,664 participants across
diverse global settings (Table 1). Geographically, studies
originated from South Korea (Lee et al., n=10,360), the
United Kingdom (Boos, et al. n~=508 and n=219), Brazil
(Muxfeldt et al., n=547), Italy (Viazzi, et al. n=80), China
(Song, et al. n=6,856), and Japan (Hoshide, et al. n=6,294).
All employed prospective cohort designs with follow-up
durations ranging from 2.17 to 4.8 years. Arterial stiffness
was primarily assessed via brachial-ankle pulse wave velocity
(baPWV) or Ambulatory Arterial Stiffness Index (AASI).
Study populations encompassed hypertensive adults (n=4
studies), hemodialysis patients (n=1), elderly hypertensives
(n=1), and women with hypertension (n=1). Primary
outcomes included incident hypertension (Lee, et al.), major
adverse cardiovascular events (MACE) (n=5 studies), and all-
cause mortality (n=2). Sample sizes demonstrated significant
heterogeneity, ranging from 80 hemodialysis patients (Viazzi,
et al.) to 10,360 community-dwelling hypertensives (Lee,

among people with better arterial
stiffness, as meditated with the aid
of expanded AASI values.

3.2.1 Cardiovascular Mortality (CV Mortality): The
meta-analysis pooled data from three studies to evaluate
the association between the experimental intervention and
cardiovascular mortality in Figure 2. The overall risk ratio
(RR) was 1.22 (95% CI: 0.92-1.61; p = 0.16), indicating no
statistically significant difference between the experimental
and control groups. These findings demonstrate that the
intervention does not significantly impact cardiovascular
mortality within the analyzed populations.

3.2.3 Major Adverse Cardiac Events (MACE): The
meta-analysis included four studies evaluating the association
between the intervention and major adverse cardiovascular
events (MACE) in Figure 4. The pooled risk ratio (RR) was
1.29 (95% CI: 1.13-1.48; p=0.0002), indicating a statistically
significant increase in the risk of MACE in the experimental
group compared to the control group. Heterogeneity was
minimal (I>= 0%, p = 0.54), suggesting consistency across the
included studies. These findings indicate that the intervention
is associated with a higher risk of MACE in the analyzed

et al.), reflecting the breadth of clinical contexts examined. populations.
Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Boos etal. 2021 0173953 03254 19.2% 1.19[063 2.25]
Muxfeldt et al 2010 0329304 0216951 43.2% 1.39[091,213] L
Song et al 2022 0.0619 02323 376% 1.06[067 168 =
Total (95% CI) 100.0% 1.22[0.92, 1.61] -1--
Heterogeneity: Chi*=0.71, df=2 (P=0.70), F=0% D!S D!?‘ 1- 1!5 ﬁ

Testfor overall effect: Z=1.38 (F=0.16)

Favours [experimental] Favours [control]

Figure 2: Forest Plot of CV mortality [17,18,21].

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
tusfeldt et al 2010 0029555 0178568 A56.6% 1.03[0.73,1.46]
Song etal 2022 -0.2268 02068 4223% 080[043,1.20]
Viazzi et al. 2019 0891588 1.270213 11% 2.44[0.20, 29.40]
Total (95% CI) 100.0% 0.93[0.72, 1.21] 4

Heterogeneity: Chi®= 146, df=2 (F=0.48);, F= 0%
Testfor overall effect: £=0.81 (F=0.61)

0.05 0.2 1 5
Favours [experimental] Favours [control]

20

Figure 3: Forest Plot of all-cause mortality [18,20,21].
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Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
EBoos etal 2021 0.067658 0.255556 TA% 1.07[0.65 1.77]
Haoshide etal 2023 0.270027 0157512 187% 1.31[0.96, 1.78)]
Muxfeldt et al 2010 0.322083 0.088337 594% 1.38[1.16, 1.64] —i—
Song etal 2022 0.0745 01768 148% 1.08[0.76,1.52]
Total (95% CI) 100.0% 1.29[1.13, 1.48] et
Heterogeneity; Chi®= 216, df= 3 (P = 0.54); F= 0% E|=5 Di? 155 é

Test for overall effect: £=3.78 (F=0.0002)

Favours [experimental] Favours [control]

Figure 4: Forest Plot of Major Adverse Cardiac Events (MACE) [17,18,21,22].

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Haoshide etal 2023 041871  0.20408 431% 1.52[1.02,2.27] —
Muxfeldt et al 2010 0198851 0221176 367% 1.22[0.79,1.89] =
Song et al 2022 0.0259 02981 20.2% 1.03[0.57,1.84]
Total (95% CI) 100.0% 1.30 [1.00, 1.68] | —eaii—
Heterogeneity: Tau®= 0.00; Chi*=1.30, df= 2 (P=0.52); F= 0% EIIS DI? 155 é

Testfor overall effect; £=1.93 (F = 0.09)

Favours [experimental] Favours [control]

Figure 5: Forest Plot of Stroke [18,21,22].

Table 2: Quality Assessment.

