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tality and major adverse cardiovascular events (MACE). PubMed, Scopus, CINAHL,

31, 2023. Two investigators independently extracted data. The Newcastle-Ottawa
Scale (NOS) was used to assess the quality of all included articles. The relationship
between baseline AASI and outcomes were examined using relative risk (RR) ratios
with 95% confidence intervals (Cl) with RevMan web. Thirteen studies were included
and representing 28 855 adult patients who were followed up from 2.2 to 15.2 years. A
1-standard deviation (1-SD) increase in AASI was associated with a significant increase
in all-cause death (RR 1.12; 95% CI: 0.95-1.32), stroke (RR 1.25; 95% Cl: 1.09-1.44),
and MACE (RR 1.07; 95% Cl: 1.01-1.13; [I> = 32%]). Higher dichotomized AASI (above
vs. below researcher defined cut-offs) was associated with a significant increase in all-
cause mortality (RR 1.19; 95% Cl: 1.06-1.32), cardiovascular death (RR 1.29; 95% ClI:
1.14-1.46), stroke (RR 1.57; 95% Cl: 1.33-1.85), and MACE (RR1.29; 95% CI: 1.16-
1.44). There was a significant risk of bias in more than 50% of studies with no evidence
of significant publication bias. Higher AASI is associated with an increased risk of
all-cause and cardiovascular death, stroke, and MACE. Further high-quality studies
are warranted to determine reproducible AASI cut-offs to enhance its clinical risk

precision.
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1 | INTRODUCTION

Hypertension is one of the strongest risk factors for the development
of cardiovascular disease.:?2 Ambulatory blood pressure (BP) moni-
toring (ABPM) has revolutionized the diagnosis and management of
hypertension and represents the gold standard for its diagnosis and
control. There is now a vast array of available ABPM measures with
several of these being shown to enhance the diagnosis and treatment of
hypertension as well as being linked to adverse major adverse cardio-
vascular events (MACE). These include measures of nocturnal dipping,
the early morning BP surge, and measures of BP variability.*

First described in 2006 and previously known as the ambulatory
systolic-diastolic pulse regression index (ASDPRI), the ambulatory
arterial stiffness index (AASI) has emerged as an increasingly impor-
tant and novel ABPM measure.® It is distinct from the majority of
other ABPM measures in that it is both a measure of BP variabil-
ity and an indirect measure of arterial stiffness. It is calculated as
1-minus the regression slope of ambulatory diastolic versus systolic
BP. In stiffer arterial trees, the systolic-diastolic BP regression slope
tends to be lower (nearer to 0) and the AASI higher (closer to 1).
The AASI has been shown to vary considerably in cases where 24-h
ambulatory blood pressures and pulse pressures remain similar.> AASI
correlates with both pulse wave velocity and the arterial augmenta-
tion index as well subclinical markers of target organ damage including
carotid intimal thickness, left ventricular hypertrophy and worsening
renal function.®”

There is increasing evidence to support a relationship between
increasing AASI and MACE as well as all-cause mortality. There have
been two previous meta-analyses examining the relationship between
AASI and adverse clinical outcomes.®? Together, they reported a sig-
nificant association between AASI all-cause mortality, stroke, and
cardiovascular events. However, these studies conducted more than
10 years ago and neither the outcome of cardiovascular death nor the
relationship between AASI as a continuous variable and all-cause death
were examined. Furthermore, since then there have been several more
contemporary studies that have expanded ASSI-prognosis, evidence
base including studies whose outcomes have included cardiovascular
death. 1011

Hence, we conducted a systematic review and meta-analysis to
investigate the relationship between AASI and clinical outcomes,
including all-cause and cardiovascular death, stroke, and MACE. We
aimed to see if contemporary pooled evidence supports a relationship

between increased AASI and adverse clinical outcomes.

2 | METHODS
2.1 | Search strategy

We conducted a systematic review and meta-analysis according to a
pre-defined protocol and in accordance to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines and this meta-analysis has been registered on PROSPERO with

no subsequent amendments conducted (https://www.crd.york.ac.uk/
PROSPERO; registration ID CRD42023423030).12 The primary out-
come was all-cause and cardiovascular death. Secondary outcomes
were stroke and MACE.

