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The rationale behind adiponectin serum level as an
independent predictor of mortality after TAVI

Abstract

Transcatheter Aortic Valve Implantation (TAVI) is a suitable treatment for patients
with severe symptomatic Aortic Stenosis (AS) = 75 years or with high operative risk.
Adiponectin, released by adipose tissue, has been associated with cardio protective
properties: Anti-inflammatory and anti-atherosclerotic features, improved insulin

sensitivity, and attenuated LV remodeling.

Nevertheless, several studies have reported the counter-intuitive finding that high
adiponectin serum levels were associated with poor survival. Situations in which high
adiponectin levels do not translate into beneficial insulin sensitivity and health benefits

have been coined “the adiponectin paradox” in the medical literature.

A recent study reported that the adiponectin serum concentration before TAVI is an
independent predictor of all-cause 5-year mortality after TAVI. Compared to patients
with the lowest adiponectin level, patients in the third tertile had a hazards ratio of
all-cause mortality after TAVI of 4.155 (95% CI: 1.364-12.655) (p=0.004), tested
in a multivariable model, including classical clinical operative risk assessment, CT-
measured psoas muscle density, and adiponectin serum level. In a supplemental
multivariable model including LDL cholesterol serum levels, adiponectin plasma

concentration remained an independent predictor of all-cause mortality after TAVI.

The European Prospective Investigation into Cancer and Nutrition (EPIC)-Heidelberg
cohort study provided new insight into the adiponectin paradox and may explain these
counter-intuitive study results in the TAVI population. A significant heterogeneity by
N-Terminal pro B-type Natriuretic Peptide (NT-proBNP) in the association between
total adiponectin and all-cause mortality was observed, with a significant increase in
hazards of cardiovascular mortality restricted to participants in the highest N-Terminal
pro B-type Natriuretic Peptide (NT-proBNP) levels. Among these latter participants,
adiponectin showed a dose-response relationship with total mortality. Given the
pathophysiological features of severe symptomatic AS and the clinical characteristics of
the frail TAVI-candidates population, it is plausible that these latter patients represent
a cohort with increased levels of NT-pro-BNDP levels.

In this review, we briefly discuss the biological actions of adiponectin, the factors
influencing adiponectin levels, the studies examining an association between
adiponectin level and AS severity progression, the adiponectin paradox, and adiponectin

as a biomarker to predict survival after TAVI.
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Background

Physiological
pathophysiological processes by atherosclerosis and calcific
AS severity progression

activity of adiponectin and shared

Physiological features of adiponectin: White adipocyte tissue
secretes adiponectin. Adiponectin consists of 244 amino acids. The
adiponectin molecule displays structural similarities to collagen and
TNFalpha [1,2], and weights 30 kDa. Adiponectin is found in the
blood in varying multimers, primarily as Low-Molecular-Weight
(LMW) trimers, but also as Middle-Molecular Weight (MMW)
hexamers, and High-Molecular-Weight (HMW) multimers [3,4].
The HMV multimers are most potent adiponectin multimers in
activating AMP-activated Protein Kinase (AMPK), which is a

stress-responsive kinase [5,6].

Several cardioprotective properties have been attributed to
adiponectin [7]: (1) Increased insulin sensitivity, (2) And-
inflammatory features, (3) Anti-atherosclerotic effects, (4)

Protection against extreme LV remodeling.
Metabolic effects of adiponectin

Adiponectin induces increased glucose tolerance: Increased
insulin sensitivity is a feature attributed to adiponectin. Indeed,
a prospective study demonstrated that the higher the blood
adiponectin level, the lower the risk for diabetes in humans [8].
Lindsay, et al., found that blood adiponectin levels represent a
better marker for the risk of onset of diabetes than serum glucose
and insulin levels [9]. Another study demonstrated that the greater
the HMW adiponectin level, the lower the incidence of diabetes
[10].

Adiponectin and dyslipidemia: Clinical studies suggest a positive
correlation between blood adiponectin levels and HDL-cholesterol
levels and a negative correlation with triglyceride concentrations
[11].

