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ABSTRACT

Aortic stenosis (AS) is a progressive disease, with no pharmacological treatment. The prevalence of
diabetes mellitus (DM) among AS patients is higher than in the general population. DM significantly
increases the risk of AS development and the rate of its progression from mild to severe. However, the
mechanism of the interaction between AS and DM is not fully understood. Limited data regarding the
influence of hyperglycemia on valvular calcification are available while understanding the cross-talk
between them is pivotal in designing an effective therapeutic approach to prevent or at least retard
AS development and/or progression in DM patients. Analysis of aortic stenotic valves revealed that
increased accumulation of advanced glycoxidation end products (AGEs) was associated with enhanced
valvular oxidative stress, inflammation, expression of coagulation factors and markers of calcification.
Moreover, AGEs valvular expression correlated with AS severity. Interestingly, in diabetic AS patients,
valvular inflammation correlated only with long-term glycemic control parameters, i.e. glycated hemo-
globin and fructosamine but not with serum glucose levels. It has been demonstrated that transcath-
eter aortic valve replacement (TAVI) is beneficial for AS patients also with concomitant DM and safer
as compared to surgical aortic valve replacement (SAVR). Moreover, new antidiabetic drugs, such as
glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors, targeting
inhibition of AGEs-mediated oxidative stress, have been proposed to reduce the risk of AS development
in DM patients. This review aimed to comprehensively discuss the impact of DM on AS and its potential
therapeutic implications.
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INTRODUCTION
Valvular heart diseases represent an important public
health burden worldwide. With a decrease in the incidence
of rheumatic disease, aortic valve stenosis (AS) has now
become the most common valvular disease in Western
countries. Its prevalence increases with age, affecting about
0.2% in 55- to 64-year-old individuals [1]and 2%-7% in sub-
jects older than 65 years [2]. It is estimated that 4.5 million
cases of AS will be present worldwide by the year 2030 [3].
In patients with the bicuspid aortic valve, which is the most
common congenital heart disease occurring in 1%-2% of
the population, AS development occurs statistically more
frequently [2]. Growing evidence indicates that diabetes
mellitus (DM) can increase the risk of AS development
and the rate of AS progression [4-11]. The diagnosis of AS
is based on echocardiographic assessment. The criteria
for severe high-gradient AS include peak transvalvular

velocity 24 m/s, the mean transvalvular pressure gradient
>40 mm Hg, and aortic valve area <1 cm?. In low-gradient or
asymptomatic patients with AS when the valve morpholo-
gy suggests AS, stress echocardiography is recommended
[reviewed in 12].

The only definitive treatment for AS is surgical aortic
valve replacement (SAVR) or transcatheter aortic valve
replacement (TAVI). Both methods present great outcomes;
however, surgical intervention remains the treatment
of choice for the majority of AS patients [13]. Currently,
thereis a discussion whether TAVI is a better method of AS
treatment than SAVRin patients with concomitant DM.The
prevalence of DM is markedly higher among AS patients
compared to the general population and was increasing
during the last decade [14, 15].

AS is considered an atherosclerosis-like process. This
conceptis supported by a large number of studies showing
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that the development of AS is associated with cardiovas-
cular risk factors such as smoking, obesity, hypercholes-
terolemia, arterial hypertension, chronic kidney disease,
DM, and metabolic syndrome [5, 14]. Patients with DM
are at 2- to 4-fold higher cardiovascular risk as compared
to non-diabetic individuals, and cardiovascular disease
(CVD) remains the leading cause of mortality in patients
with this condition [16, 17]. DM accompanied by inflam-
mation is thought to be involved in the pathophysiological
mechanism of atherosclerosis and is an important factor
enhancing this disease [11]. Based on similarities between
AS and atherosclerosis one might suspect the majorimpor-
tance of DM on AS progression; however, the mechanism
underlying the cross-talk between DM and AS is not fully
understood to date.

This review summarizes available data on the rela-
tionship between DM and AS, including the underlying
mechanisms and clinical implications. Novel therapeutic
approaches for AS patients with concomitant DM have
also been discussed.