Five main databases (PubMed) (all fields), Scopus (title, abstract and
keywords), CINAHL (all fields), Google Scholar (key words), and the
Cochrane library (article title, abstract and keywords) were examined.
The main search terms were “Ambulatory arterial Stiffness Index” OR
“ambulatory systolic-diastolic regression index AND “Cardiovascular”
OR “mortality / death ” or MACE OR “stroke / cerebrovascular event”
were used to search for all publications from 2006 (when AASI was
first defined) to July 31, 2023, and limited to English translation and
adults. The reference lists of included studies will also be scanned to
supplement the searches and ensure the inclusion of important data
sources which might have been missed in our search. All citations were

imported into Endnote Version 9 to remove duplicates.

2.2 | Study selection criteria

This meta-analysis involved articles that have investigated the associ-
ation between AASI /ASDPRI and MACE, Cardiovascular death stroke
and all-cause mortality. Relevant articles were only selected if they met
the following specific inclusion criteria: (1) Full-length peer-reviewed
studies; (2) human participants aged > 18 years; (3) Observational
studies with a cohort design; (4) the AASI level or AASI cut-off were
reported; (5) AASI was only measured using short-term ABPM over
24-48 h; and (6) sufficient information was provided for the calcula-
tion of risk ratios. Key exclusion criteria were (1) non-English translated
manuscripts; (2) studies reporting on ABPM monitoring; and (3) studies
where AASI was measured during or within 1 week of hospitalization
for an acute illness. When two or more studies used the same group
of original population data, only the articles with the largest sample
size and/or the outcome of interest were included. For this system-
atic review, ambulatory arterial stiffness index is defined as AASI using
short-term ABPM monitoring of 24—48 h.

2.3 | Data extraction and quality evaluation

The extraction of crucial data and the quality assessment of the study
were performed independently by two investigators (CJB and AH)
to ensure the accuracy and precision of data extraction. Potential
disagreements were resolved through deliberation and intervention
efforts of a third investigator (AK) where necessary. The results max-
imally adjusted models for the outcomes of interest were used where

available.

2.4 | Data synthesis

The details and key characteristics of the eligible studies included:

(1) first author and date of publication; (2) Study population (num-
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ber, age, and sex); (3) Key AASI measurement exclusion criteria; (4)
Events Follow-up period Number and type of events; (4) main reported
outcomes; (5) covariate adjustments; (6) Main Outcomes; (7) key
results.

2.5 | Quality evaluation and risk of bias
assessment

The Newcastle Ottawa Scale (NOS), developed for case-control and
cohort studies used to assess the quality and risk of bias (ROB) of all
included articles.'® The NOS grading has three parts: (1) selection, (2)
comparability, and (3) exposure and encompasses a total of eight items
with a maximum of one star per criteria with two stars for comparabil-
ity. The total score can range from O to 9 stars. Studies with a score of
7-9 were graded as high quality, 4—6 as medium quality, and a score

of < 4 poor quality.

2.6 | Effect measures and statistical analysis

The risk estimates for each study were reported as a hazard ratio (HR),
relative risk or risk ratios (RR), odds ratio (OR), or as frequency data
based around medians, tertiles quartiles and quintiles with dichoto-
mous expression (above or below distinct cut-off AASI values). Pooled
results were reported as absolute AASI difference (1 standard devi-
ation [1-SD]) or as the RR (using the inverse variance method) in
relation to values above versus below as specific AASI cut-off. Because
no uniform cut-off values are available for AASI, we reported the RR
of “high” versus “low” AASI groups where dichotomous AASI data
was reported. We reported the pooled RR separately for all-cause
mortality, cardiovascular death, fatal and non-fatal stroke, and MACE.

Data was analyzed using Review Manager Web (RevMan
Web [Version 5.8.0; The Cochrane Collaboration, (available
at revman.cochrane.org]). Heterogeneity was evaluated using the
Cochran’s Q-test and 2 statistic. Heterogeneity was graded as low,
medium, and high for |2 scores of 0—25%, 25—50%, and > 50% respec-
tively. Pooled effect sizes were calculated using random-effects where
the effect size was significant (p <0.10 or 12 > 50%), while fixed-effects
model were used in the absence of significant heterogeneity (p > .10 or
12 < 50%). Funnel plots were used to detect publication bias. Two-sided
p values were reported and a p < .05 was considered statistically
significant for all analyses. Sensitivity analyses were conducted on
pooled analyses excluding the studies of dichotomized AASI using

upper tertile or quartile cut-offs.