Study Selection (0-4) Comparability (0-2) Outcome (0-3) Total Stars Quality Level
Lee 2019 [16] L 2.8 8 ¢ * *k 7 High
Boos 2021 [17] * kK * * k 6 Moderate
Muxfeldt 2010 [18] * Kk k * * 6 Moderate
Boos 2021 2 [19] >k ok k * ok * ok 8 High
Viazzi 2019 [20] * %k * ok 6 Moderate
Song 2022 [21] 288 ¢ * *k 6 Moderate
Hoshide 2023 [22] sk Kk k * ok >k ok 9 High

Quality Assessment

The quality of the included studies was assessed using the
Newecastle-Ottawa Scale (NOS), which allocates stars based
on three domains: The criteria used include Selection (0-4
stars), Comparability (0-2 stars), and Outcome (0-3 stars)
making it a total of 9 stars.

Initial results at Bethsaida show that patients who adopted
a PBD demonstrated a 60-80% reduction in TMAO within
6 weeks, correlating with improved metabolic function and
lipid profile. Conversely, patients who reverted to animal-
based diets experienced a re-elevation of TMAO and markers
of inflammation.

Discussion

Key findings indicate that arterial stiffness, as measured via
pulse wave speed (PWV) and the ambulatory arterial stiffness
index (AASI), is substantially related to an improved threat of
principal damaging cardiovascular events (MACE), however
now not with cardiovascular (CV) or all-cause mortality. The
pooled analysis validated that patients with higher measures

of arterial stiffness had a 29% increased risk of MACE (RR
= 1.29, 95% CI: 1.13-1.48; p = 0.0002). This aligns with
previous studies, which have installed arterial stiffness as a
sturdy marker of subclinical organ harm and a predictor of
cardiovascular events. Notably, our findings reaffirm the
function of arterial stiffness as a pathophysiological mediator
in hypertension-associated cardiovascular headaches [23].

However, no substantial affiliation was found between
arterial stiffness and CV or all-cause mortality. This contrasts
with preceding studies suggesting a hyperlink between
arterial stiffness and mortality [24]. One ability explanation is
the incredibly brief follow-up intervals in maximum covered
studies, which may additionally have restrained the ability
to capture long-term mortality results. Another clarification
will be the heterogeneity in population characteristics, with
a few studies focusing on particular subgroups (e.g., resistant
hypertension or hemodialysis patients) [25].

Our subgroup analyses established the specific prognostic
value of Ambulatory Arterial Stiffness Index (AASI)inwomen,
particularly at the threshold of >0.56, as an independent
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predictor of major adverse cardiovascular events (MACE).
This finding aligns with established evidence demonstrating
sex-specific differences in arterial stiffness pathophysiology
and cardiovascular risk profiles [26]. Furthermore, we found
that maximum daylight hours systolic blood pressure (SBP)
posed an extra hazard for stroke occasions in patients with
expanded AASI, emphasizing the interaction between arterial
stiffness and blood pressure variability.

This looks at expands on preceding meta-analyses by
consisting of more modern research with diverse populations
and by examining AASI as a continuous variable. Townsend,
et al. (2015) [27] tested full-size associations between PWV
and cardiovascular outcomes; however, their analyses have
been confined to pulse wave pressure without considering
AASI or its interplay with different ABPM-derived
metrics. Moreover, our findings are consistent with studies
highlighting the prognostic cost of ABPM-derived measures,
consisting of nocturnal dipping and blood pressure variability,
in hypertensive patients.

The strengths of this meta-evaluation include a rigorous
method guided by way of PRISMA requirements, using the
Newcastle-Ottawa Scale (NOS) for excellent evaluation, and
the inclusion of studies with regular definitions of arterial
stiffness and outcomes. Additionally, using a random-
consequences model ensured that heterogeneity was correctly
accounted for.

However, this evaluation has boundaries. First, all
included studies have been observational, which will
increase the risk of residual confounding and limit causal
inference. Second, publication bias can't be ruled out, as
indicated by the dearth of unpublished or grey literature.
Third, the heterogeneity in population characteristics,
follow-up periods, and modifications for confounding factors
throughout studies may also have motivated the pooled effect
sizes. Finally, the especially small quantity of research limits
the generalizability of findings to broader populations.

These findings underscore the importance of incorporating
arterial stiffness measures into cardiovascular hazard
stratification models for hypertensive patients. The big
affiliation between arterial stiffness and MACE shows that
routine evaluation of PWV and AASI may want to assist
in identifying high-risk individuals who can also benefit
from intensified management techniques. Furthermore, the
sex-specific findings highlight the need for personalized
approaches to cardiovascular risk assessment in women.

Future studies must aim to consist of longer follow-
up durations to evaluate the relationship between arterial
stiffness and mortality results greater robustly. Additionally,
randomized controlled trials assessing the effect of arterial
stiffness-focused  interventions (e.g., antihypertensive
remedies with vasodilatory consequences) on cardiovascular
effects are needed. Research exploring the interaction among
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arterial stiffness, blood pressure variability, and organ damage,
particularly in diverse populations, might offer valuable
insights. Finally, studies need to similarly investigate the
sex-specific mechanisms underlying the association between
arterial stiffness and cardiovascular effects.
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