PATHOMECHANISMS OF DEGENERATIVE AS
AS initiated as aortic valve sclerosis is characterized by valve
endothelial damage caused by high shear stress [18] and
subendothelial accumulation of lipids and lipoproteins to-
gether with enhanced oxidative stress [19]. These processes
result in the activation of local inflammation and drive
cell-dependent mechanisms that regulate calcium load
on the valve leaflets, leading to its calcification [20]. Under
these pathological conditions, valvular interstitial cells
(VICs), a predominant cell population within aortic valves,
which are responsible for differences in the pathobiology
of AS and atherosclerosis, play a substantial role in valvular
calcification [21]. VICs differentiate into osteoblast-like cells,
at least partially through epigenetic modifications [22].
Valvular calcification has been defined as a consequence of
tightly regulated processes that culminate in the creation
of an organized extracellular matrix deposition of osteo-
blast-like cells [22]. These activated cells are responsive to
typical osteogenic mediators, such as transforming growth
factor-p superfamily members, and bone morphogenetic
proteins (BMPs) [23, 24]. BMPs stimulate the valve calcifica-
tion by activating Smad1/5/8 and Wnt/B-catenin signaling
pathways, which leads to up-regulation of the master
osteoblast transcription factor, Runx2/Cbfal (Runt-relat-
ed transcription factor 2/core-binding factor a-1) [25].
Runx2/Cbfal increases the expression of proteins directly
associated with calcification and osteoblast differentiation:
osteopontin, bone sialoprotein, and osteocalcin [23-25].
Several studies confirmed the up-regulation of these cal-
cification markers in AS, both on mRNA and protein levels
[23]. The late propagation phase of AS is driven by pro-os-
teogenic and pro-calcific factors, resulting in a complex and
well controlled self-perpetuating calcification process [24,
26]. Moreover, it has been demonstrated that the regulation
of valvular ossification and calcification is controlled by the

nuclear factor kB (NF-kB) [27], suggesting its important
role in the pathophysiology of AS. NF-kB is a master reg-
ulator of inflammatory responses that plays an essential
role in the evolution as well as the resolution phase of
inflammation. Overactivation of NF-kB is associated with
many inflammatory diseases, i.e. with atherosclerosis [27].
NF-kB is activated by the tumor necrosis factor q, secreted
by monocytes/macrophages and causes an upstream of
interleukin 6, which has been implicated in calcification
of aortic valve leaflets in AS patients via BMP-2 stimulation
[27]. Moreover, the p65/c-Rel heterodimer of NF-kB has
been shown to critically regulate the expression of tissue
factor (TF) [28]. Indeed, it has been shown that stenotic
aortic valves exhibit a procoagulant state [29-32]. The
immunohistochemistry studies of twenty-one stenotic
aortic valves have revealed the presence of large amounts
of fibrin, which is the final product of blood coagulation.
Interestingly, fibrin has been observed both on the surface
and within stenotic valves [30]. The fibrin positive valve
areas correlated with TF positive areas, suggesting that
the conversion of fibrinogen to fibrin occurs in loco within
the aortic valve [30]. In addition, it has been shown that
the expression of coagulation proteins is associated with
inflammation as the regions positive for TF and fibrin co-lo-
calized with regions of valve infiltration by macrophages
[31, 32]. The presence of both TF and fibrin and the num-
ber of macrophages correlated with the severity of AS
(expressed as transvalvular maximum aortic gradient) and
with the degree of valvular calcification [30]. These studies,
as well as observations of other authors [32], suggest that
coagulation might play a significant role in valvular fibrosis
and calcification. Breyne et al. [32] have also shown that
thrombin produced in loco leads to osteopontin activation
and generation of the N-terminal domain with pro-inflam-
matory properties. Interestingly, both the quantity of fibrin
and the degree of valve calcification correlated with factor
(F)XII expression derived mainly from the alternatively
activated macrophages recruited to the valve leaflets [29].
Recently, it has been shown that VICs are also able to ex-
press prothrombin and active FX [11]. Moreover, growing
evidence indicates that AS patients are characterized by
impaired clot susceptibility to fibrinolysis [33, 34], the
process closely regulated by specific inhibitors, such as
plasminogen activator inhibitor type-1 and thrombin-ac-
tivatable fibrinolysis inhibitor [35]. In severe AS patients,
the amounts of valvular fibrin positively correlated with
prolonged fibrinolysis [34]. Although the direct relationship
between vascular calcification and blood coagulation is
still open for investigation, it seems that coagulation and
fibrinolysis may be of major importance in the develop-
ment/progression of AS.