3 | RESULTS

3.1 | Study selection, characteristics, and risk of
bias

Our initial searches identified 816 potentially suitable publications.

Following removal of duplicates and obviously unsuitable studies using

the title and abstract search, 43 full text articles were reviewed. From
this, a total of 13 studies were included in our meta-analysis and con-
sisted of a total of 28 566 adult patients (Figure 1). The sample sizes
of the included studies ranged from 80 to 11 291 patients. The details
of the included studies are shown in Table 1. The average follow-up
ranged from 2.2 to 15.2 years.

In total, eight studies reported on the relationship between AASI
and all-cause mortality, seven on CV death, eight on MACE, and seven
on stroke outcomes. However, the data used to report the outcome
of cardiovascular death was performed using the source data for the
study by Boos and associates from 2021.10 The relative differences in
AASI among patients with compared to those without clinical events
were only reported for two studies for all-cause mortality and two for
MACE.

The risk of bias ranged from 3 to 8 with four studies having a high
ROB, four moderate and five considered at low ROB. The ROB for each

included study is shown in Table 2.

3.2 | All-cause mortality

There were three studies (3545 patients) that examined the rela-
tionship between continuous AASI values and total mortality. A 1-SD
increase in AASI was associated with a 12% increased all-cause mor-
tality (RR 1.12; 95% Cl: 0.95-1.32 [I2 = 0%)]). There were six studies
(4707 patients) that reported on the relationship between dichoto-
mous AASI values and all-cause death. The defined cut-offs were highly
variable and included the median, upper AASI tertiles and quartiles.
The pooled RR for higher versus lower AASI was 1.19 (95% Cl: 1.06-
1.32) corresponding to a 19% RR increase with evidence of moderate
heterogeneity (12 = 37%). The pooled analyses for the relationship
between AASI and all-cause death is shown in Figure 2. A sensitiv-
ity analysis was performed including only the three studies (1805
patients) that used a median dichotomized AASI and with the removal
of the three studies that included upper tertiles or quartiles. Whilst
the dichotomized AASI was no longer significantly linked to all-cause
death (RR1.35; 95% 0.95-1.92), the effect size was maintained but was
associated with significant heterogeneity (12 = 64%).

There were two studies (1258 patients) that examined the differ-
ences in baseline in AASI and mortality. On a pooled analysis of these
two studies (1258 patients), AASI values were significantly higher
among the patients who had an all-cause death versus those who sur-
vived (mean difference +0.04; 95% Cl: 0.02-0.06 [I2 = 0%]). This pooled

analysis is shown in Supplementary Figure 1.

3.3 | Cardiovascular death

Only two published studies (n = 1291) to date have reported on
the relationship between continuous AASI values and cardiovascular
death. The results showed that a 1-SD increase in AAS| was associated
with a non-significantly increased risk of cardiovascular death (RR1.12;
95% Cl: 0.94-1.34 [I2 = 22%)). The association between higher ver-

sus lower AASI according to defined cut-off values were available for
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FIGURE 1 PRISMAFlow chart.

six studies and included 15 248 patients. The pooled analysis of these
studies showed that higher AASI (above researcher determined cut-
offs) was associated with a 29% increased risk of cardiovascular death
(RR 1.29;95% Cl: 1.14-1.46 [I2 = 12%)]) that was significant. The pooled
analyses for the relationship between AASI and cardiovascular death
are shown in Figure 3. A sensitivity analysis performed with only the
pooled analysis of the three studies (n = 12 346) that used a median
(rather than upper tertiles or quartile cut-offs) was associated with
similar effect though the results-were non-significant (RR1.29; 95% CI
0.95-1.73) but heterogeneity significantly increased (12 = 59%). Similar
results were found for only the inclusion of fully adjusted models (RR
1.30; 95% C1 10.3-1.64 [I2 = 59%))

3.4 | Stroke

The relationship between AASI, measured as a continuous variable, and
stroke was available for four studies consisting of a total of 14 867
patients. Six studies including a total of 10 378 patients investigated

the relationship between AASI as a continuous variable and MACE.