Anti-inflammatory effects of adiponectin

In a review, Hopkins, et al., concluded that i vitro studies indicate
that adiponectin inhibits nuclear factor-kB (NF-kB) activation,
effectively reducing [12]: (1) TNFo-stimulated monocyte adhesion
to endothelial cells. (2) TNF-o-stimulated expression of adhesion
molecules. (3) Expression of the pro-inflammatory cytokine IL-8

in endothelial cells [13,14].

Adiponectin reduces TNF-a production in human macrophages
[15], increases the expression of the anti-inflammatory cytokine
IL-10 [16], and inhibits the transformation of macrophages to
foam cells [17].

The mechanisms mentioned above indicate that adiponectin has a
key role in the genesis and progression of obesity-related vascular

diseases via its anti-inflammatory features [12].

Anti-atherosclerotic effects of adiponectin

Adiponectin has anti-atherosclerotic properties, via its metabolic
effects (See the Metabolic effects of adiponectin and Anti-
inflammatory effects of adiponectin) and its anti-inflammatory
features (See the Ant-inflammatory effects of adiponectin).
Adiponectin also acts on vascular endothelial cells, thus directly

inhibiting atherosclerosis in humans [18].

Iwabu, et al., summarized the key animal experiments [18]: (1)
In adiponectin-deficient mice, vascular damage was associated
with worsening of neointimal formation [2,19]. (2) Adiponectin
overexpression leads to inhibition of atherosclerosis in ApoE-

deficient mice, a well-known model of atherosclerosis [20].

There is also data involving humans. The beneficial association
between adiponectin level and reduced risk of new onset of
myocardial infarction remained after adjustment for other risk
factors [1,21]. Kumada, et al., demonstrated that male patients
with hypoadiponectinemia (<4.0 mcg/mL) had a significant 2-fold
increase in CAD prevalence, independent of well-known CAD
risk factors [22].

Adiponectin and LV remodeling

Experimental studies demonstrated that adiponectin influences
cardiac remodeling and suppresses pathological cardiac growth. In
APN-KO mice, pressure overload, created by aortic constriction,
causes enhanced concentric ventricular hypertrophy and increased
mortality [23]. However, adenovirus-mediated delivery of
adiponectin attenuated cardiac hypertrophy in response to pressure
overload in APN-KO mice [23].

Adiponectin promotes the phosphorylation of AMPK, resulting
in the activation AMPK signaling cascade [12]. Experiments in
rat cardiac myocytes show that adiponectin activates AMPK
and inhibits the hypertrophic response to o-adrenergic receptor
stimulation [23], while the inhibition of hypertrophic growth by
adiponectin could be reversed by transduction with dominant-
negative AMPK.

Literature Review
Factors affecting adiponectin concentration

Age [24], diabetes mellitus [25,26], obesity [27], sex [28],
hypertension [29], Smoking [30-32], and medication [33,34],

affect circulating adiponectin levels are shown in the Figure 1.

The anti-aging gene Sirtuin 1 has been identified as an essential
determinantofadiponectinlevels [35,36]. Authors have emphasized
the role of Sirtuin 1 in proteomic-based approaches for biomarker
investigation to interpret the severity of global disease progression
[35,37]. Therefore, the measurements of adiponectin serum levels
may need to be interpreted in conjunction with Sirtuin 1 levels to

predict the survival of chronic cardiovascular disease.
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Figure 1: The factors affecting adiponectin release by adipose tissue, the physiological activities of adiponectin. Due to the shared pathophysiological processes by

atherosclerosis and aortic calcification progression, adiponectin has a role in AS severity progression.

Studies searching for an association between adiponectin
serum concentration and AS severity progression

Studies examining the association between adiponectin serum
concentration and AS severity progression, are relatively rare, and

sample sizes are relatively small.

A study, including 58 patients with calcific aortic stenosis and 24
healthy controls, did not find an association between adiponectin

levels and calcific aortic valve disease [38].

Another study (74 patients with AS and 74 control patients)
showed that lower levels of adiponectin were associated with
severe AS. According to the authors, these findings suggest that
adipocytokines may be involved in the progression of AS, and

adiponectin may play a protective role in this process [39].

Shetty, et al., including a cohort of 220 patients with aortic
bioprosthetic valves, demonstrated that bioprosthetic valve
dysfunction was significantly associated with an increased
proportion of small, dense LDL. Moreover, patients with an
elevated level of %LDL along with a decreased plasma adiponectin
level were at a very high risk of developing early bioprosthetic
hemodynamic dysfunction (OR=2.54, p=0.04) [40].