INFLUENCE OF DM ON ATHEROSCLEROSIS
DMis a chronic disease characterized by hyperglycemiaand
frequently manifested by macrovascular myocardial infarc-
tion, stroke, peripheral arterial disease, and microvascular
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(retinopathy, nephropathy, and neuropathy) complications
[36]. A global age-standardized prevalence of DM in the
general population is 9.0% (7.2-11.1) in men and 7.9%
(6.4-9.7) in women [37]. However, DM incidence is still
increasing worldwide, and it is estimated that by the year
2045, there will be 700 million diabetic patients [38]. Type
2 DM constitutes 90-95% of diabetes cases worldwide and
about one-third of type 2 DM patients presents CVD, with
the highest prevalence of coronary artery disease (21.2%)
and much lower that of stroke (7.6%) [39]. CVD comprised
about 50% (95% confidence interval [Cl] 37%-64%) of all
deaths in type 2 DM patients [39, 40]. Type 2 DM involves
the combination of insulin resistance in peripheral tissues,
due to obesity and genetic factors, with an inadequate
pancreatic insulin response (or relative beta-cell failure).
Hyperglycemia has multiple atherogenic effects that lead
to the development of atherosclerosis in subjects with type
2 DM, based on longitudinal analysis [41]. Serum glycated
albumin level and the ratio of glycated albumin to glycated
hemoglobin (HbA, ) were identified as potential surrogate
parameters that are associated with or predict the pro-
gression of atherosclerosis in type 2 DM subjects [41, 42].

The pathophysiology of diabetic vascular disease is
complex. An impact of DM on vascular complications is
linked with hyperglycemia-induced leptin-to-adiponectin
imbalance inflammation leading to local hypoxia, vascular
dysfunction, and hemodynamic changes, favoring a pro-
thrombotic state [43, 44]. The impact of high blood glucose
levels on vasculature is mediated by the high sensitivity
of endothelial cells to persistent hyperglycemia, which
leads to reactive oxygen species overproduction [45].
Additionally, hyperglycemia promotes the upregulation of
genes responsible for the production of pro-inflammatory
cytokines and matrix metalloproteinases that render ather-
omatous plaques more unstable, with a greater propensity

for rupture [46]. Finally, platelet dysfunction and increased
production of pro-thrombotic proteins, like fibrinogen and
thrombin, contribute to a prothrombotic milieu in patients
with DM [46].

A PREVALENCE OF DM IN AS
According to large clinical trials, the prevalence of DM was
shown to be higher among AS patients than in the general
population. In 2015 the CURRENT AS study comprising
3815 AS patients showed that 11.4% of individuals had
concomitant DM [47]. Two years later, the PRIMID AS study
revealed a 14.4% incidence of DM among AS patients [48].
Another study performed by Ljungberg et al. [15] showed
in the Swedish population-based cohort study that the
prevalence of DM was 15.8% ten years before aortic valve
replacement due to AS. Notably, Culler et al. [14] showed
that in the United States the prevalence of DM concomitant
to AS increased from 19.7% to 31.6% between 2009 and
2015. Similar results have been reported in the Spanish
population during a 15-year follow-up [49].

CLINICALTRIALS ON DM INFLUENCE ON AS
DEVELOPMENT AND PROGRESSION
Clinical interactions between DM and AS progression have
been investigated by several authors (Table 1). However,
available data are inconsistent, probably due to different
methodological approaches implemented by researchers
and further studies are needed. Aronow et al. [4] reported in
2001 in a retrospective study performed on 180 AS patients,
including 48 with concomitant DM, that diabetic patients
had higher annual progression in a peak systolic gradient
than individuals without DM. In 2006 Katz et al. [5] have
extended the previous observation by showing that both
DM and metabolic syndrome increased the risk of valvular
calcification. Kamalesh et al. [6], in a retrospective study

Table 1. Trials on diabetes mellitus (DM) and/or metabolic syndrome influence on aortic stenosis (AS) progression

Retrospective 180 mild AS patients, including 48 subjects

with concomitant DM
Prospective (the MESA
cohort)

6 780 participants, including 1 016 DM and/or
metabolic syndrome subjects

Retrospective 166 AS patients, including 72 with DM

Prospective (CANHEART) 1.12 miIn individuals observed for a median
of 13 years
Observational 71 483 participants, including 2 377 DM
patients
Prospective 5079 participants including 1311 DM
patients