The pooled analyses for the relationship between AASI and stroke are
shown in Figure 4. 1-SD increase in AASI was associated with a 25%
increased risk of stroke (RR 1.25; 95% Cl: 1.09-1.44 [12 = 0%)]). The
relationship between dichotomized AASI (using medians, upper ter-
tiles, and quartile cut-offs) was available for six studies and included
22 355 patients. The pooled analysis revealed that showed that higher
AASI (above defined cut-off) versus lower was associated with signif-
icant and 57% increased risk of stroke (RR 1.57; 95% Cl: 1.33-1.85
with evidence of moderate [I2 = 34%)]). The results sensitivity analy-
sis including only the four studies (19 922 patients) that used median
AASI cut-offs (not upper tertiles or quartiles) revealed an even stronger
relationship between dichotomized AASI and stroke (RR1.75; 95% Cl
1.40-2.20 [12 = 44%)).

3.5 | Major adverse cardiovascular events
The pooled analyses for the relationship between AASI and MACE

are shown in Figure 5. In the five studies that examined AASI, mea-

sured as a continuous variable, and MACE, a 1-SD increase in AASI
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(A)
Risk ratio Risk ratio
Study or Subgroup Iog[RR] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Ben-Dov 2008 0.131028 0.093396 78.2% 1.14[0.95, 1.37] L
Muxfeldt 2010 0.029559 0.178568 21.4% 1.03[0.73. 1.46] -
Viazzi 2019 0.891588 1.270213 0.4% 2.441[0.20, 29.40]
Total (95% ClI) 100.0% 1.12[0.95,1.32] ’
Heterogeneity: Chiz = 0.63, df =2 (P = 0.73); I>= 0%
Test for overall effect: Z = 1.36 (P = 0.17) 0.02 01 1 10 50
Test for subgroup differences: Not applicable Lower AASI Higher AASI
(B)
Risk ratio Risk ratio
Study or Subgroup log[RR] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Gosse 2007 (1) -0.409473 0.398903  2.0% 0.66[0.30, 1.45] -
Kikuya 2007 0.14842 0.08732 40.7% 1.16[0.98 ,1.38] ™8
Palmas 2009 0.307485 0.151627 13.5% 1.36[1.01,1.83] I
Muxfeldt 2010 (1) 0.067659 0.123134 20.5% 1.07[0.84,1.36] ——
Sobiczewski 2013 (1)  0.198851 0.120955 21.2% 1.22[0.96, 1.55] | m—
Viazzi 2019 0.963174 0.388418 21% 2.62[1.22,5.61]
Total (95% CI) 100.0% 1.19[1.06,1.32] ’
Heterogeneity: Chi#=7.91,di=5 (P =0.16); I?*=37% )
Test for overall effect: Z = 3.05 (P = 0.002) 0102 05 1 2 5 10
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
Footnotes
(1) Unadjusted
FIGURE 2 (A) 1-SDincrease in AASI and all-cause death. (B) Dichotomous AASI and all-cause death.
(A)
Risk ratio Risk ratio
Study or Subgroup Iog[RR] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Dolen 2006 0.076961 0.049531 85.0% 1.08[0.98, 1.19]
Muxfeldt 2010 0.329304 0.216951 15.0% 1.39[0.91, 2.13]
Total (95% Cl) 100.0% 1.1210.94 , 1.34]
Heterogeneity: Tauz = 0.01; Chi#=1.29, df =1 (P = 0.26); 1= 22%
Test for overall effect: Z = 1.27 (P = 0.20) 02 05 1 2 5
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
(B) —_— _—
Risk ratio Risk ratio
Study or Subgroup  I0g[RR] SE  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dolen 2006 0.463734 0.129068 252% 1.59[1.23,2.05] -
Gosse 2007 (1) -0.092115 042126  2.4% 0.91[0.40, 2.08] 1
Kikuya 2007 0.254642 0.143137 20.5% 1.29[0.97,1.71] o
Muxfeldt 2010 (1) 0.069526 0.123436 27.5% 1.07[0.84,1.37] -
Sobiczewski 2013 (1) 0.297137 0.142762 20.6% 1.35[1.02,1.78] =
Boos 2021 (1) 0.173953 0.3254 4.0% 1.19[0.63, 2.25] — e
Total (95% CI) 100.0% 1.29 [1.14, 1.46] ‘
Heterogeneity: Chi* = 5.70, df =5 (P = 0.34); 1*=12%
Test for overall effect: Z = 3.92 (P < 0.0001) 01 02 05 1 2 5 10
Test for subgroup differences: Not applicable Lower AASI Higher AASI
Footnotes
(1) Unadjusted
FIGURE 3 (A) 1-SDincrease in AASI and cardiovascular death. (B) Dichotomous AASI and cardiovascular death.
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(A)
Risk ratio Risk ratio
Study or Subgroup Iog[RR] ~ SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Bastos 2010 0.09531 0.183368 14.9% 1.10[0.77,1.58] -
Dolen 2006 019062 009225 589% 121[101,145] .-
Hansen 2006 0.482426 0176827 16.0% 1.62[1.15,2.29] T
Muxfeldt 2010 0.198851 0.221176 10.2% 1.22[0.79, 1.88] 4
Total (95% Cl) 100.0% 1.25[1.09, 1.44] TS
Heterogeneity: Chiz =2.77, df = 3 (P = 0.43); I?= 0%
Test for overall effect: Z = 317 (P = 0.002) ol SR 5