Another study, including 122 patients undergoing Aortic Valve
Replacement (AVR), found that patients with lower plasma
levels of adiponectin had a faster progression rate of the mean
transvalvular gradient before surgery than those with higher levels
(p=0.008) [41].

Mizia-Stec, et al., demonstrated that there were no differences in

the adipokines concentrations between patients with AS (n=65)
and a control group (n=24). Compared to patients without
CAD, patients with AS and coexisting CAD had decreased serum
adiponectin (p=0.040) levels. Multivariate regression analysis
demonstrated that age (p=0.015) and E/E’ index (p=0.032) were
independent predictors of the adiponectin level in the AS group
[42]. The authors concluded that AS with preserved EF does not
change the adipokine serum profile. Co-existing atherosclerosis
modified the adipokines levels. Degeneration of inconsistent
findings, there seems to be a trend suggesting that low adiponectin
serum levels promote a faster AS severity progression or aortic

valve bioprosthetic degeneration.

NT-pro-BNP and the adiponectin paradox: New insights
EPIC-Heidelberg cohort study

Basedonthebiologicalactivityofadiponectin, hypoadiponectinemia
is expected in patients with insulin resistance, metabolic syndrome,
atherosclerotic disease, vascular depression, cancer, and dementia
[43-46]. Nevertheless, studies reported counterintuitive results.
A review by Menzaghi and Trischitta demonstrated that several
studies found that all-cause mortality correlated positively with
hyperadiponectinemia instead of hypoadiponectinemia in many
clinical conditions such as type 2 diabetes mellitus [47]. These
authors stated that the underlying biology of this paradox is
unknown, but several hypotheses have been proposed. They
emphasized that none of these hypotheses are based on robust

data. The following mechanisms have been proposed [47]:

a) Increasing adiponectin levels may fail to protect individuals
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b)

)

d)

with a high risk of mortality due to adiponectin resistance in

metabolically active organs [48].

Based on the observation that Natriuretic Peptides (NDPs)
enhance adiponectin production in human adipocytes [49],
the adiponectin paradox may be driven by the direct and
strong correlation between adiponectin and NPs [49,50].
This hypothesis postulates that NPs are the real mortality risk
factors, with adiponectin being only a marker of increased NDs.
However, studies searching for the association between serum
adiponectin and mortality rate have generated conflicting data
[47]. After adjustment for the NPs, the adiponectin paradox
was no longer consistently present among these reports [51-

55].

Genetic evidence suggests a direct role of adiponectin in
increasing the risk of death [56,57]. In a prospective study,
including 356 patients with diabetes mellicus and proven
coronary artery disease, a single nucleotide polymorphism in
the ADIPOQ locus was strongly associated with adiponectin
levels and cardiovascular mortality. According to the
investigators, these findings suggest a direct deleterious role of

adiponectin in increasing the mortality risk [56].

Unfavourable effects of adiponectin on inflammatory
processes under specific conditions have been reported
and may contribute to the adiponectin paradox. In colonic
epithelial cells, adiponectin exerted proinflammatory effects

by inducing chemokine production [58]. In rheumatoid

arthritis, recombinant adiponectin induced synthesis of
IL-6 [59]. These data seem to suggest that under some
chronic inflammatory conditions, adiponectin exacerbates
inflammation, instead of being an anti-inflammatory factor.
Interestingly, Menzaghi and Trischitta speculated whether
those unexpected unfavourable effects of adiponectin on
some low-grade chronic inflammatory conditions, such as
CVD and in many frail individuals, may explain/contribute

to the adiponectin paradox [47].