Prospective 203 AS patients, including 99 participants
with metabolic syndrome and 50 with DM

observed for a mean of 3.2 years

42.5% higher annual progression in peak systolic gradient in DM

vs. non-DM patients

Not only DM but also metabolic syndrome increases the risk of [5]

aortic valve calcification both in women
([RR] 1.45; 95% Cl, 1.11-1.90 for metabolic syndrome and RR
=2.12;95% Cl, 1.54-2.92 for DM) and in men (RR = 1.7; 95%
Cl, 1.32-2.19 for metabolic syndrome and RR = 1.73; 95% Cl,
1.33-2.25 for DM)

AS progression measured as AVA is faster in DM vs. non-DM pa-
tients (change during a median, 2.5 years follow-up was 0.26 cm?/
/year in DM vs. 0.20 cm?/year in non-DM patients; P = 0.02)

20995 subjects developed severe AS and a prevalence of DM was
6% higher compared to individuals who did not develop AS
Type 2 DM was associated with increased risk of AS (HR = 1.34;
95% Cl, 1.05-1.71)

69 participants developed AS during a mean follow-up of
16.5 years and DM was an independent risk factor for AS
development (HR = 3.18; 95% Cl, 1.51-6.69)

Metabolic syndrome and DM had no impact on AS progression

[6]

[50]

[8]

[51]

[9]

Abbreviations: AS, aortic stenosis; AVA, aortic valve area; Cl, confidential interval; DM, diabetes mellitus; HR, hazard ratio; RR, relative risk
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Table 2. Advanced glycation end products (AGEs) influence on multiple biological processes.

The type of response Biological effects m

Oxidative stress
Reactive oxygen species production T
Superoxide dismutase function |
Nitric oxide |

Inflammation
VCAMs 1
IL-1, TNF-B, IGF-1 1
Mononuclear cell chemotaxis 1

Structural changes
Collagen changes leading to premature ageing
Irreversible cross-linking of structural fibers
Cell membrane and matrix changes 1

Coagulation and fibrinolysis
Tissue factor 1
Platelet aggregation and fibrin stabilization
Sensitivity of fibrin to plasmin |

[11, 54, 56, 59, 60]
Lipid peroxidation 1
Endothelial dysfunction 1
Vasoconstriction T
[11, 53,56, 58, 61-63]
Tissue remodeling and thickening
of the basement membrane 1

[51,58, 64, 65]

Stimulation of pathological cellular activity T

[11,56, 66, 67]
Thrombosis 1
Fibrinolysis |

Abbreviations: IGF-1, insulin-like growth factor 1; IL-1, interleukin-1; TNF-B, tumor necrosis factor ; VCAMs, vascular cell adhesion molecules

performed on 166 consecutive AS patients, have shown
faster disease progression in diabetics than in non-diabetic
individuals; however, only in those with moderate AS. In
a large cohort study comprising 1.12 min individuals fol-
lowed for a median of 13 years, DM was associated with
a 49% higher risk for AS development [50]. Similar results
were obtained by Larsson et al. [8], who have shown that
type 2 DM was associated with a 34% increased risk of AS
and Martinsson et al. [51], who have reported DM as an
independent risk factor for AS development. On the other
hand, Testuz et al. [9] have failed, during a 3-year follow-up,
to observe the association between AS progression and
metabolic syndrome or diabetes; however, in this study
only fasting glucose levels were analyzed while it has
been shown that long-term glycemic control may be of
key importance [10, 11].