Tesl for subgroup differences. Not applicable

Favours [experimental] Favours [control]

(B)

Risk ratio Risk ratio
Study or Subgroup Iog[RR] SE Weight 1V, Fixed, 85% CI 1V, Fixed, 95% CI
Boos 2021 (1) 0.299364 0.206243 16.8% 1.35[0.90, 2.02] R
Dolen 2006 (1) 0.883768 0.218448 15.0% 2.42[1.58,3.71] —_—
Hansen 2006 0.920283 0.35162 58% 2.51[1.26,5.00] —_—
Hoshide 2023 0.41871 0.20408 17.2% 1.52[1.02,2.27] —a—
Kikuya 2007 0.336472 0.202617 17.4% 1.40[0.94,2.08] J
Sobiczewski 2013 0.294906 0.160709 27.7% 1.34[0.98, 1.84] o
Total (95% Cl) 100.0% 1.57 [1.33, 1.85] ¢
Heterogeneity: Chi® =7.53, df =5 (P = 0.18); I = 34%
Test for overall effect: Z = 5.30 (P < 0.00001) OH sz ofs 1 2 5 1=0
Test for subgroup differences: Not applicable Lower AASI Higher AASI

Footnotes
(1) Unadjusted

FIGURE 4

was associated with a 7% RR increase in MACE (RR 1.07; 95% ClI:
1.01-1.13 with evidence of moderate heterogeneity [I2 = 32%)]. In
the six studies that examined an AASI as a categorical variable above
the defined dichotomous cut-off, higher AASI was associated with a
29% increase in MACE (RR 1.29; 95% Cl: 1.16-1.44 again moderate
heterogeneity [I2 = 43%)). In a pooled analysis of the three studies
(n = 1085) that investigated mean differences in AASI with future
MACE, we found that AASI was significantly higher (+0.08 units; 95%
Cl: 0.05-0.10) among the patients that had a MACE versus those that
did not (12 = 0%). This pooled analysis is shown in Supplement Figure 2.

3.6 | Publication bias

Funnel plots examining the risk of publication bias are shown in Sup-
plementary Figures 3-9. The funnel plots showed no evidence of sig-
nificant asymmetry to support the presence of significant publication

bias.

4 | DISCUSSION

This meta-analysis consisted of 13 studies and a total of 28 566

patients. We found that a 1-SD increase in AASI was associated with

(A) 1-SD Increase in AASI and stroke. (B) Dichotomous AASI and stroke.

a non-significantly increased risk of cardiovascular and all-cause death
and a significant increase in stroke and MACE. Higher versus lower
AASI, based on variable researcher defined cut-offs, associated with
a significantly increased risk of all-cause death, cardiovascular death,
stroke, and MACE.