‘The conditionsin which high adiponectinlevels do not translate
into beneficial insulin sensitivity and health benefits are often
referred to as “the adiponectin paradox” [46,47,60-62]. The
case-cohort design nested within the EPIC-Heidelberg cohort
included 25,540 participants with a median follow-up of 15.6
years [63]. Adiponectin was statistically significantly associated
with all-cause mortality, but not with cardiovascular mortality.
Significant heterogeneity by NT-proBNP in the association
between total adiponectin and all-cause mortality was observed.
A significant increase in hazards of mortality was restricted to
participants in the highest tertile of NT-pro-BNP. Among these
participants, adiponectin showed a dose-response relationship
with total mortality (Figure 2). Compared to participants in the
lowest quintile, participants in the third, fourth, and fifth were
at 1.22, 1.50, and 1.59 higher hazards of mortality, respectively.
'This study supports the hypothesis that NT-proBNP may explain
the adiponectin paradox [63].
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Figure 2: Results from the EPIC-Heidelberg cohort Study. Restricted cubic spline graphs showing the associations of continuous levels of adiponectin with cardiovascular

mortality and all-cause mortality for tertiles of NT-proBNP. The vertical reference line is drawn at median adiponectin level (27.5 mg/ml) in the sub cohort. Note: The

horizontal band above the X-axis represents individual participants with corresponding values for adiponectin. All models were adjusted for age at blood draw, sex, smoking,

and BMI at baseline [63]. [Figure reproduced with permission from Mukana, et al., [63]; open access article under the CC BY-NC-ND license (https://creativecommons.
org/licenses/by-nc-nd/4.0/)]. (A) Cardiovascular morality NT-proBNP tertile 1; (B) Cardiovascular morality NT-proBNP tertile 2; (C) Cardiovascular morality N'T-
proBNP tertile 3; (D) Total morality NT-proBNP tertile 1; (E) Total morality NT-proBNP tertile 2; (F) Total morality NT-proBNP tertile 3; () Deceased; (I) Alive

475

Interv.Cardiol.(2023)15,519:472-480



Review Article

Adiponectin as a predictor of 5-year mortality after TAVI
treatment for AS

Previously, we reported study results that adiponectin serum
concentration is an independent predictor of al-cause 5-year
mortality after TAVI (Figures 3 and 4) [64]. In this study, the
value of adiponectin serum level before TAVI to predict the 5-year

survival after TAVI was tested in a multivariable model, including

classical clinical operative risk assessment, CT-measured low muscle
density fraction of the psoas muscle (LDM%), and adiponectin
serum level. Compared to patients with the lowest adiponectin
level, patients in the third tertile had a hazards ratio of all-cause
mortality after TAVI of 4.155 (95% CI: 1.364-12.655) (p=0.004)
[64]. Adiponectin level was a predictor of all-cause mortality in
females and males (p=0.012 and 0.024, respectively) [64].
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Figure 3: The Kaplan-Meier analysis for adiponectin serum concentration tertile groups (Log Rank p<0.001). Compared to patients within the 1**adiponectin concentration

tertile, patients within the third tertile had a hazard ratio of death of 4.115 (95%CI: 1.364-12.655) (p=0.012). [Figure reproduced with permission of Walpot, et al., [64].

This is an open access article under the terms of the Creative Commons Attribution License] Note: (
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Figure 4: (4A) The Kaplan-Meier survival curves for adiponectin serum levels in males (Log Rank p=0.007). Compared to males and females within the conjugated 1+
and 2" adiponectin concentration tertile, males and females within the third tertile had a hazard ratio of death of 3.761 (95%CI: 1.346-10.509) (p=0.012) [61]. (4B)
The Kaplan—Meier survival curves for adiponectin serum levels in males (Log Rank 0.004). Compared to males and females within the conjugated 1* and 2" adiponectin
concentration tertile, males and females within the third tertile had a hazard ratio of death of 11.549(95%CI: 1.388-96.062) (p=0.024), respectively [64]. [Figure reproduced

with permission of Walpot, et al., [64]. This is an open access article under the terms of the Creative Commons Attribution License]
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It should be emphasized that the Society of Thoracic Surgeons’
risk score (STS score) includes most known factors influencing
adiponectin levels, such as age, sex, hypertension, diabetes
mellitus, and tobacco use. In a supplemental multivariable model
also including LDL cholesterol serum level, adiponectin serum
level remained an independent predictor of all-cause mortality
after TAVI. Compared to patients in the conjugated first and
second tertiles, patients in the third adiponectin tertile had an HR
of 4.382 (95%CIl 1.317-14,575; p=0.016).

Discussion

Given the cardioprotective features of adiponectin, our study
results with excessive 5-year mortality after TAVI in patients
within the highest adiponectin serum concentration tertile, are

counter-intuitive.