MOLECULAR LINKS BETWEEN AS AND DM
Despite the proven impact of DM on atherosclerosis and
similarities between AS and atherosclerosis, limited data re-
garding the influence of hyperglycemia on valvular inflam-
mation and calcification are available. However, hypergly-
cemia has been proposed among other metabolic factors
toinitiate or at least escalate valvular calcification through
a complex mechanism involving vascular and inflammatory
cellinteractions [7, 52, 53]. Immunohistochemistry analysis
of AS valves revealed that concomitant DM was associated
with an increased percentage of C-reactive protein-positive
areas and correlated with the percentage of TF-positive are-
as [7]. Moreover, increased valvular protein glycation due to
an accumulation of advanced glycoxidation end products
(AGEs) has been suggested as a contributor to faster AS
progression [54-57]. AGEs are a heterogonous group of
proteins or lipids irreversibly glycated by the attachment
of reducing sugars onto the free amino groups. AGEs mod-
ify tissue structure and function through cross-linking of
intra-/extracellular matrix proteins or binding to the cell
surface receptor for AGEs (RAGE), which affects multiple
cellular processes (Table 2) [11, 51, 53, 54, 56, 58-671. Ex-
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posure to increased blood levels of glucose in DM rapidly
accelerates AGEs formation [68]. The rabbit and mouse
models of AS proved that AGEs accumulation within aortic
valves resulted in osteoblastic differentiation of VICs [68,
69]. Moreover, increased concentrations of AGEs lead to
enhanced oxidative stress and NF-kB overexpression in the
rabbit model of AS [69]. Moreover, RAGE-mediated NFkB
activation has been implicated in the synthesis of inflam-
matory cytokines and TF by monocytes/macrophages [70].
Recently, AGEs-associated influence on AS progression has
been shown in AS patients with concomitant DM, in whom
a6.6-and 12-fold increase in valvular and plasma AGEs was
associated with AS severity, measured by the reduced aortic
valve area [56]. Similarly, diabetic AS patients had 1.3-fold
higher RAGE in plasma and 1.8-fold higher RAGE expres-
sion within aortic stenotic valves compared to non-dia-
betics [56]. Notably, solely plasma RAGE levels correlated
with AS severity, while in patients with well-controlled
type 2 DM (HbA, <7%), the influence of hyperglycemia
on AS severity was negligible [56]. Diabetic AS patients
compared to the non-diabetic ones had also enhanced
NF-kB valvular expression in association with increased
valvular expression of coagulation factors Il and Xa and
a marker of calcification, BMP-2 [11]. This observation has
been confirmed by an in vitro study using VICs isolated
from stenotic aortic valves, in which inhibition of either
reactive oxygen species or NF-kB prevented calcification
[11]. Interestingly, in diabetic AS patients valvular NF-«kB
expression correlated not only with long-term glycemic
control parameters, namely HbA, and fructosamine but
also with AS severity. Moreover, AS patients with poorly
controlled type 2 DM defined as HbA, >6.5% were char-
acterized by markedly higher plasma concentrations of TF
and FVlla-antithrombin complex [11].

Available data suggest that poorly controlled DM in
AS patients is associated with enhanced valvular oxidative
stress, inflammation, and coagulation activation, as well
as systemic prothrombotic state, which all together can
trigger faster AS progression (Figure 1).
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Figure 1. Links between diabetes and aortic stenosis progression. Hyperglycemia is associated with tissue accumulation of advanced glyca-
tion end products (AGEs), which are bound by a specific receptor (RAGE). AGEs accelerate aortic stenosis (AS) progression by several actions,
including endothelial dysfunction and enhanced reactive oxygen species (ROS) generation via NADPH oxidase 2 (NOX2), the most important
cellular producer of ROS. Amplified ROS generation leads to enhanced oxidation of low-density lipoproteins (LDL) and the formation of

foam cells. AGEs/RAGE interaction enhances the synthesis of tumor necrosis factor a (TNF-a) and interleukin 18 (IL-1p) by foam cells, which
induces inflammation and activation of valvular interstitial cells (VICs), the most abundant cell population within aortic valves. VICs activation
is associated with a transformation into cells with osteogenic phenotype via Smd-signalling pathway and secretion of bone morphogenetic
proteins (BMPs) as potent osteogenic factors. Activated VICs, like macrophages, express tissue factor (TF), which together with activated
factor VII (FVIla) initiates a coagulation cascade. AGEs enhance coagulation activation and, consequently, increased expression of FXa and
prothrombin are observed within aortic stenotic valves obtained from diabetic patients. Activated VICs express also nuclear factor kB (NF-kB),
and its valvular expression is enhanced in AS patients with concomitant type 2 diabetes. Activation of the protease-activated receptors (PAR-
1, PAR-4) by thrombin additionally amplifies the inflammatory response of VICs. Accumulation of AGEs within aortic valves is also associated

with glycation (Glc) of elastin and collagen fibers, scaffold fibers of aortic valves, with subsequent fibrosis of the valve leaflet

Thus, it can be assumed that maintaining long-term gly-
cemic control parameters within normal values in AS patients
with concomitant DM may slow the rate of AS progression.