This is the third meta-analysis to examine the relationship between
baseline AASI and clinical endpoints and the first in more than 10 years.
The first was published by Aznaouridis and associates and in 2012 and
included seven studies.® They found that higher versus lower AASI
(using researcher defined cut-offs) were associated with a significant
increased risk of all-cause death (RR 1.25; 95% Cl 1.10-1.41), stroke
(RR 2.01; 95% Cl 1.60-2.52), and MACE (RR 1.51; 95% CI 1.18-1.93)
and a 1-SD increase in AASI was associated with increased MACE (RR
1.15; 95% Cl 1.08-1.24) and stroke (RR 1.30; 95% Cl 1.30-1.49).8 They
did not present information on the outcome of cardiovascular death
or all-cause mortality for 1-SD increase in AASI. In the second meta-
analysis, also published in 2012, Kollias and associates included a total
of nine studies.” The authors only examined the outcome of nonfa-
tal and fatal stroke and a combination of MACE and/or cardiovascular
death in relation to a 1-SD in AASI. They observed a hazard ratio for
stroke of 1.66 (95% Cl 1.48-1.86) and of 1.09 (95% Cl 1.01-1.18) for
cardiovascular death.? In a subsequent publication Kollias and asso-
ciates also conducted a meta-analysis, which included a total of only

104 patients, examining the effect of medical treatment on changes in
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(A)
Risk ratio Risk ratio
Study or Subgroup Iog[RR] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hansen 2006 0.058269 0.07687 15.2% 1.06[0.91, 1.23] $-
Muxfeldt 2010 0.378436 0.137502 48% 146([1.12,1.91] S
Bastos 2010 0.512824 0.6509 0.2% 1.67[0.47 , 5.98] JE—
Boos 2021 0.058269 0.205673 21% 1.06[0.71, 1.59] N
Hoshide 2023 0.04879 0.034065 77.6% 1.05[0.98, 1.12]
Total (95% Cl) 100.0% 1.07 [1.01,1.13]
Heterogeneity: Chi*=5.90, df =4 (P = 0.21); [ =32%
Test for overall effect: Z = 2.24 (P = 0.03) 01 02 05 1 2 5 10
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
(B)
Risk ratio Risk ratio
Study or Subgroup Iog[RR] SE Weight |V, Fixed, 95% CI IV, Fixed, 95% CI
Hansen 2006 -0.105361 0.190836 8.5% 0.90[0.62, 1.31] =
Gosse 2007 1.029619 0.38151 21% 2.80[1.833,5.91] —
Muxfeldt 2010 (1) 0.322083 0.088337 39.5% 1.38[1.16, 1.64] ]
Sobiczewski 2013 (1) 0.24059 0.09704 32.7% 1.27[1.05, 1.54] -
Boos 2021 0.067659 0.255556 47% 1.07[0.65, 1.77] —
Hoshide 2023 0.270027 0.157512 12.4% 1.31[0.96,1.78] te—
Total (95% Cl) 100.0% 1.29 [1.16 , 1.44] \
Heterogeneity: Chiz = 8.83, df =5 (P =0.12); [* = 43%
Test for overall effect: Z = 4.60 (P < 0.00001) 0.01 0.1 1 10 100
Test for subgroup differences: Not applicable Lower AASI Higher AASI
Footnotes
(1) Unadjusted
FIGURE 5 (A) 1-SD Increase in AASI and MACE. (B) Dichotomous AASI and MACE.

AASI in 2015, but the relationship between AASI to clinical endpoints
were not examined.* Their conclusions were that the change in AASI
in response to antihypertensive treatment is marginal and remains
clinically uncertain.

Our meta-analysis was the first to examine the relationship between
AASI and cardiovascular death and between 1-SD increase in AASI
and all-cause death. It is also the first study to examine the differ-
ences in baseline AASI and all-cause death and MACE. For MACE
the relationship between dichotomous AASI data was significant with
a non-significant trend for a 1-SD increase in AASI. The results for
cardiovascular death were very similar with a significant increased
risk with dichotomous AASI and a trend to significance with a 1-SD
increase.

One potentially important source of reporting bias is in the def-
initions of MACE used in the individual studies. The events that
encompassed the MACE definition varied considerably between the
studies with the smaller and lower quality studies tending to use
broader MACE definition.1> With regards to differences in baseline
AASI and adverse clinical outcomes AASI were on average 0.04 (mean)
and 0.08 units higher in patients who died or had a stroke, respectively,
versus the patients who had not suffered these outcomes. This again
adds further support to the relationship between increased AASI and

all-cause death and adverse cardiovascular outcomes.