The 'NT-pro-BNP and adiponectin paradox” hypothesis from
the EPIC-Heidelberg cohort study and insights from frailty
studies provide important clues to explain our study results. The

arguments below sound sensible:
Homogeneity of our study population

It can be argued that a new insight, learned from the "NT-pro-
BNP and adiponectin paradox” hypothesis from the EPIC-
Heidelberg cohort study, is that studies, examining the clinical
utility of adiponectin as a predictor of clinical outcomes, should

be performed in relatively homogeneous study populations.

We think our study population meets this criterion. All patients
suffered from severe symptomatic AS and were elderly, with a
mean age of 80.8 + 7.4 years [64].

Furthermore, the enrolment of patients in our study happened
between January 2014 and June 2016, according to the ESC
guidelines for TAVI implantation in charge at that time. At the
time of enrolment in our study, high operative risk was mandatory
to be a TAVI candidate, further narrowing the study population to
a very frail study cohort.

NT-pro-BNP and adiponectin

The EPIC-Heidelberg cohort study only demonstrated an
association between adiponectin serum level and cardiovascular

mortality in the subgroup with the highest NT-pro-BNP levels.

Given the pathophysiology of AS, it is reasonable to assume that
study populations of patients undergoing TAVI are most likely to
correspond best with patients in the third NT-pro-BNP tertile of
the EPIC-Heidelberg cohort study. The high-pressure gradient
across the stenotic aortic valve implicates high systolic LV pressure
during LV emptying, increasing LV wall stress, and triggering N'T-
pro-BNP release. Cardiac Magnetic Resonance (CMR) studies have
documented that the presence of late gadolinium enhancement,

a marker for scar, in the LV myocardium in patients with AS is

associated with all-cause and cardiovascular mortality [65,66]. The
adaptive LV concentric remodeling in AS may contribute to LV
diastolic dysfunction, which has been associated with mortality in
patients with AS [67]. AS has become a disease that predominantly
affects the elderly, with a prevalence of 1.7% in the population>65
years old [68]. The effect of age on diastolic dysfunction has been
well documented [69], and LV diastolic dysfunction has been
associated with NT-proBNP levels in patients with AS [70].

NT pro-BNP is linked to the severity of AS and New York Heart
Association class and is an indication for AVR [71]. Weber, et al.,
demonstrated NT-proBNP is elevated in patients with aortic valve

disease, and linked to disease severity.

Many studies reported that NT-pro-BNP level before AVR or
TAVTI is an independent predictor of adverse outcomes after TAVI
[72-74]. A meta-analysis, pooling the data of 21 studies found
that all-cause mortality after intervention for AS was significantly
associated with elevated baseline levels of NT-pro-BNP (HR
1.73; 95% CI 1.45-2.06; p=0.00001) compared to lower baseline
biomarker levels [75].

Conclusion

In this review, we aimed to explain the rationale behind adiponectin
serum concentration as a predictor of adverse clinical outcomes
after TAVI. The following messages can be retrieved from the

medical literature findings:
1. Adiponectin has cardioprotective properties.

2. Despite inconsistent study results, there is a trend toward a
correlation between adiponectin serum concentration and AS
severity progression, with low adiponectin levels favoring AS

severity progression.

3. Adiponectin is an independent predictor of 5-year survival
after TAVI. Patients with the highest adiponectin have the

worst survival.

4. 'The literature findings in (1) and (3) seem contradictory.
Previous frailty studies also found that higher adiponectin
levels were correlated with frailty and cognitive disorders.
Authors have coined these seemingly contradictory findings

as "the adiponectin paradox’.

5. Recent findings from the EPIC- Heidelberg study cohort
have provided valuable new insights into the adiponectin
paradox. It was demonstrated that in patients with the highest
NT-pro-BNP levels, there was a dose response curve between
adiponectin levels and cardiovascular death, while this was
not found in the patients in the lower NT-pro-BNP level
tertiles. These results may clarify why adiponectin serum level
functions well as a predictor of mortality after TAVI. It is

sensible to assume that the population of TAVI candidates

477 Interv.Cardiol.(2023)15,519:472-480
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represents a population with increased NT-pro-BNP levels,
given the nature of the underlying severe symptomatic AS as

well as the age of this population.
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