PRACTICAL IMPLICATIONS
Although current data suggest an impact of DM on AS
progression, there is a lack of treatment strategies for
diabetic patients with AS to either improve the survival of
AS patients or slow down the rate of AS progression. It is
tempting to suggest that in diabetic AS patients, besides
good glycemia control, long-term glucose dynamic control
by measuring HbA, or fructosamine levels may be benefi-
cial to prevent or at least slow down AS progression or its
complications. However, large clinical trials are highly need-
ed to verify whether maintaining HbA, _or fructosamine

1064

within the normal range can retard AS progression in
patients with mild-to-moderate AS and concomitant DM.

Based on animal and human studies, some therapies
have been proposed, which may help to reduce cardi-
ovascular complications in diabetic patients including
those with AS. They include agents targeting inhibition
of the AGEs-RAGE axis or its interaction with oxidative
stress using pioglitazone or alagebrium (ALT-711), as
well as new antihyperglycemic agents, such as gluca-
gon-like peptide-1 receptor (GLP-1) agonists (liraglutide,
luraglutide, and semaglutide) and sodium-glucose
cotransporter-2 (SGLT-2) inhibitors (empagliflozin,
canagliflozin, dapagliflozin, and ertugliflozin) [71]. How-
ever, to date there is no convincing evidence on their
cardioprotective effect beyond blood-glucose controlin
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diabetics. Another issue is that despite growing evidence
that AGEs accumulation is associated with increased
cardiovascular risk [71], their measurement has not been
clinically validated.

Based on the COMPASS study, which was a multicenter,
double-blind trial that included patients with a history of
stable chronic atherosclerotic vascular disease, it has been
shown that treatment with rivaroxaban 2.5 mg twice daily
combined with aspirin 100 mg once daily was associated
with a decreased risk of cardiovascular death, stroke, or
myocardial infarction compared to patients treated with
aspirin alone [72, 73]. Taking into consideration that in
vitro study performed on VIC cultures showed a substantial
influence of rivaroxaban on suppression of inflammation,
coagulation activation, matrix metalloproteinases, and
finally cellular calcification [74], it might be hypothesized
that NOACs are able to retard AS progression, at least in AS
patients who require anticoagulation.

SAVR or TAVI are current treatment options for severe AS.
TAVIis beneficial for AS patients with concomitant DM, who
are subjected to this procedure instead of SAVR. However,
data on the impact of DM on the prognosis of patients with
severe AS who undergo TAVI vs. SAVR are limited and incon-
sistent. On one hand, a single-center large retrospective study
showed that DM patients compared to non-DM individuals
did not differ in the short-term outcome with regard to
TAVI or SAVR [75]. On the other hand, Lindman et al. [76] in
a post-hoc analysis of the PARTNER cohort showed that all-
cause one-year mortality was lower among DM patients after
TAVI compared to those undergoing SAVR. A recent study
performed on 254 DM patients compared to 548 non-DMin-
dividuals undergoing TAVI showed that this procedure is not
associated with an increased risk of short-term complications
or mortality [77]. Similarly, Ando et al. [78] in a large cohort
study performed on 70815 AS patients showed that all-cause
mortality in diabetic patients treated with TAVI was 2.8%
compared to 3.6% in the SAVR group. Notably, arandomized
trial performed on 586 AS patients treated with TAVI showed
no difference in 30-day mortality between DM and non-DM
patients [79]. Sun et al. [80] reported in a meta-analysis of
13 253 AS patients that 1-year all-cause mortality after TAVI
was similar in DM and non-DM individuals.

CONCLUSIONS
Available data suggest that DM is associated with in-
creased prevalence of AS, leading to faster AS progression.
However, it is not fully understood how DM influences AS
progression, especially at early stages. It was also shown
that glycemic control is not sufficient to prevent DM
complications due to accumulation of AGEs, which are
more important mediators of advanced glycation than
hyperglycemia, resulting in enhanced oxidative stress and
inflammation. Moreover, AGEs levels are better predictors
not only for DM progression but also vascular calcification
than HbA, _[81]. In AS patients with concomitant type
2 DM valvular inflammation and calcification, markers

www.journals.viamedica.pl/kardiologia_polska

were associated with HbA, and fructosamine, underlying
the need for strict long-term glycemic control. However,
this observation should be confirmed in large prospective
randomized trials.
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