In the two previously cited meta-analyses®1“ the authors reported
that there was no evidence of significant risk of publication bias, which
is further supported by our latest meta-analyses. However, the qual-
ity of their included studies and the ROB were not graded. In our
meta-analysis of 13 studies, we found that only five studies were of
high-quality and low ROB. Of the remainder four were of moderate
ROB and four were graded to be at high ROB. Another important
source of potential bias in the data is the use of categorical AASI based
along discreet cut-offs values. There was considerable heterogeneity
between the studies not only in terms of the absolute AASI values used
to determine specific cut-offs but also in the categorical distinctions
used, which could were variably based on medians, tertiles, and even
quartiles. Mean or median AASI categories were used in seven stud-
ies with tertiles or quartiles used in four. Compounding this potential
source of bias were the marked differences in covariate adjustments
between the studies and the trend to less covariate adjustments with
dichotomized versus continuous AASI data.

Automated AASI results are included in the summary outputs in
an increasing number of ABPM devices,'¢ yet the potential clinical
implications of higher values are not widely appreciated, despite the
significant relationship between increasing AASI and adverse clini-
cal outcomes. For example, published data have shown a consistently

strong relationship between AASI and stroke for which there are
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several plausible reasons to explain this observation. The AASI is an
indirect measure of arterial stiffness and BP variability.2”~1? Increased
AASI has been significantly correlated with both arterial augmenta-
tion index and pulse wave velocity.'82° Higher AASI is reflective of
a weaker correlation between systolic and diastolic BP (hence pulse
pressure) suggesting its greater BP variability and is associated with
increased arterial stiffness. Increased arterial stiffness and BP variabil-
ity are strong independent predictors of cardiovascular and all-cause
stroke.2122 Moreover, AASI is known to significantly correlate with
age which in itself is a one of the strongest independent predictors
of stroke.’® AASI values have been shown to be significantly higher
in non-dippers versus normal dippers on 24 h ABPM and even higher
in reverse dippers.1® AASI has been shown to be an independent pre-
dictor of target organ damage including left ventricular hypertrophy
chronic kidney disease and increased carotid intimal thickness which
are all risk factors for stroke and MACE.® These assets enhance its
potential utility as a widely available non-invasive cardiovascular risk
marker.

There was low heterogeneity in six of the measured pooled analyses
with moderate heterogeneity in four suggesting important variability
in the effect size. The only analyses that generated significant and high
heterogeneity population were on sensitivity analyses. This inflation in
the measured 12 heterogeneity on several of the sensitivity analyses
may reflect the reduction in the included study numbers as previously
described.?® In either case, there is a need for more data from high
quality studies particular in relation to the relationship between AASI
as a continuous measure and cardiovascular death where only two
studies were available.

4.1 | Limitations

There are several further limitations that need to be acknowledged.
Our meta-analysis included a wide range of adult patient populations
including patients with advanced chronic kidney disease, resistant
hypertension, and diabetes mellitus. There were three studies with
sample size less than 500 patients. Whilst we used the fully adjusted
regressions where available for some studies there were no dependent
variable adjustment performed, which is another source of potential
bias. The included number of studies was relatively small for some of
the outcomes and with several studies appearing to be retrospective

studies potentially increasing the potential for reporting bias.

5 | CONCLUSIONS

In this meta-analysis, which included 13 studies, it was found that
higher AASI is associated with an increased risk of all-cause and car-
diovascular death, stroke, and MACE. Further high-quality studies are
warranted and there is a need to develop population dependent repro-
ducible AASI cut-offs to enhance its use as a cardiovascular risk marker

in mainstream clinical practice.

SUMMARY

What is known about the topic

* The ambulatory arterial stiffness index (AASI) is a marker of both
arterial stiffness and blood pressure variability.

* The AASI have been linked to target organ damage including chronic
kidney disease including left ventricular hypertrophy, worsening
kidney dysfunction, and increased carotid intimal thickness.

* The AASI is an increasingly reported automated metric in sev-
eral commercial ambulatory blood pressure monitor results, yet its

utility to influence clinical practice remains uncertain.

What this study adds

* Increased AASI is independently associated with an increased risk
of all-cause and cardiovascular mortality, stroke, and major adverse
clinical outcomes.

* The average difference in baseline AASI between patients who do
and do not develop these adverse outcomes is on average 0.04-0.08
units higher.

* There is a need to establish clearly defined and reproducible AASI
cut-offs that can be used to enhance cardiovascular risk precision
with high accuracy before the use of AASI can be adopted into

mainstream clinical practice.
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